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Preface

Annual ,,Semindi ASR* (Seminary of Automatic Control Systems), organized by the
Faculty of Mechanical Engineering , Department of Control Systems and Instrumentation in
collaboration with the Committee of Applied Cybernetics and Informatics — KAKI Ostrava,
achieved on this year 2015, was held thirty-eight times.

The seminaries of ASR demonstrate as important Workshops every year their fixed
position at the large offer of science-research actions with international range and with a
reputable special even social level. The workshop ,,Seminary ASR* was distinctly signed on
this times as an effective platform for meeting teachers and Ph.D. students from the VSB -
Technical University of Ostrava with scientists and students from other universities of Czech
Republic, Slovakia and Poland, even with experts from industrial companies and other
institutions. In 2015 the Seminary of ASR is split into two parts. The first one is a student
competition — STOC 2015 as the 20th Student Science Workshop and the second part is a
traditional XXXIV" Seminary of ASR “Instruments & Control” as a Ph.D. seminary and
student competition.

The goal of Seminary of ASR'15 "Instruments and Control" is to present results of
R&D projects, reciprocal interchange of participant's information, experiences and retrieval of
possibilities for cooperation on common projects, mainly between Ph.D. students. The other
goal of this year's Seminary of ASR is to introduce the professional public, experts and
scientific workers from universities, research institutions, industry, design and supply firms
with the most up-to-date knowledge from the areas of automation, measuring, diagnostics and
control systems, program systems for control, SCADA/HMI systems, CAD, and other areas,
and to provide an exchange of experience.

The main topics of Seminary ASR’2015 “Instruments and Control” there are:

e The methods and algorithms of automatic control

e Modeling and simulation of control elements and systems
e Measuring and diagnostic systems

e The means of automation devices

e Program support of control and diagnostic systems

e Applied informatics (Computer Science)

Doc. ING. RENATA WAGNEROVA, PH.D. PROF. ING. RADIM FARANA, CSc.
Chairman Co-Chairman
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Vyvoj aplikaci na platformé .NET Gadgeteer
NET Gadgeteer Application Development

BABIUCH, Marek

Ing., Ph.D., D< V8B - Technicka Univerzita Ostrava, Fakulta strojni, Katedra automatizacni

techniky a fizeni; 17. listopadu 15, Ostrava Poruba 70833, marek.babiuch@vsb.cz, @
www.352.vsb.cz

Abstrakt: Tento Cclanek se zabyva popisem technologie .NET Micro Framework,
hardwarovych modulu a softwarovych nastroju pro podporu tvorby méricich aplikaci s
podporou jazyka C # ve Visual Studio .NET konkrétné pro projekty .NET Gadgeteer.
Prispévek popisuje dostupné hardwarové moduly, softwarovou podporu, princip rychlého
prototypovani a vyvoj aplikaci demonstruje na prikladu provadenim meéreni a monitorovani
promeénnych ziskanych ze snimacii v technologii .NET Microframework pomoci ethernetového
pripojent prostrednictvim webového prohlizece. Prispévek popisuje principy navrhu aplikace
v technologii .NET Gadgeteer s durazem na viastnosti vyvoje v prostredi Visual studia .NET.

Klicova slova: .NET Micro Framework, aplikace, C#, Debug, Ethernet, Gadgeteer, Visual
Studio .NET, SDK, udalost, vyvojova deska, zarizeni

1 Uvod

NET Gadgeteer je moderni a v soucasné dob¢ rychle se rozvijejici platforma pro rapid
prototyping develompent. Je podporovana firmou Microsoft pievazné v oblasti vyvojového
prostiedi a tvorbou knihoven programového kodu pro vyvojové desky a senzoroveé
kompatibilni moduly. Tato podpora v oblasti vyvoje zdrojového kodu v jazycich .NET
predevsim tedy C# je realizovand prostiednictvim platformy .NET MicroFramework. .NET
Micro Framework je v podstaté open source .NET platforma pro vyvojové desky embedded
systémti, malych elektronickych, méficich a senzorovych zatizeni, které jsou vyrabény
spolecnostmi pod oznacenim podpory .NET Gadgeteer. Vyhodami téchto platforem je
bezesporu Siroka podpora zdrojového kodu na urovni jazyka C#, knihovny obsahuji jednotlivé
objekty s pfipravenymi metodami, které charakterizuji pozadované vlastnosti a moznosti
vyuziti jednotlivych senzorii a elektronickych zatizeni. Dal§i vyhodou je kromé deklarované
kompatibility cena jednotlivych senzorG a vyvojovych desek, které se pohybuji pouze v
desitkdch nikoliv stovkach dolarii. Dalsi vyhody vyplyvajici z vySe popsaného je Siroka
komunita a férum vyvojari, knihovny hotovych projektii, oblast podpory, vyhody vyplyvajici
z vyvojaiské platformy jako moznost debugging, intellisence programming, udalostné fizené
programovani, vyvoj kédu na trovni vysokého programovaciho jazyka, kompatibilita v
aplikacich smérem k desktopovym a webovym aplikacim, spoluprace s webovymi sluzbami a
moznost vyuziti na mobilnich zatfizenich.

2 Dostupny hardware a jeho softwarova podpora

Tato kapitola v kratkosti popisuje, pro jaka zatizeni mizeme méfici aplikace vyvijet a v
jakém vyvojaiském prostiedi. Bude v kratkosti shrnuto, co bude nezbytné nutné pro potiebu
vyvoje kédu pro gadgeteer vyvojové desky a zafizeni.




Hardwarové zarizeni

Na celosvétovém trhu, na ktery dodavaji sva gadgeteer zafizeni vyrobci jako GHI
Electronic, Sytech designs, Device Solutions, Freescale a dalsi najdeme celou fadu senzord,
komunika¢nich modult jako Bluetooth, XBee, ZigBee, Wifi, Ethernet, USB host module,
akcelerometry, mnoho elektronickych gadgeteer modult jak potenciometry, pulsni moduly,
motor drivery a dalsi. Gadgeteer platforma podporuje celou fadu displeji véetné dotykovych,
obsahuje také dalsi moderni zafizeni jako GPS moduly, kamery, SD card ulozisté, kompas,
gyroskopy, RFID modul, moduly pro grafiku, a dalsi. Tato platforma se neustale rozsifuje a
protoze je .NET Micro Framework open-source, je mozny neustaly rust zafizeni se
softwarovou podporou. V podstaté mohou vyvojaiské firmy implementovat a portovat jadro
behového prostiedi .NET Micro Frameworku do svych vlastnich zatizeni. Zakladem kazdé
meérici €1 automatizacni ulohy, kterd je navrzena je hlavni procesorové deska. Procesorovych
desek je opé€t dostatecné mnozstvi a 1isi se svou zékladni vybavou, prevazné tim k cemu jsou
volnych .Gadgeeter slotii pro pfidavné moduly, avsak jiné moduly jsou jiz alokovany primo
na desce. Zakladem procesorové desky je 32 bitovy ARM, Cortex procesor, uzivatelsky
dostupnd Flah a RAM, FAT32 File system, Analogové vstupy, UART, SPI, 12C, USB, Real
Time Clock, networking a dal$i, Desky se mimo jité poté 1i§i poctem volnych slotl pro
gadgeteer moduly.

Programova podpora zarizeni

Z hlediska vyvojovych nastroju je platforma Gadgeteer podporovéna v programovém
prostiedi Microsoft Visual Studio .NET, zatim ve verzich 2010 a vySe. Podle vami
preferované verze prosttedi musime také stdhnout konkrétni verzi SDK Micro Frameworku.
Pro verzi Visual Studio 2013 je to NETMF SDK 4.3, pro Visual Studio 2010 je to NETMF
SDK 4.2. Zde musi dat rovnéz pozor kterou verzi SDK Micro Frameworku pouzijeme,
protoze musime mit aktudlné nakonfigurovany firmware ve vyvojové desce. To znamena, Ze
si musime ovéfit, jestli nainstalované SDK na vyvojarském pocitaci odpovida potfizené
vyvojové gadgeteer desce. V piipadé¢ nekompatibility pouzijeme firemni konfigurator a
firmware vyvojové desky pfizpuisobime vyvojarskému SDK. Firemni konfigurator vyrobce je
dostupny, intuitivni a volbou wizardu nés nasmeéruje ke spravné konfiguraci.

I
Installed Templates S
I.NI:‘I'Frame'A'ork4 j Sort by: IDefauIt j EE
Visual Basic
(= visual C#
Windows E MET Gadgeteer Application Visual C#
Web
Office
Cloud _I_I
7=
Micro Framework.
Reporting Search Installed Templates R |
SharePaint
Silverlight Type: Visual C#
Test A template for a Microsoft .NET Gadgeteer
WCF application allowing the user to specify a
Warkflow device design comprising a .NET Gadgeteer-
Visual C++ compatible mainboard and modules, and write
Visual F# and debug C# software for that device,

Other Project Types
Database
Test Projects

Obr. 1 Volba Gadgeteer Sablony vyvoje aplikace ve visual studiu .NET

Po Gspésné instalaci SDK jesté zbyva z produktového portalu nainstalovat knihovnu pro
podporu Gadgeteer modulii, tak abychom vSechny podporované zatizeni mohli programovat.
Je vhodné zminit, Ze vySe uvedenené SDK frameworky a knihovny jsou pln¢ kompatibilni s
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verzemi Visual Studio Express 2010 a 2013, které¢ jsou pro vyvoj dostacujici a co je
nejdilezitéjsi, jsou zdarma.

Pii vytvareni projekti .NET Gadgeteer aplikaci tak obdrzime podporu ve formatu
vhodnych Sablon ve Visual Studiu .NET a miiZzeme k zafizenim a jejich programovym
metodam jiz pristupovat na vys$si programatorské urovni v jazyce C#. Na obrazku 1 vidime
Zvolenou Gadgeteer template v jazyce C# a mlizeme se tak pustit do vyvoje aplikace.

Pted zapocenim navrhu a programovani pfislusné aplikace musime zvolit vyvojovou
desku, pro kterou bude aplikace navrzena viz obrazek 2.

S |

E .NET Gadgeteer Application Wizard

Choose a mainboard:

FEZCerberus FEZCerbot FEZC i FEZC:

[ optionsl exender |

FEZCobra IT FEZHydra

s I

{§ The project wil target .NET Micro Framework 4.2. If you expect a different version, check the manufacturer-provided help or
" contact the manufacturer.

Obr. 2 Volba vyvojové desky aplikace .NET Gadgeteer

Poté miizeme na pracovni plochu umistit vS§echna zafizeni, se kterymi hodlame v aplikaci
pracovat, a které budeme vyuZzivat.

Propojovani zatizeni je feSeno grafickou formou, jednotlivé zafizeni se ptipojuji do
Gadgeteer slotl vyvojové desky. Programové prostfedi nam pii navrhu pomdha oznacenim
vhodnych slotii. Pro nékterd zatizeni miizeme pouzit pouze specidlni Gadgeteer slot, jina
zafizeni je mozno pfipojit do riznych slotl, prostfedi Visual Studia ndm tyto sloty zvyrazni
zelenou barvou viz obréazek 3.

GHIEkctronics, Displsy_TI5

My _Display

My_TemperatureHumidity

Obr.3 Propojovani zafizeni v developed modu vyvojového studia



Vyvoj kédu na urovni programového jazyka C#
Nez ptistoupime ke kapitole s navrhy konkrétnich aplikaci, shrneme hlavni vyhody vyvoje
v jazyce C# pro Gadgeteer devices:

e Automatické generovani vSech potiebnych jmennych prostorti pro tvorbu gadgeteer
aplikaci.

Jmennné prostory jednotlivych assembly (namespaces) zajistuji ptistup k jednotlivym
ttidam .NET Microframeworku a knihovnam podporovanych metod. Zde pfipomeneme
podporu knihoven tfid .NET Micro Frameworku z minulé kapitoly. Vyvojafi vyrobce
hardwarovych komponent samoziejmé ve svém SDK balicku nabizeji pro vyvojovou
platformu implementované knihovny ve svych jmennych prostorech. Tyto knihovny opét
muzeme ptidat do vysledného projektu volbou ptidani reference viz obrazek 4.

Add Reference ed |

MNET |Prujects I F‘.e::entl Eruwsel

Component Mame | Version | Runtime | Path :l
GHI.Hardware . FEZHydra 4,2.6.1 v4.0,30319  C:'Prog
GHI. O5HW Hardware 4,2.6.1 v4.0,30319 C:'Prog
GHI. OSHW . Mative 4,2.6.1 v4,0,30319 C:'Prog
GHI.Hardware . EMX 42,111 v4.0,30319 C:'Proc
GHI.Hardware. 5120 4.2.11.1 v4.0.30319  C:'\Prog
GHI.Hardware. G400 4.2.11.1 v4.0.30319  C:\Prog
GHI. Premium.Hardware 4,2.11.1 v4,0,30319  C:'\Prog
GHI. Premium, IO 4,211, 1 v4,0,30319  C:'Procg
GHI. Premium. Mative 4,2.11.1 v4.0,30319  C:'Prog
GHI. Premium.Met 4,2.11.1 v4.0,30319 C:'Prog
GHI. Premuim. S0Lite 4,2.11.1 v4,0,30319 C:'Prog
GHI. Premiurm, System 4,2.11.1 v4.0,30319 C:'Proc
G?I.Premium.Syst&mUpdat& 42.11.1 V4I.IZI. 30319 C:'Prog™
4 3

I I Cancel |

Obr. 4 Vlozeni reference pro knihovny tfid z SDK vyrobce vyvojové platformy

e Vytvofeni souboru program.cs, s vygenerovanou tfidou aplikace a kostrou programu s
funkci

public partial class Program, je hlavni tfida aplikace, ve které je ulozen veskery
vyvojarsky kod. Aplikace zac¢ina metodou void ProgramStarted() ve které provadime
hlavni inicializaci a praci se zafizenimi. Aplikace nam tedy presné uréi misto, kde vyvijime
programovou kod pro cilovou aplikaci.

e Deploy aplikace

Po zkompilovani aplikace klasickym zptisobem technologie .NET piikazem Build je
aplikace pfipravena ke spuSténi. Pii spusténi aplikace je zdrojovy kod jednotlivych
assembly nahran do cilového zafizeni. Ve Visual Studiu .NET jsme o tom samoziejmé
informovani ve vystupnim okné zobrazeném na obrazku 5. Vystup informuje o
uspésSném zavedeni aplikace do vyvojové desky, poptfipadé zobrazi chybové hlaSeni
v pripadé netspéchu. Pii ladéni aplikace vyuzivame ve vystupnim okné Output také
prabéh ladiciho Debug maodu.



Output
Show output from: |Dehug '|| _‘; | ﬁ —j? | = | =

Incrementally deploying assemblies to device
Deploying assemblies for a total size of 79868 bytes
Assemblies successfully deployed to device.

4

Obr. 5 Vystupni okno pti Deploy aplikace do zatizeni
e Debug mode

Mod ladéni aplikace (debug) je vyborny nastroj pii tvorb& aplikaci. Stejné jako u
desktopovych aplikaci jsme schopni diky podpoie vyvojového prostiedi ladit program
na cilovém zafizeni. Ve zdrojovém kdédu mulzeme vytvéiet zardzky (breakpoints),
spoustét program k uvedenym zardzkam, krok po kroku prochazet chovani programu,
sledovat obsahy proménnych a ladit timto zpisobem naprogramovany zdrojovy kod,
odhalovat chyby ¢i nezddouci chovani programu, pfesto, ze je jiz spousténo na cilovém
pfipojeném zafizeni.

¢ Intellisense

Intellisense je vlastnost vyvojového prostiedi Visual Studia .NET a je pfistupna pro
vyvoj na vSech zminénych podporovanych aplikacich. Pii tvorbé kodu ndm v objektove
orientovaném prostiedi je vZdy po zadani proménné objektu nabizen seznam metod a
vlastnosti, které v dané situaci je mozno pouzit. Na obrizku 6 vidime nabizené
podporované funkcionality po zadani objektu tlacitka (button).

button.

# ButtonPressed =
# ButtonReleased
“ DebugPrintEnabled
% Equals

% GetHashCode

W GetType

7 IsLedOn

7 IsPressed

“f' LEDMode |

Obr. 6 Intellisense nabizi vhodné metody a udalosti pro dany objekt

e Obsluha udélosti pfipojenych moduld

Pfipojovanim moduld na vyvojové desky se vytvari prostor pro obsluhu jednotlivych
reakci na konkrétni udalost spojena s funk¢nosti pfipojeného modulu. Tuto situaci
nazyvame obsluhou udalosti (event handler) modulu a pro jeji vygenerovani slouzi
postup vytvoreni zdrojového kédu pomoci kombinace klaves. Ve vyvojovém prostredi
jsme o této funkcionalité informovani prostfednictvim komentéte:

Many modules generate useful events. Type +=<tab><tab> to add
a handler to an event, e.g.:button.ButtonPressed +=<tab><tab>

V praxi to znamend, ze pomoci klaves tabuldtoru vytvotime kostru obsluhu udalosti
pozadovaného modulu. Zdrojovy kod udélosti je samoziejmée jiz vyvojarskd zalezitost,
avSak uvedend funkcionalita prostfedi vytvari tzv. stabni kulturu tvorby zdrojového
kédu.



3 Vyvoj a implementace mérici aplikace s podporou ethernetu

Vytvofime aplikaci, kterd bude zobrazovat informace ze sensoru teploty a tlaku
prostfednictvim web serveru a ethernetového ptipojeni do webového prohlizece.

V uvodni ¢asti programu nadefinujeme proménné webové udalosti (WebEvent) pro
odeslani informaci o teploté¢ a tlaku ze servru do webového prohli¢ece klienta. Rovnéz
musime zadefinovat obsluhu udélosti modulu sensoru (event Handler) a spustit méfeni na
sensorech.

{

public partial class Program

{
GT.Networking.WebEvent sendTeplota;
GT.Networking.WebEvent sendTlak;
String TeplotaData, TlakData;
// This method is run when the mainboard is powered up or reset.
void ProgramStarted()
{
GT.Timer timer = new GT.Timer(2000);
barometer.MeasurementComplete +=new
Barometer.MeasurementCompleteEventHandler(barometer_MeasurementComplete);
barometer.ContinuousMeasurementInterval = new TimeSpan(@, ©, 0, 0, 250);
barometer.StartContinuousMeasurements();

Nasledujici zdrojovy koéd nadefinuje obsluhu udalosti zmény ethernethového rozhrani
CableConnectivityChanged, obsluhu udalosti zmény sitové adresy a obsluhu udalosti sité
NetworkUp. Dale zptistupnime ethernetové rozhranni, ptfidélime statickou IP adresu
(nebudeme pridelovat adresu dynamicky pomoci DHCP) a spustime webovy server.

ethernet.Interface.CableConnectivityChanged += new
GHI.Premium.Net.EthernetBuiltIn.CableConnectivityChangedEventHandler(Interface_CableCo
nnectivityChanged);

ethernet.Interface.NetworkAddressChanged += new
GHI.Premium.Net.NetworkInterfaceExtension.NetworkAddressChangedEventHandler(Interface_
NetworkAddressChanged) ;

ethernet.Interface.Open();
NetworkInterfaceExtension.AssignNetworkingStackTo(ethernet.Interface);
ethernet.Interface.NetworkInterface.EnableStaticIP("200.200.200.10","255.255.255.0",""
)

ethernet.NetworkUp +=new
GTM.Module.NetworkModule.NetworkEventHandler(ethernet_NetworkUp);

Debug.Print("Program Started");

string ipAddress = ethernet.NetworkSettings.IPAddress;
WebServer.StartLocalServer(ipAddress, 80);

Dale je tfeba nadefinovat ovlada¢ obsluhy udélosti pro zaslani informaci ze sensorti o

tlaku a teploté a obslouzit udalost ethernetového ptipojeni NetworkUp:
sendTlak = WebServer.SetupWebEvent("pressure");
sendTlak.WebEventReceived +=new
WebEvent.ReceivedWebEventHandler(sendTlak_WebEventReceived);
sendTeplota = WebServer.SetupWebEvent("temperature");
sendTeplota.WebEventReceived +=new
WebEvent.ReceivedWebEventHandler(sendTeplota WebEventReceived);

}

void ethernet_NetworkUp(GTM.Module.NetworkModule sender,
GTM.Module.NetworkModule.NetworkState state)

{
string ipAddress = ethernet.NetworkSettings.IPAddress;

WebServer.StartLocalServer(ipAddress, 80);
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V udélosti snimani meéfenych hodnot tyto metody zobrazime v rezimu ladéni do
vystupniho okna vyvojového prostiedi.

void barometer_MeasurementComplete(Barometer sender,
Barometer.SensorData sensorData)

{

Debug.Print("Temperature: + sensorData.Temperature + " °C.
Presurre: " + sensorData.Pressure);
TeplotaData = "Actual temperature at room A753 is " +
sensorData.Temperature.ToString() + " degrees of Celsius";

}

Show output from: |Debug '| | _ﬂ | .,'a—J :.?,» |
Program Started

Web server started at http://286.280.2868.18:88/

Temperature: 23.379615826838559 °C. Presurre: 984.87254692416859
Temperature: 23,388486817335635 °C. Presurre: 984.82541467211184
Temperature: 23.378824486791388 °C. Presurre: 984.78513876817421
Temperature: 23.379615826838559 °C. Presurre: 9B84.88527312856165
Temperature: 23.379615826838559 °C., Presurre: 984.93982872775975
Temperature: 23.362832797218127 °C. Presurre: 984.73135188489981
Temperature: 23.379615826838559 °C. Presurre: 984.833918082235123
Temperature: 23.353248758118768 °C. Presurre: 984.74484356888541
Temperature: 23,388486817335635 °C. Presurre: 984.82541467211184
Temperature: 23.378824486791388 °C. Presurre: 9B84.78513876817421
Temperature: 23.378824486791388 °C. Presurre: 984.75149445183797
Temperature: 23.362832797218127 °C. Presurre: 984.73135188489981
Temperature: 23.379615826838559 °C., Presurre: 984.73799931695249
Temperature: 23.379615826838559 °C. Presurre: 984.8339180822356123
Temperature: 23,378824486791388 °C. Presurre: 984.68422181916526
Temperature: 23.379615826838559 °C., Presurre: 984.83891882236123
Temperature: 23.378824486791388 °C. Presurre: 984.81376788451857
Temperature: 23.379615826838559 °C. Presurre: 984.83391882235123

Obr. 7 Debug rezim vyvojového prostiedi s vypisem ziskanych hodnot ze sensorti

Na obrazku 7 vidime vystup v ladicim okné vyvojového prostfedi se zobrazenim
aktudlnich informaci ze senzorG tlaku a teploty v periodickém obcerstveni casovace.
Zbyvajici zdrojovy koéd aplikace zobrazuje metody piedani parametri webovych udalosti a
obsluhy zobrazeni o stavu ethernetového ptipojeni v ladicim okné vyvojového prostiedi.

void sendTlak_WebEventReceived(string path, WebServer.HttpMethod method,
Responder responder)

{
}

responder.Respond(TlakData);

void sendTeplota_WebEventReceived(string path, WebServer.HttpMethod method,
Responder responder)

{
responder.Respond(TeplotaData);
}
void Interface_NetworkAddressChanged(object sender, EventArgs e)
{
Debug.Print("address changed");
Debug.Print("IP address: " + ethernet.NetworkSettings.IPAddress);
}

void Interface_CableConnectivityChanged(object sender,
GHI.Premium.Net.EthernetBuiltIn.CableConnectivityEventArgs e)

{

Debug.Print("conect");

Debug.Print("IP address: " + ethernet.NetworkSettings.IPAddress);

Debug.Print("Phyzical address: " + ethernet.NetworkSettings.PhysicalAddress);
Debug.Print("Mask: " + ethernet.NetworkSettings.SubnetMask);
Debug.Print("GW address: " + ethernet.NetworkSettings.GatewayAddress);

}
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Na obrazku 8 je zndzornéno okno aplikace zobrazené ve webovém prohlizeci klienta.

Webové aplikace na definovaném linku vyvold webovou udélost a zobrazi informaci ze

sensoru viz obrazek 9.

MET Gadgeteer App x\+

<o filey//CifUsers/marek_000/Desktop/doc/Gadgeteer WEE APP/index.html @ || Q Hledat f? B ¥+ @ B

.NET GADGETEER SENSOR APPLICATION

MEASURED DATA FROM WEB SERVER

HOME MAINBOARDS SERVICES APPLICATIONS CONTACT US

Application Devices: Welcome to Gadgeteer web server application.
Main Board: FEZ Spider. This link servedfto Temperature measure us tg by .MET Gadgeteer aplication described at
the picture. Tefpperature sensor and Barorfetr measure temperature and preasurre and

Gadgeteer Modules: Barometer,
Display, Ethernet module, LED
Button. Maore...

measured data are provided to user throught this Website

Temperature service

Web server provides measured
data from temperature sensor and

barometer. Actual temperature is | PECSpioN
dispayed by clicking the link
Temperature Measure at this site

Obr. 8 Web aplikace pro zjisténi hodnot ze sensorti pfipojenych prostfednictvim
ethernetového ptipojeni

5 200.200.200.10/temperatu: X

+ C i | @ 200.200.200.10/temperature

Actual temperature at room AT753
is 23.370824486791388 degrees

of Celsius

Obr. 9 Odpoveéd web serveru na pozadavek zjisténi teploty
4 Zavér
Ptispévek byl vénovan popisu tvorby aplikace v technologii .NET Micro Framework
s vyvojovymi zafizenimi Gadgeteer technologie spolecnosti GHI Electronics. Byly popsany
zékladni aspekty navrhu méficich aplikaci s popisem jednotlivych krokti vyvoje. Tato na trhu
relativné nova open-source technologie ma jist¢ budoucnost, patii ji silnd pozice ve vyvoji
NET Micro Framework aplikaci, bude nadale vyvijena a je tfeba sledovat jeji dalsi vyvoj

v oblasti cel¢ technologie .NET frameworku. Vysledky prace byly dosazeny s podporou
projektu SGS podporovanym MSMT: SP 2015/18 - “ Nové pfistupy k fizeni stroji a

O 99

procest’”.
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Abstract: current information technology allow sensing and processes data recording under
severe conditions of operation with new technical means in real time, storing the
measurement data, its processing and evaluation in situ or in the laboratory [1]. An example
would be a monitoring system that was used by machinery exploratory gallery excavation
tunnel Branisko. The monitored variables of the boring process were downforce of
disconnecting head of boring machine, torque, speed of disconnecting head, the power
consumption of the aggregate and the extended position of disconnecting head depending on
the drilled length. These measured values allowed the creation of models, which help to
modeling various properties of boring process within the meaning of Eykhoff definition: "A
model is an expression of the essential characteristics of an existing object, which describes
the knowledge of this object in a usable form" [2, 3].

Keywords: model, modeling, planned experiment optimalization of the process.

1 Introduction

Boring of the Exploration gallery Branisko from the east took place with the help of
full-profile tunneling machinery Wirth TB-1I-330H/M. During tunneling the boring machine
went through various geological formations. Tunnel tube was excavated simultaneously from
both portals by New Austrian Tunnelling Method Technology (NATM).

2 Monitored variables of tunnel boring machine Wirth TB-II-
330H/M

Installation of a monitoring system for tunnel boring machine allowed its use as a
research facility. Restrictions were the only Technical parameters and operating conditions.
The examples of monitored variables courses depending on drilled length in the same section
of boring are in Figures 1 to 4.

The each course shows that in general this are the random variables, depending on
drilled length and with the known sampling rate f,.=2,03 s have different values.

In Figure 1 we can notice the course of the downforce of the boring machine head, which
acts on the rock. In that section of monitored signal we can notice that the values oscillate in
much of the range of values from 500 to 600 kN. The drilled length of rock at a distance of
144.68 m shows a rapid increase in the observed values of around 40 kN, representing start-up
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and downforce on the boring machine head. Its course in the part of the signal looks like a

unit step.
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Figure 1 — The course of the part of monitored signal — downforce

In Figure 2 is the part of the signal of torque, which acts on the boring machine head. Its
course oscillates in much of the observed signal in the range from 80 to 100 kNm in the
amount of 144.68 m drilled length off watching the fall and subsequent rise in the signal value

of 80 kNm.
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Figure 2 — The course of the part of monitored signal — torque

In Figure 3 we can see the course signal speed, which in large part oscillates around the
value 0.00225 s in the range of 0.0022 to 0.0023 s™'. Rapid onset and subsequent decline
observed variable is explained by changing the applied downforce the boring machine head to

the disintegration massif.
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Drilled length (m)

Figure 3 — The course of the part of monitored signal — speed

In Figure 4 is part of the signal, which represents a value of the force needed for rock
massif disconnecting in each time period, respectively in the case of its integration mentioned
course represents a work done at disconnection this outturn of rock, which is given by average
of the boring machine head and a drilled length. The signal value is in the range of drilled
length of 144,70 m to 144,82 m and oscilates around the value 9000 kW, merely around
a drilled length of 144,68 m is possible monitor the sharp increase and decrease.

30000

25000
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15000 \\

Power consumption (kw)
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1 \ (‘«\.ﬂ‘f “”\/“[\0\\((;& LA pok S \\x{\w&ﬂ

5000
144,66 144.68 144,70 144,72 144,74 144,76 144,78 144,80 144,82 144,84

Drilled length (m)
Figure 4 — The course of the part of monitored signal — power consumption

3 Mathematical models of system boring machine - rock

In general, this system has q inputs and v outputs that can be described in the operating
point and its vicinity by equations:

x(l)(t)z Ax(t)+ Bu(t), (1)
y(£)=Cx(t), )
where x(t),u(t),y(t) - mean state variables, input and output,

A, B, C - mean matrices with the appropriate dimensions.

The starting point for the system identification are measured values, it means inputs and
outputs.
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Figure 5 — System boring machine — rock inputs/outputs

In Figure 5 is displayed simply dynamic system boring machine - rock. As input
variables we consider downforce and speed and output variables torque of the boring machine
head and the power consumption depending on drilled length, respectively on time. Sampling
frequency of signals is f,.= 2,03 s.

Dynamic model creating is based on the characteristics of the input signal downforce
F, part of which can be considered as unit step. On the output side we monitor the course of
the signal torque M}, which contains information about the dynamic properties of the system
as a result of changes in downforce on the input side of the model. (To simplify the model we
neglect the input signal speed, respectively the output signal power consumption Figure 5).
Converted time course of output value M, to a unit change in the input variable F' is
transient response. Given the complexity of the system it is impossible to make conclusions
from a single pair of these realizations. For the examination of this system we use the medium
probability course. Its principles is based on using of more realizations (repeated measures)
for the resulting course specifying.

N
2. sign (Auy )y,
k=1
fi= N ; 3)
)y |A“k|
k=1
where f; - means ordinate the resulting transient response in the time z = iAt
and At is a period of sampling,
Yy -means input, resp. output realizations,
k - means the value of the output variable response system in the i -

th sampling interval at the k-th measurement a number of
repeated measurements of transient response in general
unequally large step input variable object,

Aup means step change of the input variable by the & - measurement
of transient response,
i - means an order of sampling points of transient response, i = 0, 1

...m [4].

By the model creation according to equation (3) is important to elect appropriate
number of repeated measurements. Its final number is given by statistical and physical
regularities of investigated system. The examples of these courses we can monitor in
Figure 6.
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Figure 6 — The courses of transient responses of the repeated measurements and

resulting statistical model

Listed resulting statistical model is possible to substitute by approximation - the simplest
differential equation of first order without, respectively time-delay. An example of this
approximation we can monitor in Figure 7.
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Figure 7 The model without time delay and the model with time delay

Monitored variables allowed application of Box evolution method of planning by
monitoring of two input variables (factors), which were kept approximately on the constant
level to the system: downforce and speed. The Figure 8 shows two-dimensional cut of the
surface, where output variable (monitored indicator) has another method of measurement and
physical interpretation. According to used graphical interface, the isolines are substitued by
square (quadratic) grid structure, which division is given by process values. The arrow
indicates the direction of progress towards optimum in this case the minimum energy
consumed in the process of disintegration.
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Figure 8 An application of Box method in the process of tunnel boring machine - rock

4 Conclusions

1. For editorial limitation article only briefly describes some graphical and mathematical
models of system boring machine - rock. It is largely the models, that serves for the
investigation of the dynamic properties of the system.

2. By model creating an important role has their accuracy, which is determined by the
purpose (aim) for which they were created. An example of such a model is the median
probability course according to equation (3), which forms the basis for all other additional
models.

3. For quantitative evaluation of the quality of the model, we can use a criterion that
describes monitored part of the model in an appropriate way. For the models mentioned in the
article are used the integral criteria that takes appropriate account of the whole monitored
course.

4. The models based on Box method describe the synergetic effect of two input variables
on output variable and allow to monitor visual approach towards the optimum.
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Abstract: This paper is focused on the control of a six wheeled robotic platform used for the
gait pattern recording of people with gait disorders.

A key part of the whole robotic platform is a MS Kinect v2 device which tracks the patients’
gait. The Kinect also provides the information about the distance driven by the robot to a
micro controller LPC1768 which is responsible for the wheels' control. The driven distance is
controlled by six encoders that are connected directly to the motor shaffts.

There is a cascade of controllers in the LPC for the distance and speed control. The first level
of the controller ramps the speed for a smooth start and stop. The second level is represented
by three controllers, each one takes care of the wheel speeds on one axle. Another six
controllers are in the third level, each is responsible for a more precise speed control of one
wheel.

Keywords: robot control, MS Kinect, gait tracking

1 Introduction

This paper reports about a six wheeled robotic platform that is used for obtaining the gait
pattern. The records are consequently evaluated to see whether the symptoms of the gait
disorders are present or not. Neural diseases like Parkinson's or Alzheimer's disease influence
the gait pattern and could be observed by the gait analysis.

Many papers deal with the Parkinson’s disease and its influences to the walk and the
body holding, recently. There are several ways how to observe the movements or the gait of
patients, these systems are mentioned in many papers [1,2,3]. From the neurologist point of
view, the gait on the treadmill or with special equipment attached directly to the body of the
person is different from the natural one. For example, the difference in walking on a treadmill
is in the inner ear movement data processing. The inner ear is a complex sensor of movements
and it takes care of the stability. Walking on a treadmill causes that the inner ear sends
information that the body does not move, but the legs move. This situation is confusing for
the brain.

This paper deals with one of the possible ways how to eliminate these disadvantages. The
patients' gait is tracked from a mobile robotic platform. This robotic platform was developed
to eliminate main differences and it is designed to capture the movement of the whole body
during natural walking. The Kinect v2 sensor is used for the subject tracking. It calculates the
3D position of the 25 major joints.

This approach seems to be promising from the neurologist point of view, but it causes
some problems with the gait reconstruction:

- The absolute position of both observed subject and sensors has to be calculated.
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- The path of robotic platform has to be as narrow as possible, for easier gait
reconstruction

- The platform must avoid of any shakes, for higher video quality and gait
reconstruction.

2 Motivation

The gait analysis involves a measurement, an extraction of the well-describing features
and an interpretation of the results leading to a conclusion about the health of the subject. The
process of measurement is highlighted in this paper. There are several techniques how to
observe the gait pattern. There are two main categories of the features that have to be
observed during the gait tracking.

Temporal and spatial measurement provides the features such as the walking speed or
the stride length. This process is usually carried out by a stopwatch and marks on the ground,
walking on a pressure mat, laser sensors placed few centimetres above the ground or inertial
sensors (gyroscopes and accelerometers).

Measurement of Kinematics could be performed by following methods:

- Chronophotography is using the strobe lighting at a known frequency and capturing

the images

- Cine film or video recordings from a single or multiple cameras to measure joint
angles and velocities. This method allows an analysis in three dimensions.

- Passive marker systems consist of reflective makers and multiple cameras (up to 12)
sensitive to the reflection of the used materials (usually red, infrared or near infrared).

- Active marker systems are based on a similar philosophy as the passive markers with
the exception that the markers are triggered by the incoming signal.

- Inertial systems do not need any camera and the movement is captured by a set of
sensors. Each sensor is a combination of a gyroscope and an accelerometer. The gait
tracking is inferred according to a biomechanical model and a fusion of the
information from all sensors.

All these methods need some special equipment of the laboratory, wearable sensors
limiting the movement or sensors dedicated to one purpose. Our method of capturing the gait
pattern is using the MS Kinect sensor providing the skeletal tracking function. The skeletal
tracking function enables to determine the position of the 25 main body joints derived from
the depth frame (algorithm by J. Shotton and others). The disadvantage is the limitation of the
Kinect sensor field of view, enabling reliable tracking of people only in the distance between
0.5 m and 4.5 m. Therefore the combination of the cost-effective Kinect sensor and the
mobile robotic platform is opening a new possibility to track the gait pattern.

In the previous studies [5,6] the Kinect device was placed stationary on a table to track
people in its field of view. The MS Kinect that was used for data acquisition was installed
approximately 60 cm above the floor. Each individual repeated a straight walk of
approximately 4 m (five steps) back and forth 5 times. The experimental portion of this study
was devoted to the analysis of the gait of the following two sets of individuals: 18 patients
with Parkinson’s disease and 18 healthy age-matched individuals. From the acquired records
5 features were extracted — walking speed, stride length, center of mass deviation in the
horizontal and vertical projection and limb synkinesis. The results were obtained by a
combination of these characteristics by a neural network and the accuracy of decision of this
system was up to 91.7 %.

3 Equipment of platform

The platform was developed as a six wheeled remote controlled robotic platform. Each
wheel is equipped with a motor with an encoder and a driver. The motors are high power and
their maximal rated consumption is about 4 amps with 7 V supply each. Each motor has also a
gearbox attached with a 75:1 gear ratio, together they provide enough torque to climb a 60°
slope. The maximal speed is about 7 km/h and it is measured by quadruple encoders attached
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directly to the motor shafts. Each encoder provides 24 pulses on each channel per revolution,
so there are approximately 3600 pulses per revolution of a wheel.

Each motor has our custom full H-bridge driver, which is controlled via the SPI. The
driver can supply the motor with up to 5 amps continuously without any additional heat sink.

Figure 1 — Scheme of the connections and the modules

Due to the usage of many pins for the SPI, there must be an auxiliary processor to handle
all the encoders. For this reason the platform is equipped with an LPC1114, which is an ARM
Cortex-M0+ processor, running at 48MHz and in a user-friendly DIP28 package. The
LPCI1114 is providing information to the main microprocessor on request via the 12C. The
main microprocessor is the LPC1768, which is an ARM Cortex-M3 processor, running on
96MHz and with a 512kB FLASH and a 64 kB RAM.

To avoid obstacles there are three ultrasonic sensors connected directly to that processor.
All of them are triggered together to avoid cross echo detection. The ultrasonic sensors can
measure the distance in a range from 2 cm to 400 cm and 20 times per second.

The image processing is done in a notebook, the images from the Kinect and also from
the camera are processed there. The notebook is an Asus zenbook, which is very light and can
run long time on the battery power. The attached camera can provide 720p images at 30fps
and no additional power supply is needed.

An MS Kinect v2 is connected to the notebook and also to the special power supply via
USB3.0, which is capable to provide stable 12V 3A for the sensor from the Li-Po battery
pack. The Kinect sensor provides RGB images, depth data image, infra red image and it can
also localize the 3D position of the 25 main individuals' joints. The Kinect can track up to six
people at one moment and in a range between 1m and 4.5m.

4 Control of platform

The goal of the control is to drive in front of the tracked individual and in the same
distance and the same direction. For this reason the control is realized as a cascade computing
many input variables. For better measurements, there is a path for both the platform and the
individual, marked by a coloured line on the floor.

The main control loop is in the notebook. The depth data and the skeleton information
from the Kinect are processed there, to obtain the most precise distance between the
individual and the platform. From the measured distance and from the driven distance the
speed deviation and then a new speed set point for the platform are computed.
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The front camera image and the Kinect RGB image are both used for computing the
direction divergence. Based on both — the speed and the direction divergence — new track is
computed. The algorithm for returning to the path is quite simple. If the divergence is smaller
than 5°, the platform is only controlled by different speeds on the right and the left side. When
the direction divergence is greater, the platform has to change the direction back to the path
more smoothly. This is done by a circle path, when the platform is pointing back, it drives
straight to the path. When the platform is near the original path, a differential way of control
is used again to correct the direction.

Figure 2 — The platform path corrections

On the figure 2 the platform is shown as a brown rectangle. The center of the platform is
marked with the letter S and the original path is the line D;,D,. The position deviance is the
|SI| and the angle divergence is equivalent to the angle [S,D,I]. In the first stage, the platform
drives on the circular path between the points S and K. For a correct circular path, there is a
custom script that computes the speed for each wheel. When the platform reaches the point K,
it drives straight to the point D2, where it corrects the direction to the original line.

The second control loop is in the LPC1768 that obtains short commands specifying the
type of the movement needed — the differential control, the straight move or the circular
move. Each type has its own parameters that are a part of the message. The LPC1768
computes the speeds for all the wheels and then it uses the data from all the encoders to
control the desired speed.

There are several ways how the speed divergence of one wheel is compensated. During
the two second start of the movement all the speeds are slowly increased from zero to the
desired speed. When the platform is already moving, there is an axle compensation active,
which means that if one wheel is slower by more than 5 % of its speed, the second wheel on
the same axle also slows down. The third possibility of compensation is used when a big
divergence occurs in a short time. The reaction to this scheme is increasing the speed of the
other wheels on the particular side. The speed of the wheel itself is controlled by a PI
controller, whose model was tested in MATLAB, to avoid any overshot and for a smoother
startup.

5 Gait reconstruction

The next step in the process of the gait tracking is to reconstruct the gait pattern from the
captured raw data. For the recording purpose a C# application was written to store the
recorded skeleton data from the Kinect and the information about the distance driven by the
robot.

The data from the Kinect contains a 3D position of the 25 joints returned by the skeletal
tracking function and a time stamp of each frame. In the application to the data recording this
is a procedure that after the frame is returned from Kinect sends the request to the ARM micro
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controller and the answer is the distance travelled by each of the six wheels. This distance
driven by each wheel is necessary to compute the overall robot movement and figure out the
exact actual direction of the MS Kinect device at this frame. For modelling the gait pattern
the movement of the robot is subtracted in the processing.

The most common and the most required case is the movement of the robot only in one
axis. If there is an operational interference of the ARM processor, it is necessary to alter the
absolute 3D position of the joints. For the verification of the correct process of the gait
reconstruction it is possible to observe the center of the mass (COM) movement. If the
processing is successful, the COM position is fixed, only with the regular deviation
corresponding to the swings of the legs. On the contrary, there will be a discontinuous
movement of the COM if the reconstruction is wrong.

After the reconstruction of the gait pattern the feature extraction follows. The temporal
and spatial gait characteristics are the walking speed and the stride length. The features
describing the kinematics of the gait pattern are computed on the static skeleton. The static
skeleton refers to the situation, where the general movement — mean distance travelled by all
joints — is subtracted. On the static skeleton it is possible to reveal the limb synkinesis, COM
deviation and other details different from the periodic gait pattern.

6 Conclusion

Contemporary result of this project is the hardware solution of the robotic platform. This
platform can perform autonomous measurements that are used for the gait analysis. The
platform can alter the behavior in different scenarios to avoid possible problems during the
measurements. The control of the platform is still in progress and there are some details
waiting for more precise and specific solutions and to generalize the overall control.

The project is now in the testing phase in the university background. We are setting
different situations and scenarios that will probably occur in the future in the neurology
department of FN Hospital in Hradec Kralové. We are trying to automatize the control to
achieve the narrow path of the platform. Another goal is to create the user-friendly program
for recording, which will be handled only by the staff of the hospital.
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Abstrakt: prispévek popisuje rozsireni moznosti systému Linguistic Fuzzy-Logic Control,
vyvinutého na Ostravské univerzité v Ostravé pro Fizeni technologickych systémil.
Jednoduchost popisu strategie Fizeni s jeho pomoci narazi v nékterych pripadech na omezeni
pouczitelnych fuzzy hodnot. V takovych pripadech miize byt ucinnym ndastrojem vedoucim ke
zlepseni dosazenych vysledkii pouziti automatické zmény kontextii, popsané v tomto prispevku.
Postupy vypracované v Laboratori inteligentnich systémii 7izeni Ostravské univerzity
v Ostravé jsou prezentovany na Ttizeni modelu vrtulniku, ktery reprezentuje rychlou
regulovanou soustavu s velmi malym tlumenim. Prispévek ukazuje, jak je mozné regulatory
vyuzivajici metodiku LFLC dale zlepsit pouzitim automatické zmeény kontextu LFLC
regulatoru.

Klicova slova: fuzzy logika, rizeni, Linguistic Fuzzy-Logic Control, technologicky systém,
kontext, zmena

1 Princip Linguistic Fuzzy-Logic Control

Fuzzy logika byla objevena Prof. Zadehem [Zadeh 1965] a s uspéchem pouzita pro popis
systémi s neurCitostmi [Zadeh & Kacprzyk 1992] v Sedesatych letech dvacatého stoleti. Tato
technika byla nésledné vyuzita také pro vytvareni systémi fizeni. Nyni je fuzzy fizeni jiz
pfijimano jako standardni ndstroj pro fizeni technologickych systémi. Obvykle je vyuzivana
technika postavena na fuzzy IF-THEN pravidlech, obvykle v podobé poprvé pouzité
Mamdanim [Mandami & Assilian 1975], nebo Takagim a Sugenem [Takagi & Sugeno 1985].
Uspéch fuzzy logického fizeni je zalozen na skuteénosti, ze popis realného systému je
obvykle alespon z&asti neurcity. Tyto neurcitosti vznikaji z mnoha diivodi, velké slozitosti
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regulované soustavy, nedostatku znalosti o regulované soustavé, lidsky faktor v fizeni, a dalsi,
obvykle v kombinaci n€kolika vlivi.

Specidlni systém fuzzy fizeni byl vyvinut na Ostravské univerzit¢ v Ostravé prof.
Novéakem a jeho tymem [Novak 1995, Novak & Perfilieva 1999, Novak 2010] na zakladé
slovniho popisu sytému. Linguistic Fuzzy Logic Controller (LFLC) je vysledkem aplikace
formalni teorie fuzzy logiky v §irSim smyslu (FLb). Zékladnim konceptem FLb jsou hodnotici
jazykové vyrazy a jazykové popis. Popisné (jazykové) vyrazy jsou pfirodni jazykové vyrazy
jako maly, stfedni, velky, asi tficet pét let, zhruba tisic, velmi kratkd, vice ¢i mén¢ hluboky, ne
prilis vysoky, zhruba teplé nebo horké médium, zhruba silny, zhruba stfedné¢ vyznamné a
mnoho dalSich. Vytvafi malou, ale velmi dualezitou, sloZku pfirozené¢ho jazyka, protoZze jsme
je zvykli pouzit v bézném vyjadfovani, aby bylo mozné hodnotit jevy kolem nas. Hodnotici
vyrazy maji dilezitou roli v nasem zivoté, protoze ndm pomdhd urcit naSe rozhodnuti,
pomahaji ndm v uceni a porozuméni, a mnoho dalSich aktivitach.

Jednoduché hodnotici jazykové vyrazy maji obecnou podobu <linguistic modifier> <TE-
adjective> (kde <TE-adjective> je jednim z pfidavnych jmen "malé - sm, stfedni - me, big -
bi" nebo "zero - ze ". <linguistic modifier> je piislovce, jako je "extrémné - ex, vyrazn€ - si,
velmi - ve, spiSe - ra, vice ¢i mén¢ - ml, pfiblizné - ro, ptiblizn¢ zhruba - gr, velmi zhruba -
vr"), viz obrazek 1. LFLC je dobrym néstrojem pro definovani strategie fizeni, miZeme ho
pouzit i pro fizeni rychlych technologickych procesti se vzorkovaci periodou 0,01 [s] nebo
kratsi. Prispévek prezentuje ptiklad citlivého nelinedrniho modelu vrtulniku, ktery predstavuje
velmi rychlé systémy fizeni. Tento model je velmi uziteCny pro ovéfeni navrhu systému
fizeni, protoze jeho popis a matematicky model jsou k dispozici, napt. [Humusoft 2014].

small medium big
; NNV
L Vs Ve :
V I VS vR
small medium big

small medium big

— NN N

: v - : )
L Vs R L Vg r

Obrazek 1 — Zakladni principy urceni hodnot (extrémné maly, velmi maly, maly, stfedni a
velky) jako funkce pftitazujici ke kazdému kontextu w e W specifickou fuzzy mnozinu
[Novak 2010]

2 Rizeni modelu vrtulniku

Model vrtulniku piedstavuje citlivy dvourozmérny systém fizeni — fizeny jsou uhly
naklonu a azimutu a je mozné je tidit oddélené. Identifikace regulované soustavy a navrh
regulatoru byly popsany v piedchozim piispévku [Farana akol. 2014], na ktery nyni
navazujeme. Systém fizeni byl odvozen od standardniho navrhu vyrobce v prostredi
Matlab/Simulink, viz obrazek 2.

Vlastnosti regulované soustavy si vynutily specifické fteSeni LFLC regulatoru
s oddélenymi parametry, viz obrazek 3. Nejvétsi problémy zpiisobovaly hodnoty derivaci
regulacni odchylky, které nabyvaji o dva (resp. Ctyfi) fady vysSSich hodnot nez samotna
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regulacni odchylka. Proto byly testovany dal$i moznosti Gprav systému fizeni, vyuzivajici
napf. FIR filtry, viz [Cedro & Janecki 2011]
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Obrazek 2 — Systém fizeni uhlu naklonéni a orientace vrtulniku
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Obrazek 3 — Fuzzy regulator thlu naklonéni vrtulniku
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Inferen¢ni blok LFLC propojuje vzdy jeden LFLC reguldtor definovany souborem
pravidel, jeho chovani dokumentuje obrazek 4. Jedna se o jednoduchou strategii fizeni, kdy na
malé odchylky regulator reaguje malym zasahem, na velké naopak velmi velkym.
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Obrazek 3 — Fuzzy regulator uhlu naklonéni vrtulniku

Z ptedchoziho ¢lanku [Farana akol. 2014] vime, Ze tato strategie dosahuje velmi dobrych
vysledki. Bohuzel ma vSak svd omezeni. Tim je predevSim tendence k ustdlenym kmitim
systému pii pozadavku na zachovani konstantniho tthlu néklonu resp. omezené piesnost jeho
dosaZeni. Je to dusledek mimo jiné malého poctu fuzzy hodnot pro malé odchylky néklonu.
Myslenku, jak chovani systému zlep$it navrhl prof. Novék a prezentoval ve svych diivéjSich
pracich [Novak 2000, Novak 2010] jako automatickou zménu kontexti LFLC regulétoru.
Jakmile se regulacni odchylka zmen$i a po stanovenou dobu nevybocuje z pasma 50 %
puvodni hodnoty vstupniho kontextu, je vstupni 1 vystupni kontext zmensen na polovinu,
takZe strategie fizeni je op¢t pouzita v celém rozsahu. Tato mySlenka byla v piipad¢ fizeni
modelu vrtulniku upravena. Pfedevsim byla zména kontextu realizovana ve dvou stupnich —
pii poklesu pod 50 % ptvodni hodnoty a pfti poklesu pod 25 % pivodni hodnoty kontextu,
dale pak vzhledem k velmi rychlym dé&jim, nebylo pozadovano, aby odchylka setrvavala ve
stanoveném pasmu po zaddanou dobu, ale zasah byl proveden okamzité.

Protoze nejvétsi vliv na cely LFLC regulator ma ¢ast reagujici na regulacni odchylku,
zaméfuje se na ni i nasledujici ukazka. Upraveny LFLC regulator ukazuje obrazek 4.
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Obrazek 4 — Vysledny LFLC regulator pro fizeni tthlu naklonéni vrtulniku
s automatickou zménou kontextu

Automatickd zména kontextu byla popsdna pomoci dalSiho LFLC regulatoru, jeho

chovani dokumentuje obrazek 5. Jeho vystup nabyva hodnot od 0,25 ptes 0,5 po 1,0, cemuz
odpovida jeho pouziti ve schématu na obrazku 4.
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Obrazek 5 — Blok LFLC pro automatickou zménu kontextu

Jak systém pracuje, vidime na ukédzce pribéhu vstupni a vystupni veli¢iny bloku pfi
polohovém fizeni ndklonu vrtulniku, viz obrazek 6.

¢h (3 B

(=]

Obrazek 6 — Pribéh vstupni a vystupni veli¢iny bloku pro automatickou zménu kontextu
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Naklon vrtulniku se velmi rychle pfiblizi pozadované hodnoté a setrvava v jejim okoli.
Proto nam automatickd zména kontextu davd moZnost vyuzit opét celou strategii fizeni ve
zmen$eném rozsahu hodnot regulacni odchylky. Dosazené vysledky, resp. porovnani piivodni
strategie a nového piistupu ukazuje obrazek 7.

HEBE B

a) pribéh Ghlu naklonu a orientace vrtulniku ~ b) pribéh tthlu naklonu a orientace vrtulniku
pii klasickém LFLC Fizeni pii LFLC fizeni s automatickou zménou

kontextu
Obrazek 7 — Porovnani pribéhu fizeni ptivodniho a upraveného regulatoru

Z obrazku 7 nemusi byt zlepSeni dostate¢né zretelné, proto si ukazme detaily pribéhi

obou strategii fizeni na obrazku 8.

HhEBE B

a) pritbéh uhlu naklonu a orientace vrtulniku  b) pribeh tthlu ndklonu a orientace vrtulniku
pfti klasickém LFLC fizeni pti LFLC fizeni s automatickou zménou
kontextu
Obrazek 8 — Detaily pribéhu fizeni ptivodniho a upraveného regulatoru
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4 Zavér

Prezentované piiklady LFLC fizeni byly ziskany na Ostravské univerzité v Ostrave
vramci feSeni podpory European Regional Development Fund, pfi feSeni projektu
IT4Innovations Centre of Excellence (CZ.1.05/1.1.00/02.0070) a v ramci feSeni projektu
Studentské grantové soutéze (SGSI15/PiF/2015) =za ucasti studentl, podporovany
Ministerstvem $kolstvi, mladeZe a t&lovychovy CR. Z dosazenych vysledki je ziejmé, Ze
moderni matematické metody, jako je fuzzy fizeni, maji zajimavé moznosti vyuziti i pro
fizeni rychlych technologickych procesii s periodou vzorkovani 0,01 [s] nebo kratSi. Systém
Linguistic Fuzzy-Logic Control, vyvinuty na Ostravské univerzité, je velmi uzite¢ny ndstroj
pro popis strategie fizeni a systém automatické zmény kontextd mu dava dal$i moznosti
zlepSeni kvality a pfesnosti fizeni. Tato technologie a redlné modely jsou vyuzivany jako
podklad pro problémové orientovanou vyuku na Katedie informatiky a pocitacu,
Ptirodovédecké fakulty pro studenty magisterskych studijnich programi a jejich spolecné 1
individualni projekty. Studenti se pritom nauci, jak definovat strategii fizeni a ovéfi si jeji
chovani na redlném modelu vrtulniku. Po dokonceni svych projekt jsou studenti schopni
definovat strategie fizeni zalozené na LFLC pro jakykoli podobny fizeny systém. Jsou také

schopni porovnat ziskané vysledky s riznymi strategiemi fuzzy fizeni, napt. [Takosoglu akol.
2012], [Godoy akol. 2013] nebo [Velagic & Osmic 2014].
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Abstrakt: Clanek popisuje prakticky ovérené postupy, které umoziuji v databdzovém systému
MS SQL Server Express automaticky vytvaret a udrzovat primdrni databazi s novymi daty a
starsi data, ktera slouzi veétsinou jako archiv, jsou dynamicky presouvana do mensich
sekundarnich databdzi. Metodika tak umozinuje rychlejsi praci s Cerstvymi a s vetsi
pravdepodobnosti uzivanymi daty.

Klicova slova: SOL databdze, SQL Server Express

1 Uvod

Moderni primyslova vyroba je neoddélitelné spjata s ukladanim Siroké skaly dat
souvisejici s kazdym jednotlivé vyrobenym kusem. Tyto udaje se Casto archivuji na SQL
serverech nejméné po dobu zaruky a mnohdy i déle. Z obrovského mnozstvi ulozenych dat se
vSak Casto sleduji pouze ta nejnovéjsi. StarsSi data jsou pouzivana jen velmi ziidka, pficemz
zabiraji nejvice tloZzného prostoru a vyrazné zpomaluji praci s cerstvymi daty. Kromé toho,
pro velké databaze je zapotfebi mit drahé licence serveru.

S rostoucimi pozadavky na kvalitu vyroby, se zvySuje pocet dil¢ich kontrolnich
stanovist, za ucelem pribézného monitorovani vyrobku béhem celého vyrobniho procesu.
Ziskava se tak znacné mnozstvi dat, jejichz analyzou lze vysledovat pficiny, ovliviiuji kvalitu
a spolehlivost vyroby. PotlaCovani téchto pfi¢in pak vede k vysSsi konkurenceschopnosti
vyrobkl a zaroven k niz§im celkovym nakladim.

Tento postup mimo jiné klade vysoké pozadavky na tlozisté ziskanych dat. Znacna
mnozstvi dat musi byt spolehlivé ukladina a dlouhodobé archivovana. Casto se data z
ruznych kontrolnich boda ukladaji odliSnym zptisobem. Mnohdy jsou to unikatni souborové
formaty, které vyzaduji specificky software pro jejich zpracovani. Takovato feSeni vSak
vyrazn¢ komplikuji hlubsi analyzy. Taktéz vyhledavani konkrétnich udaji Casto vyzaduje
znacné Usili.

Daleko lepsi variantou je ukladani dat do databazi SQL serveru. Stabilita a bezpecnost je
déna vlastnostmi zvoleného SQL serveru, pfistup k datim zprosttedkovava jednotny jazyk
SQL, pticemz data mohou byt libovolné rozprostiena do riznych serverii. Od této varianty
Casto odrazuji ocekdvané vysoké ndklady na licence SQL serveru. Je to ddno potiebou
spravovat velké mnozstvi dat. Jisté vychodisko nabizi SQL serverova feseni z dilen Open
Source, kde jsou licence ,,zdarma®. AvSak, v primyslové vyrob¢é obvykle nejsou k témto
feSenim naklonéni, nehled¢€ na to, ze Casto jiz pouzivaji komercni SQL serverova feSeni, a pro
udrzbu open source feSeni nemaji zaskoleny persondl. Dodatecné naklady pak mohou nékdy
prevysit naklady na potizeni vyssich licenci.
vyrobcli a obejit primarni omezeni, tedy malou kapacitu databdze. Konkrétné popisuje
prakticky ovéteny postup nasazeni MS SQL serveru Express v provozu Ttineckych Zelezaren
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a.s. Valcoven trub Vitkovice, kde jsou spravovany data v rozsahu 40 GB. Zde jsou udaje z
poslednich 30 dnli drZzena v primdrni databazi a star$i udaje jsou piendseny do databazi, které
se dynamicky vytvareji oddélené pro kazdy mésic vyroby. Diky této metod¢, jsou vSechny
databaze mensi neZ 2 GB, zatimco vSechny Udaje jsou snadno pfistupné z jednoho SQL
Server Express.

3 Vyhody a nevyhody SQL serveru expres

MS SQL server express je bezplatnou alternativou plné verze MS SQL serveru. Prestoze
je zdarma, zachovava si plnou kompatibilitu véetné¢ podpory jazyka Transact-SQL. V podstaté
jde o plnohodnotny SQL server s n¢kolika omezenimi [viz.], mezi vyznamna omezeni patii:

+ Maximalni vypocetni kapacita vyuzitelnd jednou instanci SQL Serveru
*  Maximum paméti pfifaditelné jedné instanci SQL Serveru
* Maximalni velikost relani databaze

Ma-li SQL server slouzit primani jako ulozist€¢ namétfenych dat, kdy je jedinym
pravidelnym uZzivatelem technolog, ktery pfevdzné pracuje s nejnovéjSimi zdznamy, pak prvni
dvé zminéna omezeni nejsou zasadni.

Zasadni je vSak omezeni na velikost databaze. Neziidka se stavd, ze za jedem mésic se
vygeneruje 1 nékolik GB dat. Pak samoziejm¢ neni mozné v jedné databazi si uchovavat
viceletou produkci. Navic, ¢im vétsi databaze je, tim jsou vyssi naroky na pamét’ a vypocetni
vykon SQL severu. Pak i jednoduché dotazy vysoce zatizi SQL server, ¢imZ se projevi prvni
dvé zminén4 omezeni.

Na druhou stranu MS SQL server Express umoznuje obhospodatrovat i nékolik desitek
databazi soucasné (Autor otestoval 50 databazi soucasn¢€). Tudiz problém se dé obejit tak, ze
se data rozdéli do nékolika odd€lenych databazi, pficemz kazda z nich mize obsahovat
vyrazné mensi mnozstvi dat.

Navic data nebyvaji vyuzivana stejnomérné. Intenzivné se vyuzivaji pouze nejcerstvejsi
data. V podstaté je jimi kontrolovan aktudlni proces vyroby. Cim jsou viak data starsi, tim
cetnost jejich pouzivani klesd. Od urcitého okamziku byvaji vyuzivand pouze sporadicky,
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obdobi. Data star$i nez je doba zaruky, se obvykle nepouzivaji viibec.

4 Princip FeSeni
Jadrem feSeni je rozdéleni dat do n¢kolika databazi. Kazda databaze uchovava data pouze
za urCité casové obdobi. Délka obdobi je omezena podminkou, ze zddna z databdzi nesmi
pfesdhnout maximalni piipustnou velikost. Podle mnozstvi produkovanych dat tak lze
naptiklad zvolit tydenni, mési¢ni, nebo ctvrtletni produkci apod. Jedna z databazi tvofi
primarni ulozisté. Zde jsou ukladdna nejcerstvéj$i data a také pies tuto databdzi jsou
distribuovany vSechny dotazy. Soucasné jako jedind spravuje data rizné velkého obdobi.
Naptiklad mize byt stanoveno, ze trvale si ma udrzovat produkci za poslednich 24 hodin, ale
diky nepteruSené vyrobé muize docasn¢ spravovat produkci za vyrazné delsi obdobi (naptiklad
pracovni tyden). VSe zavisi na mnoZzstvi dat a také na Cetnosti odstavek, ¢i prestavek ve
vyrobe.
Primérni databaze plni nasledujici funkce:
» Uchovava nejcerstvejsi data
* Na zdkladé€ stanoveného obdobi zakldda podiizené databaze.
» Prevadi data z primarni databaze do podiizenych databazi
» Udrzuje ptehled o vSech databazich
» Ptijima vSechny dotazy a distribuuje je podfizenym databazim.
» Zajistuje komplexni udrzbu, archivaci starych databazi atd.
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K realizaci uvedenych funkci je pouzit jazyk Transact SQL s jehoz pomoci se vytvori
ulozené procedury komunikacniho rozhrani minimalné pro tfi zékladni operace:

1. Ulozeni nového zaznamu

2. Vyhledani zdznamu

3. Rozttidéni dat do podtizenych databazi

Prvi operace je nejméné narocnd. V podstaté slouzi k ulozeni ziskanych dat. Tato operace
muze byt podle povahy dat realizovdna sadou samostatnych uloZenych procedur.

Vyhledani zdznamu je dvojstupiiova operace. Volanim ulozené procedury se piedaji
podminky pro nalezeni pozadovanych zaznami. Procedura nejprve zkontroluje kritéria, a
rozhodne, zda hledané zdznamy lze najit pouze v primarni databazi, nebo je nutné pracovat s
podiizenymi databdzemi. V prvnim pfipadé data jednoduSe vrati z primarni databize. V
druhém ptipadé nejprve zjisti, ve kterych databazich jsou data uloZena, a nasledné je tam
vyhled4d. Pokud neni mozné zjistit, ve kterych databdzich se nachdzeji, pak prohledava
vSechny databaze od nejnovéjsich po nejstarsi.

Ukolem tieti operace je zaznamy starsi neZ je predvoleny interval pfenést do podiizenych
databazi. Zaroven si musi poznacit souhrnné informace o ptrenesenych datech pro ptipadné
vyhleddvani zdznamii. Pokud pfislusnd databaze neexistuje, pak ji nejprve musi zalozit.
Pfipadné jiz nepotiebné databaze (napiiklad po zaru¢ni lhité), zalohovat a odpojit z SQL
serveru. Tato operace je klicovou a je pfedmétem niZe uvedeného popisu.

5 Popis FeSeni

Vyse zminéné operace lze plné realizovat jazykem Transact-SQL. Skripty pro zalozeni
podfizenych databazi je dokonce mozné vygenerovat v prostiedi MS SQL Management studio
ze vzorové verze databaze. Je vSak nutné provést Upravy, které zajisti oddélené vykonani
nékterych prikazl. Jazyk Transact-SQL totiz nedovoluje, aby v jednom skriptu (davce
prikazil) byly soucasné ptikazy, které nejprve objekt zalozi a pak jej volaji. Naptiklad, nelze
v jednom skriptu zalozit databazi a nasledné v ni vytvéret tabulky. Také nejde zalozit tabulku
a nasledné ji plnit daty apod. Tyto operace musi byt na SQL server odeslany v oddélenych
davkach. U skriptl volanych v prostiedi MS SQL management studia, toto oddéleni zajisti
direktiva GO. Tato direktiva vSak neni pfikazem jazyka Transact-SQL a rozdéleni na dvé
samostatné sekvence se musi provést jinak.

Jazykem Transact-SQL lze ptikaz ¢i sekvenci zaslat oddélen¢ piikazem EXECUTE
(EXEC). Sekvence, jez se ma oddélen¢ vykonat se piikazu pfedava formou textového
argumentu. Naptiklad, nize je uvedeny skript ulozené procedury, ktera zalozi novou databazi,
jejiz nazev je predan textovym argumentem. Pak v databazi zaloZi tabulky (tPoints tTubes) a
primarni indexy. Nasledné ptida pohled Points, uzivatele TubesReader a ptidéli mu roli
datareader. Nakonec si do pomocné tabulky tSlaveDatabase ulozi informaci o nové podiizené
databazi. Klicové operace jsou provadény oddélené prostiednictvim ptikazu EXECUTE.

Nyni k proceduie, kterd pienese star$si data do podiizenych databazi. Nasledujici
procedura prevede data starSi nezli je pozadovany pocet dnl (pieddva se argumentem
procedury) z primarni databaze do podfizenych databédzi. Kazdé z nich obsahuje data za jeden
kalendarni mésic. Tomu také odpovidaji nazvy databazi. Naptiklad pro leden 2015 bude
nazev TB201501.

Vlastni ptevod zac¢ina vytvorenim kurzoru ze seskupeni prendsenych dat podle mésice
vzniku. Soucasné se kazdé skupin€ piidd nazev cilové podifizené databaze. Pro kazdé
seskupeni se pak zjistuje, zda podiizena databaze existuje ¢i nikoliv. V ukazce se dotazuje
systémové tabulky sys.databases, ktera obsahuje seznam vSech pfipojenych databazi. Neni-li
databaze nalezena, pak se pomoci vyse uvedené procedury zalozi. Pak se jiz data nakopiruji
do podiizené databdze a odstrani z primarni databaze. Nakonec se primarni i podiizené
databaze zalohuji, ¢imz se vycisti logy.
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Uvedena metoda vyzaduje pravidelné provadét operaci roztiidéni dat do podtizenych
databazi. Vzhledem k néaro€nosti této operace a snizeného vykonu MS SQL Serveru Express,
je dulezité zajisti dostatecny Casovy prostor. V idedlnim ptipadé se operace provadi béhem
pravidelnych odstavek.

8 Zavér

Metoda je vice nez dva roky uspéSné vyuzivana v provoze Valcoven trub v Ttineckych
Zelezarnach a. s. v Ostravé Vitkovicich. Zde se u kazdé vyrobené trubky po celé jeji délce
kontroluji priméry a ovalita. Méfeni probiha bezkontaktné laserovym skenovanim. Do
databaze se ukladaji vSechny naskenované body. Z téchto bodl se pak rekonstruuje povrch
trubky, pfi¢emz se fez po fezu vyhodnocuji pruméry a ovalita. Za jeden mésic vyroby se takto
ulozi pfiblizné 1,7 GB novych dat. Za dva roky je tomu pies 40 GB. Pfi¢emzZ vSe je uloZeno
na SQL Serveru Express 2005 ve 24 databazich. Primarni databdze udrzuje zaznamy
maximalné¢ za posledni 30 dnli vyroby. Star§i zdznamy se automaticky prenaseji do
podiizenych databazi. Je-1i obdrzen dotaz na zaznam, ktery je ulozen v podiizené databazi, je
automaticky vyhledan. Datab4ze s daty star§imi nez dva roky se po zalohovani automaticky
odstrani. Ze zalohy je samoziejm¢ mozné data kdykoliv obnovit. To vSak aktualné¢ musi ucinit
obsluha rucné.
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Abstrakt: Nejrozsirenéjsi zpusob regulace teploty pary je dnes regulace teploty pary vstiikem
sméSovacim vyméniku, ktery je soucdsti spojovaciho parniho potrubi. Clinek se zabyvd
navrhem a realizaci regulacniho obvodu pro Fizeni této technologie. Navrieny regulacni
obvod odpovida rozvétvenému regulacnimu obvodu s pomocnou regulovanou velicinou
a kompenzaci zmén vykonovych hladin a nelinearity ventilu. Cely regulacni obvod byl
simulacné overen v programu MATLAB Simulink, ndsledné byly 7idici algoritmy
implementovany do PLC systému a Fizeni otestovano v realném provozu v teplarné. Pro
moznost nastaveni parametrii reguldatoru a bodii kompenzacni kiivky byla vytvorena
vizualizace.

Kli¢ova slova: rozvétveny regulacni obvod, nelinearita, prehrivak, MATLAB, PLC

1 Uvod

Jednoduchy jednorozmérovy regulacni obvod ma v obvodu jen jednu regulovanou
a jednu akc¢ni veli¢inu, které jsou zapojeny ve zpétnovazebni smycku. Tyto jednoduché
zakladni regulacni obvody mohou splnit vétSinu béznych regulacnich ukolt. Pfi vysSich
jejich moznosti omezené. S rostouci slozitosti (vyssim tadem setrvacnosti) regulované
soustavy se zvySuje 1 sklon k nestabilit¢ a zhorSuje se také kvalita regula¢niho pochodu.
Pouzitim rozvétvenych regulacnich obvodd, tj. zavedenim dalSich proménnych do
regulacniho obvodu a tedy uspofddanim dalSich smycek regulacniho obvodu, se ziskaji
vyhodnéjsi dynamické 1 statické vlastnosti celého systému. Je mozné také jednotlivé
rozvétvené regulacni obvody kombinovat a jest¢ vice zlepsit regulaci, tj. chovani vystupni
veli¢iny. Jedna se pak o tzv. sdruzené rozvétvené regulacni obvody.

2 Regulac¢ni obvod s pomocnou regulovanou veli¢inou

Jednim z nejrozsifenéjSich rozvétvenych regulacnich obvodi je obvod s pomocnou
regulovanou veli¢inou, ktery se nazyva také kaskddovy (kaskadni) regulacni obvod, a jeho
schéma je uvedeno na obr. 1. Tento regulacni obvod se pouziva v ptipad¢, jde-li regulovanou
soustavu popsanou prenosem Gy rozdélit na dvé Casti, kde prvni ¢ast popsana pienosem Gy, je
rychlejsi nez druha s ptfenosem Gyg;, a pokud regulovand soustava umoziiuje mefit pomocnou
regulovanou veli¢inu y; za jeji prvni Casti. Druhd Cast fizené soustavy miize byt silné
nelinearni, ale neméla by obsahovat dopravni zpozdéni. Pokud jsou tyto podminky splnény,
pak Ize pouzitim rozvétveného regulacniho obvodu s pomocnou regulovanou veli¢inou zlepsit
kvalitu regula¢niho pochodu oproti béZznému zapojeni. V1iv poruchové veli€iny v; je potlacen
tim, ze méfime na vhodném mist€¢ pomocnou regulovanou veli¢inu y; a zavadime ji do
pomocného reguldtoru s prenosem Gg;. Nej€astejs$i nasazeni tohoto typu regulacniho obvodu
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je pri regulaci elektrickych pohonti a vykonovych servomechanismii i pfi regulaci kotlt,
destila¢nich komor, jadernych reaktori a jinych tepelnych zatizeni.

|
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Obr. 1 Regula¢ni obvod s pomocnou regulovanou veli¢inou

3 Popis fizené technologie

Pted samotnym popisem navrhu rozvétvené¢ho regulaéniho obvodu bude nejlépe uvést
struény popis fizené technologie, coz je vyroba piehiaté pary v teplarnach ¢i elektrarnach.
V soucasné dobé€ nejvice rozsifeny prito¢ny parni kotel si mizeme v zjednodusené¢ formé
predstavit jako trubku, ve které se voda pfeméni na paru, a t€¢ se doda dal$i energie
v piehfivacich, jak popisuje obr. 2. Piehtivak pary je vlastné prito¢ny vymeénik tepla, kde
jednim médiem je kotlem vyrabéna (ohfivand) para a druhym médiem (ohfivacim, topnym)
jsou obvykle spaliny.

Ve

Piehfivaky

Prechodnik

A

Vyparnik

Obr. 2 Schéma prato¢ného kotle [Menkina 2011]

Kotel je konstruovan a provozovan tak, ze ke zméné z vody na paru dojde uz pred
prehtivaky a dale proudi jen para. Casti pied a za kliGovym prvkem kotle (vyparnik) se
vyuzivd nejprve ekonomizéru, ktery je obycejné umistén v zadnim tahu. Obézné trubky
vyparniku, se obvykle zatazuji podél vSech stén topenisté kotle, kde maji spaliny nejvyssi
teplotu. Pak jsou zarazeny ptehtivaky, které maji za ukol dodat patre dostatek energie, ktera je
posléze vyuzitelna na turbing. Vstiikovymi ventily zafazenymi do ob&hu v ¢asti prehiivaki je
zajisténo fizeni vystupni teploty piehraté vysokotlaké pary. Péra turbiné preda svou energii
a dojde ke ztraté teploty i tlaku [Menkina 2011].

Nejrozsifenéjsi zpusob regulace teploty pary je dnes regulace teploty pary vstiikem
napajeci vody. Ma nejniz$i realizacni ndklady, protoze para se vodou ochlazuje ve
smeSovacim vymeéniku, ktery je soucasti spojovaciho parniho potrubi. Vstiikovana voda
(kondenzat) musi byt privedena tak, aby nedoslo k ohrozeni pevnosti vnéjsiho plasté vstiiku
(potrubi) od teplotnich rozdili v misté pfipojeni a ani od tepelnych pnuti zpiisobenych
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dopadem kapic¢ek vody na stény vnéjSiho plasté. Vstiikovana voda (kondenzat) je proto
rozpraSena na jemné kapicky a vnéjsi plast’ télesa vstiiku musi byt pfed dopadem kapicek
chranén tzv. kosilkou.

vstfikovana
voda

Obr. 3 Principidlni schéma stiiku

V ptipad¢, kdy kotel dodava paru pro parni turbinu elektrarenského bloku, tak se pii vyssi
teploté¢ pary zvySuje tepelna ucinnost parniho obchu a snizuje se opotfebeni poslednich
lopatek turbiny erozi vodnimi kapickami. Soucasné vsak se snizuje zivotnost oceli pouzitych
pro vyrobu piehiivaku kotle, parniho potrubi a turbiny, coz vede ke zvySovani ndkladl na
udrzbu (vyménu) téchto ¢asti nebo naopak se zvysuji investicni naklady v souvislosti s
pouzitim drazSich legovanych oceli s vyssi pevnosti pii teceni za vysokych teplot. Tolerovana
odchylka od piedepsané teploty piehiaté pary je dana normou CSN a napf. pii teploté 445 °C
¢ini +15 a -10 K [Kocis, Stana, Vilimec 2007].

4 Navrh regulacniho obvodu

Jak jiz bylo zminéno vySe, nejrozsiienéjsi zpusob regulace teploty pary je dnes regulace
vstfikem napajeci vody. Tato technologie byla taktéz instalovana v teplarné, pro kterou bylo
navrzeno fizeni. Regulac¢ni obvod teploty pary vstiikem napdjeci vody byl proveden podle
obr. 4.

Hlavni regulator Podfizeny

regulator L. .
Regulaéni Vstiikovy

ventil chladi¢

Obr. 4 Regula¢ni obvod teploty pary vstfikem napdjeci vody

Regulovanou veli¢inou je teplota pary 7, za ptehfivakem. Hlavni reguldtor zpracovava
regulacni odchylku (7, — 7>) a je obvykle typu PI, nekdy se pouziva i PID, ackoliv toto
provedeni regulacni pochod zlepSuje jen malo. Protoze pifenos zmény teploty 7, (za
prehiivakem) je dynamicky nevyhodny (pfechodova charakteristika je vyssiho tadu s velkou
dobou ptechodu), je vhodné méfit i teplotu 7 pted prehifivakem a vyuzit ji jako pomocnou
regulovanou veli¢inu.

Hlavni reguldtor PI vlastné¢ zaddvd Zadanou hodnotu teploty 7; a dostavdme tak
kaskadovou strukturu regula¢niho obvodu. Vzniklou regulacni odchylku pak zpracovava
podiizeny regulator, obvykle typu P. Takovy regula¢ni obvod (velkd smycka zadava zddanou
hodnotu malé smyc¢ce) ma pomérné dobrou stabilitu a pfi vhodné navrzeném piehiivaku
(regulovand soustava) 1 dobrou kvalitu regulace. Nékdy se 1 podiizeny regulator provadi jako
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PI, takze vznika kaskada s regulatory PI/PI, tato vSak z hlediska regulace dava vysledky jen o
malo leps$i nez kaskada PI/P a stabilita obvodu mize byt i horsi. V naSem ptipadé byla v PLC
realizovana kaskada s regulatory PI/PI, jak je zobrazeno na obr. 4.

Podle [Kocis, Stana, Vilimec 2007] se jako poruchova veli¢ina ¢asto pouziva signal od
parniho vykonu kotle Mp. Tento se ptivadi do druhého sumacniho ¢lenu obvykle pies PD ¢len
a prechodné zvyseni vstiiku se vyuziva pii rychlém zvySeni vykonu kotle. Tato poruchova
veli¢ina se s vyhodou pouziva v téch piipadech, kdy pfi regulaci vykonu kotle (napf. pfi
zvySeni) se prereguluje mnozstvi paliva, ¢imZ se vytvoii porucha, kterd velmi silné ovliviiuje
teplotu pary. Uvedené zapojeni vliv této poruchy vyrazn¢ omezuje.

5 Identifikace Fizeného procesu

Identifikace fizeného procesu probéhla za plného provozu pti konstantnim proudéni pary
M,=30 t/h, coz odpovidd maximalnimu vykonu kotle. Rizeni bylo piepnuto do manudlniho
rezimu a v obvyklém pracovnim pasmu ventilu byla iniciovana skokova zména akéni veli¢iny
(pozice ventilu) o 5%. Béhem experimentu byla zaznamenavana teplota 7, pted prehfivakem
a teplota 7> za prehiivakem. Zména ak¢ni veli€iny prob&hla smérem nahoru i dolt a cely test

Kurve im Yordergrund 11HAH20CT002

Kurve Vanablenanbindung Wert Datum./Zeit

Stell, Enspritzregelventil Messwertarchiv_ReglerRol666_YHand

Mesawenanchiv._Feo

Obr. 5 Pribéhy veli¢in zaznamenavané béhem procesu identifikace

Z aproximace naméfenych prub¢hti regulovanych veli¢in byly identifikovany dva
pienosy tohoto systému. Jelikoz chovani obou veli¢in vykazovalo aperiodicky prabéh, byla
pro jejich identifikaci pouzita Strejcova metoda. Pribéh teploty 7; za vstiikem byl
aproximovan proporcionalni soustavou 2. fadu s rozdilnymi Casovymi konstantami, jejiz
prenos byl urcen jako

GT1 (s)= ( 2

50,575 +1)(16,28s +1)

Pribeh teploty 7, za piehtfivakem byl aproximovan proporciondlni soustavou 5. fadu se
stejnymi Casovymi konstantami

1,4
G - v
() (40,255 +1)’
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Obr. 6 Aproximace naméfenych pribéhi (za vstiikem-vlevo, za piehfivakem-vpravo)

6 Vpocet parametra regulatori

Nejprve jsme urcili hodnoty parametri podiizeného reguldtoru pomoci metody
optiméalniho modulu, kterd umoziuje sefidit regulator pro systémy popsané proporcionalni
soustavou 2. fadu s rozdilnymi ¢asovymi konstantami. Jelikoz vzorkovaci perioda regulatoru
je v fadu milisekund a ¢asové konstanty pienosu v fadu desitek sekund, bylo mozno regulator
uvazovat za spojity. Z tohoto vyplyva, Ze integracni Casovd konstanta 7; je rovna véEtsi
z ¢asovych konstant a tedy plati 77,=50,57. Zesileni regulatoru k,; bylo vypocteno nasledovné

T, 50,57

k1= = =
MTkRT,  2-(=2)-16,28

Pted uréenim hodnot parametrii hlavniho regulatoru, jsem nejprve pienos popisujici
prabéh teploty 7, za prehfivakem zjednodusil na tvar

* 174 -110,33s
G, () =——"——¢e 7
. (9) 105,255 +1

Pro setfizeni regulatoru byla nasledné pouzita univerzalni experimentalni metoda, kde pro
nejrychlejsi odezvu bez prekmitu byla spocitana integracni Casova konstanta 7;,=123,14 a
zesileni regulétoru k,,=0,24.

7 Kompenzace zmén vykonovych hladit a nelinearity ventilu

I u prehtivaku pary (stejné jako u kazdé soustavy, v niz dochazi k akumulaci tepla) se
casové konstanty ptechodovych charakteristik méni v zéavislosti na vykonu kotle, tzn. s
klesajicim vykonem se ¢asové konstanty zvétSuji. Na obr. 7 je znadzornéna odezva teploty 75
na zménu teploty pary na vstupu A7 pti riznych vykonech kotle.
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Cas [s]
Obr. 7 Vliv zmény vykonovych hladin na pfechodovou charakteristiku piehtivaku

S touto skute¢nosti se musi pocitat pii navrhu 1 sefizovani regulatoru. Obvykle se sefizeni
provadi pro stiedni regulovany vykon kotle nebo se navrhuje adaptivni regulace, kterd
prizptsobuje sefizeni regulatoru podle okamzit¢ho vykonu kotle.

7.1 Kompenzace zmén vykonovych hladin

V naSem piipadé¢ byla realizovana adaptivni regulace, kde dochédzi ke zméné zesileni
podfizeného regulatoru tmérné se zménou okamzitého vykonu kotle, coz Ize pospat vzorcem
k,=k,, M,/ M)
2

kde je k — aktudlni pouzité zesileni podiizeného regulatoru
) — vypoctené zesileni pfi maximalnim vykonu kotle
M,ymax — proudéni pary pfi maximalnim vykonu kotle (30t/h)
Mp — aktudlni (méfené) proudéni pary.

Se snizenim vykonové hladiny kotle tedy dojde také ke sniZzeni hodnoty zesileni
podfizeného reguldtoru. Toto se déje z divodu toho, Ze pii nizs$i vykonové hladiné a tudiz
mensim proudéni pary se méni parametry fizené soustavy a je tfeba tuto zménu promitnout i
do zesileni podtizeného regulatoru.

7.2 Kompenzace nelinearity ventilu
Z vyrobcem dodané statické charakteristiky instalovaného regula¢niho ventilu (obr. §)
bylo zjisténo, Ze je siln€ nelinedrni.
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Obr. 8 Staticka charakteristika ventilu dodana vyrobcem (vlevo), aproximace statické
charakteristiky ventilu polynomickou funkci (vpravo)
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Jelikoz v regulacnim obvodu jsou pouzity jen linearni reguldtory, bylo pro spravnou
funkci regulacniho obvodu nutné tuto nelinearitu kompenzovat. Statickou charakteristiku
jsem tedy aproximoval pomoci Excelu polynomickou funkci tfettho stupné a urcil jeji
koeficienty.

Samotna kompenzace byla nejdiive nasimulovana v programu MATLAB Simulink.
V Excelu zjisténou aproximacni funkeci statické charakteristiky

y=0,00004x" +0,0043x> +0,1422x + 3,0909

jsem do simula¢niho programu zapsal pomoci bloku ,,Embedded MATLAB Function*
a kompenzace jeji nelinearity byla realizovana k ni inverzni funkci, respektive pomoci 8
bodové linedrni interpolace této inverzni funkce. Pro linedrni interpolaci byl pouzit blok
,Lookup Table“. Na obr. 9 je patrné simulacni schéma, kde jako zdroj vstupniho signalu byl
pouzit funkéni blok ,,Ramp*, ktery realizoval linedrni zménu vstupni veli¢iny od 0 do 100.

/ | u fcn y l:l
Ramp L |:| Scope 3

Embedded

Lookup Table MATLAB Function
Scope 1

Obr. 9 Pouzité simulacni schéma pro ovéieni spravnosti kompenzace

Vysledna kompenzovana statickd charakteristika je zobrazena na obr. 10.

Priltok [%]

0 N I N N
0 10 20 30 40 50 60 70 80 90 100
Otevfeni ventilu [%]

Obr. 10 Kompenzovana staticka charakteristika

8 Simulac¢ni ovéFeni navrZzenych regulatori

Spravnost navrzeného regulacniho obvodu a vypoctenych hodnot stavitelnych regulatori
byl simula¢né ovéfen v programu MATLAB Simulink a schéma pouzitého simulovaného
regulacniho obvodu je na obr. 11. Akéni zasahy reguldtord byly omezeny pomoci saturacnich
limitd, kdy pro hlavni regulator byl nastaven horni satura¢ni limit 400 a dolni 225. Saturacni
limity podfizeného regulatoru byly urceny s ohledem na rozsah nastavovaciho signalu pro
akéni Clen (ventil), tedy horni saturacni limit 100 a dolni 0. Pribéh vstupni teploty pary byl
namodelovan pomoci bloku ,,Signal Builder®.
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Obr. 11 Simulaéni schéma (MATLAB Simulink)

Pribéhy zadané veliCiny i1 prabchy akénich a regulovanych veli¢in zaznamenanych pfi
simulaci jsou zobrazeny na obr. 12 a potvrzuji spravnost navrzenych regulatorti pro dany
identifikovany proces.
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Obr. 12 Pribéhy simulovanych veli¢in

9 Ovéreni na realném procesu

Navrzeny regula¢ni obvod byl za pouziti jazyka Structured Text dle normy IEC 61131-3
realizovan v PLC, ke kterému byly pfipojeny vSechny potfebné signaly. Pro moznost
nastaveni parametrti reguldtori byla vytvofena vizualizace s moznosti zobrazeni trenda
pouzitych veli¢in (obr. 13 a 14), s kterou PLC komunikuje pomoci OPC komunikace.
V instalované vizualizaci v teplarn€ byl dale ptidan piepina¢ pro prepinani mezi ptivodnim
fizenim a novym ndmi vytvofenym. Pro mozZnost jejich srovnani jsou na obr. 15 a 16

zobrazeny vysledné pribehy regulovanych a akénich veli¢in zaznamenané vzdy v priabéhu 24
hodin.

45



Fiihrungsregler " . w . . . N
Ubersicht - Uberhitzer/Einspritzkihler
Sollwert aktiv 4350 [ sw_track
Istwert 3974  [[INGain rhitzer/Einspritzkiihler ed il
Reglerausgang 360.0
ESK Fhrgrgl Popup I lESK Russblasen Popup Fuhrungsregler [°C] 974
KP 032 Ymax  360.0 . Folgeregler [°C] 3446
™ [s] 175.0 Ymin 2800 ESK Flgrgl Popup | [T1ESK Aufschaltung Russblasen aktiv RV ESK [C] 0.0 0.0
TV s] 00 DEADB 0.0 Aufschaltung Russblasen ESK [°C] 100.0 00
T1[s] 0.0 FEEDF 0.0
urve fiir freie Vorgabe fir die Stérgrossenaufschaltung des ESK_Folgereglers
Modus
S AUTO 4350 T_SW 0.0 tzphkt 10 Stzpkt 2: Stzpkt 3: Stzpkt 4: Stzpkt &: Stzpkt 6: Stzpkt 7: Stzpkt 8:
O EXTH 0.0 T_EXTM 0.0 0.0 th 00 th 00 th 0.0 th 00 th 00 th 00 th 00 th
9[242 00 THET2 0.0 00 v 00 Ik 00 uh 00 vh 00 Ik 00 Ih 00 uh 00 Ih
9 MAN 364.0
D EXTY 0.0
I TRACK 0.0 urve for Linearisierung der Ventilkennlinie
pht 1: Stzpkt 2: Stzpkt 3: Stzpkt 4: Stzpkt 5: Stzpkt 6: Stzpkt 7: Stzpkt 8:
Folgeregler
0.0 t/h 10.0 t/h 200 th 30.0 th 40.0 t/h 60.0 t/h 70.0 t/h 100.1 t/h
Sollwert aktiv ~ 360.0 [Jsw_track (0.0 % 250 % 420 % 55.0 % 64.0 % 78.0 % 84.0 % 1001 %
Istwert 3446  [V/NGain
Reglerausgang 0.0 Bcheduling
KP 0528594 Ymax 100.0 rzeit mp_turb 150 s
TN[s] 700 Ymin 0.0 abe Kp (bei 30t/h) 1.3
TV [s] 0.0 DEADB 0.0
T1[s] 0.0 FEEDF 00
Modus
I AUTO 360.0 T_SW 0.0
I EXTH 0.0 T_EXT 0.0
JEXT2 0.0 T_EXT2 0.0
@ MAN 0.0
_EXTY 0.0
RACH 0.0 ersichisseiten| | Trend aktuell Service-Ebene
. . /4 <] W 4 v
Obr. 13 Obrazovka pro parametrizaci regulatorti a kompenzacni kiivky
Cursor||<<|[ < || = |[==| & &M & = & @ i 30 min
[ L1 |
Cursor 1
24.02.2015 20:02:54
- 325
475
an oo
=0
450
en 20 o e
425
0 70 725
400 7
[22.£
B0 60
375 20
350 )50 50 [~17.£
325 15
40 40
12.£
300
0 =0 10
275
— w_zo s
2580 7
4
BL 10
225 7 25
200 _|o o Lo
I
24.02.2015 20:00:00 Zeit
B sw_T_ESK[C] 435.00 [ iw_T_Fhrgrgl [°C] 42970 B ra_Fhrgrgi[FC] 336.91
] iw_T_Flgrgl [°C] 335.10 ] ra_Flgrgl [%] 18.06 iw_mp_Dampf [Lh 28.4%
|| esk_stoergr [Uh] 0.00 [ | iw_y_ESK [%] 41.09
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Obr. 15 Zaznamenané trendy pfi nasazeni piavodniho fizeni
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Obr. 16 Zaznamenané trendy pii nasazeni nového fizeni

10 Zavér

Vysledkem prace je navrzeny rozvétveny regulaéni obvod s pomocnou regulovanou
veli¢inou pro fizeni teploty pfehfaté pary a jeho ndsledné nasazeni v redlném provozu v
teplarné. V regula¢nim obvodu byly pouzity dva regulatory typu PI zapojené v kaskade¢.

Rizeny systém byl nejprve identifikovan z naméfenych pribéhii regulovanych veliin pii
skokové zmén¢ akeni veliCiny. Pro identifikované pfenosy byly navrzeny parametry hlavniho
a podfizeného regulatoru. Jelikoz staticka charakteristika akéniho ¢lenu (ventilu) byla silné
nelinearni, bylo nutno tuto nelinearitu kompenzovat pomoci funkce k ni inverzni, kterd byla
realizovana pomoci linearni interpolace této inverzni funkce. Spravnost navrzeného
regula¢niho obvod byla nasledné simulacné ovéiena v programu MATLAB Simulink. Jelikoz
k identifikaci fizeného procesu doslo béhem maximalniho vykonu teplarny, tzn. pfi
maximalnim parnim vykonu kotle a také z diivodu toho, ze dochéazi ke zménam casovych
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konstant identifikovanych pienost pii zméné této vykonové hladiny, bylo nutné tuto zménu
promitnout i do parametrii regulatorti. Jako dostacujici se jevilo zavést zménu vykonové
hladiny do zesileni podfizeného reguldtoru, coz bylo realizovano a jeho zesileni se plynule
snizuje se snizovanim vykonové hladiny. Pro snadnou parametrizaci navrZzeného fizeni byla
vytvofena vizualizace s moznosti sledovani pouzitych proménnych.

Navrzeny regulacni obvod byl realizovan v PLC a nasazen vredlném provozu.
Z porovnani pribéht regulované veliCiny naméfenych pii pivodnim fizeni a noveé
realizovanym fizenim bylo patrné, ze béhem nasazeni nového fizeni vykazovala odchylka
regulované veli¢iny od zadané veli¢iny mensich absolutnich hodnot. Z porovnani akcnich
veli¢in vyplyva, Ze nové fizeni vykazuje mensi aktivitu akéniho ¢lenu.
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Abstract: This paper is about a functional prototype developing to measure and analyze
arrival acoustic waves. As SSL (Sound-Source Localization) are called techniques to getting
coordinates or angles of arrival sounds. Usually, two mainstream methods have been used.
The first one is TDOA (Time Difference of Arrival) method and the second one is
Beamforming method. Both of mentioned methods are applicable on special devices proposed
to determine an angle of sound arrival or its coordinates respectively. At the beginning a
heart of the functional prototype was proposed. As a right choice EZ-Board 21469 has been
determined. The EZ-Board includes high performance audio processing optimized processor
ADSP-21469 DSP (Digital Signal Processor) and also can be fitted with Audio EZ Extender
that plugs onto the EZ-Board. That combination provides capabilities of the evaluation
system by providing other analog audio codecs to extend number of possible analog inputs to
12. These analog signals are represented by couple of microphones connected to designed
and created PCD (Printed Circuit Board) for each microphone especially. The PCDs include
analog low pass filter and analog amplifier for each microphone. The microphones are
flexible to be mounted to make different variations. A limit is only their cable length.
Processed signals from PCDs flow into processor. SSL algorithms process receiving signals
and determine angles of arrival or coordinates of sound source. The whole project has been
designed and built as a functional prototype to find a cheap way of SSL processing

Keywords: SSL, Beamforming, TDOA, ADSP-21469

1 Introduction

Sound Source Localization (SSL) is a sector that uses a microphone array includes two
microphones at least. Those microphone arrays have been designed to measure sound signals
to transfer them to analog - digital convertors. The convertors are small devices connected to
microchips or different processors. Also digital signal processors or embedded systems are
used. SSL algorithms are designed in those devices to provide information about measured
signals and angle of arrival of those sound signals. As a result of previews short description
this paper is going to be about a functional prototype design. The functional prototype is a
device uses two methods to determine angle of arrival of receiving sound signals. As a main
attribute of the functional prototype the price was considered.

2 Methods of SSL

The functional prototype uses two methods. The first one is a method called Time
Difference of Arrival (TDOA).
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Figure 1 — Microphone array and a sound source

The figure 1 describes mathematical symbols to determine angle of arrival . The math

expression is:
Ti2.C

0 = arcsin

(1

12
d;, 1s two microphones distance

7;21s time delay between two microphones
¢ 1s sound speed

Time delay between two microphones is calculated as cross-correlation to get Time
Delay Estimation (TDE). To know coordinates of microphones in a microphone array and
time delay between two microphones there is a hyperbole for each microphone pair as a
result. The sound source coordinate is determined as a cross point of all hyperbolas.

Figure 2 — Cross point of 3 hyperbolas

Second method is Beamforming. In a short description that method determines angle of
arrival. For each possible angle the microphone array is imaginary steered to get maximizing
Steered Response Power (SRP) of a beamformer. One of a basic approach is called Delay and
Sum. Mathematically it is descripted as follow:

N
y) = ) wi-xy(n—1,) @
=1

xi(n) is measured signal of n microphone
w; 1s a window value

T, time delay setting for each angle

N 1s number of microphones
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Figure 3 — SRP of beamformig

3 Hardware design

As a main part of functional prototype the SHARC ADSP-21469 EZ-LITE was picked up
from digital signals processors (DSP) options. As a basic option there are two stereo signal
inputs. To get more analog inputs Audio EZ Extender is available to expand analog input
options. To use the extender 6 stereo analog inputs are available that also means 12 analog
inputs available.

Microphones are the first step of recording sound signals. There are used electret
microphone capsules MCE-4000. According to no MIC inputs but only LINE IN inputs on
ADSP-21469 EZ Lite desk the microphones need to be powered up separately and also an
amplifier need to be designed to gain receiving analog signals. To determine work range of
the functional prototype need to be designed an analog antialiasing low pass filter. As a high
limit of work range the value 5kHz has been determined. The low pass filter was designed as
Huelsman typology with Butterworth approximation. That decision is related to simulate tests
in Matlab. The final design of circuit board contains 9 V power for microphone MCE-4000,
amplifier with 60 dB gain and low pass filter designed to SkHz high limit. Each 4
microphones can be connected to one desk because each desk contain 4 microphone inputs
and 4 analog outputs through CINCH connectors.

PR R R

Figure 4 — Desined circuit boards
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The data from the boards are transferring to the AD 1939 convertors. The convertors
convert analog data to digital form and SSL methods are used inside DSP. Results are sent to
PC and can be displayed on a monitor or save in files.

The functional prototype is designed as a flexible device which can be set as is needed at the
moment. The block diagram of the functional prototype design is on follow picture:

| Microphone | | Circuit Boards | | Audio£Z || EZLITE || HMI
Array i | extender |!BOARD 21469 || interface
! Ampiitier W:m::” | | D
Ml ! : ] AD1939

=N

24mit
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Figure 5 — Block diagram of the functional prototype

4 Software design

Software solution of the functional prototype is huge part of the design and it is not
possible to include it to this paper. The main programme code is C coding but there is also
used Assembler coding in some part of this project. As a software development tool
VisualDSP++ has been used. There is a basic concept to transfer digital data from AD 7939 to
DSP. Basically, Signal Route Unit (SRU) needs to be set to make connections between
Digital Audio Interface (DAI) and AD 1939 convertors. Also Digital Peripheral Interface
(DPI) needs to be set. To transfer more signals from convertors to memory 7ime Division
Multiplex (TDM) data transfer approach is used. Data to memory are sent in 256 block of
values.

In TDOA algorithm the data are saved to memory and then Hamming window is applied
on the data. After that windowed data are transferred to FFT block. In FFT block the data are
transferred from time domain to frequency domain it is because of faster cross correlation
action in that domain. Then for each microphone pairs a time delay is calculated. All time
delays are saved into one array and then send to PC. Also all measured data are saved to files
on PC site.

In Beamforming algorithm received data are also windowed by Hamming window and
then send from memory to FIR filter. In FIR filter each microphone data are delayed to
simulate each possible angle of arrival. The FIR filter is used because of SRP for each angle.
Also in that case results are saved and send to PC.

52



5 Functional prototype - measurements

Many simulations and measurements have been done, but in this paper two measurements
are shown. Both of them have the same basic things. The sound of source is a speaker
connected to PC. Acoustic signals are generated and the speaker provides sound and 2,5kHz
was used. Frequency sampling is 48kHz, but there are used 2 lines because of stereo inputs
and in that case there is 24kHz for each analog input. There is a microphone array contains 9
microphones. The microphones are sorted into lines. Each line contains 3 microphones and
distance among them is a=5,5 cm. Distance between lines is b=4,2 cm. Speaker was ¢=30 cm
from microphone array.

ms ma2 ma
O O O~ c
ms ma ma b
ms ma m7
Figure 5 — Microphone array — distances
The speaker was shifted by 15 degrees so the measured range is from -60 to 60 degrees.
In TDOA there are many microphone pairs can be used for an angle calculation and there is
supposed the final result is an average value of results for each angle also values out of range

are not used in the set. In Beamforming there is only one value for each angle. Next table
shows angle results of TDOA and Beamforming methods:

Table 1 TDOA and Beamforming results

Angle TDOA TDOA Beamforming | Beamforming
Result Deviation Result Deviation
[°] [°] [°] [°] [°]
0 0 0 0 0
15 15 0 16 1
30 31 1 32 2
45 37 8 50 5
60 41 19 53 7
-15 -15 0 -17 2
-30 29 1 -37 7
-45 -41 4 -51 6
-60 -40 20 -54 6

6 Conclusions

The functional prototype works with deviations in results. TDOA method shows better
results for lower angles and on the other hand Beamforming shows better results for higher
angles. Problem of that measurement is frequency sample 48kHz for one stereo input, there is
possibility to use 96kHz and then more precise results can be achieved. There are still good
options to improve its features and measurements. One of the options is to invest more to
microphones because of cheap microphones are used at this moment. It is because it is
supposed that functional prototype development is being focused on a low cost design. Also
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circuit boards can be improved by better equipment. The simple fact of the matter is this,
there is possible to create a SSL functional prototype but results are equal to invest to better
equipment.

Figure 8 — ADSP-21469 and Extender Board  Figure 9 — Circuit boards and power supply
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Abstract: The article deals with the creation of a mathematical model of a real problem with
discreet flows. Transport processes are repeated at predetermined intervals and they must be
time coordinated in selected coordination places. The main criterion is the amount of created
coordination bonds with respect to downtime of transported elements emerging in
coordination places. The optimization task is solved by methods of mathematical
programming. The presented paper contains a mathematical model of the task being solved.
The proposed model is tested with real data. Computational experiments were conducted in
the optimization software Xpress — IVE.

Keywords: mathematical model, transport process, mathematical programming, optimization
software, coordination place

1 Motivation for solving the task and current state of knowledge

The motivation to solve the problem is searching for an approach allowing the maximum
increase of coordination bonds with respect to fluency of network transport processes.
Discreet periodic transport processes, which are the subject of our interest, occur primarily in
transport systems. What is characteristic for certain types of these systems, is the fact that the
transported elements pass between the transport paths. The fluency of such transport
processes can be increased primarily by mutual time coordination of the moments of
interruption of a transport process on one path and continuation of a transport process on the
following path.

The tasks described in the previous paragraph belong to optimization tasks. Basic
considerations related to the use of optimization approaches to coordination tasks were
formulated in “Zaklady matematickej tedrie dopravy”.

Two types of optimization coordination tasks were formulated in those pieces of work.
The two types differ in the type of a network segment where coordination is to be performed.
The authors distinguish the coordination tasks in the network nodes and the coordination tasks
on the sections of the network. The issue of time coordination in the network nodes was
further developed by prof. RNDr. Jaroslav Janacek, CSc., who proposed a very efficient
model soluble by methods of linear programming. This model was verified in terms of nodes
specific transport systems. The issue of time coordination on the sections of the networks
modeling transport systems was solved in the work “Optimalizace na dopravnich sitich”.

2 Formulation of solving task and construction of a
mathematical model

Let L be a set of linear (not circular) paths (/,m € L) where transport processes i € Si
Jj € Sn take place. The arrangement of individual paths creates a set of potential coordination
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nodes where it is possibly to coordinate the timing of transport processes (the set of
coordination nodes is marked K).
Each transport process is initiated and completed outside the coordination nodes (so-
called start and end process node), it occurs on defined transport paths and it passes
through just two different coordination nodes, as shown in Figure 1.

Node

Figure 1 — Network with coordination nodes (Nodes 1,...,7) and with transport paths
(1,2,3)

A set of coordinating nodes km e K is defined for each two transport processes. Those
transport processes are required to be coordinated in the node. For each transport process
i, j the earliest possible time moments of its initiation in the start node 7; and 7; are known
(the same start position is selected for coordinated transport processes, i.e. the earliest
possible time position of their beginnings) as well as the time required to achieve the
coordinating node k € ki» — ti . The time needed to transfer the transported element between
coordinated transport processes within the coordinating node 7 is also known.

The task is to decide on the shift of the beginnings of individual transport processes so
that there would be respect to the time delay of the transported elements between coordinated
directions was created as much as possible coordination bonds. The time shift of the
beginning of coordinated technological processes is limited. The weight of each transfer is
considered equal to 1.
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3 Solution of the model

The following variables are used in the task:

xu - time shift of the beginning of transport process i € Si for transport path / € L in the
start node,

xmj - time shift of the beginning of transport process j € Sm for transport path m € L in

the start node,
hir - time delay of the transported element when transferred from the transport process

i €S8 to jeSn (the introduction of variables /i« for the couples i # j is supposed). Because
the coordination for the specific combination of indexes i€ S and je S» takes place in
multiple coordinating nodes, the coordinating node index does have to be included in the
variable label.

zi - bivalent variable modeling the existence of transfer between the transport process
i€ S and the transport process j e S» (the introduction of variables z; for the couples
i # j). When zj =1, the coordinative bond between the processes is created, otherwise it is
not. Because the coordination for the specific combination of indexes i € Si and j e Sm takes

place in multiple coordinating nodes, the coordinating node index does have to be included in
the variable label.

The mathematical model will have the form:

max f(rzh)= Y Y S (1)
kalmiGSleSm
1+ ]

under these conditions:

(T3 + ti + xmj) — (T3 + tix + x1:) — 7p > M (zie — 1) forie S, jeSml,me Lk e kmyi # j (2)
(T + tix + xmj) — (Ti + ti + x1) — 7 < hie + M (1 — zige)  forie Si; jeSml,me Lik ekmyi#j  (3)
> > zig =1 forie S 4)
k € kinje Snm
xmi <19 for j e Smyme L (5)
xi <19 forieSnlel (6)
hie <2 fori€ Si;j e Sml,k e kim (7)
Xii = Xli +1 forl e L;ie S\ {l’ll}; Sl| =ni (8)
Xmj = Xmj +1 form € L; j € Su\{nn;|Sn| = )
ziik € {0,1} Jori€ S jeSmkekmi#j (10)
Xmj, Xii = 0 forie S jeSml,melL (11)
hijk > 0 fori € Si;, j e Smyk € kim, (12)

The objective function (1) represents the optimization criterion of the total number of the

coordination bonds resulting between different transport processes. The group of constraints
(2) ensures that if it is not possible to connect a transport process to the following one in terms
of time, the coordination bond between these transport processes is not created. The group of
constraints (3) ensures the link between the constraints and the group of constrains (7). The
group of constraints (4) ensures that coordination bond creates only in one node from set of
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potential coordinating nodes. The group of constraints (5) and (6) ensures that time shift does

not exceed a defined value.
The group of constraints (7) ensures that coordination bond creates between two transport
processes only in that case that time loss of transported elements will be smaller than
allowable time loss. The group of constraints (8) and (9) ensures that time shift of
transport processes will always in the same direction. The group of constraints (4)
ensures that at least one following process will be set to each transport process, except for
the node 2. The constraints (10), (11) and (12) are obligatory and define the domains of
definition for individual variables.

4 Computational experiments

In this section we will present the result of executed computational experiment, which
was executed in order to validate the proposed model. One of the necessary input data are
the driving time coordinated transport processes to the individual coordinating nodes.
Other input data are time position departures each transport processes. Departure of
transport process is in time 3 min. for transport path 1. Departure of transport process is
in time 6 min. for transport path 2. Departure of transport process is in time 2 min. for
transport path 3. Departure of following transport processes are in 20 min. cycle for each
transport paths. Three transport processes were used for computational experiment for
each transport paths.

Time coordination of processes in Nodes 1 and 2:

* 2 — 1 (transport path 2; following transport path 1)
Time coordination of processes in Nodes 3, 4 and 5.

* 1 — 3 (transport path 1; following transport path 3)
Time coordination of processes in Nodes 6 and 7:

* 3 — 2 (transport path 3; following transport path 2)

Table 1: Summary of obtained results

Node Ziil_( [1] hiilg [mlll]
1 X X
Z 11 12=1 hy 11 12=0
2 7221 22= 1 hy 21 22=0
z33132=1 hy3132=0
3 Z1 1333= 1 h; 1333=0
4 X X
5 X X
7312 16= 1 hs 12 16=0
6 732226~ 1 h3 22 26=0
733236~ 1 h3 22 26=0
7 X X

Time shift of transport processes is 19 min. for transport path 1. Time shift of transport
processes is 18 min. for transport path 2. Time shift of transport processes is 11 min. for
transport path 3. The new departure time of transport processes is in time 22 min. for
transport path 1, in time 24 min. for transport path 3 and in time 13 min. for transport
path 3. From the above results of the optimization calculation, it is clear that the total
time loss for all the coordinated transport processes is 0 min.

Optimization experiments were conducted in the optimization software Xpress-IVE.
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5 Conclusions

The paper deals with the creation of coordination bonds between individual discrete
flows. It also contains a linear mathematical model, the optimization criterion is the total
number of the coordination bonds resulting between different transport processes within the
coordination places where the coordination of those processes takes place. The specific
experiment was conducted in the conditions of tram network in Ostrava. Using the
mathematical model, the coordination bonds between coordinated transport processes were
created and the values needed to make the timetable were calculated. The further development
of the mathematical model will be to increase the number of coordination places and
coordinated transport processes.
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Abstract: With contemporary technological approaches which allow a significant reduction in
energy consumption and conversely huge increase in computing power in real time
applications, which greatly exceed the requirements for error-free operation, it is possible to
implement the most modern methods of control. The model problem comprises of fittingly
spaced soil region with groundwater flow and transport of pollution which are modelled in
the software MODFLOW and MT3DMS. Operating quantities are generated by pumping
wells. Solution of control is supported by DPS Blockset for MATLAB & Simulink.
Remediation wells and hydraulic head constitute in practice a lumped input and distributed
parameter output system. The main objective of modeling and control is on simulation level
determine the volumetric flow from remediation wells and thereby achieve the desired shape
of cone of depression. Control synthesis is based on control loop with distributed parameters.

Keywords: groundwater remediation, distributed parameter system, control, MODFLOW,
DPS Blockset for MATLAB & Simulink

1 Introduction

Groundwater pollution constitutes a significant threat to drinking water supplies. The
prodigious progress in information and communication technologies (ICT), and advanced
control methods offer new options for remediation of groundwater. Virtual software
environment MODFLOW is based on the numerical solution of partial differential equations
which describe the dynamics of groundwater as asystem with distributed parameters.
Software environment MT3DMS is used to describe the transport of pollution in groundwater
in the form advection, dispersion and chemical reactions of solutes. Representation of the
system with alumped input and distributed output in extent of remediation control of
groundwater is intended with pumping wells and hydraulic heads. Specifying the shape of
depression cone by rate of volumetric flow from remediation wells is the key goal of control,
which takes place in a controlled loop with distributed parameters.
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2 Modeling of groundwater dynamics

2.1 MODFLOW, Flow model

The area of pollution distribution simulates a condition in which petroleum substances
leaked into the aquifer and with controlled pumping from wells (remediation) is effectively
prevented the spread of contamination. The deployment of pumping wells is directly affected
by the solution from MODFLOW and MT3DMS and the main aim is a creation of suitable
cone of depression.

Description of the groundwater flow in a coordinate system (x, y,z) is expressed by the

equation
%(T’“%}r%(%%}ra%(aZ_]:j_Wb:SZ_}tI (1)
T=K-b 2
S=S b
where LM, T — unit of length, mass, time,
T — transmissivity [LzT'l] ,
K — hydraulic conductivity [ LT |,
Oh/ox — gradient in hydraulic head,
/4 — volumetric flux per unit volume representing sources and sinks of
water [T'IJ ,
b — vertical thickness of model [L],
S — storage coefficient [L’IJ ,
S, — specific storage [Lﬁl]

The solution of task is orientated at local pollution under the influence of non-polar
extractable substances (NEL), which is set as concentrations into MT3DMS. Model is based
on a horizontal division of the soils with the required properties (Table 1). Simulation of
transient flow is divided into equally distributed stress periods. Transient response from
pumping wells is obtained as a system with distributed parameters. The simulation of the state
of the contaminant is shown in Figure 1.

2.2 MT3DMS, Contaminant transport in groundwater

The movement of dissolved constituents in groundwater is affected by three factors:

(1) advection of the constituent with the water flowing through the aquifer,

(2) dispersion of the constituent,

(3) sources and sinks of the constituent within the volume such as chemical reactions or
adsorption onto the solid matrix of the aquifer.
Computer models of solute transport are based on mass-balance equations that describe

these factors. In these models are generally considered advection by pumping (%m) and

injection (g,,) due to the natural flow of water. Thus, the contaminant mass balance may be

written as:

VC-V-qC+q,C" —q, C+R= o(¢€)

§¢D out at

€)
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where C — material concentration [M/ L3],
C’ — concentration of the source term [M/ r’ },
q — Darcy velocity [L/t],
q. — volumetric flow rate of the water source [L3 / t} ,
9o — volumetric flow rate of the water sink [L3 / t} ,
R — chemical source or sink [M/ r ] ,
) — porosity [—], D - dispersion tensor [Lz / t],
v — gradient differential operator [1/L]

2.3 MT3DMS, Contaminant transport in groundwater
Dimensions in the coordinate system (x, y,z): (4000,3000,20)[m], division of finite
differential grid, number of elements (i, j,k): (60,80,1) for ( y,x,z). Boundary conditions:

specific head on left border of model is 116m, specific head on right border of model is
110m . Number of stress periods: 550. Total duration of transient simulation:
475200000 s B 15 years .

The input parameters for the model MT3DMS are:
— Initial concentration of the contaminant: High degree of pollution 10mg/1.

— Spread of contaminant is shown in Figure 1 controlled by pumping wells in time
99366480 s B 1150 days.

Table 1: Material properties

N?me Horizon. hydraulic | Vertical hydraulic Horizon. . Vert. .
(sediment, conductivity K conductivity K anisotropism anisotropism
rock) ¢ Y P K,/K,
clay 0.0001 0.000005 1.0 3.0
sand 0.001 0.00005 1.0 3.0
gravel a 0.003 0.00016 1.0 3.0
gravel b 0.008 0.0004 1.0 3.0
gravel ¢ 0.012 0.0006 1.0 3.0
Name Specific storage o g
(sediment, s 1 Specific yield angltufh.n al Porosity
rock) s[ :| dispersivity
clay 0.0009 5.0 1.0 0.2
sand 0.00049 28.0 15.0 0.2
gravel a 0.000049 26.0 20.0 0.2
gravel b 0.000057 25.0 25.0 0.2
gravel ¢ 0.0001 35.0 30.0 0.2
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Figure 1 — a) Detail of the model for Hydraulic Head (flow in direction of x axis) —
MODFLOW (hydraulic head is directly influenced by the characteristics of
individual soil), b) Detail of the model for Distribution of contamination —
MT3DMS, c) Distribution of soil (materials) for whole model

3 LDS and HLDS dynamics, control

For the description and modelling of the dynamics of the system with a lumped input and
distributed parameter output (LDS ) is established block LDS', in which is generated causal

relation between U (x,1) a Y (x,¢), (Figure 2).

N Y(x,z‘),Y(x,k)

YU DS ;

Figure 2 — System with lumped input and distributed output

(LDS ) — system with lumped input and distributed output,
Y(x,t)  —continuous distributed output variable,

Y(x,k) - distributed output variable,

{Ui (t)}i — lumped input variable

For a graphic representation of linear systems (LDS) , distributed on the interval <O,L> ,

are used the time-spatial variables at a right hand isometric system. By considering zero initial
and boundary conditions, input — U, (¢), we receive distributed variable Y, (x,?), (Figure 3).

We may express the relationship between lumped input and distributed output variable in
discrete form as the product of convolution in the form
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Y(x,k)=i¥(x,k)=iGHi(x,k)@Ui(k) (4)

where {QH . (x,k)}l_:ln — distributed impulse response functions of LDS with zero-order
hold wnits {H,}_ . {GH,(x.k)=HH,(x,k)-HH,(x,k-1)]
based on {.’]—[Hi(x,k)}

controlled system,
® — sign of convolution summation

i=l,n

. distributed transient responses of
i=l,n

During the decomposition of output variables and dynamic characteristics of the steady
state is obtained stable value distributed output variable Y (x,0). We can expressed it by

using steady values distributed transition functions HLDS': {.’]—[H ; (x, oo)} 1 (Figure 3).

i=

We can obtain characteristics {5—[]—11. (x,k)} as action on step function for each input of

i=l,n

distributed system. For reduced transient steady distributed functions at the time k& — oo, for
pumping wells, is the graphical representation in the positive direction (in Figure 3 are plotted
inversely). The following relation holds

1

{510{12,. (x,00 (5)

\ ‘ _’}—Hf{ ( x. OD)

9 HH (x.k) /
Figure 3 — i-th distributed transient characteristic FHH, (x,k) of the system with lumped

input and distributed parameter output

where  HLDS — system with lumped input and distributed output with block of
zero-order hold units,
U, =1(k)  —i-th lumped discrete unit input function,

HH, (x,k)  —i-th distributed transient response,
HH, (xi, k) — i-th partial distributed, lumped transient response at a point x,,
HHR, (xi,k) — partial distributed reduced transient response at the point x,,

plotted inversely (a positive orientation),
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HHR, (x,,0) — steady-state distributed reduced transient response, plotted
inversely (a positive orientation)
Control synthesis of distributed system, for established sequence setting variables U (k)
in the steady-state for k& — oo, can gain control error E (x,k) minimal value in chosen

quadratic norm.
In the block Space Synthesis (Figure 4) is evaluating the following approximation
problem solution

min W(x,oo)—in_[]-[HRi (x,oo)H =

| (3,e0) zv%}meooH ©

=W (x,0)— O(x,oo)H

where W (x,) — reference variable,
V}/i — lumped reference variable,
{.’}'-[HR,. (x, oo)}i —reduced steady-state distributed transient response,
V}/O (x, oo) — best approximation of reference variable

4 MATLAB & Simulink Model, DPS blockset

Control system is built up, Figure 4, in the software environment DPS Blockset for
MATLAB & Simulink. Block HLDS represents the relationship between pumped water and
hydraulic head. Block DPS Space Synthesis generates the desired values corresponding to the
specified shape of depression cone. In block DPS Time synthesis controllers are tuned by

SISO circuit.
:E ]

DPS Scope

—
| HDs |E
.

HLDS

DPS Time Synthesis

Reference Head

e
DPS
U §|
- Synthesis
-

DPS Space Synthesis

Figure 4 — Schematic diagram of the block DPS Space Synthesis, Time synthesis and
block HLDS for the studied system

Distributed transient characteristics for pumping wells P —P,, by application the

principle of superposition, is the output of the block HLDS shown in Figure 5. In the block
DPS Time synthesis is built-up a set of SISO controllers defined by the user in an external
Simulink model.
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Figure 5 — Distributed transient response of the system with alumped input and
distributed output for pumping wells B_,

5 Conclusion

In the paper was elaborated a model of groundwater remediation as system of control
with distributed parameters. Description of the controlled system dynamics is implemented in
software environment MODFLOW and for actuating quantities are used pumping wells.
Synthesis of control is put together in software environment DPS Blockset for MATLAB &
Simulink.
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Abstract: Industrial robots are important part of automated manufacturing systems today and
fields of their using is continuously expanding. Most of them are designed as universal but
modification to technology requires designing of specific end effectors. The role of robot end-
of-arm tooling has never been more important. Just different types of effectors adapted to the
requirements of the technology allow so extensive using of robotics. Application-specific
grippers expand new industries and small-to-midsize businesses. New types of
anthropomorphic or advanced end effectors find their way from labs to practice.

Kli¢ova slova: End robot effector, Gripper, End-of-arm tooling, Industrial robot tool

1 Introduction

Nowadays the industrial robots and manipulators has become indispensable component
of industrial automation in many areas over a relatively short period. [1] Direct interaction of
industrial robots and manipulators with manipulated objects is realized by working heads -
effectors as functionally separate output units of open kinematical structure.

Effectors of industrial robots, despite the advanced and well-conceived development,
constitute a permanent critical material for the implementation of robotic technology devices
and their users are therefore largely depend on their own efforts in design and
implementation. [2-3]

2 Factors influencing the effectors

With regard to the immediate interaction with the object and system environment are
effectors the most variable element of robotic technology. Long-term problem is their fully
complying design with the requirements of applied areas and technical capabilities of
components that are available

This knowledge, in relation to the potential practical requirements for possibilities of
application effectors, gives scope for search methodological and technical tools supporting
professionally specialized engineering training for the research & development and
application of effectors. [4-9]

From analysis of the purpose effector resulting from handling tasks the effector solution
results mainly from point of view of: shape and dimensional characteristics of manipulated
object, its behaviour, the operating state of the surface, the nature and parameters of the
contact surfaces and the relevant physical properties of the manipulated object.
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Fig.1 Three fingers gripper head by Schunk [10]

From analysis of the purpose effector resulting from technological tasks solution results
mainly from point of view of: mechanical, physical and topological nature of object of
processing, weight, accuracy and stability of position, method and check of adjustment and
frequency of object processing exchange.

From analysis of nature of the application environment (ambient interactive objects,
direct cooperation, interaction) solution of effector results mainly from point of view of:
workspace (position, shape, size, input), technological axis displacement (position, input
function), interactive relationship, clamping systems (function block, grip and constriction /
release the object manipulation), the nature of realized the technological process
(technological tools, process parameters).

Robot
the difference in
designing and
technological parameters

Environment
character
conditions

Producer / User

technological
sophistication of
production

Fig.2 Factors affecting the structure of the effector

From analysis of the application conditions solution of effector results mainly from point
of view of: load capacity, accuracy and stability of grip, griping and releasing time, possible
effector weight, sensor equipment of gripper (level of smart functions), setting and
adjustability of effector, versatility and adaptability of effector.
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From analysis of the structure of the robot results effector solution mainly from point of
view of: technical parameters (load capacity, positioning accuracy, kinematical and dynamical
characteristics ...), structural parameters (flange of mechanical connection, mechanical
interface) and the connecting mechanism.

From analysis of the influences of the chosen manufacturer and conditions for users
solution of effector results mainly from technological possibilities of production, guaranteeing
prescribed service and maintenance activities, level of operation and maintenance,
maintenance of operational capability.

Function and properties of effector have a prominent position at the overall concept of
robotic systems. They are a limiting factor but also enriching factor for functional capabilities
not only robots but for interactive environment too. Effectors work as interfaces with
functional connection on an object manipulation, respectively objects processing technology,
space technology production equipment, machinery and work areas and additional peripheral
devices.

Effectors for manipulation are called gripper heads or grippers. They can be defined as a
subsystem of an industrial robot, which maintains a limited number of geometrically specified
products for some time, provides the position and orientation of the product to tools and other
gripping system. In practice, use gripper consist of actuators (e.g. jaws, magnetic areas, etc..)
and of the effector body itself. Shapes and types of actuators differ according to the nature of
the gripping operation. Nowadays, the greatest versatility of these components is demanded to
allow with one type and shape of the actuator to perform the greatest number of gripping
operations.

Grippers body varying by different principles applied by grasping the object
manipulation, it can include electric, hydraulic or pneumatic cylinders, equipment for the
manufacture of vacuum, magnets and other devices. In the body of the effector are also holes
and threads for connection to industrial robot gripper.

Decomposition of gripping heads by the method of gripping is in the Table 1.

Table 1: Physical principles of various types of grippers

Method of grip Type Typical model
Pressing Jaws (outer toes, fingers inside)
Contact Pliers (parallel, angular, radial)
Hold Granulate
Ingressive Penetrating Clamps, needles
Not penetrating Hook and loop
Attracting Vacuum suction Vacuum bowl
Magnetic adhesion Permanent magnet / electromagnet
Electric adhesion Electrostatic field
Adhesion The thermal Freezing, melting
Chemical
Liquid Capillarity,
surface tension
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2.1 Contact gripper

In group of contact grippers are in practice most common finger tentacles. In most cases
consist of two to four fingers, which tend to run synchronously.

The principle of these tentacles is based on Newtonian mechanics and the use of friction
arising between object manipulation and jaws, which are due to its propulsion system, a
kinematical mechanism in the body gripper pressed together the necessary force.

Passive tentacles - tentacles mechanisms that are not equipped with software control
actuators are classified as liabilities. Given the level of confinement object snaps are divided
into open and closed. Open Passive tentacles are used as actuating various hooks, blades, etc..
Closed tentacles used mobile actuators whose movement is controlled by means such as
springs. Passive tentacles are less used in practice.

Active gripper - Unlike passive mechanical grippers contain the active head of at least
one movable end action element driven software control Power Systems. Mechanical grippers
finger usually consist of fingers, jaws and effector of the body itself. The shapes and
dimensions of the jaws may vary according to the nature of the grip operation. Contact
between object manipulation and jaw can be divided into:

e Contact force, which i1s a secure grip from caring only frictional forces arising due to
thrust forces caused by the control system.

e Eye shape, which is formed in the jaws somewhat negative shape gripping parts into them
as if they will fit and to establish its position relative to the jaws effector.

e The combination of the shape and power relations.

power contact power-profiled contact profiled contact

Fig. 3 Types of contact finger grippers

2.2 Ingressive gripper

Ingressive gripper is used for objects that have a fibrous structure such as textiles, carbon
or glass fibbers and similar materials. The principle is that the actuating gripper penetrates the
surface of object manipulation in some depth. Ingressive grippers are subdivided into
penetrating and not penetrating. The concept of invading includes all the principles for which
the actuating shaped pins or needles can pass through the material object manipulation. The
group also includes not penetrating grippers that not passing through into the material, but is it
just a touch like scratchy. In Figure 4 schematically shows the possible design ingressive
gripper used for grasping and separating layers of fabric.

2) s :
; b a) before gripping
[ b) gripping layers of fabric

1 - pneumatic cylinder
2 - needles
3 - layers of fabric

Fig.4 Gripping a separation layer of fabric
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The term includes all attractive gripper effectors which parts are used to grab some
effects of the force field. This field may be caused by the movement of air (Vacuum suction),
magnetism or moving electrostatic charge. As the name suggests, astringent gripper have a
constant gripping force without exerting pressure forces, so there is no damage to the surface
due to the contact jaws or other elements. One of the oldest ways of grasping in this category
is vacuum suction, which is often used in industry. In Figure 5 is a schematic representation
of the principle of selection of manufacturing vacuum absorbing vacuum grippers by means
of diaphragm and piston intake system.

a) b)

+
i
3. |1
!

a) plunger system

1 - object of manipulation
2 - gripper

3- pneumatic cylinder

b) membrane system

1 - object of manipulation
2 - the vacuum chamber
3 - membrane

4 - plunger

I
|
|
|
|
|
N
|

Fig. 5 Principle of suction (vacuum) gripper

2.3 Adhesive gripper

The surface of which must have direct contact with the surface of object manipulation
that might have to grab is called adhesion. It includes principles such as chemical adhesion, or
termoadhesion.

1- pneumatic /
electromagnetic actuator
2 - tape rolled of

- direction

- gripping object

- tape rolled on

- adhesive tape

oo W

Fig. 6 Adhesive tape gripper

2.4 Universal grippers

Grasping and manipulation of objects are the key challenges in handling generally.
Handling of objects with complicated shape still remains a problem. Most current approaches
are based on the use wide-range or more articulated fingers or even inspired by bionics and
attempting to copy the human hand, but this approach places high demands on the technical
solution.

Example of more universal solution is PowerGripper inspired by a bird’s beak is
university project developed in collaboration Festo. This gripper has a very good force to
weight ratio thanks to the lightweight construction, the extremely lightweight pneumatic
muscles and the use of a titanium alloy as the material for the basic components. As a
research project, the PowerGripper demonstrates numerous possibilities for the development
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of new gripping systems. The lightweight yet very stable structure of the gripper means that
the entire system behind it can also be lightweight and as a result operated with greater energy
efficiency.

Fig. 7 Example of wide-range gripper (Universal Gripper Anchor, Honeybee Robotics) [11]

In figure 7 is example wide-range gripper that was designed mount onto the structural
elements of the retired satellite’s aperture (antenna) by the servicer to create a stable, secure
platform for the satlet modules. The gripper named Universal Gripper Anchor provides
several electromechanical mounts for a variety of modular satlets to dock and communicate.

Fig. 8 Example of adaptive multijoint gripper inspired by bionic (Robotiq) [12]

Solving complicated large number of controlled axes problematic drive solution and its
management in particular, if the solution is caused by the need to handle fragile or
compressible objects. From this perspective, it is an interesting approach of the universal
gripper. Individual fingers are replaced by the volume of granular material, which, using a
vacuum flows around the manipulated object and its shape adapts to the shape of the
manipulated object. This method opens up new possibilities for designing simple but high
shape-adaptive systems, which do not require sensory feedback and speed grip is comparable
to conventional solutions manipulations grippers.

Individual fingers are replaced by the volume of granular material which, using a vacuum
flows around the manipulated object and its shape adapts to the shape of the manipulated
object. This method opens up new possibilities for designing simple but high shape-adaptive
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systems, which do not require sensory feedback and speed grip is comparable to conventional
solutions manipulations grippers.

Fig. 9 Universal gripper on base of bulk material (Cornell Creative Machines Lab) [13]

3 Conclusion

Industrial robots make up an integral part of modern automated manufacturing systems
today and fields of their application is continuously expanding from traditional manufacturing
applications to non-traditional applicants in food industry, wood-processing industry and
others. Industrial robots are designed as universal but modification by specific technology
requires designing of specific end-effectors.

Although traditional robot technology applications have conventional robot gripper
designs, innovation and development of new solutions gives space for growth industrial robot
market in new applications. In respect of the great challenges of the future regarding
automation, handling, robotics technology and gripper technology, combined with a reduction
in costs and better or more innovative products, the future will produce many technical
innovations in machinery by means of additive manufacturing and mechatronic engineering.
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Abstrakt: Tento prispévek se zabyva aplikaci Kalmanova filtru na méreni otacek hridele
vysokootdackového motoru. NA Algoritmus Kalmanova filtru byl realizovan v prostredi Matlab
a aplikovan na namérend data ze zkusebniho stavu.

Kli¢ova slova: Kalmanuv filtr, motor, otacky, simulace

1 Uvod

Ukolem Kalmanova filtru je odstranit chybu méfeni néjaké veli¢iny. Aby funkce filtru
byla dokonald, je tfeba ¢asovy vyvoj méfené veli¢iny modelovat. Na katedfe ATR byla
vypracovana diplomova prace [4], ve které¢ bylo piedpokladano, ze se méfi ndhodna
konstanta. Tento pfispévek fesi tllohu méfeni ndhodné rampy, tj. linedrni funkce Casu s
nahodnou smérnici.

Meéieni otacek je velmi Casty ukol v nejriznéjSich primyslovych aplikacich. Pfikladem
mohou byt rychlosti ota¢eni motort, ozubenych kol, generatort a jinych strojnich zatizeni. U
méfeni bezkontaktnimi otdCkoméry vysild snimac svételny paprsek, ktery se odrézi od
odrazky, kterd je umisténa na rotujici soucasti. Tyto pulzy jsou pak vyhodnoceny ¢itacem a
piepocteny na otaCky. Avsak pii méfeni miize dochazet ke zkresleni disledkem nepiesnosti
snimace a procesnim Sumtim. Timto se dostavame k filtriim, které umoznuji tuto nepiesnost
zasuméného nepiesného signalu korigovat. Filtry rozezndvame analogové nebo Cislicové.
Vyuzity Kalmantv filtr patii do dynamické filtrace. Jedna se o rekurzivni algoritmus. V tomto
Clanku je tedy ovéfena funkCnost algoritmu Kalmanova filtru na namétfenych otackéach
vysokootackového motoru a vysledky jsou zde porovnany a zhodnoceny.

2 Kalmanuv filtr

Kalmantv filtr je matematicky aparat, ktery odstrafiuje Sum z métené¢ho signalu v oblasti
¢asu, coz je vyhoda oproti jinym algoritmiim filtrace, kdy je nutné signal nejprve prevést do
frekvenéni oblasti pomoci Fourierovy transformace. Je tedy mozné ziskat uZzite¢nou slozku
signalu z naméfeného signalu ovlivnéného aditivnim Sumem, ktery muze byt jak
deterministicky, tak stochasticky [2], [3].

Aplikace Kalmanova filtru se snazi odhadnout stav x diskrétniho procesu, ktery je popsan
rovnicemi:

e Diferen¢ni rovnice modelu procesu

x(k) = A(k)x(k — 1) + B(k)u(k) + v,(k) (1)
e Rovnice modelu méfeni
y(k) = H(k)x(k) + v (k) )
kde A stavovy model pfenosu systému (n X n)
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B model fizeni

H model pozorovéni (m X n)

X vektor stavovych proménnych

y métend veliina ovlivnénd aditivnim Sumem
u vektor vstupt

\7, vektor procesniho Sumu

V2 vektor Sumu méteni

Predpoklada se, ze vektory v; a v, jsou na sob& nezavislé a pochézeji z normalniho
rozdéleni pravdépodobnosti s nulovou stiedni hodnotou.

p(v1)~N(0, Q(k)) 3)
p(w2)~N(0,R(K)) 4)
kde 0 kovarian¢ni matice
R kovarian¢ni matice
Kovarian¢ni matice Q a R jsou definovany pomoci korela¢ni funkce:
T _(Qm), n=k
B, ("0} = {20 72 )

R(n), n=k

E{v,(m)v,"(k)} = {0, n+k

(6)

Vzajemna nezavislost je vyjadiena rovnici:
E{vi(m)v,T(k)} = 0 pro vSechnanak (7

Samotna filtrace se sklada z predikce a korekce. Jak jiz tyto ndzvy napovidaji, u predikce
neni nutné znat novou hodnotu. Vyhodnoceni probéhne na zaklad¢ namétenych dat. Kdyz uz
je ziskan vysledek nového méteni, pak se provede korekce. Faze predikce se nazyva a priori a
faze korekce se nazyva a posteriori, viz [2], [3].

Faze predikce:

xX(klk —1) = A(k)x(k — 1|k — 1) + B(k)u(k) (8)
P(klk —1) = A(k)P(k — 1|k — 1)AT (k) + Q(k) 9)
Féze korekce:
y~ (k) = y(k) — H(k)X(k|k — 1) (10)
S(k) = H(k)P(k|lk — DHT (k) + R(k) (11)
K(k) = P(klk — 1)HT (k)S™1(k) (12)
xX(k|lk) =x(k|lk —1) + K(k)y (k) (13)
P(klk) = E —K(k)H(k)P(k|k — 1) (14)

Rovnice (8) vyjadfuje predikci vektoru stavovych proménnych (a priori) a rovnice (9)
odhad matice kovariance (a priori). Ve fazi korekce vyjadiuje rovnice (10) vektor
sledovanych odchylek (a posteriori), rovnice (11) odhad matice kovariance vektoru sledované
odchylky (a posteriori), rovnice (12) slouzi pro ziskédni vektoru optimdlniho Kalmanova
zesileni, (13) pro zptesnéni odhadu vektoru stavovych proménnych a rovnice (14) vyjadiuje
zptfesnéni matice o¢ekavané kovariance.
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l Pocateéni odhad Pocéateéni odhad

Casovy krok (predikce) Krok méieni (korekce)
1) Odhah a priori 1) Kalmanovo zesileni
Xklk-1)=A4A0)x(k—-1]k—-1) + K(k) = P(klk — DH" (k) -
+B(kuk) - (H(k)P(klk — DHT (k) + R(K)) ™
2) Kovarianéni matice chyby odhadu z 2) Odhad a posteriori
P(klk —1) = A(k)P(k — 1|k — DAT (k) + 2(k|k) = Z(k|k — 1) +

+Q(k)
+K (k) (y(k) — H()z(k|k — 1))

3) Kovarian¢ni matice chyby odhadu
P(k|lk) =E — K(k)H(k)P(k|k — 1)
k+1-k

Obrazek 1 - Grafickd interpretace algoritmu Kalmanova filtru

Ve fazi predikce se hleda optimalni odhad stavového vektoru x(k) minimalizaci MSE
(mean square error) s pouzitim zndmych vzorkli do vzorku A-/. V druhé fazi se odhad
koriguje tim, Ze je zndma hodnota aktudlniho vzorku .

2 Popis zkuSebniho stavu

Zkusebni stav je slozen z htidele, ktera je ulozena ve dvou kluznych radidlnich loziscich.
Hiidele lze budit pomoci piezoaktuatori. Motor, ktery hiidel pohani, je trojfazovy
asynchronni. Je napajen z frekvencniho ménice, jehoz maximalni frekvence je do 400Hz.
Maximalni otacky motoru tedy mohou byt az do 24 000 ot/min. Typ motoru firmy ATAS
Néchod je FT4C52G s vykonem 500W. Vykon ménice je 750W.
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Motor Snima¢ otacek Loziska

Obrazek 2 - ZkuSebni stav

Predpokladem je, ze budou otacky regulovany na konstantni hodnotu nebo budou riist
linearné libovolnou rychlosti. Laserovd sonda pro méfeni otacek dokdze s adaptérem pro
vysoké rychlosti méfit az do 250 000 ot/min na vzdalenost S0mm az 2m.

3 Aplikace Kalmanova filtru na namérena data

Naméiend data narGstu otacek jsou ziskana piti ndbéhu motoru az do ptiblizné 13 400
ot/min. Otacky se méfi z impulst, které se vzorkuji s vzorkovaci frekvenci 8192 Hz. Jsou
vypocteny na zaklad¢ Casovych intervalii mezi impulsy.

1
RPM = o _ .
Vzorek(k) — Vzorek(k — 1) fvz - 60 [ot/min]

Urcitym zptfesnénim je interpolace hodnot mezi vzorky podle priseku spojnice mezi vzorky a
trigrovaci hladiny.
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Sestupna
hrana:
Trigrovaci
| hladina
Vzorky [s]
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Obrazek 3 - VyuZiti linearni interpolace

Pro aplikaci Kalmanova filtru je nejprve zapotiebi definovat stavovy vektor. Prvni
slozkou vektoru je primérna rychlost otaCeni za Casovy pitirtistek At,. Dalsi slozkou je mira
zvySeni nebo snizeni rychlosti otd¢eni zménou otacek za sekundu.

xn
x, = [ ] (16)
xn
Mira zvySeni nebo snizeni rychlosti otaceni stroje se méni ndhodné¢ v malém intervalu.

Nahodné zmény dané rychlosti jsou modelovany proménnou u,, kterd patti do normalniho

rozdeleni pravdépodobnosti [1].
Rovnice modelu procesu a rovnice modelu méteni pak vypadaji takto:
Xp = Xp—q + Xp_1At, + u,At,

En = Ay F Uy 17
Yn=Xn +tVzp
V maticovém zapisu:
X, =Ax,_ + v, (18)

yn = Hxp, + Uan

kde:

A4, = [(1) Ain] ! G, = [A;n] ! H=[1 0], Vin = Gruy

Pfedpokladem je, Ze Sum v;, ma normalni rozd€leni snulovou stfedni hodnotou.

Kovarianéni matice Q,, ma tvar [1]:

j— Atnz Atn 2

. =% | (19)
Jak lze z rovnic poznat, parametry matic a vektorti budou v kazdém kroku upfesniovany.
Nyni budou popsany vysledky algoritmu Kalmanova filtru na naméfenych datech. Pro vétsi

prehlednost jsou vykresleny jen data od 11 500 do 13 000 otacek za minutu.
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Obrazek 4 - Naméiena data (vlevo) a detail od 11 500 otacek (vpravo)
Po pouziti Kalmanova filtru je pribéh velmi dobfe vyhlazen.
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Otacky namereng
1.2 ——— Odhad pomoci KF | ]

1_18 1 | | 1 1 1 1 | 1
06 108 M0 M2 14 116 M8 120 122 124 12

t[s]

Obrazek 5 - Odhad hodnoty otacek pomoci Kalmanova filtru

Odchylka prib¢hu z Kalmanova filtru od namétenych dat je ovlivnéna kovarian¢nimi
maticemi R a Q. Matice R v tomto piipad¢ neni matici ale skaldrni hodnotou. Prvni pribéh
ukazuje porovnani naméfenych a vyfiltrovanych otaéek pfi hodnotach ¢,% = 0,0001 a

r = 0,0001.
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Obrazek 6 - Prubéh otacek naméienych (vlevo) a vysledek z KF (vpravo), r=0,0001
Druhy priibéh je pii hodnotach ¢, = 0,0001 ar = 0,1.
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= =
£ 133} { £ 13
=3 B
= =
oy =
5 132} 1% 13
] &
131} ] 1.31
131 I, . . ] 13t/ . . .
118 120 122 124 118 120 122 124

t[s] t[s]

Obrazek 7 - Pribéh otacek namétenych (vlevo) a vysledek z KF (vpravo), r=0,1

Ptedchozi prubehy odhadu otacek dokazuji, ze pti pouziti dan¢ho algoritmu se pfi
prechodu z linearni funkce ve tvaru rampy na konstantni hodnotu vyskytuje pifi urcitém
nastaveni parametrii 0,2 a r vyskytuje prekmit. Ten lze odstranit kombinaci algoritmu pro
linedrni funkci s algoritmem pro ndhodnou konstantu. To bylo realizovano pfepnutim filtru
z vnéjsku, jelikoz tidici systém zkuSebniho stavu zadava zménu zddané hodnoty otacek.
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Obrazek 8 — Vysledny prabéh ziskany kombinaci algoritmt
Nésledné bude pifi téchto nastavenych parametrech simulace vykreslena odchylka
filtrovaného signalu od namétenych dat.
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Obrazek 9 - Odchylka filtrovaného signalu od namétenych dat

Pribéh dokazuje, ze data jsou nejvice ovlivnéna aditivnim Sumem ve vysokych otackach,
kde odchylka od namétenych dat dosahuje az 33 otacek za minutu.
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4 Zavér

Ptispévek pojednava o vyuziti Kalmanova filtru pro méfeni nabéhu otd¢ek motoru
s funkci ve tvaru rampy. Algoritmus Kalmanova filtru byl realizovan v Matlabu a dostate¢né
vyfiltroval signal otacek ovlivnény aditivnim Sumem. Vysledek filtrace je ovlivnén
nastavenim parametrii r a 0,,2. Pfi nalezeni optimalnich parametrii byla vykreslena odchylka
od namétenych hodnot, kterd potvrzuje, ze nejvice jsou data ovlivnéna Sumem na konci
méfeni.

Jelikoz byl filtr parametrizovan na linearni funkci (rampu), tak filtrace konstantni
hodnoty nebyla zcela pfesna. Proto byly zkombinovany algoritmy pro konstantni hodnotu a
linedrni funkci. Vysledek pak byl mnohem pfesnéjsi. V budoucnu bude algoritmus misto
v Matlabu realizovan za pouziti digitalniho signalového procesoru, ktery by spojenim s danou
ulohou umozioval pfesnou regulaci otacek.
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Abstrakt: Hlavnym problémom vyuzZivania pneumatickych pohonov s umelymi svalmi ako
pohonov manipulacnych zariadeni je, Ze riadenie takychto pohonov je ovela zloZitejsie ako
riadenie konvencnych pohonov Specidlne vzhladom k nelinedarnym vlastnostiam svalu
a stlacitelnosti média. V prispevku je prezentovany fuzzy systéem adaptivneho riadenia
pneumatického aktuatora s referencnym modelom, ktory pouziva multiplikativny adaptacny
signal PD regulatora v hlavnej vetve, ktorého signal je ndasobeny signdlom fuzzy regulatora
z paralelnej vetvy. Tento riadiaci algoritmus by mal byt schopny riadit’ dvojicu antagonisticky
zapojenych umelych svalov nezavisle na zmene parametrov vyplyvajucich z prevadzkovych
podmienok. Simulované priebehy systému boli ziskané z nelinearneho dynamického modelu
aktudtora vytvoreného na baze pokrocilého geometrického modelu svalu.

KUPucové slova: pneumaticky umely sval, simuldcia, fuzzy adaptivne riadenie

1 Uvod

Pri implementacii pneumatickych umelych svalov (PUS) ako pohonov manipulacnych
zariadeni je potrebné brat' do uvahy nelinearny charakter tohto pohonu, ktory ma zasadny
vplyv na riaditelnost’ celej sustavy. Nelinearita a hysteréza vplyva na pohon tvoreny PUS
v zavislosti od aktudlnej konstrukcie pohonu aod prevadzkovych podmienok. Je teda
potrebné vo vicSej miere vyuzivat umell inteligenciu pri riadeni takychto nelinedrnych
systétmov. Pri navrhu riadiaceho algoritmu je potrebné brat’” do uvahy robustnost’ celého
systému, na ktory vplyvaji chyby vzniknuté pri modelovani systému rovnako, ako aj zmeny
parametrov. Chyby vzniknuté pri modelovani vyplyvaji zo zjednoduSenia modelu sustavy
PUS kvdli zlozitosti procesov, ktoré prebichajii v takejto sustave. Zmeny parametrov sa
prejavuju pri praktickej realizacii, kde treba brat’ do uvahy hlavne zmeny v momente
zotrvacnosti. R6zne vyuzitia umelej inteligencie pri navrhu riadiacich algoritmov boli opisané
v [HoSovsky, 2009], [Wang, 2011]. Ako bolo konsStatované v [Pitel, 2008], konvencné
linearne reguldtory s nepostacujice na riadenie sustavy antagonisticky zapojenych PUS
v celom pracovnom rozsahu. Preto bol navrhnuty adaptivny riadiaci algoritmus, ktory by bol
schopny kompenzovat zmeny parametrov zavislych na prevadzkovych podmienkach (zmena
momentu zotrvacnosti zavisi od externého zatazenia ststavy PUS). Navrhnuty riadiaci
algoritmus sluzi ako zéklad polohovacieho systému s rychlymi zmenami stavu v referen¢nych
poziciach.
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2 Pneumaticky aktuator s umelymi svalmi

Riadenie uhlovej vychylky ramena pneumatického aktudtora s dvojicou umelych svalov
si vyZzaduje zvySovanie tlaku v jednom umelom svale a sucasne znizovanie tlaku vo svale
druhom. Pri takejto tvahe riadenia uhlovej vychylky ramena s obidva svaly v tejto ststave
aktivne a vyzaduju si sucasné riadenie velkosti tlaku vstupujiceho média do jednotlivych
PUS. Tento princip je narocny na riadenie, pretoze v kazdom casovom okamihu je potrebné
udrzat’ rovnost’ sil (F), F>), ktoré vyvijaji jednotlivé svaly. Pri poruSeni tejto rovnovahy
dochadza k nerovnomernému a trhavému pohybu ramena k pozadovanej polohe. Taktiez sa
pri kazdej zmene tlaku vo svaloch meni aj tuhost’ celého systému a aktuadtor nemusi mat’
v pozadovanej polohe maximalnu tuhost’.

Vyrazné zjednoduSenie riadenia takejto sustavy (Obrazok 1) spociva v riadeni iba
jedného PUS jednym elektromagnetickym ventilom (EMV), pricom druhy sval
v antagonistickom zapojeni plni funkciu pasivnej pruziny [Pitel’, 2007]. Pri takomto principe
riadenia bude mat’ takato stistava maximalne moznu tuhost v kazdej uhlovej vychylke ¢
ramena aktuatora. Pozadovanu uhlovu vychylku ramena dosiahneme znizovanim tlaku (P) iba
v jednom svale pre jednu polovicu drahy (bud’ kladnt alebo zapornu). Pre druhui polovicu
dréhy dochadza k zdmene funkcii medzi pneumatickymi umelymi svalmi.

A :Ig EMV1

P 1 P2 P, <P,

(= %: 2 pust 4
V=)

A 4

PUS2 T p,

C:l%
ot

]
PUS vz

Obrazok 1 — Principidlna schéma pneumatického aktuatora s umelymi svalmi

3 Navrh regulatora s adaptivnym algoritmom

Zékladna schéma riadiaceho algoritmu s PD reguldtorom v hlavnej vetve a fuzzy
regulatorom v paralelnej vetve je zndzornena na Obrazku 2.

Tento systém riadenia vyuziva nasobenie dvoch signalov, ato signalu upp z PD
regulatora a signalu Ky z fuzzy regulatora. Tym vznikne zosilneny akény signal u, ktory
nasledne ovlada polohovaci systém na baze PUS, ¢o zabezpecuje rychle odozvy riadené¢ho
systtmu vdaka adaptaénému zosilneniu [HoSovsky, 2012]. Okrem minimalizovania
regulacnej odchylky polohy e sluzi referenény model na udrzanie reakcie dynamiky systému
(odchylka v dynamike je vyjadrend ey = gm - 9).

Pri navrhu tohto algoritmu je nutné zohl'adnit’ [Havran, 2012]:

e navrh vhodného referencného modelu,

e zosilnenie PD regulatora,

e navrh fuzzy regulétora.
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Obrazok 2 — Adaptivne riadenie s referenénym modelom a fuzzy regulatorom

Pre modelovanie pneumatického aktuatora s umelymi svalmi boli pouzité poznatky
o modelovani antagonistického aktuatora s PUS [Pitel’, 2014] a pre modelovanie jednotlivych
svalov bol pouzity pokrocily geometricky model svalu [Téothova, 2013].

Tvarova¢ signdlu tvori zakladnu cast’ pre premenu veliCiny z vystupu reguldtora do
vhodnej formy pre ovladanie ventilov. Ked’ze v sustave sa nachadzaju jednoduché uzatvaracie
ventily, je potrebné pre zabezpeCenie plynulosti pohybu previest’ signal zodpovedajici
spojitému signalu na poradie impulzov s konstantnou vySkou (logicka jednotka), ale
premennou Sirkou. Této Sirka zodpoveda dobe otvorenia, resp. uzatvorenia ventilu a je zavisla
od hodnoty veliiny, ktord vystupuje z regulatora. V sustave sa teda vyuziva riadenie
pomocou PWM (8irkovo modulovanych impulzov).

4 Navrh fuzzy regulatora v paralelnej vetve

Fuzzy regulator typu Sugeno je typu DISO (dva vstupy, jeden vystup) s trojuholnikovou
funkciou prislusnosti (zrimf). Tieto funkcie prisluSnosti st rovnaké pre oba vstupujuce signaly
do fuzzy regulatora, a to pre dynamicku chybu ey a diskrétnu derivaciu dynamickej chyby
Aey [Havran, 2012]. Jadro fuzzy reguldtora tvori sedem funkcii prislusnosti, ktoré sa
prekryvaji cez prislusné univerzum (pracovny interval): NB - negative big, NM - negative
medium, NS - negative small, Z - zero, PS - positive small, PM - positive medium, PB -
positive big (Obrazok 3). Vystup z fuzzy regulatora tvorili ¢iselné hodnoty pre jednotlivé
kombinacie dynamickej chyby ey a diskrétnej derivacie dynamickej chyby Aem. Vstupné
a vystupné premenné boli normalizované na pracovnom intervale v rozsahu <-1;1>.

plot points:
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FIS Variables
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Obrazok 3 — RozlozZenie funkcii prislusnosti trimf
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Vysledna fuzzy plocha reguldtora vyplyvajuca z pravidiel fuzzy systému ma linearny
charakter a je zobrazena na Obrazku 4, kde na osi x sa nachddza dynamicka chyba systému,
na osi y su vynesené hodnoty diskrétnej derivacie dynamickej chyby a os z zndzoriiuje vystup
z fuzzy reguldtora vo forme signalu K .

Obrazok 4 — Vysledna fuzzy plocha regulatora typu Sugeno

5 Simula¢ny model riadenia pneumatického aktuatora
s umelymi svalmi a vysledky simulacie

Na Obrazku 5 je zobrazend simulacnd schéma adaptivneho riadenia pneumatického
aktuatora s dvojicou umelych svalov vytvorend v programovom prostredi Matlab/Simulink
urcend pre simuldciu riadenia uhlovej vychylky ramena aktudtora. Riadiacu cast tvori
namodelovany PD regulator, ktorého signal je nasobeny signdlom z regulatora z paralelnej
vetvy s referenénym modelom. Signdl vystupujuci z tohto regulatora ovlada ventily pre
prislusny sval pomocou Sirkovo modulovanych impulzov (PWM).
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Obrazok 5 — Simula¢na schéma adaptivneho riadenia pneumatického aktuatora s dvojicou
umelych svalov

Simula¢ny model v paralelnej vetve obsahuje blok s nazvom ,,Fuzzy Logic*, do ktorého
bol z pracovného prostredia (workspace) importovany navrhnuty fuzzy reguldtor typu
Sugeno. Hodnota zosilnenia dynamickej chyby K. bola 0,0057 a pre zosilnenie diskrétnej
derivacie dynamickej chyby K, bola 0,027 [HoSovsky, 2012]. Zosilnenia pre PD regulator
boli nastavené na hodnoty Kp = 0,25 a Kp = 0,0001. Referencny signdl sa menil v intervale
<-28°,428°> a dizka simulacie bola 20 s, po¢as ktorej muselo rameno aktuatora dosiahnut’
15 Ziadanych poldh.
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Vysledky simulacie modelu fuzzy adaptivneho riadenia pneumatického aktuéatora
s umelymi svalmi uvedeného na Obrazku 5 st zobrazené na Obrazku 6 a Obrazku 7.
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Ziadana poloha fuzzy adaptivny regulator —— PD regulator
Obrazok 6 — Simulované priebehy bez zat'azenia ramena aktuatora
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Obrazok 7 — Simulované priebehy so zat'azou o velkosti 3,44 kg upevnenou na konci ramena
aktuatora
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6 Zaver

V prispevku boli vykonané simuldcie riadenia pneumatického aktuatora sumelymi
svalmi bez zat'azenia a so zatazou o velkosti 3,44 kg upevnenou na konci ramena aktudtora
pouzitim fuzzy adaptivneho regulatora a iba PD regulatora. So zvySenou zat'azou na konci
ramena sa objavuju oscilacie okolo Ziadanej polohy pri riadeni iba PD regulatorom, ¢o je
neprijatel'né z hl'adiska praktického vyuzitia manipula¢ného zariadenia pohananého takymto
aktudtorom. Pouzitie adaptivneho riadenia s relativne jednoduchym fuzzy reguladtorom typu
Sugeno nultého radu s trojuholnikovymi funkciami prislusnosti tieto neziaduce oscilacie
potlac¢uje. Na vyslednu presnost’ reguldcie ma vplyv aj dynamika referenéného modelu,
ktorého trajektoriu sa snazi fuzzy regulator sledovat’.

V d’alSej praci je mozné testovat’ pre riadenie fuzzy regulator typu Mamdami v paralelne;j
vetve riadiaceho fuzzy adaptivneho systému, priCom je mozné zvolit’ aj iny typ funkcie
prislusnosti. Optimalizovat fuzzy reguldtor moéZeme aj vyuzitim d’alSich optimaliza¢nych
metdd nachadzajtcich sa vo forme toolboxov v programovom prostredi Matlab, a to napr.
genetickymi algoritmami, simulovanym Zihanim atd’.

Prispevok bol spracovany s podporou projektu APVV, ndzov projektu ,,Modelovanie
a simulacia elektropneumatickych mechatronickych sustav na bdze umelych svalov*®,
evidencné cislo projektu SK-CZ-2013-0138.
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Abstract: This paper describes the project work and engineering done on the marine automation
control system and its integration with energy and safety control systems. The significance of
integrating process control systems with automation control systems into one integrated control
and safety system is described. The project work is based on state-of-the art technology and
corresponding standards, the engineering part of the work is analysing data from a safety control
system, which is integrated to the marine technology control. The conclusions summarize the
project and engineering experience and knowledge and lead to the recommendations for the design
of the operator workstations.

Keywords: system integration, marine technology, control, alarm, event

1 Introduction - the significance of integration of process and power
control systems

Traditionally, the systems that serve process automation and power automation within the same
plant are separate and much of today’s substation automation communication is still hard-wired.
Most of the serial communication protocols are incompatible with each other. Due to extensive
cabling and a large number of available protocols, the bandwidth and cost efficiency of this
approach is very limited, and could result in solutions having to be implemented on a project-by-
project or even device-by-device basis. Furthermore, multiple systems means multiple databases,
additional engineering tools, different operator stations, and more system administration and
maintenance.

At the present time, the significance of integration is not only a matter of saving costs, but also
equipment integrity, availability and overall safety. Integrated are both the electric power and the
automation control systems enabling:

e single operator environment with personalized workplaces for a timely response to
abnormal conditions, to consolidated alarms and events for Integrated Control and
Safety System (ICSS),

e single screen access from the operator workstation to all electric power information
simplifying daily operations, emergency shut-downs, post-incident analysis and root
cause identification.

Traditional process and power control systems do not offer built-in support for proprietary
communication protocols and data models, as can be seen in Figure 1.
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Figure 1 — Process and power control systems using different communication protocols

New communication technology based on standards, such as IEC61850, ensures very fast
communication between the power and process control systems and provides diagnostic
information across the integrated devices.

The IEC 61850 standard was introduced as a global standard to meet the needs of the substation
automation community for interoperability between devices, an open and flexible architecture, and
a future-proof solution based on state-of-the-art communication technology.

Common Operstor Workplace for
Process and Power Automation

Systam Senvers

1 acs0om
y Controller
EC 61850
Lb'._ 'H -
in=truments
Process Process Substation Power
Instrumentation Electrification Automation  Management

Figure 2 — The scheme of process and power control system integration with IEC 61850
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IEC 61850 uses MMS (Manufacturing Message Specification) communication technology over
Ethernet. This standard specifies two main types of communication:

e Vertical communication between the control system and the IEDs (Intelligent Electronic
Devices), which utilizes the full MMS (Manufacturing Message Specification) stack
and is intended for the vast amount of data shared between the control system and the
IEDs. Via an OPC interface the automation system has direct access to all IED data
such as current and voltage measurements, status, interlocking, time-stamped alarms
and events. The system can also send open and close commands to IEDs. Logical nodes
(LNs) of IEDs are modelled as objects in the automation system, and therefore all
system features, such as freely configurable graphics, faceplates, alarms and event lists,
and historian capabilities are available for IED data,

e Horizontal communication from IED to IED, using the special GOOSE (Generic Object
Oriented Substation Events) messaging, is intended for high-priority data to be shared
between the IEDs, replacing the traditionally hard-wired signals and is directly
connecting them to the controller on the same network in real time.

One of the most significant differences of the IEC 61850 standard from other communication
standards is the introduction of the substation configuration language (SCL) [Kirman, 2012]. SCL
makes it possible to create files that are used for the exchange of configuration data (eg,
standardized object models and data flow configurations of devices in a system) between
engineering tools. The content of different file types defined in IEC 61850 depends on the role of a
specific tool — a system configuration tool or a device configuration tool - that it is created for, and
the different evolution phases of the system integration process.

dinates001" xmlns="http://www.iec.ch/61850/2003/3CL">
ucture="IEDName" />

Name="

="BU1" desc="Voltage Transformer 2 3

e="RAR1/H1/Q03/N6" substationName="

Figure 3 —The Single Line Diagram type of file in SCL
To engineer IEC 61850 integration, the automation system uses the information contained in
the Substation Configuration Description (SCD) file, which describes the complete substation
configuration. The system processes the Extensible Markup Language (XML) based substation
configuration file to create all data items for vertical integration as well as the connections for
horizontal communication.

2 The power and process control systems integration in marine

The power system for marine technology is the system for production of electricity on a vessel
and for control of all machines producing the power and making the vessel live. It also ensures the
optimal use of energy resources in a secured, economic and environmental way. The power system
is closely integrated with the production of electricity via high-speed communication, and with
switchgear systems, protection devices and controllers. It is an integrated solution that provides the
vessel with complete control over the electricity, whether for system drives, or other on-board
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processes. In addition, to ensure the stability of the electrical network, it also optimizes available
resources to provide maximum performance and energy efficiency. Monitoring of the power system
provides another layer of protection against power installations at sea and on oceans. Supervision
systems oversee the entire plant, take action and notify operators, if there are failures in other
subsystems, thereby preventing cascading series of failures.

The process control in the field of marine includes system solutions for specific types of
vessels, such as process control for tankers transporting natural gas, vessels for drilling and
extraction of oil and gas, floating dredging mechanisms, but also large vessels for passengers with
extensive requirements for heating, ventilation, and air conditioning (HVAC). An integral part of
the vessel control systems with passenger are safety systems, technical systems and equipment,
approved in accordance with the standards and a level up to SIL3 (Safety Integrity Level). They are
the basis for marine fire systems to provide early fire detection and gas danger warning to the
operator's workstation and again take action and notify operators to avoid dangerous situations. The
system for Marine ESD (Emergency Shut Down) to prevent or minimize the consequences of
emergency situations helps preventing loss of human life, environmental damage and / or plant and
equipment.

3 Evaluation of alarms and events from the operator workstation

Alarm system capabilities allow us to evaluate the operation of a controlled process or system
from several points of view. The control systems provide the alarm processing and alarm display
functionalities.

The alarm processing functionality includes alarm logging according to types of alarms, control
algorithm logics, alarm suppression and shelving, alarm prioritization and categorization [Urban, P.,
2014].

Alarm display functionality provides us with alarm message format options linked to the
operators workstations equipped with HMI of the control systems.

The problems occurring during implementing control systems into operation will show and can
be identified based on looking into data from the control system during the commissioning phase of
a project. Talking to operators during the implementation and performing alarm analysis from the
real time operation can be done using methodology from an approved standard, such as the
EEMUA 191.

100

Level 2
Reactive

10

Level 4 Level 3
Robust Stable

Average Alarm Rate (# alarms / 10 minute period)

10 100 1000
Maximum Alarm Rate (# alarms / 10 minute period)
Figure 4 — Defining performance levels for operators [EEMUA, 2014]
Figure 4 shows the definition for the performance levels of an operator based on the best
practice of this standard. It evaluates the predictive type of behaviour for an average of less than 1
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alarm per 10 minute period of operation and the maximum of less than 10 alarms for the same
period of time. Conditions with an average of more than 10 alarms in a 10 minute period resulting
into a maximum of more than 1000 alarms for a 10 minute time period indicate a reactive response,
which can lead to serious consequences.

During our project work the data were evaluated from different process subsystems of a control
system implemented into marine technology. Data were analyzed from exported files given to us
from the operation staff and process engineers in order to find issues leading to actions to minimize
the number of alarms consistent with the proper protection of people, plant and environment.

The analysis started with an alarm database divided into smaller groups of data according to the
alarm category and alarm area as the methodology given by the EEMUA 191 standard
recommends.

Mas system 1 Mas system 2

+ Alarms| = Events Total Ammount + Alarm! = Events Total Alarms

Predictive

Average alarms/events rate per 10 min
Average alarms/events rate per 10 min

Predictive

1000 10000

1
Maximum alarms/events rate per 10 min Maximumm alarmsfavants rata par 10 min

Figure 5 — Performance level found on MAS

HVAC system 1 HVAC system 2
100000
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8

Robust / Stable Robust / Stable

1000

Average alarms/events rate per 10 min
.
.
L]
Average alarms/events rate per 10 min

+ Alarms = Events Total Ammount
+ Alarms | = Events Total Amount

1 10 100 1000 10000

Maximum alarms/events rate per 10min 110 s/t rate per 10min 19 10000

Maximum alarms/d08nts rate per 10 min

Figure 6 — Performance level found on HVAC

Figure 5 shows that the power systems MAS 1 and MAS2 (machinery automation systems)
were well-tuned for the analyzed time period, and therefore it indicates the predictable type for the
operator performance level. On the other hand, Figure 6 shows the increased number of alarms and
events logged from the heat, ventilation and air conditioning subsystems (HVACI and HVAC2)
during the analyzed time period suggesting to continue the observations with a closer look into
them and paying attention to all issues in the control system settings in case the stable type of
performance level changes into the reactive type.
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4 Conclusion

The integration of a power system and a control system in marine technology brings several
advantages, among them are a single operator environment with personalized workplaces for timely
response to abnormal conditions in order to consolidate alarms and events, single screen access
from the operator workstation to all electric power information simplifying daily operations,
emergency shut-downs, post-incident analysis and root cause identification, and similar areas. This
is made possible by implementing the standardized technology configuration based on IEC 61850
standard. The marine technology is a highly sophisticated field and involves design, engineering,
and team know-how and experience cooperation during commissioning. The work during the
implementation phase of control systems into operation of the vessels requires feedback about how
the systems are set, problems can be identified based on looking into data from the control system,
as well as talking to operators during the implementation. Performing alarm analysis from the real
time operation data using the EEMUA 191 methodology found out issues in HVAC system settings,
as shown in Figure 7, leading to several actions: to minimize the number of alarms consistent with
the proper protection of people, plant and environment, to ensure all alarms are relevant,
understandable and manageable at all times.

Comparison of alarm load in the system
120

100

80

. Alarms Load

= Optimal Alarms Load

60

40

Average alarm load per 10 min

20

T
MASL HVACL MAS2Z HVAC2
System

Figure 7 — Alarm load comparison
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Abstract: This contribution deals with control of multidimensional system. State space model
used is of mechanism incorporating inverse pendulum principle. Linear Quadratic Regulator
(LOR) is used for control of mechanism’s model. To acquire parameters of nonlinear model
are used Euler-Lagrangian equations. Equations specify difference between kinetic energy
and potential energy of every mechanism part, and thus energy distribution for defined
motion. Results of simulation were obtained using MATLAB.

Keywords: Inverted Pendulum; Nonlinear, LOR, State space; Lagrangian

1 Introduction

Task of controlling inverted pendulum is well-known and often used. This system is used
to learn or test control theories. Considered system is nonlinear and unstable. Best controller
could do is stabilizing pendulum in upright position of unstable equilibrium for a moment.
How big difference of set point and evaluated or measured position points to optimal control
parameters. Control of inverted pendulum is possible by more than one method. There are
methods using linearized model of system and methods that do not need to know system
model. Into considered methods for control apply PID controller, fuzzy logic controller or use
of neural network etc.

For this paper was chosen control with Linear Quadratic Regulator (LQR). To acquire
system non-linear model every part of mechanism is described by energy equations. Those are
base corner stone for use of Lagrangian equations, which allows obtaining energy distribution
equations in system based on set movement parameters (coordinates). Lagrangian solves
difference of kinetic energy and potential energy of system unitary parts with considerations
to external influence on energy balance. Thus non-linear model is available. Chosen method
requires linearized model of system. To obtain linearized model is needed use of Jacobian.
That allows seeing influence of every coordinate change on system behavior. Those changes
are considered to be from known or estimated on initial conditions. Thus model of linearized
model is secured based on operation set point. To obtain optimal controller parameter Riccati
equation need to be solved. Results of this equation lead to minimal values of cost function,
which means difference of observed and estimated system behavior squared.

Principle of inverted pendulum can be found in many forms. One is considered to be
stabilizing a space multistage rocket during lunch or during transport from depot to lunching
pod. Other possible comparison is stabilizing human body in upright position while
considering tendon and muscle tension as spring and damper. Principle is often used for
recreating of human movements by robots, like hand movement or walking.Model of
mechanism used for LQR control consists of double inverted pendulum and ordinary
pendulum in horizontal or semi horizontal position. Both pendulums are connected. Base of
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inverted pendulum is in fixed position. Main goal of mechanism is to move lever representing
ordinary pendulum from initial position to set position and there.

ey
Figure 1 — Mechanism with inverted pendulum

2 System model

Acquiring mathematical model is matter of solving energy balance of mechanism. Result
of solving set Lagrangian equations is nonlinear system model. Model shows change of
system behavior based on arbitrary coordinates, vector. Evolution of mechanism movement is
described by obtained model.

i(a—ﬂ—a—% F. (1)
dt\o6) 06
L=E,-E,, (2)
1 Il
Em:E-ml-j-le, (3)
1 | 122 | .
Eyy =2, AP0 +—-m, 7'92 o, 1, -1,-cos(6, +6,)-6,-6,, (4)
2 . . .
E,, =%-l—;-(%+M3j-[lf QA0 +2em, 1, 1 cos(0,+60,)-6,-6,], (5
3
EPI:ml-%]-cosHI-g, (6)
EPZ=m2-(ll-cosn91+%2-cosa92)-g, (7)
m, B
E, = 7—|-M3 . Zl-cos¢91+3-cosﬁ2 ‘g, (8)
where L — means Lagrangian,
F — means general force or summation of partial forces,
0 — means arbitral coordinate,
Ex — means kinetic energy,
Ep — means potential energy,
m; — means relevant lever mass indexed from 1 to 3,
l; — means relevant lever length indexed from 1 to 3,
L; — means whole length of supported lever 3,
M; — means mass at the end of supported lever 3,
g — means gravitational acceleration.
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Kinetic energy of first pendulums is added to kinetic energy of ordinary pendulum.
Potential energies for said parts are similarly added to energy balance equation. Lagrangian
equation then looks as follows.

1 I 1 1 > 1

p=tom g Lo Lo g Lo el 10,6, 6,
1 Lg my 2 A2, 12 A2 S A
b M, 26 +2-62+2.my 1,1, -cos(6,+6,)-6,-6,]
3

9)
+m, -%-0056’1 -g+m, -(ll -c0s 6, +%-cos€2j-g

+E,, :(%+M3]-(Zl -cos b, +%-cos6’2)-g

Energies of ordinary pendulum are by definition function of coordinates of inverted
pendulum. Energy equations were augmented accordingly. Obtained energy distribution
equations are described below.

2 2 72
u:[m1 -%+m2 17 +(%+M3]-M]él

7

_ , i
+ m2-l‘ I ™, L 121 L -cos(6, +6,)-0,

4 4 IR

e 2,1, ’ (19
—m, 24 %+M3 : 3.21. 2 |.sin(6, +6,)-6, -0,

i 4 4 Iy ]

- ) .
- mZ.M+ ™M, L l; : -sin(6, +6,)- 62

i 4 4 I

2
0= mz-l1 lz+ ﬁ+M3 &glz -cos(6, +6,)-6
4 4 [

B 2 2 g2

+|m, -~ +m, lf+(m3+M3j L;j‘} 0,
L : (11)

- mz-ll'lz+ ™, Lzllz -sin(6, + 6,)-67

i 4 4 Iy

- , N
g Al [y | B (g, +6,)-6,-6,

i 4 4 Iy
where u — means external force applied on first stage of inverted pendulum.

Last two acquired equations describe force balance of every coordinate relevant and its
physical counterpart, levers of inverted pendulum. To add or remove other variable elements
representing external sources of error it is suffices to add those to left side of equations 10 and
11. Effect of supported lever can be imagined as reduced variable force applied to tip of
inverted pendulum. Thus all needed information to advance control design is acquired.
Nonlinear model can be written as is shown in following equations. Nonlinear system
equations are considered as according to basic description of mechanism with consideration to
its dynamic properties.
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M(6)-8+C(0,0)-0+G(0)=H-u, (12)

K K, -cos(6, +6,)
M(e):[K -cos(lﬁ +6,) 4 K ) (13)
4 1 2 3
N[ K, -sin(<91 +92)'92 -K, ~sin(6’l +6’2)-t92
C(0,0)= ] i ) ~, (14)
—K4-sm(01+02)-61 —K4-sm(6’1+6’2)-91
K, -sing
G@%{ e ‘], (15)
K -sin6,
H=( 0), (16)
112 2 | My Lg I}
K1=m1~z+m2~ll + T+M3 o (17)
3
2
K2=m2-%+(%+M3j-%, (18)
3
2 122
K, =m2~%+m2~lf+(%+M3j~ s (19)
3
2
K4=m2-ll412+(73+M3j-—L3 llz‘ L , (20)
3
m L [
K5:((73+M3j-l—3—m1-51—m2-lz]-g, (21)
3
m L [
6 ([ > 3} L 2 2) g (22)
where M — means symmetrical matrix of system inertia distribution,
C — means matrix of centrifugal and coriolis effects,
G — means matrix of system initial potential energy,
H — means matrix of external effects on system.

3 Control design

Model of the system acquired thus far is clearly non-linear. To design linear control via
Linear Quadratic Regulator, it is necessary to perform linearization. For that state space model
based on differential equations can be used. System state space model is described as follows.

x=(0 of, (23)

0=—M"'.C-0-M"'"-G+M'H-u, (24)

RO A S

X = B X+ » oo ‘u, (25)
0 -M'.C -M"-G) (M"-H

X :f(x)+ g(x)-u , (26)
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0 0 27)
0 M‘l c)"l-m G/
! 8)
“(Mm
where x — means system state vector,
I — means identity matrix of 2 by 2,
0 — means zero matrix of 2 by 2,
f —means ,
g —means .

Linearization of state space model acquired is done by Jacobian, thus to follow effect of
every considered coordinate on problem at hand. Linearization is approximated to equilibrium
point, which is unstable. Jacobian was used to obtain matrices A and B.

x=A-x+B-u, (29)
o1 (x) [ 0 IJ
A= _ 4 0G (30)
-M@O) - — o0
19). ( ) 20
0
g oglx) L (31)
x \-M(0)"-H
0
X)= s 32
g(x) (M_l ° (32)
where A — means state transition model,
B — means control-input model.

To finish design of linear regulator it is necessary to obtain it control matrix. To obtain
last mentioned matrix Riccati equation is solved for estimated quadratic variation of state
variables or in other words cost function. Variation matrices for calculation of cost function
need to positive semi-definitive and semi-definitive in infinte-horizon case. Those limits are
set for keeping positive cost function. Furthermore now linear differential system model have
to be controllable. Equations for Linear Quadratic Regulator are as follows.

J=[("-Qx+u" R-u)ar, (33)
0

U=-R'"-B"-P-x=-K-x, (34)

P-A+A"-P-B-R"-B-P+Q=0, (39)
where — means cost function,

J

Q — means matrix of state variables covariance,
R — means matrix of observed output covariance,
U — means function of linear-quadratic regulator,
P — means solution of standard Riccati equation,
K — means linear control feedback matrix.
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4 Simulation results

System is assumed at rest at the beginning of the simulation hence was set not stable and
not non-stable equilibrium point as initial parameters. Matrices of observation of state space
linear model follows only position not speed of inverted pendulum levers movements.

Simulation set parameters:

ml= 0.5; % kgl
m2= 0.5; % [kgl
m3= 1.4; % [kg]
M3= 3.0; % [kgl
11= 0.5; % [m]
12= 0.5; % [m]
13= 0.7; % [m]
L3= 1.4; % [m]
g= 9.81; $[m/s”2]

C=[1 1 0 0]; %[Thetal Theta2 Omegal OmegaZ2?]
D=[0]; %positive feedback effect

Simulation set initial conditions (state vector):

Thl10=-0.1; S [rad]
Th20= 0.05; % [rad]
W1l0= 0; % [rad/s]
W20= 0; % [rad/s]

Acquired model parameters:

A= [0 0 1 0
0 0 0 1
291,17 -257,99 0 0
-306,29 194,28 O 0

B=[0 0 -3,58 -3,61]";

Set quadratic linear controller parameters:
©=[10 0O O O;

0 10 0 Oy
0 0 10 0;
0 0 0 10];
1

R=[1];

Acquired quadratic linear controller parameters:
K=[-2225.89, 1707.70, -94.71, 76.721"';

0.05
) ‘ﬁ"'":::-:-——_:
[ 7] _//-
@ |
= -0.05 |
o
5 |
>
s o4l
= 01 |
®
| Thetat [rad]
-0.15 | Theta2 [rad]
| Omegal [rad/s]
Omega? [rad/s]
0.2
0 1 2 3 4 5

time [s]
Figure 2 — Response of state variables
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Figure 3 — Control input

5 Conclusion

Goal of this paper was designing form of control for nonlinear non stable system. Model
of considered system is of mechanism incorporating principle of inverted pendulum. Method
chosen was Linear Qaudratic Regulator, which is able to stabilize system around non stable
equilibrium point. Before using chosen method linearization of system model was necessary.
Acquiring linear model of the mechanism was performed through Lagrangian equations and
Jacobian. Parameters of chosen control method is possible to acquire through solving Riccati
equation. Designed control was tested through simulation of mechanism in
Simulink/ MATLAB.

Described mechanism, as nonlinear system is possible to control through use of Linear
Quadratic Control. Functionality of chosen control method is described thoroughly in the
sources mentioned in references.
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Abstrakt: Prispévek je venovan navrhu robustniho 7izeni mechanickych systémii. Novym
zpusobem je odvozeno robustni Fizeni s vysokym zesilenim a na jeho zakladé jsou navrzena
Fizeni pracujici v klouzavych rezimech. Velika pozornost je vénovana stabilité uzavieného
systému Fizeni. PouZiti je ukdzano na prikladu.

Klicova slova: mechanicky systém, robustni Fizeni, rizeni v klouzavych reZimech, stabilita

1 Uvod

V souCasné dobé existuyje pomérmné¢ mnoho metod umoziujicich navrh fizeni
mechanickych systémi [Bullo, Lewis 2005; Cedro 2012a,b; Choi, Chung 2004; Kelly,
Santibanez, Loria 2005; Lewis, Dawson, Abdallah 2006; Slotine, Li 1991; Utkin 1992; Utkin
Guldner Shi 1999; Zitek, ViteCek 1999]. Matematické modely mechanickych systémi jsou
veétSinou nelinedrni s neurcitostmi, coz vyznamnym zpusobem znesnadiiuje jejich fizeni
[Bullo, Lewis 2005; Cedro 2014; Choi Chung 2004; Lewis, Dawson, Abdallah 2006;
Nwokah, Hurmuzlu 2001; Stadler 1995].

V ptispévku jsou uvazovany matematické modely mechanickych systému, které jsou
typické pro roboty, manipuldtory a jim podobné mechanické stroje a zafizeni [Lewis,
Dawson, Abdallah 2006; Stadler 1995]. Novym postupem je navrzeno robustni fizeni pro
pozadovany matematicky model uzavieného systému fizeni [Zitek, ViteCek 1999]. Pro
linedrni pozadovany matematicky model uzavieného systému fizeni decentralizované robustni
fizeni vede na algoritmy regulace PID [Viteckova, Vitecek 2011].

2 Matematicky model mechanického systému

Typicky mechanicky systém vcetné pohonti (akénich ¢lentt) s n stupni volnosti mize byt
popsan matematickym modelem [Lewis, Dawson, Abdallah 2006; Choi, Chung 2004; Kelly,
Santibanez, Loria 2005; Stadler 1995]

M(q)g+C(q.9)9+8(q)=u, (1)
kde M(q) je ctvercova symetricka kladné definitni matice setrvacnosti fadu n, C(q,q) —
¢tvercova matice Coriolisovych, odstfedivych a viskoznich sil fadu n, g(q) — vektor tihovych
sil dimenze n, ¢ — vektor zobecnénych proménnych dimenze n, u — vektor zobecnénych sil
(tfidicich proménnych) dimenze n.

Matematicky model (1) je vhodné zapsat ve tvaru

G=f(g.9+M (qu, (2a)
kde

f(q.9)=-M"'(9)[C(q.9)d + g(q)]. (2b)
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3 Formulace ulohy Fizeni

U mechanického systému (2), resp. (1) je tfeba navrhnout takové zpétnovazebni fizeni

u' (1), které zajisti sledovani zadané trajektorie ¢() pro ¢> 0 tak, aby uzavieny systém Fizeni
byl popsan matematickym modelem

é=f(e.), e(0)=¢,  &0)=0, (3a)

e=q'-q, é=q4"-q, é=§"-4q, (3b)
kde f‘(e,é) je obecné nelinearni funkce dimenze .
Funkce £ je dana a musi spliiovat podminku

r0,0)=0 “
a uzavieny systém fizeni (3) musi byt v jediném rovnovazném stavu

e=0, =0,
tj.

le.é,e,,6,,...,e,,e,1=0, %)

globaln¢ asymptoticky stabilni.

4 ReSeni tlohy Fizeni
V piipadé znalosti presného matematického modelu (2) zpétnovazebni fizeni u™ lze
snadno urcit dosazenim (2) do (3), tj.

e

i~ flq.-M (Qu=f"(eé) = (6)
u'=M@§" - f(q.4)- f* (e, ). (7

Toto fizeni je nerobustni, protoze vyzaduje znalost matematického modelu (2) a

matematicky model neni zndmy a poruchy jsou vétSinou neméftitelné. Proto vznika problém,
jak wurcit fizeni u pfi nepfesné znalosti matematického modelu (2) a neméfitelnych
poruchach.
Pozadovany matematicky model uzavieného systému fizeni (3) mize byt zapsan ve tvaru
[viz také (6)]
m’(u)=0, (8a)
kde
d . d .
m(u)=e(u)— f"(e,e). (8b)
Rizeni u 1ze napf. urcit iteracni metodou pevného bodu [Zitek, Vitecek 1999]. K obéma
stranam rovnice (8a) se pritte vyraz K 'u a po Gpravé se dostane
K'u+m(w)=K'u = u=u—-Km‘(u) =

U = Uy _Kmd(”k)J u(O): u, k= 051927"'3 (9)
kde K je vhodn€ zvolena ¢tvercova matice dimenze n.
Napt. pro
-1
om* (u
K=[ ()} - M(g) (10)
ou

se obdrzi znama iteraéni Newtonova-Raphsonova metoda. V tomto pripads feSeni u® se
dostane v jednom kroku pro libovolné uy, tj. # = u;. Je to dano tim, Ze matematicky model
(2) [atedy i (1)] je afinni (linearni) vzhledem k fizeni.
Obecné pii neptesné matici (10), ptipadné pii jinak vhodné zvolené matici K, plati
lim u, =u, k=0,2,... (11)

k—o

Samoziejms se predpoklada, ze matice M, funkce £, £ a §* se béhem vypoctu neméni.

105



Vztah pro iteracni vypocet (9) je vhodné zastoupit diferencialni rovnici

) omu(r), w(©) = u, (12)
T

O=-1K, 1> (12b)
kde pro vhodné zvolenou ¢tvercovou matici K plati

limu(t)=u". (13)

T—>0

Vzhledem k tomu, Ze feSeni diferencialni rovnice (12) musi probihat znacné rychleji nez
Gasové zmény M, £, f“ a §°, je vhodné zavést dva Casy. Skuteény &as ¢ a ,,rychly* Gas

T=pt, f>>1. (14)

Pribéeh Casu 7 je dan parametrem £, jehoz velikost je imérnd velikosti A ve vztahu (12b),

tj. absolutni velikosti prvkil v matici @. Pak rovnice (12) po uvazovani (8b), dosazeni (2) a
upraveé bude mit tvar

dZ(T_T) =M '[q(1)u(x) + O1j(1) - fTa(1).4(1)] - fTe(t).é(1)]} (13)

ProtoZe Cas 7 probiha podstatné rychleji nez skutecny cas ¢, 1ze vyrazy zavislé na case ¢
pii vypoctu povazovat za piiblizné konstantni, tj.

d _ .
%: —OM 'u(t)+ OG- f - f). (16)

Diferencidlni rovnice (16) je linearni, a proto o stabilit¢ feSeni rozhoduje jeji

charakteristicky mnohoclen
N(s)=det(sT + M), (17)
kde det je determinant, s — komplexni proménna.

Matice M je symetrickd kladng definitni, a proto matice M bude rovnéz symetricka
kladn€ definitni a jeji charakteristicka ¢isla budou redlnd a kladnd [Horn, Johnson 1986;
Petersen, Pedersen 2012]. Bude-li matice @ symetricka kladn¢ defintni, pak charakteristicka
&isla soudinu @M ' budou realna kladna [Horn, Johnson 1986], tj. charakteristicky mnoho¢len
(17) bude mit realné zaporné (stabilni) kofeny.

Pro ucely fizeni je vhodné diferencidlni rovnici (12) zastoupit integralni rovnici

u(t) = @jmd[u(f)]d u(r)+u,,

resp.

u(t)=6s(t)+u,, (18a)
kde [viz (8b) a (3a)]

s(t) = [m[u(z)]dr =é(r) - [ f[e(r),é(r)]dT. (18b)

vvvvvv

Protoze ve vztazich (18) nevystupuje explicitné matematicky model fizeného mechanického
systému (2), proto jde o robustni fizeni s vysokym zesilenim.
Pocatecni tizeni uy zajiStuje pocateéni rovnovahu a lze ho urcit experimentélné, ptipadné
odhadnout na zékladé vztahu (1) [resp. (2)]
u, = g(q,)- (19)
PocateCni fizeni uo Casto nemusi byt uvazovédno, ale v nékterych piipadech jeho
neuvazovani mize zpusobit nepiipustné razy.
Pfi decentralizovaném fizeni matice K [viz (12b)] je diagonalni s redlnymi zapornymi
prvky, a proto v tomto ptipad¢é matice @ bude diagonalni s redlnymi kladnymi prvky
@ = diag[@®,,0,,...,0,], 6.>0, i=12,...,n, (20)

kde diag je diagonalni matice.
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Bude-li matematicky model uzavieného systému ftizeni (3) [resp. (8)] linedrni, pak i
robustni fizeni s vysokym zesilenim (18) bude linearni.

Pti ¢islicové simulaci je tieba vénovat zvySenou pozornost volbé vhodného kroku feseni,
protoze mizZe vzniknout problém ,stiff** systému. Prakticky velikost prvki ©; je omezena
ztratou stability uzavieného systému fizeni zptisobenou nemodelovanou dynamikou a v praxi
vzdy pfitomnym redlnym omezenim fidicich proménnych (jsou uvazovéana pouze symetrické
omezeni)

(O <u, i=12,...,n. (21)

Tento problém Ize feSit uvazovanim nekonecné vysokych hodnot @; — o a omezenim
(21). Pak tizeni (18) miize byt vyjadieno vztahem

u(t) = Usign[s(?)]+ u,, (22a)

U =diag[u",u5,...,u'], (22b)

sign(s) =[sign(s,),sign(s,),...,sign(s,)]", (22¢)
1 s, >0

sign(s,) =40 s, =0. (22d)
-1 5, <0

Robustni fizeni (22) pracuje v klouzavém rezimu a vztah
s()=0 (23)

popisuje klouzavou plochu (varietu) [Slotine, Li 1991; Utkin 1992; Utkin Guldner Shi 1999;
Zitek, Vitecek 1999].
Rizeni (22) je vysoce robustni, ale také vysoce aktivni, co zptisobuje neustalé piepinani

mezi hodnotami ;" a —u;" .
Aktivitu tizeni (22) lze podstatné snizit zastoupenim nespojité funkce (22d) spojitou
nehladkou funkei nasyceni

= il
&; o
m{ﬁJ= ’ ’ (24)
sign| — —>1
& &,
nebo spojitou hladkou funkci
asign(s, )= —! (25)

& +|s,|”
kde ¢ je vhodné€ zvolené malé kladné ¢islo.

Je ziejmé, ze pro &; — 0 ob¢ funkce (24) a (25) konverguji k funkei (22d).

Robustni fizeni (22) i jeho aproximace pomoci funkci (24) nebo (25) vyzaduji pomérné
vysoké hodnoty u/", proto pokud je znama matice M (znalost mtize byt pouze pfiblizna), je
mozné pouzit robustni klouzavé fizeni

u(t) = M(q)Usign[s(¢)]+u,, (26)
kde funkce sign(s;) mohou byt zastoupeny aproximacemi (24) nebo (25). Dale pro
zjednoduSeni pocatecni fizeni uy neni uvazovano.

Minimalni hodnoty omezeni u," zajistujici stabilitu uzaviené¢ho systému fizeni mohou
byt urceny analyticky.

Predpoklada se, ze matematicky model fizeného mechanického systému (2) obsahuje
neurcitosti, tj.

G=f(q.9)+5 (q.4)+[M " (q)+AM " (g)]u (27)
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Neurgitosti Af a AM' mohou vyjadfovat nepfesnosti matematického modelu, zmény
vlastnosti mechanického systému a ptisobeni poruch.
V tomto ptipadé pro matematicky model uzavieného systému fizeni (8)

m'=0
plati

m’ =§’ —h(q.q.e.é,u)—M "' (q)u (28)
kde funkce

h=f(q.9)+AM (q.9)+AM " (Qu+ [ (e,é) (29)
vyhovuje omezeni

¢ —n| <x (30)

ve smyslu normy

||x||oo:maxﬂxl,xz,...,xn}. (31)
Pro Ljapunovovu funkci [Slotine, Li 1991]
t
V:lsTs, s=[m’dz (32)
2 0
1ze po uvazovani (28) a (26) psat
V=s"§=s"m’=s"[§"—h-Usign(s)] =YV, <0. (33)

i=0
Nerovnost (33) bude splnéna, kdyz kazda slozka K bude pro nejhor§i mozny ptipad
zaporna, tj.
V. = s,[x —u" sign(s;)] < 0= |si|1c —su;" sign(s;) < 0.

Protoze plati
sign(s,) = 1= 1,
s
|si|(lc— u")<0 =

u' >K. (34)

S; |Si|
S;

lze psat

Z této nerovnosti vyplyva, ze pro dostatecné vysoké hodnoty u." robustni klouzavé fizeni
(26) zajisti stabilitu uzavieného systému fizeni.

Dalsiho zkvalitnéni fizeni lze dosahnout pomoci linearni kombinace [Zitek, Vitecek
1999]

@) =a@®u () +[1-a@®u(), 0<a(t) <1, (35)
kde nerobustni fizeni u" je dano vztahem (7) a robustni fizeni u# je dano nékterym ze vztaht
(18) nebo (26) a koeficient & miize byt obecné¢ funkci Casu ¢. Napf. na zacatku fizeni
matematicky model mechanického systému je znamy, tj. a(0) = 1 a pozdéji se méni, proto je
vhodné hodnotu a(?) pro > 0 postupné snizovat. Je ziejmé, Ze v tomto pripadé pocatecni
fizeni uy nemusi byt uvazovano.

Velmi vyhodné je kombinované fizeni

@ =u)+u), (36)
kde podobné jako v pfedchozim ptipad€ jsou pouzita fizeni (7) a (18) nebo (26). V tomto
ptipadé 1ze podstatné snizit hodnoty omezeni u;" a také neni tieba uvazovat pocatecni fizeni
uy. Napt. pro robustni fizeni (26) pro

m =§* ~ £(q.9)~ f(e.6)~h(q,q.u)— M (qu, (37)

I = M (q,4) + AM ™ (g)u° ,
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-h|, <x <x (38)
1ze pro derivaci Ljapunovovy funkce podle ¢asu ¢ podobné jako v pfedchozim ptipad¢ psat
V =s"[-h - Usign(s)]= >V, <0,
i=0

V. = s,[x, —ul" sign(s,)] <0 =

1

u' > K. (39)
Pozadovany matematicky model uzavieného systému tizeni je ¢asto linearni
é=—Ae—Ae = m’ =é+ A+ Ae (40a)
A, = diag %,%,...,% , A, =diag 2o 252 ’2_5,, , (40b)
LT Lon U,

kde T; jsou ¢asové konstanty, &; — koeficienty relativniho tlumeni.
Po dosazeni (40) do (18b) a uprave se dostane

s(t)=A,e(t)+ Alje(r)d T+e(t). (41)

Pocatecni podminka ey neni uvazovana. Ze vztahii (18a) a (41) vyplyva, ze pfi linearnim
pozadovaném matematickém modelu uzaviené¢ho systému fizeni, decentralizované robustni
fizeni s vysokym zesilenim vede na pouziti PID reguldtort [ViteCkova, Vitecek 2011].
Hodnoty jejich stavitelnych parametrti jsou dany prvky diagondlnich matic (40b).

5 Priklad
Pro zjednoduseny matematicky model manipuldtoru RP (R — rota¢ni, P — posuvny)
1+ 6122 0 {91 :| +|: ‘]2.q'2 0:”:?1 :| + {(1 + ?2)COS(Q1):| _ {”1 } (42)
0 1J4%] [~99:. 1|4 sign(q;) Uy

je tfeba navrhnout robustni fizeni, které zajisti matematicky model uzavieného systému fizeni
ve tvaru (40). Predpoklada se, ze model (42) uvazuje dynamiku obou pohontii a dale, ze

T . .
9 € <—?5>= 4, €(0,75;1,25), ¢,(0)=0, ¢,(0) =0, ¢,(0) =1, ¢,(0)=0.
Na zéklad¢ vztaht (42), (40b) a (41) Ize ptimo psat

s,(t) =— 26, el+ijeldr+el,
1 10
(43)
2Z, I :
sz(t)z—e2+—2.[e2dr+e2.
T, 20

z A

q:()

@:(0)

0 y

Obr. 1 ZjednodusSené schéma manipulatoru RP
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Pocatecni fizeni uy se urci z pocatecniho ustalené¢ho stavu ¢,(0) ze vztahu (19), ;.
uyy =[1+q,(0)]cos[q,(0)] =2,

- (44)

Uy = sin[g,(0)] = 0.
Pro ovéfeni robustniho fizeni je uvazovano fizeni s vysokym zesilenim (18)
u,(t) = Os,(t) +uy, (45)
Uy (1) = O,5,(1)
a klouzavé fizeni aproximované funkci nasyceni (24)
u () =u/" sat{ dl (t)} +uy,
£
1 (46)

uy(t) =uy sat{sz—(l‘)}
&£

2
Pifi simulaci robustniho fizeni byly pouzity hodnoty stavitelnych parametri:
& =4 =1/4/2; I,=05T7,=01 6 =0,=50; u'=u, =10; & =¢&, =0,05. Pozadované
trajektorie byly dany vztahy
g! (t) = 0.5sin(2¢) + 0.5,
g2 (t) = 0.2sin(4¢) +1.
Pribéhy zadanych a skutecnych trajektorii pro robustni fizeni s vysokym zesilenim jsou
na obr. 2 a pro robustni klouzavé tizeni aproximované funkci nasyceni jsou na obr. 3.
Z pribéhit zaddanych a skutecnych trajektorii vyplyva, ze oba algoritmy robustniho fizeni
pomérné dobte dovedou zajistit sledovani zadanych trajektorii.

0 2 4 6 8 ([s]

Obr. 2 Robustni fizeni s vysokym zesilenim

Vhodnou volbou stavitelnych parametri &,,0,, u",u;', &€ a¢&, lze dosdhnout lepSich
vysledka.
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Robustni fizeni s vysokym zesilenim je linearni a ptredpoklada se, ze mlze nabyvat
libovolné vysokych hodnot, co je prakticky nerealizovatelné. Naproti tomu robustni klouzavé
fizeni aproximované funkci nasyceni je snadno realizovatelné.

A q,(t)

1t (1)
0.5
0

0.75

Obr. 3 Klouzavé fizeni aproximované funkci nasyceni

6 Zavér

V ptispévku jsou pro mechanické systémy odvozena novym zpiisobem robustni fizeni,
ktera ke své cinnosti nevyzaduji znalost jejich pfesného matematického modelu ani
pusobicich poruch. Navrzena fizeni umoziluji zajistit sledovdni zadané trajektorie
s pozadovanymi vlastnostmi uzavieného systému fizeni.

Prispévek vznikl v ramci resSeni projektu SP2015/83.
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