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Viézené Ctenarky, vazeni Ctenafi,

otevieli jste pravé zavérecné Ccislo aktudlniho rocniku casopisu LOGOS
POLYTECHNIKOS, ktery vychazi ¢tvrtletné na Vysoké skole polytechnické
Jihlava. Jiz tradicné je toto posledni roc¢nikové cislo vénovano predevsim
oblastem elektrotechniky, informatiky a matematiky.

Vysokd Skola polytechnicka Jihlava proSla v tomto roce uspéSné procesem
reakreditace svych studijnich obort. V souvislosti s reakreditacemi se také zive
diskutovalo o néplni jednotlivych pfedméti, o moznostech zefektivnéni vyuky,
o modernich trendech a technologiich, které by nemély zlstat studentim
nezndmé. Moznad i proto se vtomto c¢isle LOGOS POLYTECHNIKOS
v mnozstvi vétsim nez obvyklém objevuji ptispévky uzce souvisejici s vyukou
a jeji modernizaci ¢i srozvojem odbornych uceben. Tyto stati tak presné
napliuji ¢ast poslani casopisu LOGOS POLYTECHNIKOS, vzdyt jednim
zjeho cili je pravé dat prostor k prezentaci rozvoje studijnich programi
aoborl. I ostatni pfispévky tohoto ¢isla vSak zaujmou ptredev§im diky své
konkrétnosti a aplika¢nimu zacileni.

Jsem ptesvédcen, Ze toto trochu jubilejni Cislo — totiz Ctvrté ve Ctvrtém
ro¢niku — pfedstavuje sbirku velice zajimavych prispévkl pfindsejicich
pouceni.

Pteji Vam, mili Ctenafi, piijemné Cteni,

Ing. Be. Michal Vopalensky, Ph.D.
Vedouci katedry elektrotechniky a informatiky
Vysoka Skola polytechnické Jihlava
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Management of Remote Mechatronic Models

FrantiSek Smrcka, Michal Bilek, FrantiSek Zezulka

College of Polytechnics Jihlava
Department of Electrical Engineering and Computer Science

Abstract

The current paper deals with the principle of creating a reservation login system for
remote mechatronic laboratory models. By means of a web application, the student
books the periods of time when he will work with individual models. For each model,
a virtual computer runs and with its help it is possible to make experiments with
the models. The workplace lighting is automatically switched on after logging into
the model, the power supply of the model is connected, and the PLC (Programmable
logic controller) and an IP camera are switched on. A finishing script is executed
to switch off the equipment by means of an IP power controller after expirement of the
reserved time. An editorial system which allows to creating and editing users, models,
and user groups is a part of the reservation application. The entire system
is implemented in PHP (Hypertext Preprocessor) language. Data from experiments
are stored in a MySQL database. A VMWare Workstation running above the Centos
operating system is used for virtualisation of experiments.

Key words

Remote Mechatronic Models, Management, VMWare Workstation, remote laboratory,
virtual computer.

Introduction

A remote laboratory of automation technology has been used at our college for several
years[1]. The lab consists of seven mechatronic models which students can log on to
remotely and work with. So far, the system Lablink, created at the Czech Technical
University in Prague, has been used for logging in[2]. This system is not suitable
for our needs. We thus decided to create a new system with features specified
in the following text. The student books the time when he wants to work with
a laboratory model. At that time, a virtual computer is switched on, as well as the
model, lighting, a PLC (Programmable Logic Controller) based control system
and an I[P camera for monitoring the model. The student connects to the virtual
computer by means of a remote desktop and is enabled to work with the model. There
is also necessary to limit the time of remote connection in order to use the classroom
with laboratory models efficiently. The whole technology is based on the Linux
operating system and the VM Ware Workstation virtualization system [3].
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Basic characteristics of the reservation system

The application for reservation and logging into the remote desktop has the following
key features. The students can book the time for working with the models,
this reservation can be either single or periodic. The reservation can be cancelled
by the administrator. Due to utilization of the laboratory for teaching, it must
be possible to limit the period of connection time. The timetable blocking in the system
is again either single or periodical. An important feature of the reservation system
is the possibility of running the start-up script before launching the virtual computer.
This will connect the power supply of the model and its control. For example,
the model and control lighting switch IP cameras. After the booked period of time runs
out, the finishing script is executed to switch off all the devices. An editorial system
in which it is possible to create and edit users is part of the reservation application.
Thanks to user backup/recovery system it is possible to carry out a batch import
of users from or to a csv (Comma-separated values) file. It is also possible to create
and edit models in the system [4].

The user can only connect to the model. He cannot add new models. The administrator
can install software or set up the virtual computer. Another feature of the new system
is the possibility to display a selected subset of models for a certain group of students.
To prevent a student from blocking a model for too long it is possible to set the
maximum number of hours per week that the student can work with a particular model.
This limitation can also be set for a group.

The student can cancel or shorten their reservation also during the proceeding time
of reservation and thus the model is provided for further reservations.

The overall principle of the management system of the mechatronic models is shown
in Figure 1. It is based on a server with Linux operating system where the VMW
are Workstations virtualization system is installed. The system includes individual
virtual computers. Individual models are separated by virtual networks created
by means of a programmable switch.
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Fig. 1: Basic scheme of the remote mechatronic models
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There is possible to create statistics on the server of how much time students have
spent working with a model and from which IP addresses.

Fig. 2: User interface of the reservation system
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The log-in procedure

The web-based log-in application itself is implemented in the PHP language [6]. User
data and model data are stored in a MySQL database. Figure 3 shows the data model
containing, in particular, the tables of users, rights, and reservations. The User Log
table is introduced in order to gather the user access statistics. Users can have different
rights in the system. These rights are specified in the Rights table. The Model table
contains the list of models with remote access.

Fig. 3: Data model of the reservation system
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The principle of the log-in procedure is following. The student books the time
of connection (from - till). The Linux command “at” is used for launching the remote
desktop. This command is used for planning of Linux commands in real time.
By means of this command, the virtual computer is launched. For launching the virtual
computer from WMWare, the following general command is used:

vmrun start /ust/local/VMs/<virtual machine name>.vmx

Subsequently, the link with the access to the remote desktop (RDP) in the web login
application is shown to the student. At the same time, the “at” command connects
the power supply to all the required devices (see the start-up script).

Another “at” command launches the finishing script and switches off the power supply
of the model, PLC, lighting, and IP camera.
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Controlling the switch

A 3COM 4400 SE 24PTswitch is used for network branching. This switch has 24 ports
with data transfer rates of 10/100 MB/s. Another advantage is that verified users can be
automatically placed into a certain VLAN according to the model they log in. This
switch is configured so that each model and virtual computer will be in one virtual
network. This ensures that it is possible to control only the specified model from one
virtual computer.

Fig. 4: 3COM 4400 SE 24 PT switch

Operating the IP power controller

Equipment NETIO-230B 1P is used to control the power of individual models, their
lighting and IP cameras. It can be controlled remotely by means of a web interface,
via the telnet or by CGI commands.

Fig. 5: IP NETIO-230B socket

The device includes four controllable sockets and four buttons for manual control.
It supports HTTP, SMTP, SNTP, DHCP, DNS, and Telnet protocols. No special
program is needed for controlling the device. The web interface is already integrated
in the device. Control by means of web browser is carried out by a CGI script. CGI
control of the device is directed by the command in the following format:

http://<IPaddress>/tgi/control.tgi?<command >

The following examples show how to switch on and switch off the control of all
the four ports by means of a web browser with a CGI script:

http://192.168.0.100/tgi/control.tgi?l=p:user:password&port=1111
http://192.168.0.100/tgi/control.tgi?l=p:user:password&port=0000
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The following code is used for switching off the IP socket by means of a Linux script:
#!/bin/bash

# wget netio230a minimal HTTP example

#!/bin/bash

TCP_HOST=192.168.0.110

TCP_PORT=1234

exec 5<>/dev/tcp/${TCP_HOST}/${TCP_PORT}

echo -e "login admin admin\nport 1 O\nport 2 O\nport 3 O\nport 4 O\nquit" >&5
cat<&Slinux-dye3:/lablink/bin #

After logging in, the student can control the power supply of individual elements of the
model via the web interface and thus enforce, for example, the control unit restart.

Fig. 6: IP socket NETIO-230B — control by means of web interface
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Conclusion

The article describes a programmable web application which enables students to book
a time period for working with remote models. The application runs at an Apache
server, data are stored in a MySQL database. Each model can be controlled by means
of PCL (Programmable Logic Controller) or IPC (Industrial Computers), the model
operation can be inspected by an IP camera.

This system meets the requirements to enable students to connect to a laboratory model
via a virtual computer. The student books the period of time when he wants to work
with a lab model. At that time the virtual computer is launched, the model, lighting,
and PLC are switched on, and an IP camera is turned on to monitor the model.
The remote connection is limited to time when lessons do not take place in the
classroom with lab models. The whole technology is based on the Linux operating
system and the VMWare Workstation virtualization program. For each model a virtual
computer is run under the VMWare Workstation system. Linux firewall solves
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the access from the Internet. Compared to the current system, the new system can run
the start and stop scripts used for model initialization and shutdown. Furthermore,
the reservation of connection times can be periodic. In the recent time, it is possible
to work remotely with seven mechatronic models [1][5].
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StellarisLab — vyukova platforma pro predmét
Mikroprocesorova technika

Ivan Krejc¢i

Vysoka skola polytechnicka Jihlava
Katedra elektrotechniky a informatiky

Abstrakt
Prispévek popisuje koncepcni uvahy modernizace vyuky predmétu Mikroprocesorova
technika a realizaci technického vybaveni pro prakticka cviceni — platformy

StellarisLab. Jsou diskutovany moznosti tohoto pripravku a naznaceno jeho vyuZiti
v dalsich predmétech zabyvajicich se cislicovou technikou.

Kli¢ova slova

Cislicové zpracovani signalu (DSP), analogové-cislicovy a dcislicové analogovy
prevodnik (AD, resp. DA prevodnik). Mikrokontrolér, cislicova syntéza (DDS).

Uvod

V prubéhu zimniho semestru, na sklonku roku 2012, se pfi diskusich s kolegy zacalo
hovofit o nutnosti modernizace a nového pojeti predmétu Mikroprocesorova technika.
Dtivodem téchto tuvah byl technicky a technologicky pokrok v technickych
prostiedcich mikroprocesord, resp. jeji podmnoziny mikrokontrolérti, uréenych pro tzv.
zabudované aplikace, tedy pro zafizeni, ktera nejsou pocitaci jako takovymi, ale jejichz
elektronickd vybava obsahuje jednoucelovy pocita¢, ktery ftidi ¢innost zafizeni
a komunikuje s okolim. Dostupnost a masivni nasazeni modernich mikrokontrolérti
i voblasti spotfebni elektroniky vedly postupné k vyraznému poklesu jejich ceny.
Dusledkem je snaha po jejich aplikaci v nové konstruovanych elektronickych
systémech a klesajici zajem o aplikaci star§ich, méné vykonnych procesor.

Trh mikrokontrolérti ovladaji v soucasnosti procesory s redukovanym instrukénim
souborem (RISC) s architekturou ARM (Advanced RISC Machine), obsahujici jadro
Cortex. Tato architektura prosla slozitym vyvojem, stejné jako jadro Cortex, jehoz
existuje celd fada variant. Dnes tyto procesory charakterizuje zejména 32bitova Sitka
datové sbérnice a nizkd spotieba energie. Zejména energetickd vyhodnost zapticinila
rychlé rozsifeni této techniky v zafizenich napajenych z baterii, napf. v mobilnich
telefonech. V primyslu se tyto procesory nasazuji v teplotné naro¢nych prostedich
zejména proto, ze nepotiebuji ptidavné chlazeni.

Nase uvahy o nové naplni vyuky se proto ubiraly timto smérem a bylo tieba
rozhodnout, ktery z procesor ARM vybrat pro vyuku, pokud mozno jiz v letnim
semestru. Tento termin donutil pfejit od uvah k ¢iniim a kromé zhodnoceni parametrti
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vlastnich procesorti bylo nutné uvazit praktické otazky dostupnosti a znalosti
vyvojovych prostiedkii pro sestaveni a ladéni programti v cilové aplikaci.
Rozhodujicimi faktory byly, jednak znalost vyvojového prostiedi Code Composer
Studio (CCS) pouzivaného pro praci s mikrokontroléry Texas Instruments, jednak
dostupnost levné zakladni zkuSebni desky Stellaris Launchpad téze firmy, ktera
je osazena procesorem ARM s jadrem Cortex M4F. Tato deska také obsahuje emulator,
ktery spolupracuje s prostfedim CCS a dovoluje komfortni ladéni cilového programu
v procesoru desky. Toto rozhodnuti dovolilo v kratké dobé pfipravit novou napln
predmétu bez naruseni plynulosti vyuky.

Zakladni deska Stellaris Launchpad a procesor Stellaris LM4F120

Zakladni deska Stellaris Launchpad slouzi k rychlému sezndmeni s technickymi
moznostmi mikrokontrolérid Stellaris firmy Texas Instruments s architekturou ARM
ajadrem Cortex M4F. Piipona F znamena, Ze procesor je vybaven technickymi
prostiedky, které¢ dovoluji praci s datovym formatem v plovouci ¢arce. Tato vlastnost,
spolu s vnittnim uspofadanim  dovolujicim  efektivni provadéni operaci
nasobeni/akumulace, jej urCuje pro DSP aplikace v realném case. Deska je rozdélena
na dv¢ Casti, jedna z nich je osazena aplika¢nim procesorem LM4F120H5QR z rodiny
Stellaris, druha, osazena tymz procesorem, ma funkci emulatoru v aplikaci (ICE
In-Circuit-Emulator). K aplikaénimu mikrokontroléru jsou ptipojena dvé tladitka
a tfi svitivé diody pro realizaci jednoduchych aplikacnich hiicek a rozhrani USB v. 2.0,
které je v procesoru integrovano (podobné jako u vétSiny procesort ARM). Ostatni
brany procesoru jsou vyvedeny na aplikacni konektory ptistupné z obou stran desky.
Emulacni jednotka je opatfena dal$im rozhranim USB, které spojuje emulator
s pocitacem PC, opatfenym prosttedim Code Composer Studio. Toto prostiedi pracuje
v editacnim nebo ladicim rezimu. Dovoluje psani a syntaktickou kontrolu zdrojovych
textll v jazyce C/C++ nebo v jazyce symbolickych adres (v assembleru) a ladéni
programu cilové aplikace pomoci krokovani, bodlG zastaveni, zobrazeni stavu
vybranych proménnych, atd. Emulacni a aplikacni jednotku propojuje rozhrani JTAG,
které je procesorem. Desku Stellaris Launchpad ukazuje obrazek Obr. 1.

Procesor LM4F120HS5QR patti do rodiny mikrokontroléra Stellaris, ktery je schopen
pracovat s hodinovou frekvenci do 80 MHz. Jeho jadro Cortex M4F obsahuje zakladni
mikroprocesorovou jednotku MCU, emulac¢ni trasovaci modul (ETM), jednotku pro
zpracovani dat v plovouci ¢arce (FPU), jednotku ochrany paméti (MPU) a jednotku pro
tfizeni preruseni (NVIC). Pamét je rozdé€lena na nékolik blokt podle funkce a pouzité
technologie — pamét’ programu (Flash 256 kB), pamét dat (32 kB SRAM), pamét’
parametr (2 kB EEPROM) a pamét’ knihoven (ROM). V systému jsou integrovany
32-kanalovy systém piimého piistupu do paméti — DMA, programovatelné citace
a Casovace, véetné¢ dvou ochrannych typu watch-dog (WDT), fizeni spankového
rezimu, rozhrani CAN a USB a 43 vstupné-vystupnich bran pro vseobecné pouziti.
Kazda z téchto bran ma alespon jednu alternativni funkci pro vytvareni synchronnich
(SSI, I2C) nebo asynchronnich (UART) sériovych rozhrani, analogovych vstupl
pro dva zabudované analogové-Cislicové pievodniky a analogovych komparatort.
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Obr. 1: Pohled na desku Texas Instruments Stellaris Launchpad.

Blokové schéma procesoru je na obrazku Obr. 2 [1].

Vyukovy systém StellarisL.ab

Protoze zékladni deska Stellaris Launchpad neposkytuje mnoho pftilezitosti
k efektivnimu tréninku dovednosti pro praci s mikroprocesory, bylo nutné vytvorit
platformu, ktera by vytvorila dostateCny prostor pro praci s procesory
i spolupracujicimi perifernimi zafizenimi, Casto se vyskytujicimi v technické praxi
a poptipad¢ by poskytla pouziti pfi vyuce v predmétech zabyvajicich se digitalnimi
obvody a zpracovanim signalu. Na zakladé¢ pozadavkt kladenych na konstrukci
modernich ¢islicovych systémt byl vytvotfen systém StellarisLab, ktery podstatné
roz§ifuje moznosti desky Stellaris Launchpad a dovoluje vytvaret rizné méfici a tidici
systémy, a to diky vykonnému procesoru a pouzitym perifernim zafizenim. Na desce
jsou posilovaci a prizptisobovaci obvody obousmérné sbérnice tvorené Ctrnacti
jednobitovymi branami pro vSeobecné pouziti. Smér posilovacich obvodl se nastavuje
pomoci propojek na desce. Tyto vstupné-vystupni jednotky jsou vyvedeny na dva
konektory, na které lze pripojit stavajici pripravky, které jsou ve vybave laboratofe.
Déle je rozsitujici deska opatiena dvéma tlacitky pro ovladani zafizeni obsluhou,
grafickym LC displejem se zobrazenim 128 x 64 bodl, dvéma posilenymi linkami
signalt s pulzni Sitkovou modulaci (PWM), Sestnactibitovym AD pifevodnikem
vyuzivajicim modulaci SD s pfipojenim metficiho Wheatstonova mostu, osmibitovym
DA ptevodnikem a Cislicovym syntezatorem, kterym lze generovat stiidavé signaly
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Obr. 2. Zjednodusené blokové schéma mikrokontroléru Texas Instruments Stellaris
LM4F120H50R.

sinusového, trojuhelnikového a obdélnikového pribéhu v kmito¢tovém rozsahu od
ImHz do 1MHz Tyto tfi periferie se ovladaji pomoci rozhrani SSI a
programovatelného adresového dekodéru. K tréninku obsluhy rozhrani 12C je
k procesoru piipojena pamét typu FRAM opatfend pravé touto linkou. Na desce
StellarisLab je také realizovano asynchronni sériové rozhrani UART s uroviiovym
transformatorem podle standardu RS 232. Tato linka pfedstavuje alternativu linky USB
pro piipojeni k pocitaci typu PC, pokud je timto rozhranim vybaven (COM).
Pro digitalizaci signalu lze jesté pouzit oddélené vstupy obou integrovanych rychlych
dvanactibitovych AD pievodnikd pracujicich na vzorkovacim principu s postupnou
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aproximaci a dobou prevodu 1 ms. Pohled na rozloZeni jednotlivych prvkl na desce
StellarisLab je na obrazku Obr. 3.

Vstupy/vystupy 8 b

...................

.. 2 8

2 x tlacitka Vstustupy 6b

Obr. 3: Pohled na desku platformy StellarisLab ukazujici rozlozeni perifernich zarizent.

Vyukové a aplika¢ni moZnosti systému StellarisLab

Na zacatku letniho semestru 2013 byly realizovany desky StellarisLab v poctu
odpovidajicim kapacité cvi¢ebni laboratofe.

Koncept vyuky vychazel z Casu, ktery byl pro piedmét vyhrazen. To znamenalo vybrat
z materialli popisujicich procesor a programovaci prostiedi nejpodstatnéjsi témata,
ktera by dovolila pochopit zakladni moznosti procesoru a jejich vyuziti v praxi.
Tato témata byla rozdélena do Ctrnécti pfednasek a Ctrnacti cviceni.

Naplni prednasek byl na jedné strané popis vlastniho procesoru a jeho jadra, na strané
druhé princip, pracovni rezimy integrovanych periferii, pomocnych zatizeni, ¢asovani
procesoru a periferii a vlastnosti jednotlivych druhi paméti. Soucasti prednasek byl
i popis postupu programovani téchto casti mikrokontroléru pomoci jeho vnittnich
registru.

Ve cvicenich byli studenti sezndmeni s programovacim prostfedim CCS a se zaklady

techniky programovani, tj. nastaveni potfebnych vlastnosti a rezimt systému pro danou
aplikaci a vytvoreni fidiciho programu pouzitého periferniho zatizeni. Kromé toho
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byly formou doplikové prednaSky na pocatku cviceni popsany principy
a programovani externich periferii, které jsou osazeny v systému StellarisLab.

Studenti si tak mohli ovérit vlastnosti procesoru pii riznych Casovanich a poznat
vlastnosti Cislicovych vstupt a vystupti pro v§eobecné pouziti, v¢. ovladani grafického
displeje — vytvafeni knihovny alfanumerickych znak a kresleni grafu y = f{?).
Kurs dale pokracoval programovanim integrovanych citacli/Casovacli v rezimech
tvorby casovych znacek a generovani signalt PWM, pouzitelnych napf. pii fizeni
otacek stejnosmérnych motort. Nasledovala cviceni, jejichz naplni bylo programovani
sériovych rozhrani, asynchronniho (UART) pro komunikaci sPC pomoci
termindlového programu a synchronniho (SSI), které v riiznych rezimech ovladalo AD
a DA prevodniky a Cislicovy syntezator pro generovani stiidavych signalt.
Ze zabudovanych analogovych periferii bylo jedno ze cvi¢eni vénovano programovani
AD pftevodniku a jeho vyuziti ve funkci dvoukanalového voltmetru se zobrazenim
vysledkim na grafickém displeji. Z pomocnych obvodi byly ovéfeny funkce
ochranného systému watch-dog a zabudovaného vnitiniho casovace SysTick,
ktery je soucasti jadra procesoru.

Pii sestavovani programi zdmérné byly jen minimalné vyuzivany knihovny pro
obsluhu perifernich zatizeni, které jsou soucasti balicku StellarisWare poskytovaného

firmou Texas Instruments. Tento zamér sledoval sezndmeni studentii alespoii s ¢asti
z asi 800 wvnitinich registrii. Je to zplsob prace sice ponckud intelektudlné i casove

4

to casové moznosti dovolily, zafizeni byla programovana jak v bézném rezimu pomoci
fidicich podprogramti, tak vrezimu pferuseni. Aby se podminky prace priblizily
technické praxi, byla funkce periferii testovana pomoci piistroji (napt. osciloskopt),
které byly v laboratofi dostupné.

Rozsah cviceni, az na malé vyjimky, nedovolil realizovat rozsahlejsi funkéni
celky jednoduchych pfistroji a cislicovych systémii. Tim byly moznosti
systému StellarisLab vyuzity vétSinou jen na sestaveni ovladacich programui
jednotlivych periferii. Zajisté by stdlo za Uvahu vyuziti desky StellariLab
v dalSich pfedmétech k demonstraci funkce, vlastnosti a spravné obsluhy
periferii, s jejichZ principy jsou studenti v jejich rdmci seznamovani (AD a DA
ptevodniky, Ccislicovy syntezator). Dalsi vyuziti muze byt napi. v méfici
technice k stanoveni chyb AD a DA ptevodniki, praktickym ukazkam pfipojeni
snimact neelektrickych veli¢in a jejich kalibrace, k demonstraci piiklada
spravného a nespravného vzorkovani atd., v automatizacni technice ¢i robotice
k realizaci zpétnovazebnich systémi a pii vyuce <¢islicového zpracovani
signalu, nebot’ technické prostiedky systému StellarisLab umoziuji feSeni
hlavnich uloh DSP, tj. digitalizaci analogovych signalti, pfevod ¢islicovych
signalll na analogové, ¢islicovou syntézu, Cislicovou filtraci dat v redlném Ccase,
¢i komplexni Fourierovu transformaci. K takovému nasazeni je vSak potiebné
vytvofit v piipad¢ zajmu piisluSné programy.
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Zavér

Po skonceni letniho semestru a zkouskového obdobi lze provést zaveére¢nou
rekapitulaci pribéhu vyuky nového typu procesoru pomoci systému StellarisLab
a zhodnotit prvni zkusSenosti s jeho aplikaci. Co se tyCe konstrukce platformy,
ta se ukazala dosti robustni a prestdla i mnohdy necitlivé zachdzeni ze strany studentd.
Po strance vyukovych moznosti piesahuje ramec tvodniho kursu Mikroprocesorova
technika. Muze byt pouzitelna i jako zakladna pro bakalaiské projekty, s jejichz
pomoci by bylo mozné vytvotfit demonstracni pomucky pro dalsi vyukové ucely.
Vyuka probéhla bez zasadnich problémd, jedinou nevyhodou byl omezeny casovy
rozsah, ktery nedovolil bliz§i seznameni s timto modernim typem mikroprocesoru.
Pfesto pozornému posluchaci dal kurz ptilezitost nahlédnout do oblasti Sirokych
aplikacnich moznosti této techniky.
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StellarisLab — the Microprocessor Technique Training Platform
Abstract

New trends in the technology of microprocessors for embedded applications ask for
new approaches to the education of future embedded systems designers.
One of possible solutions, the microcomputer training platform taking advantage
of the ARM  Cortex based microcontroller Texas Instruments (Tl) Stellaris,
is described. Its design is discussed and example applications are demonstrated.
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Algorithms of Credit Scoring Methods
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Abstract

In this article, credit scoring methods used in certain financial institutions in the Czech
Republic are described. Two basic types of scoring are explained, the application and
the behavioral credit scoring models. These models are chiefly based on logistic
regression. Using a case obtained from an unnamed financial institution, an algorithm
of the method for calculating the percentage of the probability of the failure or
non-failure of the retail client is presented. Regression coefficients of some parameters
scorecard are also presented and we discuss which characteristics of the client have
the most or the least influence on credit risk. Due to the fact that for corporate clients
external rating is primarily used in this financial institution, we do not know the value
of the individual indicators. Thus, in this case, only the indicators that are used in
assessing the corporate client are described.

Key words

Credit scoring, logistic regression, scorecard, credit risk.

Introduction

Every institution that provides loans to customers is exposed to credit risk, that is, the
risk that the client will not repay the loan. Therefore, it is important to correctly
quantify this risk. Scoring methods are used to assess the creditworthiness of clients.
Thus, credit scoring calculates the level of the risk and reduces the level of the
subjective assessment in deciding the creditworthiness of the debtor. This technique
greatly facilitates the procedures for assessing applications, and in addition, the credit
scoring model allows a faster and easier control of the risk in the credit risk
management department. Credit scoring is one of the most reliable and consistent
techniques, which defines the level of potential risks associated with a potential or
existing debtor in an equitable manner. Traditional scoring models enable the sorting
of clients according to the likelihood of their failure which has been derived on the
base of the achieved score. The inversely proportional scale of points, which
corresponds to the probability of failure, is the standard in many financial institutions
all around the world.
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Credit scoring methods

In order to obtain a satisfied credit scoring model, numerous methods have been
proposed. These methods can be classified into parametric and nonparametric
statistical methods.

Belonging primarily among the parametric methods are:

* linear regression (using the method of least squares),

 discriminant analysis (the main method is Mahalanobis distance),

* logistic regression (the main method is maximum-likelihood estimation).
The best-known non parametric methods include:

* neural network,

e decision trees,

* linear programming (using the simplex algorithm).

Each of these methods has its advantages and disadvantages. Therefore it is always
necessary to consider which method will be suitable for the specified type of data. The
main differences between these methods are the speed of calculation, the time demands
of calculation and also possible interpretations of the output. In [10], there are
presented the most common methods used in the process of credit scoring. In practice,
the most commonly used method is logistic regression. For example the comparison of
logistic regression and the classification tree is described in [4]. Another comparison of
methods with examples see in [5]. One of the newest methods is genetic programming.
Construction of the discriminant function for credit scoring problems using genetic
programming is described in [6].

In addition, credit scoring is divided into application and behavioral methods.
The application scoring model is based on data obtained through the acquisition of new
clients, especially data from the client’s request. The basic variables used in this model
are socio-demographic variables, characteristics of the subject and also the information
from available credit registers and from the databases of debtors. The application of
this model is mainly used for acceptance or rejection of a potential debtor, by setting
credit limits, or determining the interest rate based on the risk-based pricing method.
On the contrary, the behavioral credit scoring model is based on data obtained from
information about the behavior of the debtor as a client, a customer or a creditor. Thus
it is a scoring model using data from the major accounting or transaction systems and
other databases within the financial institution. This model is primarily used for
portfolio management, monitoring and the possible adjustment of credit limits, re-
approval of certain loan products and also for setting interest rates. A special type of
this scoring model is one which supports decision-making about appropriate methods
applicable to debt collection and overdue debt obligations.

Credit scoring models have been widely studied in the area of statistics, see thesis
[2, 3, 7]. The overview of the methods used for credit scoring and the history of credit
scoring are presented in [9]. In [8] a credit scoring model for retail loans is described in
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great detail. The goal of this paper is to introduce credit scoring processes in an
unnamed building society in the Czech Republic. Because credit scoring is basically
the know-how of each company, we neither publish the name of the building society,
nor describe the process in detail. The process of credit scoring in this building society
is divided into two parts: the credit scoring of retail clients and the credit scoring of
corporate clients. This paper describes both processes, but emphasis is put on the credit
scoring related to retail clients. The method for retail clients is based on logistic
regression, which is also described here. In order to properly distinguish the different
aspects of retail credit scoring, we also provide a discussion on the indicators that are
typically important in the credit-scoring models. For clarity, the impact of individual
indicators is illustrated by an example.

We begin with the credit scoring of retail clients of that building society.

The credit scoring of retail clients

Credit scoring belongs to methods that enable the bank to predict the probability that
a customer will repay the loan. Statistical models used for retail clients, called as
score-cards, use predictor variables from application forms and other sources to yield
estimates of the probabilities of defaulting. On the grounds of applications and
experiences in the past, the bank quantifies all the variables related to the loan
applicant and to its creditworthiness. Therefore they provide a score for each of his
personal characteristics, ie. they create the score-card. Usually, the score-card
resembles a table containing a list of questions and possible answers. To each answer a
score is assigned, which usually satisfies the paradigm that “the higher the score, the
bigger the risk to be in default”. Then the scoring model assigns a total score to each
loan applicant and this represents the expected ability to repay. A decision as to both
the acceptance and rejection of a particular client is taken by comparing the estimated
probability of defaulting with a suitable threshold. Thus, the total score must be lower
than a predetermined maximum score limit in order to get a loan from the bank.
Therefore an appropriate threshold of the total score must be defined, which would
separate undesirable applicants from creditworthy ones. The appropriate limit is
determined on the basis of both the data analysis and the desired percentage of
approved applications. The resulting scoring model will be evaluated by test data and
then it will be used for processing new cases. A very important part of the scoring
process is the regular control of models.

According to the total score the bank will decide under what conditions it would
provide a loan. If the applicant’s score is on the border, it is common that the bank
provides a loan with additional terms. For example, the amount of the loan may be
reduced, the maturity changed, a guarantor added etc.

As already mentioned, in practice the most popular statistical tools for solving
classification problems are logistic regression models. Logistic regression is used for
the credit scoring of retail clients, as well as in that building society. Therefore a brief
description of this method follows.
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Logistic regression

Logistic regression is a method of mathematical statistics, which deals with estimating
the probability of a phenomenon, the so-called dependent variable, based on certain
known facts that constitute the independent variables which may affect the occurrence
of the phenomenon. The event of this phenomenon occurring is modeled by a random
variable with alternative distribution.

Let us denote Y the outcome (dependent) variable and x=(x;, x5, ... , x,) a vector of n
independent variables. Denote E (Y |x) the expected value of Y, given the value x. The

variable Y takes two values 0 and 1, which means success and failure. Linear
regression function is of the form

E(Y|x):,b’0+ﬂ1xl+,32x2+...+,3”xn. (1)

The components of the vector f=( Sy, S5, p2 ..., p.) determine characteristics which
have positive or negative effects on the variable Y. f, is a constant (often called the
error term or the disturbance term) which represents the value of the criterion when the
predictor is equal to zero. That variable captures all other factors which influence the

dependent variable. The expression (1) implies that £ (Y |x) can take on any real value.
But the outcome variable Y is dichotomous, so it is appropriate to use the logistic

distribution. Thus, we use the logistic function JZ'(X) to represent the conditional mean

of Y given x when the logistic distribution is used. The specific form of the logistic
regression model is

1 eﬁo"‘ﬂlxl +hxy+ A B,

(@)

7Z'(.X): 1+e_(ﬁ0+ﬂlxl+ﬁ2xz+“'+ﬁnxn) - 1+eﬂo+ﬁ1x1+ﬂz)‘2+--~+ﬂnxn '

JZ'(X) is confined to values between 0 and 1 and hence it is interpretable as
a probability.

The description of the logistic regression model is compiled according to Hosmer
and Lemeshow [1], see that for more detailed information.

Score-card

An example of score-card is shown in Table 1. This table includes just a few basic
characteristics. All possible characteristics cannot be published, because it comprises
part of bank confidentiality. Some items are very delicate and the applicant would not
think what impact all could have on obtaining a loan. To each characteristic are
assigned categories and corresponding regression coefficients. Such characteristics and
values of the regression coefficients are not constant, but are updated regularly.

The regression coefficient illustrates the difference between data which are specified
by a client.
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Tab 1: Score-card (own processing of data provided)

Variable Category Regression coefficient
not speglﬁed, single, 0.4230
. divorced
Marital status - .
married, widower,
0.0000
partner
<1.25 0.7359
Solvenc >=1.25and <1.62 0.6869
Y >=1.62and <2.51 0.1922
>=2.51 0.0000
Ace <24 0.6706
g >=24 0.0000
Required monthly <2000 CZK 0.2965
deposit >=2000 CZK 0.0000
Saved amount < 20000 CZK 0.4826
v B >= 20000 CZK 0.0000
N manual worker, 0.4985
Job position company owner
others 0.0000
not specified 0.4580
Leneth of ¢ =< 18 months 0.3706
ength ot curren > 18 months and < 60
employment months 0.1364
=> 60 months 0.0000

For the calculation of the item “Solvency” is used a process whereby the amount of
monthly net income is divided by the total sum of average expenses. These expenses
include a monthly subsistence minimum, monthly payments of financial commitments,
a required repayment of the loan and a monthly deposit to a building society account.

To calculate the probability that a client is default we use equation (2). In this model
parameters f3; are regression coefficients, f, is a given constant and x; can be 0 or 1
depending on the category. The calculation is illustrated in the following example.

Example 1. Consider a client who is single and 20 years old. He has worked as
a manual worker for one year now. He has not saved any money and his solvency
is 1.3. He has asked for a loan with monthly deposit of 1000 CZK. Other unpublished
characteristics of the client are considered in the calculation and the corresponding part
of the logistic regression function has been includeed into the member S, in this case.

By +Bx, +...+ B,x, =—0.9809+0.4230+0.6869+0.6706 +
+0.2965+0.4826+0.4985+0.3706 = 2.4478

62.4478
7(x)=——-=0.9204

2.4478
e
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The probability that the client will be in default is 92 %.

Thus, z(x) gives the probability that a client is default. The probability that a client will
not fail is

P(x)=1-7(x).
What is the threshold for a decision that the value of P(x) is satisfactory? In that
building society the threshold has been set by the following table.

Tab. 2: The treshold value (own processing of data provided)

the value of P(x) conclusion
P(x) < 0.05 insufficient
0,05 <P(x) <0.085 the limit value
P(x) > 0.085 sufficient

Example 2. Consider the client from Example 1. His probability not to fail is 0.0796.
Thus, as he has not passed this validation, he ends up in the group of the limit’s values.
Nevertheless, his salary may rise and consequently his solvency may change from 1.3
to 1.7. Then his probability not to fail would be 0.1242. Or after six months his
probability not to fail would be 0.0985. Thus in these cases he would achieve
a sufficient value.

Taking into account some other characteristics which are not presented in the Table 1,
for example, the length of the loan, educational background and a number of persons
in a household, we obtain the following example.

Example 3. Consider the client from Example 1. In this case, we have considered
the person who lives alone in his household, who has graduated at secondary
vocational school without a state secondary school-leaving examination and who
requires a loan with a maturity of 5 years. On the contrary, consider the client who
lives with another person in their household and who has graduated at secondary
school with the school-leaving examination. Then the probability that the client will be
in default will be 88 %. Thus, P(x) = 0.12 and the client will end up in the group of the
sufficient value.

Clients who have the sufficient probability of more than or equal to 8.5 % are passed
further to another check. As an example, we can name check in credit registers or
check the veracity of their data in their applications. One of the most important of these
inspections is control by the program SOLUS, which includes databases of defaulters.
If the client passes all these controls, then the loan is approved. Otherwise, the
assessment of the client is transferred to the Risk Management Department. There are
credit analysts who go through each item listed in the scorecard and also check the
obligations of the clients in the credit registers. Furthermore, it is based on their
assessment whether the loan will be approved or rejected.
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Indicators

It is not easy to assess the characteristics and to conclude which characteristic has the
greatest influence on the probability of being in default. It depends on all values of all
characteristics, which cannot be presented here. The characteristics are divided into
four main categories:

e Demographic indicators: age, the marital status, the number of dependants, address,
etc.

¢ Financial indicators: total assets of the borrower, the higher limit of the income of
the borrower and of the household, monthly costs of the household, solvency, saved
amount, etc.

e Employment indicators: the type of employment, the length of current employment,
the number of jobs, etc.

e Behavioral indicators: the checking account, the average balance on checking
account, loans outstanding, the number of payments per year, guarantee, etc.

The most important indicators, with the biggest differences in regression coefficients,
are of behavioral character: if a client has already had a loan and whether this loan was
successfully repaid or if he was late with some of the payments. These are very
important characteristics of a client. Thanks to bank registers, overdue payments or
previous defaults and the existence of other loans can be mapped. All these
characteristics can be seen and not only in the bank in which a client is requesting
a loan. This information is shared between all financial institutions. Young people or
students who use, for example, a credit card or overdraft are unaware of this fact and
sometimes they overrun or do not repay on time. All these facts will affect their loan
applications over subsequent years.

The other important indicators are financial indicators. These indicators indicate
the possibilities that a client will repay the loan. They represent incomes and costs
in the family and the solvency of the client. As it is evident from the Table 1, there are
big differences between the values of regression coefficients for the solvency.

Employment and demographic indicators have less importance. Employment indicators
illustrate the stability of employment and may provide a sign of the payment stability.
Table 1 shows that clients of that building society are divided into only two groups
depending on their job position. The greater risk will be considered by clients who are
manual workers or company owners. An emphasis on the length of the current
employment can be observed, too.

The category of demographic indicators is bound to various regional properties
or the difference between gender. In Table 1 the difference of the regression
coefficients for the characteristic age is evident. Statistics show that the biggest
problems with debt are held by people living in the Karlovy Vary and Usti regions.
From the perspective of banks clients who are from these two regions are almost three
times more at risk than clients from the Zlin region.
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The credit scoring of corporate clients
We continue with the credit scoring of corporate clients of that building society.

The building society has in its portfolio four legal forms of corporate clients: housing
association (HA), owners associations (OA), trade companies (TC), municipalities
(M). Loans of TC and M form quite a minor part of total loans (4 %). The vast
majority of loans are granted for the purpose of reconstruction or privatization of
a residential building. Loans which are provided to HA and OA are almost without any
risk (the amount of non repaid loans is less than 0,01 % of all these loans). The rating
of corporate clients will be performed by an external firm using an on-line application.
Data that are evaluated in the external rating are from the financial statements, as
general information related to the subject.

There is a need to calculate from the financial statements the following: the overall
liquidity, quick ratio, total debt, credit debt, credit protection indicator, the share of
long-term advances of fixed assets, etc. From other information, the size of the subject
(the number of managed or owned flats), the level of repair fund, the number of
defaulters, the economic stability of the region, etc., will be taken into account. The
values of the indicators and their weights are unknown, only the result is known.
External rating does not answer the question: whether a loan should be provided or not.
The result only further categorizes clients or in exceptional cases it has an effect on the
interest rate. Possible rating grades are: A, B+, B, B-, C+, C, C-. “A” represents
a client who is without any risk and “C-* represents a client with a very high risk of
default.

In addition to the external rating, an internal analysis is performed there, too. In this
analysis similar economic indicators are evaluated, as in the case of external rating
and other risk factors, for example, the loan amount and the repayment period, whether
the supplier of a reconstruction calls for payment in advance and whether the client has
added his own sources to the plan. In the internal analysis is primarily an overall view
of the assessment of credit transaction and risks that could jeopardize smooth
repayment. These risks are called risk transactions.

Thus, the external analysis is the first point of the assessment of a client which is
further expanded with the risks of the transaction which means the result of the internal
analysis. Then the loan approval or rejection is based on these two reports.

There is an example of the result of the external analysis in the following table.

Tab. 3: External rating (own processing of data provided)

Low risk “B”

Review:

HA has a very good ability to timely meet its financial obligations. Most of
the economic indicators show a very good financial stability. Favorable
economic conditions of the region and the parameters characterizing the
internal situation of HA give very good prerequisites for further
development.
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The maximum recommended total amount of loans with the maturity
10 years 6 963 000 CZK
15 years 9339 000 CZK
20 years 11 191 000 CZK

Results

The paper reviews the methods as to how the building society proceeds by the credit
scoring of a retail or corporate client. The article concentrates more on the credit
scoring of retail clients. The logistic regression method is described therein and the
calculation of the probability of a client to be in default is shown by examples. The
comparison of the characteristics of a client demonstrates the categories which have the
most or the least influence on the approval or the rejection of a loan.
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Algoritmy metod pro credit scoring

Abstrakt

V tomto clanku jsou popsany metody pro credit scoring pouzivané v nékterych
financnich institucich v Ceské republice. Rozlisujeme dva zdkladni typy scoringu:
aplikacni a behavioralni credit scoring. Tyto modely jsou zaloZeny predevsim na
logistické regresi, ktera je zde také popsana. Na zdkladé udajii z nejmenované financni
instituce uvadime metodu pro vypocet procentudlni pravdépodobnosti selhani, nebo
neselhani retailového klienta. Jsou zde zverejnény regresni koeficienty nekterych
parametrit skorvovaci karty a posuzuje se, které charakteristiky klienta maji nejvétsi,
nebo nejmensi viiv na uverové riziko. Vzhledem k tomu, Ze pro korporatni klienty se
vtéto financni instituci pouziva prevazné externi rating, neni znama hodnota
Jednotlivych ukazateli. V tomto pripadé tedy pouze uvadime jednotlivé ukazatele.
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Vyvoj zaméstnanosti v Kraji Vysocina

LibusSe Mértlova

Vysoka skola polytechnicka Jihlava

Abstrakt

Prispévek se zabyva vyvojem zaméstnanosti v Kraji Vysocina v letech 2000 az 2012.
Prispévek je rozdelen do dvou casti, kdy v prvni casti je zaméren na trh prace, jeho
V¥voj a vyvoj zaméstnanosti v Ceské republice. Nasledné je priblizen vyvoj ukazateli
trhu prace — miry zaméstnanosti, miry ekonomické aktivity, poctu volnych pracovnich
mist a poctu uchazecii na pracovni misto v Ceské republice. Druhd cast prispévku je
zamérena na situaci v Kraji Vysocina. Je zamérena na mikroregiony, kde zkoumd
zavislosti mezi zaméstnanosti a nezaméstnanosti vzhledem ke vzdalenosti a casové
dostupnosti krajského mésta Jihlavy z jednotlivych mikroregionu. Jsou zkoumdany
vztahy mezi dopravnimi podminkami a pocty ekonomickych subjektii v mikroregionech
a také situace v oblasti ukazatelii trhu prace v jednotlivych mikroregionech.

Kli¢ova slova

Trh prdce, nezaméstnanost, ekonomicky aktivni obyvatelstvo, dopravni podminky.

Uvod

Mezi zakladni ukazatele pracovniho trhu patii mira zaméstnanosti, vyjadiujici podil
zamestnanych obyvatel na celkovém poctu aktivnich obyvatel ve véku 15-64 let, ktera
se sleduje na zakladé vybérového Setieni pracovnich sil v jednotlivych statech EU 27.
Toto Setfeni probihd od roku 1983, kdy Setieni probihalo jedenkrat rocné, od roku 2002
se Setfeni zménilo na Ctvrtletni. Vysledky Setfeni jsou publikovany ve statistikach
Eurostatu EU LFS na zéklad¢ jednotné metodiky, kterd vychdzi z mezinarodnich
standard Mezinarodni organizace prace (ILO) a systému narodnich uctt. Ukazatel
miry zaméstnanosti se lis§i jak v ramci jednotlivych clenskych statit EU, tak i
v regionech jednotlivych statli. Na miru zaméstnanosti ma vliv celd tada faktoru,
zejména pohlavi, vzdélani, vék a charakteristiky regiontt z pohledu historického
a soucasného vyvoje, ktery generuje vznik pracovnich pftilezitosti pro obyvatele
regiond. V roce 2010 dosahla mira zamé&stnanosti v EU-27 u muzu 70,1 %, zatimco
u zen Cinila 58,2 %, kdyZ v ptedchozich letech dochazelo od roku 2002 k neustadlému
rustu tohoto ukazatele [3]. Ukazatel zaméstnanosti je dilezitym ukazatelem pro
sledovani a podporu zaméstnanosti vcelé EU. V ramci Evropské strategie
zaméstnanosti je cilem vytvaret nova pracovni mista a zvySovat jejich nabidku v celé
Evropské unii, posilit dynamiku pracovnich trhi a zvysit fizeni politiky v oblasti
zamestnanosti.
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Dal$im ukazatelem pouzivanym v oblasti pracovniho trhu je registrovana mira
nezameéstnanosti, ktera vyjadiuje pocet uchazect o praci evidovanych na uradech prace
vpoméru k celkovému aktivnimu obyvatelstvu ve véku 15-64 let. Je vysledkem
mnoha ekonomickych i demografickych  faktorti, kde se prolinaji ukazatele
charakterizujici uroven ekonomiky, i faktory demografického vyvoje obyvatelstva a
v neposledni fade€ politické zasahy a opatieni vlady. Dosahovani vysoké zaméstnanosti
apotazmo nizké nezaméstnanosti je predpokladem dostatecné tvorby hrubého
domaciho produktu (dale HDP), generovani dostatecnych ptijmu statniho rozpoctu, ale
zaroven 1isnizeni ndrokd na socialni davky a podpory v nezaméstnanosti pro
zabezpeceni socialniho smiru a maximalni zivotni urovné obyvatelstva.

Material a metody

V piispévku byly popsany vysledky analyzy sekundarnich dat ziskanych z vetejnych
portalt Eurostatu, Ceského statistického Gfadu, Ministerstva prace a socialnich véci,
Krajského tfadu Kraje Vyso&ina, Utadu prace v oblasti vyvoje zamé&stnanosti a miry
nezaméstnanosti v obdobi let 2000 az 2012 a to jak za Ceskou republiku, tak za Kraj
Vyso¢ina a nakonec i za mikroregiony. Jako mikroregiony byly vzaty obce
s rozsitenou plsobnosti (dale ORP), za které 1ze pouzit statisticka data. V dalsi casti
bylo provedeno vyhodnoceni vlivu dopravnich podminek na ekonomicko socialni
ukazatele v ORP Kraje Vysocina, zejména z pohledu kilometrové a casové vzdalenosti
od krajského mésta. K posouzeni zavislosti bylo pouzito metody korelace, porovnani
zakladnich statistickych charakteristik souboru ORP a metody stanoveni potadi.
V dalsi ¢asti vyzkumu bude provedeno vyhodnoceni ziskanych dat i metodou regresni
analyzy a vicenasobné korelace, na zavér potom bude provedena i shlukova analyza

vvvvvv

zaméstnanosti v mikroregionech ORP.
Vysledky a diskuse

3.1. Vyvoj zaméstnanosti v CR

Celkova zaméstnanost se v Ceské republice dlouhodob& drzi na tirovni okolo 65 %,
s mirnym zvysenim v roce 2007 a 2008 o zhruba 1, respektive 1,6 p.b. Zaméstnanost
zen se pohybuje na trovni 56,9 % v roce 2000 a v desetiletém vyvoji kolisa zhruba
vrozmezi 1 procentniho bodu. Mira zaméstnanosti muzi je vysS$i, pohybuje se
v rozmezi od 73,2 % v roce 2000 s naristem v letech 2007 a 2008 na 74,8 % a 75,4 %,
s naslednym poklesem v obdobi krize a hospodaiské recese na 73,5 % v roce 2010
a74,1 % v 2. ctvrtleti 2011. Zaméstnanost tésné kopiruje vyvoj ekonomiky ve
spole¢nosti, coz je viditelné na kolisani zaméstnanosti v obdobi krize a nasledné
recese, takze Ize velice obtizné stanovit celkovy vyvojovy trend. Ve struktuie
zaméstnanosti v Ceské republice pokracuje trend snizovani poétu zaméstnanci
v primarnim a sekundarnim sektoru a narGst v sektoru tercidrnim. Podle statistik
Eurostatu [3] za roky 2000 az 2010 doslo k poklesu zaméstnanosti v zemédélstvi
0 0,8 procentnich bodt z 3,4 % na 2,6 % v roce 2010, podobné v primyslu se snizila
zaméstnanost ze 42,9 % na 41,3 % a doSlo k nartistu zaméstnanosti v sektoru sluzeb
02,4 p.b. na 56,1 %. V porovnani s EU 25, EU 27 i Eurozénou ma Ceska republika
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i pfes uvedené zmény nadprimérnou zaméstnanost v sektoru priimyslu. Ta pfedstavuje
vice nez deseti procentni vyss$i hodnoty nez je prumér uvedenych zemi.

3.2. Vyvoj zaméstnanosti v Kraji Vysoc¢ina

V Kraji Vyso€ina pocet zaméstnanych v roce 2000 a 2001 ¢inil 239,3 tisic lidi, v roce
2002 se o 500 osob zvysil, avSak v letech 2004 a 2005 klesal, kdy v roce 2005
predstavoval 236,7 tisic zamestnanych osob. Nasledné v dalsich dvou letech 2006 az
2007 vzrostl pocet zaméstnanych o 11,6 tisic na 248,3 tisic osob v roce 2007. Tento
rust se zastavil uz v roce 2008, kdy se pocet zaméstnanych snizil o 500 lidi. V roce
2009 pocet zaméestnanych meziro¢ne prudce klesl o 6,7 tis. osob na 241,1 tis. osob a
vroce 2010 se tento pocet dale snizil o 2,9 tis. osob na 238,2 tis. osob a pokles
pokracoval i v nasledujicich tfech letech, kdy vroce 2012 bylo zaméstnano pouze
232,1 tisic osob, coZ je nejnizsi hodnota v obdobi od roku 1993 [4]. Pfehledné¢ je videét
situaci v grafu 1.

Graf 1: Vyvoj zaméstnanosti v Kraji vysocina v letech 2000 — 2012

Vyvoj zaméstnanosti v Kraji Vysocina v letech
2000 - 2012
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zdroj: czso.cz, zpracovani vlastni

Terciarni sektor predstavoval v roce 2012 49,21 % zaméstnanosti v kraji a predstavuje
narist proti roku 2000 o 5,04 p.b. Podil zaméstnanych v sekundarnim sektoru se ve
sledovaném obdobi snizil z44,36 % vroce 2000 na 43,9 % zaméstnanosti v kraji
v roce 2012. Primarni sektor predstavoval v roce 2012 6,8 % celkové zaméstnanosti
v kraji, coz bylo o 4,48 p.b. méné nez v roce 2000. Nejvice se na ekonomické aktivité
Kraje Vysocina podileji firmy zpracovatelského primyslu diky tradi¢ni strojirenské
vyrobé (32,1 %), ktera se v soucasné dobé zaméfuje na vyrobu komponent pro
automobilovy prumysl a pfedstavuje hlavni zaméstnavatele v kraji.

Nézorn€ o zméné ve struktuie zaméstnanosti informuje graf 2.
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Graf 2: Struktura zaméstnanosti podle sektorii v Kraji Vysocina v letech 2000 — 2012
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Pocet volnych pracovnich mist byl nejvyssi v roce 2007, kdy €inil 5 764, v roce 2008
klesl na 41,9 % a v roce 2009 bylo evidovano k 31.12. pouze 762 volnych pracovnich
mist. V letech 2010 a 2011 se projevilo oziveni poptavky na trhu prace a pocet volnych
pracovnich mist se pohyboval kolem 900. Rok 2012 reagoval na dlouhodobou recesi

ekonomiky a na trhu prace doslo opét k poklesu pracovnich mist na nejnizs$i hodnotu,
tj. 664 mist, viz graf 3.

Graf 3: Uchazeci o zaméstnani a volna pracovni mista v Kraji Vysocina v letech 2000 — 2012
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zdroj: czso.cz, zpracovani vlastni

Pocet uchaze¢li na 1 volné pracovni misto postupné klesal z 19,27 v roce 2004 na 2,81
v roce 2007, nasledné¢ doslo ke zvySovani poctu uchazect v roce 2008, zejména vSak
v roce 2009, kdy na jedno misto bylo rekordnich 37,5 uchazece, v letech 2010 a 2011
doslo k postupnému mirnému oziveni ekonomiky a snizovani poctu uchazecti, avSak
v roce 2012 dosahl pocet uchazec¢ti nejvyssi hodnoty a to 40,6 osob na volné pracovni
misto.
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Z pohledu dosazeného vzdelani nejvétsi podil nezaméstnanych na trhu prace
k31.12.2012 ptedstavuji vyuceni 49 %, pracovnici se zakladnim vzdélanim 18 %,
absolventi s uplnym stfednim vzdélanim a absolventi stfednich odbornych skol 21 %
a vysokoskolaci 6 % [5].

3.3 Vyvoj zaméstnanosti v obcich s roz$ifenou ptisobnosti v Kraji Vysocina

Vramei interniho grantu VSP Jihlava byla zkoumana zavislost mezi dopravni
infrastrukturou a zaméstnanosti a dale mezi poc¢tem ekonomickych subjekti a dopravni
infrastrukturou v ramci ORP v Kraji Vysocina. Dopravni dostupnost a dopravni
obsluznost vytvareji predpoklady pro rozvoj tzemi, zvySovani ekonomiky v regionu
a mikroregionech a zlepSovani socialni a ekonomické urovné zivota obyvatel.
Dopravni infrastruktura regioni i mikroregiont je vysledkem historického vyvoje
sidelni struktury s ustalenymi vazbami mezi dilezitymi a méné dalezitymi sidly. Na
mikroregionalni Grovni je mozno dominantni tlohu jednozna¢né ptisuzovat pouze
dvéma regionalnim procesiim, ato dojizdce obyvatelstva za praci a dojizdce za
sluzbami [2]. Podle Halédse a Klapky, ktefi provadéli analyzu regionalniho uspotadani
Ceska za pomoci modelovani prostorovych interakci pomoci Reillyho modelu [1] je
poloha Jihlavy specifickd vifidce osidleném tUzemi na pomezi vlivi dvou
nejdominantnéjsSich stfedisek, Prahy a Brna. Jihlava je povazovéana z pohledu pravidla
prostorové spravedlnosti za stfedisko s akcentovanym regionalnim vyznamem jednak
na zakladé¢ predpokladu vytvoreni dostatecné velkého regionu jak z pohledu poctu
obyvatel, tak irozlohy, coz odpovidd souCasnému administrativnimu vymezeni Kraje
Vyso¢ina. Jihlava je jediné krajské meésto, které nema charakter mezoregionalniho
centra. Kraj Vysolina je charakteristicky polycentrickou strukturou s typickym
radialnim uspotadanim vaci hlavnim jadrim kraje, kterymi jsou byvala okresni mésta
Jihlava, Ttebi¢, Havli¢kiv Brod, Pelhiimov a Zdar nad Sazavou, dale vysokou
hustotou silni¢ni sité a velkou celkovou délkou silni¢ni sité, ktera odpovida velice
rozdrobené sidelni struktuie s velkym po¢tem malych sidel.

3.3.1 Ekonomicky aktivni obyvatelstvo a zaméstnanost v ORP Kraje Vysocina

Podle wvysledkd posledniho scitani SLDB vroce 2011 ma Kraj Vysocina
505 565 obyvatel, ztohoto poctu je 243 720 ekonomicky aktivnich a znich je
220 743 osob zaméstnanych. Cely kraj je rozdélen do 15 obci s rozsifenou plisobnosti,
které predstavuji organizacni stupné statni spravy na trovni LAU 2. Nejvétsi pocet
obyvatel podle predpokladi vykazuji ORP, které funguji v byvalych okresnich
mestech, kdy nejvice obyvatel ma ORP Jihlava 97904, néasleduje Tiebic
se 74 425 obyvateli, potom Havlicklv Brod s51 787 obyvateli, Pelhfimov
s 44 814 obyvateli a Zd’ar nad Sazavou s 43 037 obyvateli. Ostatni ORP maji mnohem
méné obyvatel, kdy nejmensi je Pacov s 9 756 obyvateli, Tel¢ s 13 036 obyvateli
a Namest nad Oslavou s 13 636 obyvateli. V tabulce 1 jsou uvedeny udaje o ORP
Kraje VysocCina a o kilometrové a ¢asové dostupnosti krajského mésta.
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Tab. 1: Charakteristiky ORP v Kraji Vysocina

Ekonomicky N Podil Podil
o N . Pocet Dostupnost | Dostupnost
aktivni Zaméstnani obyvatel EAO/obyv. | zam./obyv. km Sasov
celkem At 15-64let | 15-64 let

Kraj
Vysodina 243720 220743 505565 70,10 63,49
Bystiice
nad Pern. 9061 8093 19866 66,91 59,76 68 65
Havlickav
Brod 24990 22953 51787 70,51 64,76 25 23
Humpolec 8154 7536 17344 70,31 64,98 27 30
Chotébof 10181 9331 21850 68,88 63,13 42 41
Jihlava 48481 44468 97904 71,24 65,35 1 1
Mor.
Budgjovice 11002 9394 23632 67,83 57,91 47 48
Namést’ nad
Osl. 6359 5543 13636 67,70 59,01 68 45
Nové Mésto
n.M. 8857 8001 19004 68,64 62,00 53 50
Pacov 4448 4147 9756 68,58 63,94 65 53
Pelhiimov 21717 20316 44814 70,98 66,40 32 33
Svétla n.
Saz. 9929 8834 20162 70,25 62,51 42 43
Tel¢ 6040 5333 13036 68,61 60,57 34 43
Trebid 36418 32010 74425 70,35 61,84 39 40
Velké
Mezifi¢i 17101 15480 35312 70,04 63,40 35 27
Zdar n.
Saz. 20982 19304 43037 71,06 65,38 38 42

zdroj: czso.cz, Vysledky SLBD k 26.3.2011 podle spravnich obvodd, zpracovani vlastni

Pokud budeme zkoumat ekonomickou aktivitu obyvatel — podil ekonomicky aktivniho
obyvatelstva k populaci 15-64letych (dale EAO/15-64 let) v jednotlivych ORP, nejvétsi
procento je vykazovano v ORP byvalych okresnich mést, kdy vede krajské mésto,
nasledované v tésném zavésu Zd’arem nad Sazavou a potom s odstupem nasleduji
ostatni okresni mésta. Nejmensi ekonomicka aktivita je vykazovana v ORP Bystfice
nad Pernstejnem, Nameésti nad Oslavou, Moravskych Budg&jovicich. Prumér Kraje
Vysocina v ekonomické aktivité obyvatel je 70,10 %, median je 70,04 %, smérodatna
odchylka 1,33 % a varia¢ni koeficient je 1,98 %.

Dale byla zkoumana zaméstnanost jako podil zaméstnanych k populaci 15-64letych
obyvatel vzhledem k dopravnim podminkam jednotlivych ORP. Tady uz je situace
ponekud jina, i kdyZz na prvnich tfech mistech se opét umistily ORP byvalych
okresnich mést Kraje Vysocina. Zménilo se potfadi ORP, Jihlava je na 3. misté, na
1. misté je Pelhfimov s nejvys§i zaméstnanosti, nasleduje Zd'ar nad Sazavou a Jihlava.
Havlicktiv Brod se umistil na 5. misté a Ttebi¢ az na 11. Na poslednich tfech mistech

se umistily stejné ORP jako v ekonomické aktivité obyvatel, pouze v jiném potadi.
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Primér zaméstnanosti v ORP Kraje Vysocina je 62,73 %, median 63,13 %, smerodatna
odchylka je 2,54 % a variacni koeficient je 4,05 %. Neni mozné fici, ze by se
jednoznacéné projevil vyznam krajského meésta jako nodalniho centra rozvoje. Poradi
jednotlivych ORP zpohledu ekonomické aktivity a zaméstnanosti je uvedené
v tabulce 2.

Tab. 2: Poiadi ORP podle ekonomické aktivity obyvatelstva a zaméstnanosti

Poiadi | ORP podle EAO Procento | Poradi ORP podle zaméstanosti Procento
1. Jihlava 71,24 1. Pelhfimov 66,40
2 7d’4r nad Sazavou 71,06 2. Zd’%4r n. Sazavou 65,38
3 Pelhfimov 70,98 3. Jihlava 65,35
4 Havli¢kav Brod 70,51 4. Humpolec 64,98
5 Tiebi¢ 70,35 5. Havli¢kuv Brod 64,76
6. Humpolec 70,31 6. Pacov 63,94
7 Svétla nad Sazavou 70,25 7. Velké Mezifici 63,40
8 Velké Mezifici 70,04 8. Chotébof 63,13
9 Chotébot 68,88 9. Svétla nad Sazavou 62,51

10. Nové Mésto na Moravé 68,64 10. Nové Mésto na Moravé 62,00
11. Tel¢ 68,601 11. Tiebic 61,84
12. Pacov 68,58 12. Tel¢ 60,57
13. Moravské Bud&jovice 67,83 13. Bystfice n. Pernstejnem 59,76
14. Namést’ nad Oslavou 67,70 14. Namést’ nad Oslavou 59,01
15. Bystfice n. Pernstejnem 66,91 15. Moravské Bud&jovice 57,91

Zdroj: data czso.cz, vypocty vlastni

V navaznosti na zadani interniho grantu byly zkoumany korelacni zavislosti mezi
ekonomickou aktivitou obyvatel a dopravni a casovou vzdalenosti od Jihlavy.
Korelacni zavislost mezi kilometrovou vzdalenosti ORP od krajského mésta
a ekonomickou aktivitou obyvatel je vysoka a ma hodnotu -0,8013 a zavislost mezi
¢asovou dostupnosti krajského mésta a ekonomickou aktivitou obyvatel je -0,7558. Pii
zjistovani korelacni zéavislosti zaméstnanosti na dopravni vzdalenosti od krajského
mesta je korelace -0,6083 a korelacni zavislost na asové dostupnosti je -0,5986.

3.3.2 Mira nezaméstnanosti a vyvoj poctu ekonomickych subjektitc v ORP
Kraje Vysocina

Mira nezaméstnanosti (dale MN) je pocitana k 31.12.2011 na pocet ekonomicky
aktivnich osob podle scitani SLBD k 1.3.2001 [6]. Primérnd nezaméstnanost v Kraji
Vysocina byla k tomuto datu 10,1 %, median je 9,9 procent. Smérodatna odchylka je
2,5 % a variacni koeficient 0,2 %. Nejmensi nezaméstnanost je v okrese Pelhiimov,
kde se nachazi jednak ORP s nejmensi nezamé&stnanosti a to Pacov s 6 %, tak i dvé
zbyvajici ORP s nejmensi nezaméstnanosti Humpolec a Pelhfimov. Na 4. az 6. pficce
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jsou umistény ORP Zd’ar, Havli¢kav Brod a Jihlava. Posledni ,,okresni ORP Ttebi¢
zaujimd az 13. misto a i ostatni ORP okresu Ttebi¢ jsou na poslednich pfickach
v poradi podle nezaméstnanosti (viz tabulka 3). P¥i korelovani miry nezaméstnanosti
a dopravni dostupnosti byla zjisténa kladna korelaci ve vysi 0,3578 a u korelace
nezaméstnanosti s casovou dostupnosti je hodnota korela¢niho koeficientu 0,3150, to
znamena, ze s rustem vzdalenosti od Jihlavy roste nezaméstnanost v obou piipadech.
Korela¢ni zavislost je pomérné mala, coz vypovida otom, Ze patrné existuji dalsi
faktory, které nezaméstnanost ovliviiuji mnohem vice. Muze se jednat o pocet
ekonomickych subjekti v mikroregionech nebo o existenci velkého zaméstnavatele,
ktery ma mimotadny vliv na zaméstnanost obyvatel nebo dalsi dosud neidentifikované
faktory, napt. demografické, vzdélanostni a specifické potieby trhu prace.

Tab. 3: ORP podle miry nezaméstnanosti a dopravni dostupnosti

ORP MNvV % dost. km dost. ¢as Poradi

Bystfice nad

Pernstejnem 12,2 68 65 12.
Havlicktv Brod 8,6 25 23 5.
Humpolec 7.4 27 30 3.
Chotébof 9,4 42 41 7.
Jihlava 8,8 1 1 6.
Moravské Bud&jovice 13,9 47 48 14.
Namést’ nad Oslavou 14,1 68 45 15.
Nové Mésto na Moravé 10,9 53 50 9.
Pacov 6,0 65 53 1.
Pelhfimov 6,2 32 33 2.
Svétla nad Sazavou 9,9 42 43 8.
Tel¢ 11,3 34 43 10.
Tiebic 13,1 39 40 13.
Velké Mezifici 11,5 35 27 11.
Zd'ar nad Sazavou 8,4 38 42 4.

zdroj czso.cz, vypocty vlastni

Zavaznym faktorem pro zaméstnanost, ktery je zaroven podminén dopravnimi
podminkami dané lokality, je pocet ekonomickych subjektti v jednotlivych obvodech
obci s rozsifenou pusobnosti. Nejveétsi podil (. 26,1 %) z celkového poctu 105 185
ekonomickych subjektt se sidlem v Kraji Vysocina tvoii subjekty, které se zabyvaji
obchodem, ubytovanim a stravovanim. Stale vice obyvatel nachazi uplatnéni
v pramyslu, stavebnictvi a sluzbach.

3.3.3 ORP podle poctu ekonomickych subjektiit FO a PO k 31.12.2011

Pocet ekonomickych subjekti (dale ES) je vjednotlivych ORP velice rozdilny, na
prvnich péti mistech jsou umistény ORP okresnich mést Kraje Vysoc€ina, coz vyplyva
z jejich vyznamu mistniho rozvojového centra a historického vyznamu, ktery se odrazi
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ve znaéném poctu ekonomickych subjektt jak pravnickych, tak i fyzickych osob.
Uprostied tabulky na 6. az 12. misté jsou ORP, u kterych se jedna o mista s horsi
dopravni a ¢asovou dostupnosti (s vyjimkou Humpolce a Velkého Mezitici), kde pocet
ekonomickych subjektl je 4 — 5x niz§i v porovnani s krajskym méstem. Na poslednich
ttech mistech jsou stejné ORP Pacov, Namést' nad Oslavou a Tel¢, a to jak u subjektt
FO i PO. Jedna se o mista malo atraktivni z pohledu lokalizace kapitalu do investic a to
zejména z divodu dopravni dostupnosti, nedostatku kvalifikované pracovni sily a malé
velikosti ORP.

Tab. 4: Poradi ORP podle poctu ekonomickych subjektit FO a PO k 31.12.2011

Poradi ORP Pocet firem | Poradi ORP Pocet firem | Poradi ORP Pocet firem
cel. FO PO
1. Jihlava 21121 | 1.Jihlava 16 464 | 1. Jihlava 4657
2. Tiebi¢ 15448 | 2. Tiebic 12224 | 2. Tiebic¢ 3224
3. Pelhfimov 10 368 | 3. Pelhiimov 8327 | 3. Havl.Brod 2127
4. Havl.Brod 10 339 | 4. Havl. Brod 8212 | 4. Pelhfimov 2041
5. Zd'ar n.Séz. 9295 | 5. Zd’ar n.Séz. 7607 | 5. Zd%r n.Saz. 1688
6. Vel.Mezifici 7279 | 6.Velké Meziiici 6014 | 6. Vel.Mezifici. 1265
7.Mor. Budgjovice 4423 | 7.Mor. Budgjovice 3660 | 7. Chotebot 808
8. Chotebor 4300 | 8.Chotébor 3492 | 8. Humpolec 769
9. Svétla n.Saz. 4084 | 9.Svétla n.Saz. 3393 | 9. Mor. Budgjovice 763
10.Humpolec 3 846 | 10.Nové Mésto 3126 | 10. Svétla n.Saz. 691
11.Nové Mésto 3764 | 11.Humpolec 3077 | 11.Bystfice n.Per. 673
12. Bysttice n.Per. 3730 | 12. Bystiice n.Per. 3057 | 12.Nové Mésto 638
13.Tel¢ 2759 | 13.Tel¢ 2245 | 13.Tel¢ 514
14.Namest’ 2500 | 14.Namést’ n.Osl. 2016 | 14. Namest 484
15 Pacov 1929 | 15.Pacov 1544 | 15. Pacov 385
Celkem 105185 | Celkem 84458 | Celkem 20727
pramér 7012 | pramér 5631 | pramér 1382
median 4300 | median 3576 | median 789

zdroj czso.cz, vypocty vlastni

Pro lepsi porovnani poctu ekonomickych subjektii je potieba vzit v uvahu rtznou
velikost ORP z pohledu poc¢tu ekonomicky aktivnich obyvatel, proto byl proveden
prepocet ekonomickych subjektii na pocet ekonomicky aktivnich obyvatel
v jednotlivych ORP. Pocet ekonomickych subjekti byl vztazen k poctu ekonomicky
aktivnich obyvatel ve véku 15-64 let. Udaje jsou uvedené v tabulce 5 a je zfejmé, Ze
dostavame jiny pohled na moznosti pracovnich pfilezitosti a pocet osob samostatné
vydélecné Cinnych a zaroveil i mozné vysvétleni, pro¢ je v okrese Pelhfimov a jeho
ORP nejnizsi nezaméstnanost v celém Kraji Vysocina.
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Tab. 5: Poradi ORP podle poctu ES na EAO a MNv %k 31.12.2011

Poradi ORP ES/EAO Poradi ORP MN v %

1. Pelhfimov 047741 | 1. Pacov 6,0
2. Humpolec 0,47167 | 2. Pelhfimov 6,2
3. Tel¢ 0,45679 | 3. Humpolec 7,4
4. Zdar nad Sézavou 0,44300 | 4. Zdar nad Sézavou 8,4
5. Jihlava 0,43566 | 5. Havli¢ckav Brod 8,6
6. Pacov 0,43368 | 6. Jihlava 8,8
7. Velké Mezifici 0,42565 | 7. Chotébor 9.4
8. Nové Mésto na Moravé 0,42497 | 8. Svétla nad Sazavou 9,9
9. Tiebi¢ 0,42419 | 9. Nové Mésto na Moravé 10,9
10. Chotébof 0,42236 | 10. Tel¢ 11,3
11. Havlickav Brod 0,41373 | 11. Velké Mezifi¢i 11,5
12. Bystiice nad Pernstejnem 041165 | 12. Bystfice nad Pernstejnem 12,2
13. Svétla nad Sazavou 0,41132 | 13. Tiebic¢ 13,1
14. Moravské Budéjovice 0,40202 | 14. Moravské Budgjovice 13,9
15. Namést’ nad Oslavou 0,39314 | 15. Namést’ nad Oslavou 14,1

zdroj czso.cz, vypocty vlastni

Nejvétsi pocet ekonomicky aktivnich subjektt v pfepoétu na ekonomicky aktivni
obyvatelstvo je v ORP Pelhfimov, Humpolec, Tel¢, Zd4r nad Séazavou, Jihlava
a Pacov. Na nezaméstnanost v kraji ma podstatny vliv i rozlozeni ekonomickych
subjektl v jednotlivych ORP a potom zejména jejich velikost. Korelace vztahu mezi
velikosti firem podle zaméstnancti a nezaméstnanosti v ORP je zaporna a ma
hodnotu -0,13. Kdyz se podivame na korelaci podle jednotlivych velikostnich kategorii
firem, zjistime, Ze nejvétsi vliv na nezaméstnanost maji firmy s250 az 499
zameéstnanci, kde je korelace -0,38, dale s 500 az 1000 zaméstnanci, kde je korelace -
0,27 a potom s50 az 249 zaméstnanci s korelaci -0,22. Velikostni kategorie
ekonomickych subjektti bez zaméstnancii ma korelaci -0,14, s jednim zaméstnancem
-0,07 a korelace mezi zaméstnavateli nad 1000 zaméstnanci a nezamé&stnanosti je
rovnéz mala -0,16. Celkova korela¢ni zavislost mezi velikosti ekonomickych subjekti
danou poctem pracovnikll a nezaméstnanosti je zfejma z grafu 4.

Graf 4: Korelace mezi velikosti ES a nezaméstnanosti v ORP
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Dale byl zkouman vztah mezi poctem a velikosti ES a vzdalenosti kilometrovou
a casovou od krajského mésta Jihlavy. Opét byla pouzita metoda korelacniho
koeficientu pro stanoveni tésnosti zavislosti. Je mozné konstatovat, ze zavislost je
pomérné vysoka, za Kraj Vysocina predstavuje hodnotu -0,729 z pohledu kilometrové
vzdalenosti a -0,7389 z pohledu vzdalenosti Casové. Nejvétsi zavislost a tudiz 1 vliv na
nezameéstnanost je u ekonomickych subjekt s 250 az 499 zaméstnanci, kde dosahuje
hodnotu -0,8033 u kilometrové vzdalenosti a hodnotu -0,7734 u ¢asové dostupnosti.
Na druhém misté je silnd zavislost i u firem s 50-249 zaméstnanci, kde je korelacni
zavislost u vzdalenosti v km -0,7889 a -0,8133 u Casové vzdalenosti. Na tietim misté je
potom zavislost u ekonomickych subjektii s 500 az 1000 zaméstnanci, kde i tady se
jedna o silnou zavislost -0,7209 u kilometrové vzdalenosti a -0,7657 u casové
vzdalenosti. Zavislost mezi celkovym poctem ES a vzdalenosti kilometrovou i ¢asovou
je priblizné stejna a pohybuje se ve vysi -0,731 a -0,7385.

Graf 5: Korelace mezi poctem ES a vzdalenosti v km
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Zdroj czso.cz, vypocty vlastni

Shrnuti k prispévkové organizaci

Prispévkové  organizace nadale predstavuji nejCastéj$i druh  organizace,
jejimz prostiednictvim obce a kraje plni tikoly vyplyvajici z jejich ptisobnosti.

Charakteristické znaky ptispeévkové organizace

je pravnickou osobou veiejného prava,

e vznikd na zakladé individudlniho spravniho aktu (rozhodnuti, usneseni)
zastupitelstva obce ¢i kraje,

e muze mit vzdy jen jednoho zfizovatele — neni mozné, aby vuc¢i jedné
organizaci vystupovalo vice ziizovateld,
disponuje pravni subjektivitou,

e v ramci hlavni (vefejné-prospesné) ¢innosti je neziskova,
jako pravni forma je univerzaln¢ pouzitelna a na rozdil od jinych pravnich
forem ji Ize pouzit v zasadé pro vSechny mozné veifejné prospésné Cinnosti
obce ¢i kraje,
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e nema soustavu organt, je fizena jedinou osobou — feditelem, kterého jmenuje
ziizovatel,

e pii hospodareni i nakladani s majetkem je vyrazné ovliviiovana (omezovana)
ziizovatelem,

e je napojena na rozpocet ziizovatele (mj. hospodafi s prostredky-ptispévky
na provoz z rozpoctu svého zfizovatele),

e odménovani zaméstnanci neni postaveno na smluvnim principu,
ale dle platovych tarifi v nafizeni vlady.

I pfes urcitou univerzalnost prispévkové organizace (v zadsadé pouzitelnd ve vSech
odvétvich samospravy), mély by uzemni samospravné celky vhodnost této pravni
formy posuzovat individualné a vyuzivat ji pfedevsim pro ¢innosti neziskové.

Tento prispévek vychazi zrealného prostiedi (z nerespektovani vySe uvedenych
principtt je jiz vyvozovana trestni odpovédnost piislusnych statutarnich organt).
Prostiednictvim tohoto ¢lanku ptedkladam danou problematiku k diskusi.

Zavér

Kraj Vysocina je charakteristicky polycentrickou strukturou osidleni s typickym
radialnim uspotadanim vaci hlavnim jadrim kraje, kterymi jsou byvala okresni mésta
Jihlava, Trebi¢, Havlickiv Brod, Pelhfimov a Zdar nad Séazavou, dale vysokou
hustotou silni¢ni sité, kterd odpovida velice rozdrobené sidelni struktufe s velkym

poctem malych sidel, pro které je typicka velkd délka celkové silnicni sit€ a vysoka
celkova hustota silnicni sité.

Korela¢ni zavislost mezi Kkilometrovou vzdalenosti ORP od krajského mésta
a ekonomickou aktivitou obyvatel je vysoka a ma hodnotu -0,8013 a zadvislost mezi
casovou dostupnosti krajského mésta a ekonomickou aktivitou obyvatel je -0,7558.

Pii zjiStovani korelacni zavislosti zaméstnanosti na dopravni vzdalenosti od
krajského mésta je korelace -0,6083 a korelacni zavislost na Casové dostupnosti je
-0,5986. To znamend, ze zavislost na vzdalenosti od krajského meésta je niz§i nez

vvvvvv

nez ¢asova dostupnost.

Na lokalizaci ekonomickych subjektii maji dopravni podminky podstatny vliv,
ktery se promita do jejich poctu i velikosti, tim i do zaméstnanosti v regionu a vyse
nezaméstnanosti. Korela¢ni zavislost mezi poctem a velikosti ekonomickych subjektii
a kilometrovou a cCasovou vzdalenosti od krajského meésta Jihlavy je vysoka a
predstavuje hodnotu -0,729 u kilometrové, respektive -0,7839 u casové vzdalenosti.

Na vySi nezaméstnanosti ma vétsi vliv vzdalenost v km nez ¢asova dostupnost, pokud
korelujeme zavislost mezi mirou nezaméstnanosti a kilometrovou vzdalenost, je
zavislost 0,3577, u ¢asové dostupnosti potom 0,3150.

Korelace vztahu mezi velikosti firem podle zaméstnanct a nezaméstnanosti v ORP
je pomérn¢ mala a ma hodnotu -0,13. Kdyz se podivame na korelaci podle jednotlivych
velikostnich kategorii firem, zjistime, Ze nejvétsi vliv na nezaméstnanost maji firmy
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s 250 az 499 zaméstnanci, kde je korelace -0,38, dale s 500 az 1000 zaméstnanci, kde
je korelace -0,27 a potom s 50 az 249 zaméstnanci s korelaci -0,22.

Zavislost mezi poftem a velikosti ES a vzdalenosti kilometrovou a casovou
od krajského mésta Jihlavy je pomérné vysoka, za Kraj Vysocina celkem je -0,729
z pohledu kilometrové vzdalenosti a -0,7389 z pohledu vzdalenosti ¢asové. Nejveétsi
zavislost a tudiz i vliv na nezaméstnanost je u ekonomickych subjektt s 250 az 499
zaméstnanci a u firem s 50-249 zaméstnanci. Na tfetim misté je potom zavislost
u ekonomickych subjektti s 500 az 1000 zaméstnanci, kde i tady se jedna o silnou
zavislost -0,7209 u kilometrové vzdalenosti a -0,7657 u ¢asové vzdalenosti.

Z vysledki  zkoumanych aspektii vyplyvad vyznam dopravnich podminek pro
socioekonomicky rozvoj mikroregiontl, zejména z pohledu lokalizace ekonomickych
subjektli a nasledné i vySe zaméstnanosti a nezaméstnanosti v ORP. Tyto aspekty by
mely byt zvazovany zejména pii tvorbé opatfeni v oblasti politiky zaméstnanosti a
v opatfenich strategie regionalniho rozvoje kraje.

Jako dulezité se vSak jevi pokracovat v dal$im vyzkumu i vyuzitim dalSich metod,
zejména regresni analyzy a vicenasobné korelace, ptipadné vicekriterialni analyzy.
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The Development of Employment in the Vysoc¢ina Region

Abstract

The paper deals with the development of employment in the Vysocina Region for years
2000 to 2012. The paper is divided into several parts. The first part is focused on the
labor market and the development of employment in the Czech Republic. Consequently
it describes the development of labour market indices — employment rate, economically
active population, number of vacancies and number of job applicants in the Czech
Republic. The second part is focused on the situation in the Vysocina Region.
The subsequent part is focused on the microregions, where research is conducted
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on the relation between the employment/unemployment and distance/time availability
from the Jihlava city. The paper examines effects between the traffic conditions and

number of companies in the microregion and also situation on the labor marker in the
microregion.

Key words

Labour market, unemployment, economically active population, traffic conditions.

Kontaktni udaje

Ing. Libuse Mértlova, Ph.D.

VSP Jihlava, katedra ekonomickych studii
Tolstého 16, 586 01 Jihlava



41

Analyza znalosti funkci MS Excel potifebnych
k vyuce pravdépodobnosti a statistiky

Petra Horackova
Vysoka skola polytechnicka Jihlava

Abstrakt

Prispévek predstavuje vysledky analyzy znalosti zdkladnich funkci MS Excel,
které se pouzivaji pri praktické vyuce v predmétu Pravdépodobnost a statistika
na VSPJ. Je zde casovy pohled (doba, kdy se studenti s funkci poprvé setkali),
uroven znalosti funkci a povédomi, jednd-li se o maticovou funkci. V prispévku
Jjsou i zkuSenosti s pouzitim MS Excel ve vyuce zminéného predmétu.

Klicova slova

Maticova funkce, MS Excel, pravdépodobnost, statistika.

Uvod

V ramci vyuky predmétu Pravdépodobnost a statistika, ktery je na Vysoké Skole
polytechnické Jihlava povinny pro studenty oborit Cestovni ruch a Finance a fizeni,
je pouzivan MS Excel 2010 s cilem urychlit potiebné vypocty pomoci vyuziti
statistickych a matematickych funkci, kterymi je software vybaven. Obsah vyuky
tohoto pfedmétu vychazi z [1] a studenti pfi svém studiu mohou vyuzivat opory [3].

Podle tidajii z informacéniho systému VSPJ ([6]) studijni vysledky studenti pii studiu
predmétu Pravdépodobnost a statistika jsou ve srovnani s jinymi piredméty velmi
podprimérné. Primérné si povinny predmét podruhé zapisuje 8 % studentl, zatimco
povinny pfedmét Pravdépodobnost a statistika si v lofiském roce podruhé zapsalo 33 %
studentd. Vzhledem k tomu, ze béhem cviceni studenti konzultuji s vyucujicimi
zejména otazky spojené s obsluhou programu MS Excel, nabizi se otazka,
zda neznalost nastroji MS Excel nemtze byt jednou z pii¢in vysSiho podilu
neuspeésnych studentl pti studiu tohoto predmétu ve srovnani s jinymi predméty.

Z dostupné literatury plyne, Ze se zatim nikdo nepokusil shrnout, kdy se studenti s MS
Excelem seznamuji, v jaké mife, jestli tento software dokazi aplikovat i v jinych
predmétech, nez ve kterych se uci jeho zaklady. Existuji pouze prace, které se zabyvaji
vyctem a navodem nékterych statistickych funkei, napt. [4], pfipadn€ srovndnim MS
Excel s jinym statistickym softwarem, napt. [5].

Proto jsme rozhodli realizovat prizkum mezi studenty metodou dotaznikového Setient,
jehoz cilem bylo odpovédét na nasledujici otazky:

- kdy se studenti seznamili se samotnym prostfedim MS Excel,

- kdy se naucili vytvaret vzorce a funkce,
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- jak postupuji pti praci s funkcemi v MS Excel,
- najakém typu Skoly se sezndmili s konkrétni funkci,
- jak s pfislusnou funkci umi pracovat,

- zda maji MS Excel nainstalovany i na svém vlastnim pocitaci, ktery vyuzivaji
pro piipravu na vyuku doma.

Studentim byla na zavér dotazniku polozena i jedna znalostni otazka, ktera méla
poskytnout obrazek o zakladnich znalostech maticovych funkci. Odpovéd’ na tuto
otazku byla nepovinnd, na rozdil od predchozich otazek, kde byly odpovéedi
vyzadovany nastavenim elektronické podoby dotazniku.

V dotazniku pracujeme s nasledujicimi excelovskymi funkcemi: ABS, BINOM.DIST,
COUNTIF, CETNOSTI, GEOMEAN, HYPGEOM.DIST, MAX, MEDIAN, MIN,
MODE.MULT, NORM.DIST, ODMOCNINA, PERCENTIL.INC, POCET, POWER,
QUARTIL.INC, SMODCH.P, SUMA, TRANSPOZICE, VAR.P.

Podle udajii z informa¢niho systému VSPJ ([6]) pfedmét Pravdépodobnost
a statistika v akademickém roce 2012/2013 absolvovalo 385 studenti z toho
67 % z oboru Cestovni ruch a 33 % z oboru Finance a fizeni. Populaci tvofilo
25 % muzt a 75 % zen. Dotaznik vyplnilo 190 studentt, kteti v akademickém
roce 2012/2013 absolvovali Pravdépodobnost a statistiku, 66 % studentl bylo
z oboru Cestovni ruch, 33 % z oboru Finance a fizeni. Odpovidalo 22 % muza
a 78 % Zzen. Rozdéleni respondentli tedy odpovida rozdéleni vSech studentd,
ktefi tento pfedmét v akademickém roce 2012/2013 v oborech Cestovni ruch
a Finance a fizeni na VSPJ absolvovali.

Seznameni se s MS Excel

Prevazna vétsina studentt (77 %) odpovida, Ze se se samotnym prostiedim MS Excel
poprvé seznamili na zékladni kole (7. tiida ZS nebo diiv 33 %, 8. tfida ZS 32 %,
9. tiida ZS 13 %). Praci se vzorci resp. funkcemi na ZS uvadi ale uZ jenom 45 % resp.
43 % studentl. Nejvice studentil se s vzorci resp. funkcemi v MS Excel seznamuje
v 1. roéniku SS (32 %, resp. 31 %). Sezndmeni se se zdkladnimi funkcemi v MS Excel
kopiruje hodnoty prvni vyuky vzorci. Mlzeme tedy predpokladat, ze tyto dvé Casti
se vyucuji spolecné.

Na obrazku 1 a 2 jsou znazornény typy Skol a cetnosti jednotlivych skupin.
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Obr. 1: Prvni seznameni s MS Excel
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Obr. 2: Prvni seznameni s funkcemi v MS Excel
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Tvorba funkce

Pred samotnym zjiSténim, jak studenti ovladaji konkrétni funkce, byla otazka na
samotnou tvorbu funkce. Excel nabizi vice mozZnosti, jak je vytvaret. 35 % (66)
studentl pouziva pouze syntakticky zapis (do builky za = vepiSou ndzev a parametry
funkce). Skoro stejny pocet studentd (34 %, 64) vyuziva kombinaci vlozeni funkce
pres kartu Vzorce -> Vlozit funkci, tlacitka Fe , které je umisténé mezi excelovskou
nabidkou a samotnym prostiedim jednotlivych bun¢k, a syntaktickym zapisem.

Studenti se mohli vyjadfit, jestli pouzivaji i jinou metodu, tvorby funkce v MS Excel,
ale dalsi metodu nikdo nepopsal.

Funkce vzhledem k typu Skoly

Studenti odpovidali na otazku: ,,Zaskrtnéte udaje o tom, kde jste se naucili pouZzivat
dané excelovské funkce.“ Pokud byl jiny nazev funkce ve verzi MS Excel 2007 a niZsi,
byl tento uvedeny v zavorce, napt. QUARTIL.INC (QUARTIL).

Funkce bychom si mohli rozdélit podle nejvyssich cetnosti jednotlivych typt skol.

Tab. 1: "Kde jste se naucili pouzivat excelovské funkce?" V zdavorce jsou uvedené rel. etnosti
prislusnych skupin v poradi, jaké je uvedené v levém sloupci.

Typ Skoly Sledované funkce (v %)

78, SS SUMA (46, 41)

SS, 78 MIN (53, 36), MAX (53, 35),
ODMOCNINA (56, 29),
POCET (53, 29)

VS, SS COUNTIF (57, 42), CETNOSTI
(63, 36), MEDIAN (64, 31)
VS NORM.DIST (97), SM-

ODCH.P (91), GEOMEAN
(83), BINOM.DIST (82),
VAR.P (80), HYPGEOM.DIST

(72)
Funkci TRANSPOZICE (88),
neznam MODE.MULT (83)
Jiné ABS (VS 43, neznam 31, SS

22), POWER (VS 41, neznam
31, SS 24), PERCENTIL.INC
(VS 46, neznam 40),
QUARTIL.INC (VS 64, neznam
32)

Z tabulky je patrné, ze na zakladnich a stfednich Skolach se vyucuji nejzakladnéjsi
statistické funkce (celkovy soucet, extrémy, odmocnina, pocet). Vice nez tfetina
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studenttl uvedla, Ze na SS se setkala se statistickymi funkcemi, kter¢ urcuji Cetnost
statistické proménné (COUNTIF, CETNOSTI) a téméf tietina s funkci MEDIAN.

Vyznamové podobné funkce QUARTIL (dolni kvartil — mezni hodnota oddélujici
prvni ¢tvrtinu, tj. 25 % setazenych udaji od zbytku, ptipadné horni kvartil — mezni
hodnota odd¢€lujici prvni tii Ctvrtiny, tj. 75 % sefazenych udaji od zbytku),
PERCENTIL (percentil — mezni hodnota oddé€lujici libovolné procento sefazenych
udaji od zbytku) nezna ptiblizné tietina dotazanych.

Témér tfetina studentd (31 %) nezna funkci ABS (absolutni hodnota) a POWER
(obecnd mocnina, po provedeni matematické upravy také i jako obecnd odmocnina).
S témito funkcemi se sice studenti setkavaji nejcastéji az na vysokych Skolach
(pfes 40 % dotazanych), ale bézné se pouzivaji i v jinych matematickych vypoctech.

Neznalost funkce TRANSPOZICE je dana zfejmé faktem, ze si studenti sami
nepievadéji mezi vodorovnymi a svislymi tabulkami. Tabulky bud dopliuji
v ptipravenych pracovnich listech, pfipadné si je vytvaieji podle piedlohy,
kterou si v hodinach procvicili (vétSinou svislé tabulky).

Nejméné znama funkce je MODE.MULT (ptfipadné i MODE.SNGL, v diivéjsich
verzich MODE). 83 % dotazanych studenti uvedlo, ze funkci, kterd vypisuje modus
(nejcastéji se vyskytujici hodnotu), nezna. Pricemz modus se fadi mezi nejzakladnéjsi
charakteristiky tirovné, které se pro datovy soubor zjistuji. Navic spravné vysledky
v seminarnich a jinych pracich studentd u této charakteristiky jsou vcelku dobré a jsou
srovnatelné napft. se spravnymi vysledky charakteristiky median.

Urovern znalosti prisluSnych funkei

U vSech jmenovanych funkci studenti hodnotili, jak s danou funkci umi pracovat.
Hodnoceni bylo ve Skale 1 — 5 (stejné jako ve Skole 1 — vyborné, ..., 5 — nedostatecn¢).

Funkce si mtizeme rozdelit do nasledujicich skupin podle primérné hodnoty.

Tab. 2: Rozdéleni urovné znalosti excelovskych funkci podle primérné hodnoty

Prumér | Sledované funkce

<1;2) | MAX(1,16), MIN (1,17), SUMA
(1,20), ODMOCNINA (1,21),
POCET (1,23), MEDIAN (1,58)
<2:3) CETNOSTI (2,05),

COUNTIF (2,21), GEOMEAN (2,25),
NORM.DIST (2,37), SMODCH.P
(2,43)

<3;4) VAR.P (3,04), POWER (3,12),
BINOM.DIST (3,22), ABS (3,39),
HYPGEOM.DIST (3,42),
QUARTIL.INC (3,63),
PERCENTIL.INC (3,77)

<4; 5) MODE.MULT (4,51),
TRANSPOZICE (4,64)
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Pokud mezi sebou porovname tabulku 1 s tabulkou 2, je na prvni pohled patrné, ze ¢im
déle studenti s danou funkei pracuji, tim ji Iépe ovladaji. Jako posledni jsou
MODE.MULT a TRANSPOZICE, u nichz vice nez 80 % studentd uvedlo, Ze je nezna.

Pric¢inou slabého hodnoceni nékterych funkci by mohla byt neznalost dané funkce,
pripadné jiné znaceni potfebnych vstupnich parametrt.

Slaba hodnoceni nékterych funkci mohou byt také zapfi¢inénd tim, ze 1ze postupovat
i jinym zptsobem nez pomoci dané excelovské funkce.

Napf. misto pouziti funkce CETNOSTI mizeme data tiidit seskupenim
v kontingen¢ni tabulce, POWER se da nahradit matematickym operatorem *,
TRANSPOZICI mlZeme obejit pres Kopirovat -> Vlozit jinak ->
Transponovat. Funkce @ MEDIAN, MODE.MULT, QUARTIL.INC,
PERCENTIL.INC jsou pouzitelné pouze na nettidénd data.

Maticové funkce

Zpiisob vytvareni maticovych funkci v MS Excel je jiny nez u béznych funkci. Postup
je popsany napi. v [2].

Studenti, co neznali pojem MATICOVA FUNKCE v MS Excel, nemuseli na otazku,
ktera se tykala toho, zda je/neni piislusna funkce maticova, odpovidat. Na otazku
odpovidalo nejcastéji 28 % dotazanych studentd.

Zuvedenych funkci byly maticové pouze CETNOSTI, MODE.MULT
a TRANSPOZICE, z toho posledni dvé studenti téméf neznaji (viz tab. 1).

Sledujeme pouze odpovédi u studentti, kteti védi, co je maticova funkce v MS Excel
a funkce, u nichz se na odpovédi shodla vice nez polovina takovych studentd.

Vice nez 70 % takovych studentd spravné odpovédélo, ze funkce CETNOSTI
je maticova a funkce ODMOCNINA neni. (V absolutnich Cetnostech je to ptiblizné
40 studentt, 21 % z celku.) 60-70 % studentd, kteti védi, co je maticova funkce,
spravné vi, 7e maticovymi funkcemi nejsou POCET, MIN, MAX, MEDIAN
(abs. Cetnosti 33 az 37, 17-19 % z celku). 50—60 % studentq, ktefi védi, co je maticova
funkce, spravné odpovédélo, ze maticovymi funkcemi nejsou SUMA, GEOMEAN
(abs. Cetnosti 32 a 28; 17 %, 15 % z celku).

Naopak odpovéd: ,,Nevim, jestli je maticova,” uvedlo u funkce MODE.MULT 75 %
studentd, ktefi veédi, co je maticovd funkce, (40 studentl, 21 % z celku), u funkce
TRANSPOZICE 62 % studentl (33, 17 % z celku), u funkce ABS 55 % studentt
(35,18 % z celku) a u funkce QUARTIL.INC 52 % student (28, 15 % z celku),
kteti védi, co je maticova funkce.

Pokud srovname pojem maticové funkce s typem skoly, na které se o funkci dozvédéli,
je patrné, ze studenti maji nejvetsi povédomi o ,,maticovosti u funkci, které znaji
od ZS ptip. SS.

Srovndme-li pojem maticové funkce s urovni znalosti pfislusné funkce, opét vidime
jasnou souvislost mezi vybornou urovni znalosti a povédomim o ,,maticovosti* funkce,
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resp. o nedostateCné urovni znalosti a tim, ze studenti nevédi, zda se o maticovou
funkeci jedna.

Rozebereme-li vice maticovou funkci CETNOSTI, nezné ji pouze 0,5 % (1) studenti.
Na ZS a SS s ni pracovalo 37 % studentd. Subjektivni hodnoceni viech studentt
naznacuje, ze s touto funkci nejsou zadné vétsi problémy (tab. 2). Znalost, ze funkce
je maticova, m¢lo ale pouze 23 % studentt.

Zavér

Z vysledkd dotaznikového Setfeni vyplyva, Ze vSichni studenti pro svoje vypocty maji
moznost MS Excel vyuzivat a téméf vSichni ze stfednich Skol védi, jak se obecné
s excelovskymi funkcemi pocitd. Kromé nejzakladngjSich statistickych funkei v MS
Excel (extrémy, celkové soucty, cCetnosti kategoridlnich proménnych, median,
odmocnina) se potvrdily slabé znalosti ostatnich funkci, které se v predméetu

Pravdépodobnost a statistika na VSPJ mohou pouZit. Dale se ukazalo, Ze studenti v MS
Excel maji velky problém s detekci maticovych funkci.

Pedagogicka zkusenost ze cviceni zminéného predmétu je takova, ze nékteré funkce,
se kterymi se studenti setkaji az na vysoké skole (smérodatna odchylka, rozptyl,
pravdépodobnost normalniho rozdéleni,...), se snazi vyuzit, ale ¢asto v nich chybuji,
nebot’ je neumi spravné pouzivat, piipadné neznaji jejich jednotlivé parametry.
Dale jsou tu funkce (vypocet modalni hodnoty, kvartild, percentilti, prevody
horizontalnich tabulek na vertikalni), které studenti témetf neznaji. Mozné negativni
hodnoceni u takovych funkci mtze ovSem byt dané faktem, Ze studenti pii vypoctu
pouzivaji jiny zpisob.

Diky provedené analyze mame datovy podklad zakladnich statistickych funkci z MS
Excel, které jsou potiebné pii vyuce Pravdépodobnosti a statistiky. V piipadech jiného
mozného postupu nez pomoci implementované excelovské funkce by bylo vhodné
dotaznik o takové zptisoby doplnit.

Dalsim krokem bude doplnéni dotazniku a v nasledujicim akademickém roce
opakovany prazkum pied a po skonceni vyuky pfedmétu Pravdépodobnost a statistika
na VSPJ. Cilem opakovaného prizkumu by mélo byt ovéfeni vysledki. Pomoci
stejného dotazniku se provede vyzkum znalosti excelovskych funkei také u maturanti.
Ob¢ analyzy by poté mohly slouzit jako podklad pro navrh inovace predmétu,
ve kterém by se studenti seznamili s potfebnymi funkcemi jiz v uvodu svého studia
na VSPJ.
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The contribution presents the results of basic MS Excel functions knowledge research.
The functions examined are used in teaching a subject called Probability and Statistics
at the VSPJ. The aspects examined include time, level of practical knowledge and the
ability to distinguish a matrix function. There are own experience with the usage of MS
Excel in teaching the subject in the article.

Key words
Matrix operation, MS Excel, probability, statistics.

Kontaktni udaje

Mgr. Petra Horackova

Katedra matematiky VSPJ
Tolstého 16, 586 01 Jihlava
e-mail: petra.horackova@vspj.cz



49

FLC Method for Controlling Process of Vehicle
Operation Costs Minimization
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Abstract

The paper introduces the use of fuzzy logic control (FLC) for optimization of the right
moment for maintenance of a vehicle. Outputs from the classical method become inputs
into the client failure risk tolerance model which provides effective results when high
precision is not required and the control object variables cannot be measured
or estimated precisely enough to provide only one precise output.

Key words

Decision making, fuzzy logic control, failure risk tolerance.

1. Introduction

Let us have one of the methods for minimization of operation costs with motor
vehicles. It results in finding the right point T for maintenance or substitution
of a vehicle engine so that we could get the minimum of average total costs per
operation time unit in the period of optimal technical life of the vehicle.

The method provides an output T as a function of inputs given by several experts.
The latter example shows the situation when there are two experts.

Obtained outputs T and M can become the base for further evaluation of operation
losses in consequence of too early or too late maintenance or substituting the engine -
or the vehicle as a whole, see [3].

Anyway there is a problem: each expert evaluates the input terms according to his
experience rather differently and the results — the output value M of the minimum
average costs and the following value T of the right point for maintenance — differ.
And in this case, it is possible to continue in processing these different outputs
by the FLC method (fuzzy logic control).

2. Short Description of the Classical Method
Inputs for the calculation:

FC [Kc] - fixed costs (price of the vehicle and other investment costs connected with
the vehicle);
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VCa; [Kc] — variable costs in the time a=0 km - according to i-th expert estimation
(especially unexpected maintenance costs);

VCb; [Kc] — variable costs in the time b = 100 000 km - according to i-th expert
estimation;

VCc¢; [Kc] - variable costs in the time ¢
estimation;

200 000 km - according to i-th expert

t [km] — operating time expressed by covered kilometers (unit km for time
is in compliance with international standards).

The method evaluates:

FC
1000t

a) the curve of average fixed costs AFC(t) =

[Kc/km] (independent on the experts data);

b) the curve of average variable costs AVC; (t) with the help of interpolation
by a quadratic function from three values given by the i—th expert [Kc/km];

¢) the curve of total average costs AC; (t) = AFC(t) + AVCi(t) [Kc/km];

d) the curve of Marginal costs MC; = %(AVC(t).t) made on the base of i-th expert
data [Kc/km].

Output from the calculation:

T — the time point when the curve of MC; (t) intersects the curve AC; (t) is the optimal
time for maintenace or substitution of the vehicle (engine);

M - the value of marginal costs in the time point T.

Figure 1
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CALCULATION - 2, EXPERT
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Source: [3]

(On the horizontal axis i tis necessary to multiply the unit by 10°, on the vertical axis
by 10°).

With 1-th expert: T =(3.2).10° km and M = 6,2.10° Kc/km;
With 2nd expert: T =(4,2).10° km and M = 5,2.10° Kc/km .

We can easily notice that the calculated results substantially differ. There is a question,
which expert results should be taken into account.

3. A client risk tolerance model — setting variables

The different results of the classical method show its imprecision and we have just
to admit that there is a possibility of the fatal failure even before the calculated point
of maintenance. It will be interesting to find out what a rate of risk comes out
of the final solution. The control objective of the failure risk model is for any given
pair of input variables to find a corresponding output: rate of risk— RR, and as a result
the right moment for maintenance.

Suppose that both experts outputs for T are described by the fuzzy sets E1, E2 and
output variable RR:

point of maintenance by 1st expert:
El1={A A, A3} ={LE1, ME1, HE1},
point of maintenance by 2nd expert:

E2 ={B,,B,, Bs} = {LE2, ME2, HE2},
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(these fuzzy sets are the input data for the following processing by the introduced
method),

rate of risk: RR = {C;, G5, C3} = {LRR, MRR, HRR}.

Here A; = {(t, ugp1(t) 1teU)},i =1,2,3
B ={(t, ug2 () 1teV)},j=1,2,3,
Cr=1{(t, ugr(2) 1 zeW)}, k=1, 2, 3.
The universa — sets U, V are intervals
(2 -10°,6 - 10°), the unit is km,
The univesum set W is an interval (0, 100), the unit is percent.

The size of sets U,V was consulted with the authors of [3]. It is an interval in which
a failure can appear. Then the engine is maintained even if there is no failure.
The membership functions will be of the usual triangular shape. The number of inputs
was consulted with these authors as well.

Symbols L, M, H have the following meaning: LX is LOW of X, MX is MEDIUM
of X, HX is HIGH of X, where X is E1, E2 or RR, respectively. These are fuzzy
numbers whose supporting intervals belong to the universal sets U,V or W,
respectively.

For i = 1,2, LOW means short operation time, MEDIUM means medium operation
time and HIGH long operation time,

for i=3 LOW, MEDIUM and HIGH mean low, medium or high rate of risk,
respectively.

Let us define the membership functions: (1)

5_
pip () = 3'11005 £ for 2:105 <t < 3 - 105,
=0 otherwise.
_ 5
g1 () = - for2-105 <t <3-10°,
5_
=200 for3-105 <t <4-10°,
10
=0 otherwise.
_ 5
Bug(t) ===~  for 3105 <t < 4- 105,
=1 for4-10° <t <6-10°,

=0 otherwise.
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Similarly, we define (see Figure 2)

pre2(t) =1 for 2-10° <t<3-105
s5_
:4-105 t fOI‘ 31055t$4"105’
10
=0 otherwise.
- 5
P2 (D) = ° 13(')150 for3-10° <t <4-10°,
s_
= 5-105tf0r4.1053t35_105’
10

=0 otherwise.

_ 5
Bup(0) = - f;" for4-105 <t <5-105,

=1 for5-10°< <6 10°,

0 otherwise.

and

Urr(z) =1 for0 <z < 20,

=397 £r20< z <50,
30

= 0 otherwise.

Umrr(2) = Z;jo for 20 < z < 50,

_ 80—z
30

for 50< z < 80,

=0  otherwise.

”HRR(Z) :% for 50 <z< 80,

=1 for 80 <z <100,

=0  otherwise.
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Figure 2
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Terms of input E2

Now let us set up control rules. The rules are designed to produce various outputs, i.e.
the terms of output variable, as a consequence. For each pair of input variables
(there are 9) we assume an output variable (from the different three).

Let us notice that the centers of both inputs are not the same. It reflects the different
inclinations of experts on the base of their experience.

Chart 1: Rules

B1=LE2 B,=ME2 B;=HE2
A4=LE1 LRR LRR MRR
A,=ME1 LRR MRR HRR
Az=HE1 MRR HRR HRR
Source:[1]

The examples of reading control rules:

1.

If Expert 1 suggests maintenance early (low T) and Expert 2 suggests maintenance
early (low T) then the risk of unexpected failure is low as well.

If one of experts suggests maintenance in the middle of supposed technical life
then the risk of unexpected failure is equal to the estimation of the other expert.

. If both experts suggest maintenance to the end of supposed technical life then

the risk of unexpected failure is high.

These rules stem from the real maintenance process and depend on our experience with
this process. If, for instance, our experience with some type of an engine is very good,
we admit that the risk of unexpected failure is low even in the middle of the engine
technical life.
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4. Evaluation and defuzzification

According to Mamdani control rule, see [5], the implication IF(p Aq)THEN r can be
expressed in fuzzy logic as p A q Ar =min {u 4 (t), ug(t), uc(2)}.

Let us do it now first for the antecendent part of each rule. Let us consider our outputs
from the classical method, i.e. Ty, = 3.2- 10° , Tpp=4.2- 10° , and denote

aij = pa,() A pg;(t) = min {u 4, (0, ,qu(t)} , so called strength of rules, for all
combinations of i and j in Chart 1. Using equations (1) we get a chart

Chart 2: strength of rules

uLE?2 uUME? UHE?2
uLE] 0 0 0
UME] 0 0.8 0.2
UHE] 0 0.2 0.2

source.: own
The control output of each rule is defined by operation conjunction (Mamdani)
as follows: a;; A He;; (z) = min {ai j oty (Z)} . (2
Using (2) we get
a2ty (z) =min{0.8, uye(2)}
Q3 pye(z) = min{0.2, uye(2)}
azzime(z) =min{0.2, uye(2)}
@33 pye(z) = min{0.2, uye(2)}

Now the outputs of all rules have to be aggregated in order to produce one control
output of the FLC system with membership function pi,g4)(2). For the aggregation,
it is natural to use the operator V expressing maximum.

Other aggregation operators can be possibly used, too, see [4].

Here, we use the formula for calculating the membership function of the aggregation
FLC output as follows:

Hagg (@) = V (i) Apie,(2)). 3)
where operator V denotes the operation of maximum over all pairs i,j.

In this case we get using (3)

Hagg (2) = max{min{0.8 uye(2), 0.2 uye(2) 3}, see Figure 3 .
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Figure 3

v
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Aggregated output

Now it is necessary to perform defuzzification, it means to find a single value z, that
adequately represents the membership function w,g4(2). There are more methods

of defuzzification. Here, method CAM (center of area method) is used. Geometrically
this method calculates the first abscissa of the center of the area under the curve
Hagg(2z) and along the z-axis.

It would be also possible to use integrals for this evaluation which would bring a little
better result. But it was accommodated to the technical praxis where similar
evaluations are made by numerical methods.

The interval, where p,44(2) > 0, i.e. the interval

(2-105,6 - 10°) is divided into n+1 subintervals by the points zy, ... z, and the value
7y is calculated as the weighted average of the values of the membership function
Hagg(2) as follows

ZZﬂagg (z)
Zﬂagg(z

Here we assume n=8, and the length of six subintervals is % 10°.

Zy =

B HAEH5 65+ T HB 9410

We get zp= 3 3— L = 54.1%

Sttt tistiets

It means that the risk of unexpected failure is 54.1 % and the corresponding right
time T for maintenance is 4.16 - 10° km

(which is obtained from 2.105 + 222 54.1).
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5. Conclusions

In this paper the method FLC was introduced as one of methods for evaluation
of the risk of unexpected failure before the point of maintenance evaluated differently
by two experts. It is clear that the parameters of this model may be changed depending
on the real maintenance situation. The antecendent rules can be altered as well.
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FLC metoda pro rozhodovaci proces pri stanoveni minimalizace
nakladi provozu stroje

Abstrakt

Clanek uvdadi FLC metodu pro optimalizaci spravného okamzZiku tidrzby vozidla.
Vystupy klasické metody se stavaji vstupem do modelu tolerance rizika, ktery poskytuje
efektivni vysledky v pripadeé, ze neni pozZadovana vysoka presnost a promenné nemohou
byt méreny nebo odhadnuty s dostatecnou presnosti pro poskytnuti jedinéeho presného
vystupu
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Rozhodovani, Fizeni procesu pomoci fuzzy mnozin, model tolerance rizika.
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