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PROBLEMY A METODY RIADENIA DOPRAVNYCH SYSTEMOV

PROBLEMS AND METHODS OF CONTROL IN TRANSPORTATION SYSTEMS

Zdkladnou myslienkou clanku je ukdzat rozne problémy riadenia
v dopravnych systémoch a potrebu dostupnosti vhodnych informac-
nych zdrojov. V ¢lanku je ukdzand dolezitost dopravy a jej vyznam
v modernej spolocnosti. Dalej je popisany model dopravného systému,
optimalizacné ilohy a metody ich riesenia. Potreba vseobecného
modelu ako aj Standardizdcie iidajov o dopravnej infrastruktiire a sta-
tistickych udajov o dopravnych tokoch je zdoraznend ako zdkladny
predpoklad pre optimdlne riadenie kaZdého procesu v dopravnych
systémoch.

1. Uvod

Pre kvalifikované rozhodnutia pri riadeni systémov potrebujeme
poznat informacie o stave systému, popis spravania sa systému
a mat vhodné metddy pre jeho riadenie. V sucasnej dobe sa pre
podporu rozhodovania pouzivaji informacné systémy, ktoré vyuzi-
vaju prostriedky vypoctovej techniky a ktorych tlohou je poskyto-
vat presné, uplné a aktualne informacie. Systémy na podporu
rozhodovania dovoluji modelovat spravanie sa riadenych systémov
a navrhovat ich optimalne riadenie. S rozvojom osobnych pocita-
cov a pocitacovych sieti sa tieto informacné technologie stavaju
dostupné prakticky kazdému a preto mozu byt masovo vyuzivané
v riadeni. Vacésina podnikov alebo podnikatelov pritom potrebuje
predovSetkym zaviest poriadok a rutinné spracovanie vSetkych
svojich informaénych agend, zatial ¢o priame riadenie technolo-
gickych procesov v realnom Case je zatial vysadou len niektorych
vyspelych prevadzok.

Podobna situacia je i v doprave, aj ked' pre dopravu bude asi
praca s informaciami eSte vyznamnejSia a priame riadenie proce-
sov v realnom Case zatial eSte menej pouZivané neZ vo vyrobnych
podnikoch. I v doprave v§ak mozeme nasadenie systémov pre priame
riadenie technologickych procesov ocakavat v blizkej buducnosti
a niektoré systémy sa uz bezne zavadzaju do prevadzky (palubné
pocitace na modernych trakénych vozidlach, automatizacia prvkov
zabezpecovacej techniky pre riadenie prevadzky v stanici a na tra-
tovych usekoch, riadenie prace na zvaznom pahorku a pod.). Pris-
pevok sa bude zaoberat skor siCasnym stavom riadenia na vysSich
urovniach riadenia (manaZerské alebo dispecerské riadenie), na
ktorych sa pouzivaju informacné systémy a systémy pre podporu
rozhodovania.
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The basic idea of the article is to show various problems of control
and management in transportation systems and the necessity of an
available information support. The importance of transportation and
some ideas on its significance for a modern society is reflected in the
paper. The model of a transportation system is further described to-
gether with some optimisation problems and methods how to solve
them. The necessity of a generalisation of a data model and stan-
dardisation of data on the transportation infrastructure as well as sta-
tistical data on transportation flows is stressed as a basic need for any
exact method of control in transportation systems

1. Introduction

The information about a state of a system, description of its
behaviour and suitable methods for its control are vital for any
qualified decision in control and management of systems in general.
Nowadays, decision support systems use information systems based
on computers, which should provide accurate, complete and actual
information. Decision support systems use models of behaviour
of controlled systems and allow designing optimal control of those
systems. The information technologies have become widely avai-
lable for virtually anybody with a growing use of personal compu-
ters and computer networks, so they can be used in control systems
on a mass scope. Routine data processing and information systems
are currently typical applications for a majority of enterprises and
entrepreneurs while a direct on-line control of technological pro-
cesses in real-time is usually only exclusivity in a few advanced
industrial plants.

The situation in transports is similar. For transportation com-
panies the data processing is probably even more important, and
a direct control of processes in a realtime is even less frequent
than in industrial plants. Nevertheless, the installation of direct
control systems for technological processes in transports is expect-
ed in the near future. Some systems have already been put into
operation (as board computers on modern traction vehicles, auto-
mation of parts of interlocking systems for control of operations
in a railway stations and on some railway lines, control of proces-
ses on a hump, etc). The paper will be concerned more with the
current state of control on higher levels of management (manage-
rial or dispatcher control), which uses information and decision
support systems.
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Skor ako sa budeme venovat vlastnej odbornej problematike,
moZeme sa zamysliet nad charakteristickymi vlastnostami dopravy,
z ktorych potom budeme odvadzat poziadavky na riadenie a budovat
podla nich model dopravného systému.

Doprava je sluzba, ktora zabezpecuje premiestnenie cestujucich
alebo zasielok z vychodiskového miesta do miesta uréenia v pozZa-
dovanom case a kvalite. Podrobnejsim pohladom na uvedenu defi-
niciu dopravy a na jej dalSie vlastnosti ukazeme vyznam dopravy
v kazdodennom Zzivote a nevyhnutnost ucasti Statnej spravy na
planovani a riadeni dopravnych systémov.

Typickym znakom dopravy je jej geografickd rozlahlost, ¢o
znamena, Ze neprebieha na sikromnom uzavretom priestore, ale
obyCajne na vd¢Som priestore na komunikaciach, ktoré su spra-
vidla vybudované na verejnych pozemkoch. Doprava je teda verejne
pristupnd sluzba a dopravnu infrastruktiru (napriklad cesty alebo
ulice) moze vyuzivat aj Siroka verejnost.

Dal§ou vyznamnou vlastnostou dopravy je hromadnost, ktorej
ucelom je dosiahnut ciele dopravného procesu (t. j. premiestnenia
v pozadovanom cCase a kvalite) pri vynaloZeni ¢o najmensich
nakladov. V tomto zmysle mozeme hromadnost povazovat za
typicku vlastnost dopravnych systémov a to tak z hladiska sucas-
nej prepravy viacerych zasielok naraz, ako aj z hladiska opakova-
ného vyuZzitia urcitého prostriedku v Case.

Poslednou vlastnostou, ktoru mézeme povazovat za charak-
teristicku pre vSetky dopravné systémy, je riziko (nebezpecie alebo
naklady na dopravu), ktoré treba posudzovat v SirSom vyzname.
Pretoze doprava je verejnou sluzbou, moze byt nielen vyuzivana
verejnostou ako zakaznikmi, ale ovplyviuje tiez zZivot celej verejnosti
bez ohladu na to, ¢i dopravné sluzby vyuziva alebo nie. Dopravné
nehody ohrozuju zdravie a Zivoty obcanov, mnozstvo faktorov vsak
ovplyvnuje Zivoty ob¢anov i nepriamo a dlhodobo. Ide napriklad
o vplyvy na Zivotné prostredie, kde produkcia hluku a Skodlivych
splodin nepriaznivo ovplyviiuje kvalitu Zivota. Dal§im nepriazni-
vym vplyvom je zaber pozemkov pre vystavbu dopravnych komu-
nikacii a i vtomto pripade sa zhorSuje zZivotné prostredie, dokonca
v dlhodobom horizonte, pretoZe vystavba komunikacii vazne zne-
hodnocuje kvalitu pozemkov pouzitych pre vybudovanie komuni-
kacie i pozemkov v SirSom okoli komunikacie a natrvalo narusa
cely raz krajiny.

Ako sme ukazali, doprava ma verejny charakter, a zasahuje
prakticky kazdého obcCana tak ponukou svojich sluzZieb ako aj
rizikom, ktoré je s dopravou nevyhnutne spojené a ktoré zhorSuje
kvalitu jeho Zzivota. Na doprave sa aktivne zucastiuju jednotlivi
obcania ako sukromné osoby a podnikaju v nej sukromné dopravné
firmy. Sucasne sa vSak na rozvoj dopravnych systémov (najma
v oblasti infrastruktiry) vynaklada mnozstvo Statnych prostried-
kov a existuje preto aj celospolocensky zaujem tieto prostriedky
vyuZzivat ¢o najucelnejsie. Preto moZeme rozlisit potrebu riadenia
v dopravnych podnikoch (resp. riadenia jednotlivych dopravnych
¢innosti) a riadenie na Urovni organov §tatnej spravy, ktora roz-
hoduje o pridelovani dostupnych zdrojov a stara sa o udrZanie pri-
jateIného kompromisu medzi prinosmi a rizikami dopravy.
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Before control problems are described, the characteristics of
transportation systems should be discussed. Further specifications
of a control system should be derived according to which a model
of a transportation system will be built.

Transportation is a service, which should ensure displacement
of passengers or goods from their original place to a destination
in a demanded time and with appropriate quality. A more detailed
view of this transportation definition and its characteristics will
show the importance of transportation in our everyday life and the
necessity of public administration involvement in planning and
management of transportation systems.

Transportation is typically geographically widespread, which
means, that it does not work in a private, closed space, but usually,
on a wider space such as roads, which are usually built on public
grounds. It means that transportation is a public service and the
transportation infrastructure (as roads or streets) can be used in
public.

Another important characteristic of transportation is a ‘mass
production”, which aims at attaining goals of the transportation
process (a displacement in a demanded time and quality) with
minimal costs. Mass processing can be thought of as a typical
characteristic of transportation systems from the point of view of
simultaneous displacement of many items at a time and from a re-
peated use of transportation facilities in time.

The last characteristic, which can be found as an important
one for all transportation systems, is a risk (the danger or costs of
transportation), which should be handled in a broader sense.
Transportation is a public service, which means that it can be uti-
lised not only by the public as customers, but it influences the
lives of the whole community whether they utilise or to not utilise
its services. Transportation accidents endanger the health and
lives of citizens, but many factors act on people in an indirect and
long-lasting way. This includes harmful environmental effects as
a production of noise or exhalations, which degrade the quality of
life. Further, the land use for building transport facilities should
be mentioned because transportation endangers the environment
and its effects are long-lasting. The building of transportation roads
worsens the quality of land used for roads. The quality of land in
a broader stripe along the road is deteriorated and the character
of countryside is permanently changed.

As shown, transportation is a public service and influences
practically everyone by its services as well as by risk, which is una-
voidably joined to transportation and degrades the quality of life
in general. Individuals take part in traffic on roads, and private
companies use public roads to provide transportation services.
Large amounts of public funds are spent on transportation systems
development (especially on building the infrastructure); therefore,
there is public interest in using these funds as effectively as possible.
That is why it is necessary to distinguish the problems of mana-
gement in transportation companies (or management of individual
transportation processes) and management on a level of public
administration. The public administration decides on allocation
of available funds and cares about attaining an acceptable com-
promise between gains and risks of transportation services.
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V sucasnej dobe prebieha privatizacia v mnohych oblastiach
hospodarstva a pripravuje sa alebo prebieha aj privatizacia statnych
podnikov v doprave. PretoZe po privatizacii budi mat prirodzene
jednotlivé podniky zaujem predovSetkym na ziskovom hospoda-
reni z pohladu firmy, mala by sa privatizacia dopravnych podni-
kov posudzovat aj z pohladu celospoloCenskych potrieb a Stat by
si mal v kazdom pripade ponechat urcité prdvomoci a prostriedky
pre presadzovanie tychto zaujmov v doprave.

Prostriedky, ktorymi mozZe Statna sprava radit rozvoj a pre-
vadzku dopravnych systémov, je mozné rozdelit na:

- legislativne, ktorymi je nariadované a vynucovanim poZadované
spravanie sa zucastnenych subjektov v doprave,

- ekonomické (finan¢né), ktorymi su podporované spolocensky
potrebné ¢innosti.

Pre dalSie Casti ¢lanku sa zrejme obmedzime len na moznosti
minimalizacie ndkladov na realizaciu dopravného procesu a opti-
malizaciu kvality a prinosu dopravnych sluzieb pre obcana.

Zasahy do riadenia dopravnych syst¢émov mozZeme este posudit
z pohladu delenia dopravného systému na pevnu Cast (infrastruk-
turu) a pohyblivi Cast (dopravné prostriedky, resp. dopravné pridy)
a mozeme teda robit zasahy v oblasti:

- budovania a iidrzby dopravnej infrastruktiiry a riadenia prevadzky
na verejnych komunikaciach,

- organizdcie a riadenia premiestiovacich procesov na technolo-
gickej urovni,

- zriadovania a prevddzkovania verejnych dopravnych sluZieb.

Informatika a optimaliza¢né metody sa zrejme uplatnia vo vset-
kych uvedenych oblastiach. Potencialnymi zakaznikmi pre pouzi-
vanie tychto prostriedkov budu organy Statnej spravy pre strate-
gické rozhodnutia v oblasti budovania, udrzby a prevadzkovania
infrastruktury i pre zriadovanie a prevadzkovanie sluzieb verejnej
dopravy. Podnikatelia a dopravné podniky budu mat zaujem o ich
pouzitie na znizovanie svojich nakladov pri operativnom riadeni
prevadzky.

2. Model dopravného systému a vstupné data
Cestujuci alebo prepravované zasielky budu v davkach prepra-

vované do pozadovaného ciela. Kazda skupina alebo davka bude
prepravovana pomocou uréitého do-
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Many companies in various branches of industry are to be pri-
vatised in the near future and similarly some state-owned trans-
portation companies should be privatised, too. After privatisation
the companies will naturally follow their own interests in possibly
profitable operations from their own points of view. That is why the
privatisation of transportation companies should be judged with
regard to public interests, and the public administration should
retain some rights and tools to be able to enforce public interests
in transportation.

The tools with which public administration can control deve-
lopment and operations of transportation systems can be divided
into:

- legal issues, which define and enforce a desirable behaviour of
all subjects that take part in transportation,

- economic issues (financial tools), by which generally desirable
activities can be supported.

The further parts of the article will be concerned with possi-
bilities of minimisation of costs spent on transportation processes
and on optimisation of quality and profits from transportation ser-
vices for citizens.

Moreover, the measures for control of transportation systems
can be judged from a point of view of two parts of a transporta-
tion system: a fixed part (infrastructure) and a moving part (trans-
portation vehicles or transportation flows). It means the control
measures can be taken in:

- building and maintenance of a transportation infrastructure and
control of traffic on public roads,

- organisation and control of transportation processes on a level
of technological processes,

- creating and operating public transportation services.

Information technology and optimisation methods can be used
in all of the mentioned parts. Potential users of those tools are
public administration offices, which can use them for strategic
decisions in development, maintenance and operations on a tran-
sportation infrastructure and for creating and operating public
transportation services. Entrepreneurs and transportation compa-
nies will be interested to use those tools in a direct control of ope-
rations to decrease their operational costs.

2. Model of a transportation system and input data
Passengers and transported goods will be moved in batches to

their desired destination. Every group or batch will be carried using
a certain transportation vehicle.

pravného prostriedku. Vozidla alebo Transportation The vehicles or other transporta-
iné dopravné prostriedky tvoria spolu system tion means together with trans-
s prepravovanymi zasielkami po- ported goods create the moving
hyblivii Cast dopravného systému, - - part of a transportation system
ktoru nazyvame dopravné pridy. Infrastructure Transportation Control and or transportation flows.

flows management

Dopravné prostriedky sa pohy-
bujii po dopravnych komunikaciach | Nodes | | Edges |
(po cestach, zelezni¢nych tratiach,
vodnych cestach a pod.) Dopravné

Obr. 1. Clenenie dopravného systému
Fig. 1. Transportation system

Transportation vehicles move
along the transportation roads
(as roads, railroads, waterways
etc.) Transportation roads create
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komunikacie tvoria pevnu Cast (infrastruktiru) kazdého doprav-
ného systému a nazyvame ju dopravnd siet. Vybudovanie a udrzba
dopravnych komunikacii su zakladnou podmienkou funkcie kaz-
dého dopravného systému, pretoZze umoznuju rychlejsie a hospo-
darnejsie premiestnovanie vozidiel, ako keby sa kazdé vozidlo pohy-
bovalo fubovol'ne po neupravenom teréne svojou vlastnou cestou.
Dopravnu siet mozeme dalej delif na uzly a useky siete, ako je
ukazané na obrazku 1.

2.1. Udaje o dopravnej sieti a GIS

Udaje o dopravnej sieti tvoria zaklad popisu kazdého doprav-
ného systému. Dopravna sief v mnohom pripomina graf ako ho
pozname z teorie grafov a pre niektoré ulohy je takato predstava
dostatoc¢na. V dopravnom systéme vsak prebieha rad technologic-
kych ¢innosti, ktoré nie su v teorii grafov uvazované a nemozu tam
preto byt modelované. Napriklad po usekoch siete sa pohybuju
vozidla v dopravnych pridoch. Kazdé vozidlo resp. cely dopravny
prud su popisané ako dynamické systémy a skiimanie ich spravania
je samostatnou problematikou. Podobne v uzloch siete dochadza
k zhromazdovaniu a triedeniu zasielok a k dalsim technologickym
¢innostiam, ktoré treba modelovat.

Dopravna siet bude vzdy zadavana svojou topologiou, t. j.
svojimi uzlami a usekmi, ktoré spajaju jednotlivé uzly siete. Vo
vacsine aplikacii bude dolezitou informaciou aj popis grafického
motivu usekov, a preto je Casto vyhodné pouzif pre udrzovanie
a zobrazovanie udajov o dopravnych sietach geografické infor-
macné systémy (GIS). V GIS su zakladnymi udajovymi prvkami
grafické bodové, liniové a plosné objekty, ku ktorym mdze byt pri-
radeny lubovolny pocet alfanumerickych atributov. To zodpoveda
potrebam modelovania dopravnej siete, ked napriklad kazda cesta
moze mat zadanu Sirku, dizku medzi dvoma susednymi kriZovat-
kami, maximalnu povolenu rychlost alebo kapacitu a pod. GIS dalej
dovoluje (resp. je jeho zakladnou vlastnostou) pracu so vztahmi
medzi jednotlivymi prvkami, ktoré su popisané topologiou siete.

V geografickych informacnych systémoch pouzivame zakladné
grafické prvky:

- bod, ktory je definovany svojimi siradnicami (X, y) v rovine,

- ciara (Gsecka), ktora sluzi na spojenie dvoch bodov alebo lomend
Ciara na spojenie viacerych bodov v rovine,

- plocha, ktora je ohraniCena uzavretou krivkou alebo uzavretou
lomenou ¢iarou.

Pre dopravny systém budu uzly reprezentované bodmi v GIS
a useky budu reprezentované Ciarami alebo lomenymi Ciarami.
Priradenie atributov moze pre uzly siete znamenat napriklad mena
uzlov alebo ich kapacitu, zadanie atribtitov isekov moze podobne
sluzit pre informacie o dizke seku, jeho kapacite alebo pre &islo
(pomenovanie) useku. Viaceré GIS obsahuju aj procedury pre
rieSenie niektorych optimalizacnych tloh na sietach ako je hlada-
nie ciest na sieti, umiestinovanie stredisk a pod.
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a fixed part (infrastructure) of every transportation system or
a transportation network. The building and maintenance of trans-
portation roads is the basic condition for the functioning of any
transportation system, because it allows faster and more effective
motion of vehicles in comparison with a situation when every
vehicle would move off-road its own way. A transportation network
can be further divided to nodes and edges as shown in Fig. 1.

2.1. Data on transportation networks and G.I.S.

Data on a transportation network create a basis for the des-
cription of every transportation system. A transportation network
seems to be the same structure as a graph known from the graph
theory and for some problems this similarity can be utilised. But
many diverse technological processes are to be run in transporta-
tion systems and these processes are not acceptable in a graph
theory and cannot be processed there. For instance, vehicles move
along the edges of a transportation network in transportation
flows. Every vehicle and/or the whole transportation flow are
described as a dynamical system, the behaviour of which is to be
investigated as a problem by itself. Similarly, the transported items
are accumulated and sorted in nodes of a network and these pro-
cesses together with other technological activities are again to be
modelled on transportation networks.

A transportation network will be defined by its topology, which
means by its nodes and edges connecting the nodes of a network.
Another important aspect in many applications is a graphical shape
of edges and that is why it is suitable to use geographical infor-
mation systems (GIS) to store and visualise the information on
transportation networks. Basic data items in GIS are points, lines,
and areas and any number of alphanumerical attributes can be
assigned to each of those items. It complies with needs of a trans-
portation network modelling when, for instance, every road can
have assigned data on its width, length or capacity, etc. GIS further
allow (or better to say it is a basic feature of those systems) using
topological relations among elements of a transportation system.
These relations are defined by topology of a network.

As mentioned, the basic graphical items used in geographical
information systems are:
- point, defined by its X and Y co-ordinates in a plane,
- line, which defines a connection among two points or a polyline
which is used for a connection of more points in a plane,
- area, defined by a closed curve or a closed polyline.

Points in GIS will represent nodes in transportation systems
and lines or polylines will represent edges. The assignment of at-
tributes for nodes of a network may be used (among others) for
names of nodes or their capacity. The attributes of edges can simi-
larly be used for information on its length, its capacity, its name
or number. Many GIS offer some procedures for solving basic
optimisation problems on networks such as finding paths on
a network, location of centres, etc.
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2.2. Udaje o dopravnych pridoch

Dopravné prady su pre riadenie a planovanie v doprave rovnako
dolezité ako popis dopravne;j siete. Dopravny systém by mal - pokial
mozno - dobre plnif poziadavky zakaznikov a tento ciel mozeme
dosiahnut len ked poziadavky zakaznikov pozname. Poziadavky
mozu byt kvantifikované zadanim intenzit dopravnych prudov.
Podobne potrebujeme poznat intenzity dopravnych prudov aj pre
kontrolu prevadzky a zataZenia dopravnych komunikacii.

Tiez skimanie dynamického spravania sa vozidiel v dopravnych
prudoch a modelovanie prebiehajucich technologickych procesov
pri spracovani zasielok vyZaduji zadanie informacii o pohyblivych
¢astiach dopravného systému. Udaje o dopravnych prudoch su
alfanumerické udaje, ktoré mozu byt pridelené ako atributy usekom
siete alebo mozu byt urcené pre kazdu relaciu medzi dvoma uzlami
siete. Z hladiska pripravy a spracovania informacii mozu byt takéto
udaje spravované beznym databazovym systémom.

3. Prostriedky a metody riadenia dopravnych procesov

Riadenie v doprave ma ¢iasto¢ne odliSné poziadavky oproti
riadeniu niektorych vyrobnych systémov. Budeme sa, samozrejme,
usilovat riadif dopravny systém tak, aby sme optimalne vyuzivali
dostupné prostriedky a aby sme minimalizovali naklady vynalozené
na realizaciu prepravného procesu. Prvotnou tlohou riadenia vsak
bude (alebo by aspon mala byt) bezpecnost prevadzky. Uz v tivode
sme pripomenuli, Ze doprava je verejnou sluzbou, prebieha na verej-
nych priestoroch a dopravné nehody predstavuju vazne ohrozenie
zdravia a Zivotov ob¢anov. Preto musi byt bezpecnost premavky
prvoradym cielom a optimalizacia hospodarnosti prevadzky moze
byt reSpektovana az ako druhotny ciel.

Bezpecnu prevadzku dopravnych systémov sa snazime zabez-
pecCit vytvorenim legislativneho ramca, ktory nuti ucastnikov pre-
mavky spravat sa tak, aby sa riziko ohrozenia ostatnych ucastnikov
premavky aj celej verejnosti o najviac znizilo. Pre hospodarne
vyuzivanie prostriedkov a minimalizaciu nakladov potom pouzi-
vame cely rad metod a postupov od intuitivneho rucného riadenia,
cez riadenie s podporou pocitaca az po automatické riadenie poci-
tacom.

V doprave bude prevazovat riadenie na Urovni spracovania
informacii spravovanych v informaénych systémoch. Udaje o do-
pravnej infra§truktire pritom moézu sluZit pre jednoduché tlohy
ako je vyhladavanie ciest na sieti, ulohy obchodného cestujuceho,
lokacia a alokacia stredisk. S vyuzitim udajov o dopravnych prudoch
mozZeme dalej riesit dopravnu ulohu a tlohu navrhu sieti. Modely
uvedenych uloh moézu byt vyuzité v mnozstve praktickych problé-
mov ako je financovanie rozvoja dopravnej infrastruktiry a doprav-
nych sluzieb alebo optimalizacia nakladov na realizaciu doprav-
ného procesu.

Z hladiska pouzitych postupov by sme este mohli pripomentt,
Ze optimalizaciu riadenia mozeme robit najroznejs$imi postupmi:
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2.2. Data on transportation flows

Transportation flows are as important for control and mana-
gement in transports as the data on a network infrastructure.
A transportation system should serve customers and this goal can
be fulfilled only if demands of customers are known. The demands
can be quantified by intensities of transportation flows. These
intensities must be known, also, for verifying traffic capacity and
the level of exploitation of transportation roads.

The analysis of dynamical behaviour of vehicles in transpor-
tation flows and creation of models of technological processes in
transportation systems demand information on moving parts of
a transportation system. Data on transportation flows are alpha-
numerical data, which can be assigned as attributes to edges of
a network or can be defined for each relation between two nodes
of a network. Input and processing of data on transportation flows
can thus be done using a commercial database system.

3. Control tools and methods for transportation processes

Control of transportation processes is slightly different from
the control in production systems. A transportation system should
be controlled so that the available resources will be used in an
optimal way and the costs of transportation processes should be
minimal similarly as in production systems. But the priority goal
in a control of transportation systems must be (or at least should
be) the safety of traffic. As mentioned in the introduction, trans-
portation is a public service, it runs in a public accessible space
and traffic accidents represent a serious danger for the health and
lives of citizens. That is why traffic safety must be a priority goal,
and any optimisation of efficiency of a system can be respected
only as a secondary goal.

Safe traffic in transportation systems is to be attained by a sui-
table, legal frame, which enforces such behaviour of traffic parti-
cipants that the risks of endangering other people involved directly
in traffic or just passively using the public space will be as low as
possible. The effective use of transportation means (roads and
vehicles) and minimisation of transportation costs can be managed
using a number of known methods and approaches from an intu-
itive control by a human operator and control with a decision
support systems to a fully automatic control by computer.

A control on a level of processing information from information
systems will be the prevailing type of control in transportation
systems. Data on a transportation infrastructure can be used for
simple tasks such as finding the shortest path in a network, tra-
velling salesman problem or location of centres and allocation of
demands to centres. Further problems, such as a transportation
problem or a network design, can be solved using data on tran-
sportation flows (together with data on networks). Models of all
those problems can be used for solving many different practical
tasks such as optimal financing of development and maintenance
of a transportation infrastructure, financing of public transporta-
tion services or optimisation of transportation processes costs.

From a point of view of used principles, it should be mention-
ed that optimal control can be achieved by various approaches:
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- rucné riadenie sa v doterajSej praxi osvedc¢ilo a ma relativne
dobré vysledky, ktoré su zalozené na dlhodobej skusenosti ria-
diacich pracovnikov a na ich zodpovednosti; zavedenie pocita-
¢ov dovoluje tuto vysoko kvalifikovani a zodpovednu pracu
postupne nahradzat,

- exaktné a heuristické optimalizacné metédy dovoluji preskimat
vel'ké mnoZstvo alternativnych rieSeni, ktoré by ¢lovek nedokazal
vyhodnotit v prijatelnom Case, obmedzenim je nelahka forma-
lizovatelnost niektorych problémov, ¢o vedie k nutnému zjed-
noduseniu pouzivanych modelov a z toho plynucej nepresnosti
vysledkov alebo nemoznosti rieSenia problému optimalizaénymi
metodami,

- interaktivne metody rieSenia su zaloZzené na spolupraci operatora
s pocitacom a dovoluju tak odstranit nedostatky predchadzaju-
cich dvoch postupov: poskytuji vypoctovy vykon pocitaca a intu-
itivne schopnosti operatora, ktory pripadne moze pri vybere
rieSeni uplatnit aj dalSie neformalizovatelné podmienky,

- simulacné metody sa pouzivaju obycajne pre skimanie systémov
so stochastickym spravanim sa, t. j., Ze niektoré z ¢innosti maju
nahodny charakter, moZeme simulovat dopravné systémy na
roznej urovni podrobnosti popisu od hrubého modelu celého
dopravného systému az po simulaciu dynamického spravania sa
jednotlivych vozidiel alebo dokonca len ich Casti, velmi atrak-
tivna a uzitocna je animacia simulovaného systému, ktora dovoli
sledovat prebiehajlice ¢innosti na grafickom vystupe,

- metody umelej inteligencie sa pouZivaju tam, kde riadenie vyzaduje
prehladanie velkého mnozstva moznosti vzajomne viazanych
logickymi podmienkami; metody umelej inteligencie obycajne
nie su vel'mi efektivne pre Ciselné rieSenie optimaliza¢nych pro-
blémov, ale dokazu analyzovat mnoZstvo podmienok rieSeni,
ktoré mozu byt zadané pomerne jednoduchymi deklaraciami
pravidiel a faktov.

Existuje teda rad metdd a postupov pre rieSenie optimalizac-
nych uloh, resp. uloh riadenia dopravnych procesov. Pre kazdu
ulohu potrebujeme kvalitné vstupné udaje, model rieSenej tlohy
a metodu riesenia. Udaje popisu dopravnej siete a dopravnych
pridov st obyCajne rozsiahle a preto sa treba snaZzit o viacnasobné
vyuzitie ziskanych udajov, resp. vytvoreného modelu. Modely by
teda mali byt univerzalne a dovolovat riesenie pokial mozno vset-
kych uloh a pomocou vsetkych uvedenych postupov. Takato pozia-
davka je, samozrejme, asi prili§ striktna a prili§ naro¢nd, avSak
moze sluzit aspon ako urcita idea, ktoru sa budeme snazit usku-
tocnit.

Na zaver by sme mohli eSte spomenut, ze vel'ka roznorodost
nie je len v pouzivanych metodach rieSenia, ale mdZeme ju ukazat
aj na moznostiach praktického vyuzitia a praktickej interpretacie
uvedenych tloh. Napriklad navrh sieti je asi najtaz§ou optimali-
zacnou ulohou, v ktorej hfadame najlepsi variant vystavby dopravnej
siete tak, aby prepravné poziadavky medzi uzlami siete boli obslu-
Zené s minimalnymi nakladmi a rovnako naklady na vystavbu siete
aby boli pokial mozno minimalne. Model ulohy navrhu sieti potom
mozZeme pouzif pre rozne praktické problémy ako su:

- vystavba novej cesty alebo tseku cesty,
- prestavba cesty nebo trafového useku pre zvySenie jeho kapa-
city, technickej rychlosti a pod.,

KOMNIKCCle

C O M M UNICATI ON:S

- human operator control is well established in contemporary
systems and it works with good results, which are given by
a long experience of operators and by their responsibility; the
installation of computers gradually replaces this highly quali-
fied and responsible jobs,

- exact or heuristic optimisation methods allow to evaluate a huge
number of variant solutions, which would be impossible for
a human operator; limits of this approach are set by the impos-
sibility of a formal definition of some problems and conditions,
which leads to a necessary simplification of used models and
imperfection of attained results or to the impossibility of
a problem solution by optimisation methods,

- interactive methods are based on a cooperation of a human ope-
rator with a computer system, in this way many shortages of the
former approaches can be eliminated: the computer provides
a sufficient performance, while a human operator will use his
intuition and can choose a suitable solution with respects to
further preconditions which can hardly be described formally.

- simulation methods are used usually to work with stochastic
systems, which means with systems where activities have sto-
chastic nature; transportation systems can be simulated on a dif-
ferent level of detail from a rough model of a whole transporta-
tion system to a detailed simulation of individual vehicles or their
parts with a full description of their dynamic behaviour; very
attractive and useful is a visualisation and animation of the simu-
lated system, which allows to follow all the activities in a graphi-
cal output.
artificial intelligence methods are used primarily in cases when
control of a system demands looking through a vast number of
combinations mutually joined by logical conditions; the methods
of artificial intelligence are usually not suitable for numerical
solution of optimisation problems, but they can analyse a number
of conditions, which can be defined by a quite simple declara-
tions of facts and rules.

So there are many methods and approaches to solving optimi-
sation problems or control tasks in transportation systems. A correct
input data, a model of a problem and some solving methods are
necessary for any such task. Data sets on transportation networks,
and on transportation flows are typically very large and that is
why the data and models should be used repeatedly. The models
should be generally usable and should allow the possibly all the
problems to be solved using all of the mentioned approaches. This
condition is, of course, rather ambitious and too difficult but can
serve at least as an idea to be attained in the future.

Finally, it is to be mentioned that there is a great variety of ap-
proaches used for solving the problems, but there is also a variety
of possible practical applications and practical interpretations of
presented models. A network design, as an example, is the most
difficult optimisation problem, in which the best configuration of
a network is to be designed so that the total costs of building the
network together with costs of serving transportation demands
will be minimal. Various practical tasks can be derived from the
theoretical description of a network design problem:

- construction of a new road(s) or a part of a road,;
- reconstruction of a road(s) or a railroad(s) to increase its capa-
city, technical speed etc.;

KOMUNIKACIE / COMMUNICATIONS 4/2000 e 89



KOMNIKCCle

C O M M UNICATI ON:S

- zavedenie novej verejnej dopravnej sluzby (autobusovej linky,
vlakového spoja).

4. Zaver

Riadenie dopravy je z vel'kej Casti zavislé od spracovania infor-
macii, ktoré sa v minulosti robilo ruéne, zatial o dnes sa uz vacsina
informacii spravuje a spracovava rutinne na pocitacoch. To umoz-
nuje zavadzat do riadenia dopravy exaktné metody, ktoré mozu
pomocou vhodnych optimalizaénych algoritmov, simula¢nych
metod, interaktivnych systémov alebo prostriedkami umelej inteli-
gencie navrhovat optimalizované rieSenia tloh riadenia.

Pre sirSie uplatnenie tychto metdd treba nielen vyvinut
potrebné prostriedky, ale tiez ich praktické vyuzZivanie zabezpecit
vhodnymi organizaénymi opatreniami. Jednym z problémov je
pomerne zla preukazatel'nost prinosov zo zavedenia kvalitnejSich
metod riadenia a z toho plyntica pretrvavajuca spokojnost so sucas-
nym stavom. Druhym vaznym problémom je Spatna dostupnost
vstupnych udajov, ktoré si nevyhnutnym predpokladom pre kva-
litné riadenie. Vo vyspelych Statoch su udaje o dopravnej infra-
Strukture lahko dostupné (v USA uplne zdarma, v Nemecku za
mierne poplatky) vo forme digitalizovanych map, pripadne vekto-
rovych vrstiev pre dopravné komunikacie. Rovnako udaje o inten-
zitach dopravnych prudov su sledované Statnymi organmi a su
k dispozicii zaujemcom ako vystup prace Statnych Statistickych
uradov.

V nasich podmienkach sa, zZial, uvedené udaje vobec nespra-
cuvaju alebo ich poskytuju rozne organizacie za pomerne vysoké
ceny pri (podla naSich doterajsich skusenosti) velmi zlej kvalite
tychto idajov. Navyse sit mnohi uzivatelia nuteni vytvarat si svoje
vlastné subory vstupnych dat, preto sa tato praca i v naSich skrom-
nych podmienkach robi duplicitne a samozrejme, Ze i kvalita tychto
dat je poplatna ich jednorazovému alebo len Specializovanému
uréeniu pre rieSeni urcitej ulohy.

Aspon na urovni vysokej Skoly sa preto snazime o vystavbu
jednotného modelu dopravného systému, ktory by bol pouzitelny
pre rozne aplikacie a pouzival by standardné vstupné udaje.
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- introduction of a new public transportation service(s) (bus line,
train).

4. Conclusions

Control and management of transportation systems are greatly
dependent on data processing, which was originally done by hand
while nowadays the major part of information is maintained and
processed in computers. It allows exact control methods to be
introduced in transportation and with a help of suitable optimisa-
tion algorithms, simulation methods, interactive systems or tools
of artificial intelligence to design optimised control strategies.

A further application of these methods demands not only to
develop necessary tools, but also to enforce their use by suitable
organisational measures. One of the problems is that gains from
a better control of a system are difficult to be proved, and thus
a general satisfaction with the current situation survives. Another
serious problem is poor accessibility of input data, which are
necessary for a quality control. In developed countries (in U.S.A.
free of charge, in Germany for an affordable price) anybody can
get data on transportation infrastructure in a form of digital maps
or possibly as a vector description of transportation infrastructu-
res. In the same way, the data on transportation flows are collec-
ted by state agencies and are available for users as a result of
a state bureau of statistics.

In our countries the data are not available or are offered by
private companies for excessive prices and of inferior data quality
(according to our experience). Moreover, many users have to collect
their own input data files, which means that the same work is
done several times and of course also the quality of the data cor-
responds to their one time or specialised use for a solution of
a special problem.

That is why we are trying at least at the university level to
build a unified model of a transportation system, which would be
usable for various applications and would use standard data sets.
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