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1 Introduction

Geographic information systems (GIS) are a uni-
versal and multifunctional tool to sustainably man-
age the economically important field of transport
and the inevitably related road accidents. This na-
tional and international problem requires the provi-
sion of functionalities for the creation and manage-
ment of intelligent geographically-oriented spati-
al-temporal models for the analysis of road accidents
and subsequently making economically important
decisions, including taking preventive measures to
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reduce road injuries at the national and regional
level.

In order to create a complete GIS that meets all
the up-to-date geoinformation needs, one of the
most complex and fundamental issues should be
solved - its proper design through a correctly
defined formalized description of the subject area,
i.e. the formation of a conceptual model for discov-
ering the internal and external relations between
the objects in the system, as well as for presenting
the typical information processes in it (Kunchev

2021, 2022). The conceptual model is determined

1
KiG No. 39, Vol. 22, 2023, https://doi.org/10.32909/kg.22.39.1



Prethodno priopcenje | Primljeno: 07-12-2022 | Prihvaceno: 16-03-2023 —

Razvoj konceptualnog modela
geoinformacijskog sustava prometnih nesreca

lvan KUNCEV?, Marija ANGELOVA?

Odjel za geodeziju i geoinformatiku, Geodetski fakultet, Sveuciliste za arhitekturu,
gradevinarstvo i geodeziju, Sofija, Bugarska

Tikunchev_fgs@uacg.bg (ORCID: 0000-0001-5313-5054)
2mangelova_fgs@uacg.bg

SaZetak. PodruCje prometnih nesreca zahtijeva specifican geoinformacijski sustav koji bi omogucio funkcional-
nosti za kreiranje i upravljanje inteligentnim geografski orijentiranim prostorno-vremenskim modelima za prostor-
nu analizu. Cilj je ovoga rada prikazati konceptualni model geoinformacijskog sustava prometnih nesreca definiran
u skladu sa zahtjevima medunarodne normizacije. Koristen je pristup za medunarodnu normizaciju i konceptualno
modeliranje geoinformacija, kao i principi objekino orijentiranog modeliranja, metode apstrakcije i klasifikacije.
Kao rezultat toga razvijeni su slucaj upotrebe i dijagram klasa (use case and a class diagram), predstavljeni u
UML-u. Zakljuno, normirani je konceptualni model definiran kao vazna pocetna faza u izradi geoinformacijskog
sustava prometnih nesreé¢a koja se odnosi na tocan formalizirani opis domene i prikaz strukturnih tipova geoin-
formacijskih procesa, a potom se moze automatski i objedinjeno transponirati u funkcionalni fizicki model za ana-
lizu prometnih nesreca.

Kljuéne rije€i: medunarodna standardizacija, UML, prostorno-vremenski model, integrirani prometni pristup

1. Uvod smanjenje prometnih ozljeda na nacionalnoj i regi-
onalnoj razini.

Geografski informacijski sustavi (GIS) univer- Za izradu cjelovitog GIS-a koji zadovoljava sve
zalni su i viSenamjenski alat za odrZivo upravljanje  suvremene geoinformacijske potrebe potrebno je ri-
ekonomski vaznim podruéjem prometa i neizbjez- jesiti jedno od najsloZenijih i temeljnih pitanja - nje-
no povezanim prometnim nesreCama. Taj nacional- govo pravilno projektiranje kroz pravilno definiran
ni i medunarodni problem zahtijeva osiguranje formalizirani opis predmetnog podruéja, odnosno
funkcionalnosti za kreiranje i upravljanje inteli- formiranje konceptualnog modela za otkrivanje unu-
gentnim geografski orijentiranim prostorno-vre- tarnjih i vanjskih odnosa izmedu objekata u sustavu,
menskim modelima za analizu prometnih nesre¢ai  kao i za prikaz tipi¢nih informacijskih procesa u nje-
naknadno donoSenje ekonomski vaznih odluka, mu (Kunchev 2021, 2022). Konceptualni je model
ukljuCujuéi poduzimanje preventivnih mjera za  odreden (Kresse, Danko 2012) kao apstraktni model
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Fig. 1 Road Accident Use Case diagram Part 1.

(Kresse, Danko 2012) as an abstract model independent
of implementation with four levels of abstraction
(meta-metamodel, metamodel, application level and
data level), defining the concepts of a selected piece of
the real world to be modeled, and describing completely
and unambiguously the features from a given domain.
The topic of conceptual modeling of road net-
work systems is discussed in the recent research
(Hongmin, Hongzhou 2022), where a Unified Model-
ing Language (UML) class diagram is used in the pro-
cess of designing a Road Network Path Search
System. The diagram serves only for visual modeling

and understanding the static structure of the system
- the UML model is general and it is used for typifica-
tion of processes through interfaces for the interac-
tion of classes. The GIS conceptualization approach
is also used (Piccinini et al. 2020) in the creation of a
conceptual model of a management system that
serves to determine a relational database when im-
plementing it in a GIS. The model is used for binding
the tables in the database, i.e., it is primarily used as a
database model. Modeling in the traffic accident do-
main with the aim of solving real time problems us-
ing UML is also considered in the important research
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Slika 1. Dijagram upotrebe slucaja prometne nesreée, 1. dio.

neovisan o primjeni s Cetirima razinama apstrakcije
(meta-metamodel, metamodel, razina aplikacije i ra-
zina podataka), definirajuéi koncepte odabranog dije-
la stvarnog svijeta koji ¢e biti modelirani te potpuno i
nedvosmisleno opisuju znacajke iz zadane domene.
Tema konceptualnog modeliranja sustava ces-
tovne mreZe razmatrana je u nedavnom istrazivanju
(Hongmin, Hongzhou 2022), gdje se Unified Mode-
ling Language (UML) dijagram klasa koristi u procesu
projektiranja sustava za traZenje putova cestovne
mreZe (Road Network Path Search System). Dijagram
sluZi samo za vizualno modeliranje i razumijevanje
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staticke strukture sustava - UML model je opéi i ko-
risti se za tipizaciju procesa kroz sulelja za interak-
ciju klasa. Pristup konceptualizacije s pomocu GIS-a
takoder se koristi (Piccinini i dr. 2020) u kreiranju
konceptualnog modela sustava upravljanja koji sluzi
za odredivanje relacijske baze podataka prilikom
ukljucivanja u GIS. Model se koristi za povezivanje
tablica u bazi podataka, odnosno prvenstveno se ko-
risti kao model baze podataka. Modeliranje u podru-
ju prometnih nesreéa s ciljem rjeSavanja problema
u stvarnom vremenu koriStenjem UML-a takoder se
razmatra u vaznom istraZivanju (Al-Shabi, Ansari
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Slika 2. Dijagram upotrebe slu¢aja prometne nesrece, 2. dio (nastavak slike 1).

KiG Br. 39, Vol. 22, 2023, https://doi.org/10.32909/kg.22.39.1




KUNCHEV, I. AND ANGELOVA, M.: DEVELOPMENT OF A CONCEPTUAL MODEL OF A ROAD ACCIDENT GEOINFORMATION SYSTEM '|

(Al-Shabi, Ansari 2012) in the development of a Traffic
Accident Reporting System. In the research GIS is a
separate element, and for this reason its modeling is
not considered. Instead, a relationship is determined
between the system, including insurance companies
and police officers, GIS, viewers and vehicles, and the
incident reporting process is introduced.

The standardization and unification of the con-
ceptual model is a topical issue from the point of
view of the subsequent functionality of the system -
starting with the general terminology for interna-
tional understanding of geoinformation, through
specification and visual modeling for better under-
standing of models and an automated transition to a
platform-specific model, to the harmonization of het-
erogeneous data and the exchange of geoinformation
and geodata services for achieving interoperability.

2 Use of International Standardization in
Conceptual Modeling

The current approach to creating modern spatial-
temporal models is based on a series of international
standards and technical specifications - ISO 19 100 Geo-
graphic information. This family of standards (and in
particular ISO 19 101 Reference Model) presents a meth-
odology for moving from the real world to the concep-
tual model by introducing conceptual formalism for its
description, based on the object-oriented paradigm
(00P). This methodology includes a formal description
- conceptual schema presented by the object-oriented
UML, which is profiled by ISO in the domain of geoin-
formation modeling to achieve interoperability. When
the conceptual schema is required for a specific ap-
plication, it's called an application schema (Govorov
2008), part of which are the instances of classes - ob-
jects, found in terminology as feature instances. The
selected UML modeling language allows the transition
from the conceptual to application schema and sub-
sequent automated coding in eXtensible Markup Lan-
guage/Geography Markup Language (XML/GML),
which in turn makes it possible to create an applica-
tion model and data model for the physical imple-
mentation of a geoinformation system.

3 Development of a Conceptual Model of a Road
Accident Geoinformation System

A fundamental element in the development of
the conceptual model of a GIS of road accidents is the
application of the approach proposed by ISO/TC 211
Geographic Information - Model Driven Architecture

(MDA), described in (Govorov 2008) and practically
presented in (Lipiyska, Angelova 2021).

After the initial verbal level of description of the
subject area, scope and objectives of the system, the
expected results, as well as the selected methods and
approaches to be applied, and the subsequent verbal
stage of general conceptualization are needed (An-
gelova 2020). The next step is detailing the tasks and
moving from verbal form to the physical elaboration of
the schema through specialized software. To create the
conceptual model of a road accident GIS, the world's
leading software for visual modeling and design was
used, which allows the application of current interna-
tional standards and technical specifications in the
subject field - Enterprise Architect, version 16.0.

Two UML diagrams have been created, Use Case
and Class, the main aspects of which will be discussed.

3.1 Use Case diagram

The structuring and description of processes in a
complex GIS are an integral part of its management,
operation and optimization. To perform this process,
the standardized approach to conceptual modeling in-
volves developing a Use Case diagram, which in essence
aims at the conceptual presentation of the processes in
the system - the participants in it (actors), the actions
they perform, the elements and the relations between
them. In general, the Use Case diagram answers three
questions (Seldi et al. 2015) - what is described (the sys-
tem), who participates in it or who manages it (the act-
ors) and what the actors do (the so-called use cases).

The defined actors and their associated roles in
the road accident GIS will be briefly described.

In the created Use Case diagram (Figure 1 and Fig-
ure 2) the spatial information comes from sources of
information, which can be external systems (includ-
ing systems involved in the regulation of the trans-
port system, or the user of the system under certain
conditions). The external systems are represented by
a type of generalization relationship, which means in-
heritance to the actor, the source of information. The
main idea of obtaining input information about a road
accident can be divided into two aspects depending
on the goals - collecting datasets for some period for
the purpose of statistics and analysis and collecting
information about a single road accident that oc-
curred near real time. In the first case, the sources can
be official agencies (in Bulgaria these are: Road Infra-
structure Agency, State Road Safety Agency, Ministry
of Interior). In the second case, from a conceptual

point of view, data sources can be system users
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2012) u razvoju sustava za izvje$éivanje o promet-
nim nesre¢ama (Traffic Accident Reporting System). U
istraZivanju je GIS zaseban element te se iz tog raz-
loga ne razmatra njegovo modeliranje. Umjesto to-
ga, utvrduje se odnos izmedu sustava ukljucujuéi
osiguravajuée kude i policijske sluZbenike, GIS, gle-
datelje i vozila te se uvodi proces prijave incidenata.

Standardizacija i unifikacija konceptualnog mo-
dela je aktualno pitanje sa stajaliSta naknadne funk-
cionalnosti sustava - pocevsi od opée terminologije
za medunarodno razumijevanje geoinformacija, pre-
ko specifikacije i vizualnog modeliranja za bolje razumi-
jevanje modela i automatiziranog prijelaza modelu
specificnom za platformu, harmonizaciji heterogenih
podataka i prijenosu geoinformacijskih i geopodatkov-
nih usluga za postizanje interoperabilnosti.

2. Upotreba medunarodne normizacije u
konceptualnom modeliranju

Sadasnji se pristup izradi modernih prostorno-vre-
menskih modela temelji na nizu medunarodnih normi
i tehnickih specifikacija - ISO 19 100 Geografske informa-
cije. Ta obitelj normi (a posebno Referentni model ISO 19
101) predstavlja metodologiju za prelazak iz stvarnog
svijeta u konceptualni model uvodenjem konceptual-
nog formalizma za njegov opis, temeljen na objektno
orijentiranoj paradigmi (OOP). Ta metodologija sadrzi
formalni opis - konceptualnu shemu predstavljenu
objektno orijentiranim UML-om, koji je ISO profilirao
u podrudju geoinformacijskog modeliranja kako bi se
postigla interoperabilnost. Kada je konceptualna she-
ma potrebna za odredenu aplikaciju, naziva se aplika-
cijska shema (Govorov 2008), ¢iji su dio instance klasa -
objekti koji se u terminologiji nalaze kao instance zna-
Cajki. Odabrani jezik za modeliranje UML-a omoguduje
prijelaz s konceptualne na aplikacijsku shemu i kasnije
automatizirano kodiranje u jeziku eXtensible Markup
Language/Geography Markup Language (XML/GML),
$to zauzvrat omogucuje stvaranje aplikacijskog mode-
la i podatkovnog modela za fizicku primjenu geoinfor-
macijskog sustava.

3. lzrada konceptualnog modela
geoinformacijskog sustava prometnih nesreca

Temeljni element u razvoju konceptualnog mo-
dela GIS-a prometnih nesreca je primjena pristupa
koji je predloZen u dokumentu ISO/TC 211 Geographic
Information - Model Driven Architecture (MDA), opisan
u ¢lanku Govorova (2008) i prakti¢no predstavljen u
radu Lipiyske i Angelove (2021).
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Nakon poletne verbalne razine opisa predmet-
nog podruéja, opsega i ciljeva sustava, potrebni su
olekivani rezultati, kao i odabrane metode i pristupi
koji ¢e se primijeniti, te kasnija verbalna faza opce
konceptualizacije (Angelova 2020). Sljededi je korak
detaljiziranje zadataka i prelazak s verbalnog oblika
na fizicku razradu sheme putem specijaliziranog
softvera. Za izradu konceptualnog modela GIS-a pro-
metnih nesreca koristen je vodeli svjetski softver za
vizualno modeliranje i projektiranje koji omoguéuje
primjenu aktualnih medunarodnih standarda i teh-
ni¢kih specifikacija u predmetnom podrudju - Enter-
prise Architect, verzija 16.0.

Izradena su dva UML dijagrama, Use Case i Class,
o Cijim ¢e glavnim aspektima u ovom radu biti rijec.

3.1. Dijagram slucaja kori$tenja

Strukturiranje i opis procesa u sloZenom GIS-u
sastavni su dio njegovog upravljanja, rada i optimi-
zacije. Za izvodenje toga procesa, normirani pristup
konceptualnom modeliranju ukljuuje razvoj dija-
grama slucaja koriStenja (Use Case), koji u biti ima za
cilj konceptualni prikaz procesa u sustavu - sudioni-
ka u njemu (aktera), radnji koje izvode, elemenata i
odnosa medu njima. Opéenito, dijagram slucajeva
koriStenja odgovara na tri pitanja (Seldi i dr. 2015) -
$to je opisano (sustav), tko u njemu sudjeluje ili tko
njime upravlja (akteri) te $to akteri rade (tzv. sluca-
jevi koristenja).

Ukratko Ce biti opisani definirani akteri i njihove
povezane uloge u GIS-u prometnih nesreca.

U kreiranom dijagramu slucaja koristenja (slike 1 i
2) prostorne informacije dolaze iz izvora informacija
koji mogu biti vanjski sustavi (ukljuujuéi sustave
ukljuene u regulaciju prometnog sustava ili korisnika
sustava pod odredenim uvjetima). Vanjski sustavi
predstavljeni su vrstom odnosa generalizacije, $to znaci
nasljedivanje aktera, izvora informacija. Glavna se ideja
dobivanja ulaznih informacija o prometnoj nesreci
moze podijeliti u dva aspekta ovisno o ciljevima - pri-
kupljanje skupova podataka za neko razdoblje u svrhu
statistike i analize i prikupljanje informacija o jednoj
prometnoj nesreéi koja se dogodila u priblizno stvar-
nom vremenu. U prvom slucaju izvori mogu biti sluz-
bene agencije (u Bugarskoj su to: Agencija za cestovnu
infrastrukturu, DrZavna agencija za sigurnost cestov-
nog prometa, Ministarstvo unutarnjih poslova). U dru-
gom slucaju, s konceptualnog gledista, izvori podataka
mogu biti sami korisnici sustava (npr. svjedoci nesrece
ili sluzbenici za provodenje zakona), kao i sluzbenici
prometne policije putem videonadzora.
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Fig. 3 Road Accident Elements of the Class diagram Part 1.

themselves (witnesses of the accident or law en-
forcement officers for example), as well as traffic po-
lice officers through video surveillance.

An important component such as the adminis-
tration of access rights is affected. Who can access
spatial datasets, products and services in different
forms (for example, only viewing, editing, updating,
accessing, etc.). This part is invariably related to the
user's login to the system, using the two types of re-
lationships that are possible between the cases - "in-
clude", in which the base case always requires the
behavior of the included one, while the included one
can be executed independently, and "extended", in
which case the base can use the functionality of the
“extended”, but is not required. For the second type
of relations, a condition should be set to fulfill the
additional case, as in the specific diagram which
defines that there will be a rejection from the system

if the user's license is not active. It should be noted
that the actors do not represent a specific user, but a
role that the user assumes (they are authorized to
perform a use case associated with this role) (Seldi et
al. 2015). The restriction of access rights, together
with the creation of archival copies of the system
and the provision of input control are activities as-
sociated with one component - GIS administrator. It
should be noted that the actors may or may not be
people (for example, a server or other application
program), depending on the case.

Input data control is a topic that is extremely im-
portant for a quality geodata product, as data is one
of the most expensive and time-consuming compon-
ents in any GIS. Here it is linked to the metadata
database defined by international standardization,
in particular ISO 19 115 - Metadata. To objectively

present the reality and correctly understand the
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Slika 3. Dijagram klasa elemenata cestovne nesrece, 1. dio.

Zahvacena je vazna komponenta kao $to je admi-
nistracija prava pristupa, odnosno,tko moze pristupiti
skupovima prostornih podataka, proizvodima i uslu-
gama u razli¢itim oblicima (na primjer, samo pregled,
uredivanje, aZuriranje, pristup itd.). Taj je dio uvijek
povezan s prijavom korisnika u sustav koriste¢i dvije
vrste mogucih odnosa izmedu slucajeva. U odnosu
"uklju¢i" osnovni slucaj uvijek zahtijeva ponaSanje
ukljucenog, dok ukljuceni moZe biti izveden samos-
talno i "proSireno", kada baza moze koristiti funkci-
onalnost "prosirenog", ali se to ne zahtijeva. Za drugu
je vrstu odnosa potrebno postaviti uvjet za ispunja-
vanje dodatnog slucaja, kao u konkretnom dijagra-
mu koji definira da ¢e doéi do odbijanja od sustava
ako korisnicka licenca nije aktivna. Treba napome-
nuti da akteri ne predstavljaju odredenog korisnika,
ve¢ ulogu koju korisnik preuzima (ovlasteni su za iz-
vodenje slucaja koriStenja koji je povezan s ovom
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ulogom) (Seldi i dr. 2015). Ograni¢enje prava pristu-
pa, uz izradu arhivskih kopija sustava i osiguranje
ulazne kontrole, aktivnosti su povezane s jednom
komponentom - GIS administratorom. Treba napome-
nuti da akteri mogu, ali ne moraju, biti ljudi (na pri-
mjer, posluzitelj ili drugi aplikacijski program),
ovisno o sluéaju.

Kontrola ulaznih podataka tema je koja je iznim-
no vazna za kvalitetan proizvod geopodataka bududi
da su podatci jedna od najskupljih i najdugotrajnijih
komponenti u svakom GIS-u. Ovdje je povezan s ba-
zom metapodataka definiranom medunarodnom
normizacijom, posebno IS0 19 115 - Metapodatci. Kako
bi se objektivno prikazala stvarnost i ispravno razu-
mjeli podatci o kreiranim konceptualnim modelima i
koriStenim apstrakcijama, potrebno je izraditi doku-
mentaciju u obliku metapodataka koji ¢e omoguditi
ispravnu upotrebu resursa. Takoder, sa stajalista
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Fig. 4 Road Accident Elements of the Class diagram Part 2 (continuation of Figure 3).

information regarding the created conceptual mod-
els and used abstractions, documentation in the
form of metadata should be created to allow the cor-
rect use of a resource. Also, from the point of view of
facilitating the sharing and efficient use of geodata,
in addition to the basic elements of metadata, it is
important to provide a common basis for under-
standing geodata datasets, which can be done by ap-
plying the metadata standard and building sets of
geodata metadata in accordance with it (Govorov
2008). ISO 19 115 defines the minimum quantity of
metadata for each input dataset, mandatory and re-
commended components, etc. Moreover, the avail-
ability of the defined metadata set for each input
dataset is a favorable prerequisite for all subsequent
processes in the system - starting with data entry,
ensuring their correct classification and structuring,
ensuring topological connectivity, which is a key

component of all spatial information services, the
comprehensive processing of data in various forms
and, of course, the correct exchange, meeting inter-
national standards and aiming at interoperability.
The system involves the division into two main
major components - the desktop and server part.
The specificity is that in both cases all the described
functionalities for working with geodata are avail-
able. The difference is in the access of clients (which
are differentiated into “thick” and “thin”), as well as
in the software components involved in the pro-
cesses of accessing and transferring information. On
the server part, the final product reaches the cus-
tomers through a web browser and includes the
components - GIS Server, GIS Web Server and GIS Web
Services. The responsibility of the GIS Server in the
system is to provide system users with remote access

to geodata or spatial databases, allowing the same

—
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Slika 4. Dijagram klasa elemenata cestovne nesrece, 2. dio (nastavak slike 3).
olaksavanja dijeljenja i u¢inkovite uporabe geopoda- Sustav ukljuéuje podjelu na dvije glavne glavne

taka, osim osnovnih elemenata metapodataka, vazno ~ komponente - desktop i server. Specifi¢nost je u to-
je osigurati zajedni¢ku osnovu za razumijevanje sku-  me $to su u oba slu¢aja dostupne sve opisane funkci-
pova geopodataka, $to se mozZe uliniti primjenom onalnosti za rad s geopodatcima. Razlika je u
norme za metapodatke i izradom skupova metapo- pristupu klijenata (koji se dijele na ,,debele” i ,tan-
dataka u skladu s njom (Govorov 2008). IS0 19 115 de-  ke*), kao i u programskim komponentama ukljuce-
finira minimalnu koli¢inu metapodataka za svaki nim u procese pristupa i prijenosa informacija. Na
ulazni skup podataka, obvezne i preporucene kom- posluziteljskom dijelu finalni proizvod dolazi do ku-
ponente itd. Stovise, dostupnost definiranog skupa  paca putem web preglednika i ukljuc¢uje komponente
metapodataka za svaki ulazni skup podataka povo- - GIS Server, GIS Web Server i GIS Web Services. Odgovor-
ljan je preduvjet za sve daljnje procese u sustavu -  nost GIS posluZitelja u sustavu je omoguéiti korisni-
pocevsi od unosa podataka, osiguravanja njihove is- cima sustava daljinski pristup geopodatcima ili
pravne klasifikacije i strukturiranja, osiguravanja  prostornim bazama podataka, omoguéujuéi da iste
topoloske povezanosti, koja je klju¢na komponenta  podatke obraduje neograniceni broj korisnika koji su
svih usluga prostornih informacija, sveobuhvatne povezani na posluzitelj. Osnovna ideja te funkcional-
obrade podataka u razli¢itim oblicima i, naravno, is- nosti je da se podatci automatski azuriraju za sve ko-
pravnog prijenosa, udovoljavajuéi medunarodnim risnike prilikom promjene. GIS web posluZitelj
normama s ciljem interoperabilnosti. odgovoran je za pruZanje pristupa podatcima koji se
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data to be processed by any number of users who are
connected to the server. The basic idea of this func-
tionality is that the data is automatically updated for
all users when making a change. The GIS Web Server is
responsible for providing access to data based on GIS
Web Services. It can also be considered an autonom-
ous GIS, as it performs all its functionalities. GIS Web
services, in turn, provide the connection between
users and server applications. These are web services
for publishing spatial data according to the protocols
of the Open GIS Consortium (OGC) - Web Map Services
(WMS), Web Map Tile Services (WMTS), Web Feature
Services (WFS), Web Coverage Services (WCS) etc. The
integration of these specifications is a key compon-
ent as it provides unified access, search, processing,
and exchange, creating opportunities for interaction
between different systems. GIS Web Services has a cli-
ent-server architecture, the client part of which is
responsible for processing and interpreting HTTP
requests, and the server - for processing client re-
quests, analysis, and transmission for execution to
dynamic libraries (Dimidenko et al. 2021).

The general functionality of the road accident GIS
described in the Use Case diagram includes the de-
velopment of a network digital road model by gener-
ating a road graph, the edges of which are given all
available characteristics of road objects (number of
lanes, different classifications, type of road pave-
ment, etc.) (Dimidenko 2020). Another main activity
is the use of some of these attributes to define the
components of the road graph (for example, permit-
ted speed, which can then be used in algorithmiza-
tion for one of the main tasks with the graph -
finding the shortest distance).

The diagram thus defined shows the user-system
connections, data source-system connections, as
well as the internal connections, indicating the
typed information processes and differentiating the
system into desktop and server.

3.2 Class diagram

The applicability of the chosen objects by 1SO
modeling language, which achieves a complete and
unambiguous definition of rules for structured de-
scription of a system - UML is objective since it is a
language that supports OOP, allowing the creation of
a real-world analogue. An essential property of OOP
that is implemented through UML is that it can be
used in the interaction of a complex program with
users, elements, other programs and, of course, data
(Sanders, Sanders 2007).

The created conceptual schema, presented by the
class diagram, uses the OOP functionalities - inherit-
ance-type relations are defined (one of the main and
most important characteristics of OOP due to its
function of reducing repeatability), aggregation and
composition between different classes, and abstract
classes are defined, the specificity of which is that
they are not instantiated directly - only their sub-
classes are instantiated, which inherit the charac-
teristics of their superclasses. It is important to note
that all abstract classes are defined in italic font.

The starting point for creating the conceptual
schema of a road accident GIS is the idea set out in
(INSPIRE Thematic Working Group Transport Net-
works, 2014), which aims to achieve an integrated
transport approach between different types of net-
work transport infrastructures through the inherent
ISO 19 100 extensible mechanism combined with
single presentation of data and repeated usage.

The overall model is differentiated into two sub-
models that are interconnected - road infrastructure
and road accidents (Figure 3, Figure 4).

For the road infrastructure feature classification,
the normative regulation, valid for the territory of
the Republic of Bulgaria and concerning the manage-
ment, administration, construction, repair, maintenance
and financing of the roads, as well as the management of
the road infrastructure safety in the Republic of Bulgaria -
Law of Roads in force since 11 August 2020 is used in
combination with the accompanying regulations for
its application and the current Ordinance for Large-
scale topographic signs in scales 1:5000 and 1:10 000. In
road accident classification in the classes, a causal
relationship is defined by a detailed description of
the causes and results of an event.

In general, the transport system consists of road,
rail, air, water, and cable infrastructure. In turn, the
road infrastructure consists of a road network, road
facilities, road accessories and roadside facilities.
The road network is presented as an abstract super-
class of all types of roads - highways, national road
network roads and others, where every different
type of road is a separate class from which to instan-
tiate objects in terms of future different visualiza-
tion. The approach is similar for road facilities such
as a bridge, tunnel, viaduct - a separate class is
defined for different roads (for example, a motorway
tunnel, a bridge on the road from the national road
network, etc.). Due to figure size limitations, com-
plete diagrams with all their components cannot be
presented, so the main ones are described. Road ac-

cessories and roadside facilities are also defined as

1
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temelje na GIS web uslugama. Takoder se moZe sma-
trati autonomnim GIS-om, buduéi da obavlja sve
svoje funkcije. GIS Web servisi pak osiguravaju vezu
izmedu korisnika i posluziteljskih aplikacija. Rije¢ je
o web servisima za objavu prostornih podataka pre-
ma protokolima Open GIS Consortiuma (OGC) - Web
Map Services (WMS), Web Map Tile Services (WMTS),
Web Feature Services (WFS), Web Coverage Services
(WCS) itd. Integracija tih specifikacija klju¢na je
komponenta jer pruza objedinjeni pristup, pretrazi-
vanje, obradu i razmjenu stvarajuéi prilike za inte-
rakciju izmedu razlicitih sustava. GIS Web Services
ima arhitekturu klijent - posluZitelj, iji je klijentski
dio odgovoran za obradu i interpretaciju HTTP zah-
tjeva, a posluziteljski za obradu klijentskih zahtjeva,
analizu i prijenos za izvrSenje dinamickih biblioteka
(Dimidenko i dr. 2021).

Opéa funkcionalnost GIS-a prometnih nesreéa
opisana u dijagramu slucaja koriStenja ukljucuje ra-
zvoj mreznog digitalnog modela ceste generiranjem
grafikona ceste Ciji bridovi imaju sve dostupne ka-
rakteristike cestovnih objekata (broj traka, razli¢ite
klasifikacije, tip kolnika itd.) (Dimidenko 2020). Dru-
ga je glavna aktivnost upotreba nekih od tih atributa
za definiranje komponenti grafikona ceste (na pri-
mjer, dopustena brzina, koja se zatim moze koristiti
u algoritmizaciji za jedan od glavnih zadataka s gra-
fikonom - pronalaZenje najkrace udaljenosti).

Tako definirani dijagram prikazuje veze koris-
nik-sustav, veze izvor podataka-sustav, kao i interne
vez, ukazujuéi na tipizirane informacijske procese i
diferencirajudi sustav na desktop i server.

3.2. Dijagram klasa

Primjenjivost odabranih objekata ISO jezikom za
modeliranje UML, kojim se postiZe potpuna i nedvo-
smislena definicija pravila za strukturirani opis susta-
va je objektivna jer se radi o jeziku koji podrzava OOP
omogucujuéi stvaranje analogija iz stvarnoga svijeta.
Bitno svojstvo OOP-a koje se postiZe primjenom UML-
a je da se moze koristiti u interakciji sloZenog progra-
ma s korisnicima, elementima, drugim programima i,
naravno, podatcima (Sanders, Sanders 2007).

Stvorena konceptualna shema, prikazana dija-
gramom klasa, koristi OOP funkcionalnosti - defini-
rane su relacije tipa nasljedivanja (jedna od glavnih i
najvaznijih karakteristika OOP-a zbog njegove funk-
cije smanjenja ponovljivosti), agregacija i kompozi-
cija izmedu razli¢itih klasa, adefinirane su i
apstraktne klase ¢ija je specificnost da se primjerci
ne stvaraju izravno - stvaraju se samo njihove
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podklase koje nasljeduju karakteristike svojih super-
klasa. Vazno je napomenuti da su sve apstraktne kla-
se definirane kurzivom.

Polazna tocka za stvaranje konceptualne sheme
GIS-a prometnih nesreda je ideja postavljena u publi-
kaciji INSPIRE Thematic Working Group Transport
Networks (2014), kojoj je cilj postiéi integrirani pro-
metni pristup izmedu razli¢itih tipova mreZnih pro-
metnih infrastruktura kroz inherentni proSirivi
mehanizam ISO 19 100 u kombinaciji s jednom pre-
zentacijom podataka i viSekratnom upotrebom.

Cijeli je model podijeljenna dva podmodela koja
su medusobno povezana - cestovna infrastruktura i
prometne nesreée (slika 3, slika 4).

Za klasifikaciju znacajki cestovne infrastrukture
normativni propisi koji vaZe za podrucje Republike
Bugarske i koji se odnose na menadZment, administraciju,
izgradnju, popravak, odrZavanje i financiranje cesta, kao i
upravljanje sigurnoséu cestovne infrastrukture u Republi-
ci Bugarskoj - Zakon o cestama koji je na snazi od 11.
kolovoza 2020. koriste se u kombinaciji s prate¢im
propisima za njegovu primjenu i vazeéim Pravilnikom
o znakovima na topografskim kartama krupnog mjerila
1:5000 i 1:10 000. Pri klasifikaciji prometnih nesreéa u
razredeuzro¢na je veza definirana detaljnim opisom
uzroka i posljedica dogadaja.

Opéenito, prometni se sustav sastojiod cestovne,
Zeljeznicke, zracne, vodene i kabelske infrastruktu-
re. Cestovnu infrastrukturu pak ¢ine cestovna mre-
Za, cestovni objekti, cestovni pribor i objekti uz
cestu. Cestovna je mrezZa predstavljena kao apstrakt-
na superklasa svih vrsta cesta - autocesta, cesta na-
cionalne cestovne mreZe i drugih, gdje je svaka
razlidita vrsta ceste zasebna klasa iz koje se stvaraju
primjerci objekta u smislu buduée razlitite vizuali-
zacije. Sli¢an je pristup i za cestovne objekte kao $to
su most, tunel, vijadukt - za razlidite je ceste defini-
ran poseban razred (primjerice, tunel autoceste,
most na cesti iz mreZe drZzavnih cesta i sl.). Zbog
ogranienja veli¢ine slika ne mogu se prikazati pot-
puni dijagrami sa svim njihovim komponentama,
stoga su opisani glavni. Cestovni dodatci i objekti uz
cestu takoder se definiraju kao apstraktne klase u
smislu ¢injenice da ¢e konacna zbirka primjeraka biti
stvorena s pomoc¢u njihove generalizirane podklase -
na primjer odredeni semafor, prometni znak ili ben-
zinska postaja.

Prometne su nesreée definirane kao podklasa s
relacijom generalizacije tipa superklase Dogadaj. Po-
pravci i izlijevanja takoder se klasificiraju kao doga-
daji koji se dogadaju na cestovnoj infrastrukturi ili u
njezinoj blizini. Definirane su klase vozila i
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abstract classes in terms of the fact that the final col-
lection of instances will be instantiated by their gen-
eralized subclasses - for example a specific traffic
light, road sign or petrol station.

Road accidents are defined as a subclass with a re-
lation of type generalization of a superclass Event. Re-
pairs and spills are also classified as events occurring
on or near the road infrastructure. Classes of vehicles
and victims are defined, and they participate in the
accidents class. A separate class of conditions is gen-
erated, the inheritor of which are road conditions and
meteorological conditions. Successor to the class con-
ditions are also reasons for/behind accidents.

4 Conclusion

Conclusions can be differentiated into two main
aspects. The first is the justification of the need for
standardized and unified modeling through a visual
modeling and design tool such as UML - the correct
formalized description of the subject area, typed
processes in the system and features from the real
world in the domain with the relations between

them, determined by the required level of abstrac-
tion, i.e. the creation of a conceptual model is a pre-
requisite for correct and successful implementation,
subsequent algorithmization and optimization of
any/every GIS. The second aspect is the integration
of international standardization in processes,
geodata, products and services from the initial stage
of GIS creation. The created conceptual model, for
which a thorough multi-stage analysis of objects and
relations between them in the transport system do-
main has been performed and various terminologies
and existing structures have been studied, is built on
the foundation of international standardization.
This quality allows its use for future automated cre-
ation of an applied model and data model for the
physical realization of a road accident GIS, offering
common terminology to universally understand the
geoinformation and achieve interoperability. Based
on the thus defined foundation, tools for spatial ana-
lysis of road accidents can be built, which will serve
to reduce road traffic injuries and will provide im-
portant functionalities for the Bulgarian transport
system.

1
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unesreéenih koji sudjeluju u klasi Nesreca. Generira
se posebna klasa uvjeta Ciji su nasljednici Stanje na
cesti i Meteoroloski uvjeti. Nasljednici klase Uvjeti su ta-
koder razlozi za nesrecu.

4. Zakljutak

Zakljucci se mogu podijeliti na dva glavna aspekta.
Prvi je opravdanje potrebe za normiranim i unificira-
nim modeliranjem putem alata za vizualno modelira-
nje i dizajn kao $to je UML - ispravan formalizirani opis
predmetnog podrudja, tipiziranih procesa u sustavu i
znacajki iz stvarnog svijeta u podrudju s relacijama iz-
medu njih. Potreba razine apstrakcije, odnosno izrada
konceptualnog modela, preduvjet je za ispravnu i us-
pjesnu primjenu, naknadnu algoritmizaciju i optimi-
zaciju bilo kojeg/svakog GIS-a. Drugi je aspekt
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