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Abstract: Efficient management of space resourc-
es is one of the main factors of prosperous econom-
ic development of an area. Technological develop-
ment enables an integration of attributes linked to
space, creating a spatial informational support for
increasingly more complex social communities. An
important component of these systems is mass real
estate valuation, especially in urban areas. The pa-
per explains data modelling and storage of a 3D test
area space model into a spatial database and de-
scribes a procedure of visibility calculation as a real
estate valuation factor for a part of the City of Za-
greb. In the paper, visibility is presented as a visi-
bility polygon, a two-dimensional geometric shape
drawn by intersecting a continuous visibility border
in all directions from the object weight centre, con-
sidering the intersection of horizontal vision and ob-
stacles. A matching visibility polygon is aftached to
each building in the whole test area, under the as-
sumption that the polygon area can be correlated to
a positive or negative influence on real estate value.
The speed of the visibility calculation function in the
test system was measured.

Key words: real estate valuation, visibility analy-
sis, spatial relational database, vector based 3D
space model

1. Introduction

An increasingly more complex social community in
connection to the urbanization processes requires in-
creasingly more detailed mechanisms of land use and
regulations of space relations (UNECE 2005). Efficient
functioning of a real estate cadastre as the basic infra-
structural system (Cetl 2003), supported by a SDBMS
(Spatial Database Management System) or GIS tech-
nologies significantly facilitates the planning and execu-
tion of economic and other activities linked to real estate,
and thereby the setting of realistic and justified aims for
spatial development (UNECE 2008). In order to regulate
the relations in space according to modern technological
insights, it is necessary to meet the prerequisites — in-
tegration of attributes linked to space, which have tradi-
tionally been separated in several administrative bodies.

One of the services for a more efficient space use is
certainly a mass real estate valuation system, which has
already been introduced and is functional in most mod-
ern countries (UNECE 2001). This multifunctional sys-
tem is used for many purposes, e.g. fair taxation of real
estate ownership, support of real estate market, support
of rural and urban area management.

The value of real estate in urban areas depends on
many subjective and objective factors, and modelling
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Sazetak: Ucinkovito upravijanje prostornim resursima
jedan je od glavnih ¢imbenika zdravoga gospodarskog
rasta regije. Tehnolo$ki napredak omogucava integra-
ciju atributa vezanih uz prostor, stvarajuci prostornu
informacijsku podrsku koja moze servisirati sve kom-
pleksnije drustvene zajednice. VazZna je komponenta
tih sustava masovno vrednovanje nekretnina, pose-
bice u urbanim podrucjima. U radu je, nakon objas-
njenja modeliranja podataka te pohrane 3D modela
prostora testnog podrucja u prostornu bazu podata-
ka, opisan postupak racunanja vidljivosti kao ¢imbe-
nika vrednovanja nekretnina na podrucju dijela grada
Zagreba. Vidljivost je u radu predstavijena poligonom
vidljivosti, dvodimenzionalnim geometrijskim likom, do-
bivenim presijecanjem neprekinute granice vidljivosti
u svim smjerovima iz tezista objekta, uzimajuci u ob-
Zir presjek horizontalne vizure i prepreka. Svakoj po-
jedinoj gradevini na cijelom testnom podrucju pridru-
Zen je pripadajuci poligon vidljivosti, a pretpostavija
se kako je povrsinu tog poligona moguce korelirati s
pozitivnim, odnosno negativnim utjecajem na vrijed-
nost nekretnine. Obavijena su mjerenja brzine izvo-
denja funkcije racunanja vidljivosti u testnom sustavu.

Kiljucne rijeci: vrednovanje nekretnina, analiza vid-
liivosti, prostorno relacijska baza, vektorski 3D mo-
del prostora

1. Uvod

Sve kompleksnija druStvena zajednica u sprezi s
procesima urbanizacije zahtijeva sve opSirnije razrade-
ne mehanizme koriStenja zemljiSta i regulacije odnosa u
prostoru (UNECE 2005). U€inkovito funkcioniranje kata-
stra nekretnina, kao temeljnoga infrastrukturnog susta-
va (Cetl 2003), potpomognutog SDBMS-om (engl. Spa-
tial Database Management System) ili GIS-tehnologija-
ma umnogome olak3ava postupak planiranja i realizaci-
je gospodarskih i drugih aktivnosti vezanih uz nekretni-
ne, a samim time i donoSenje realnih i opravdanih cilje-
va prostornog razvitka (UNECE 2008). Kako bi se odnosi
u prostoru regulirali sukladno modernim tehnoloskim sa-
znanjima, potrebno je omoguditi sve potrebne preduvje-
te — integraciju atributa vezanih uz prostor, koji su tradi-
cionalno razdijeljeni kroz nekoliko administrativnih tijela.

Jedan od servisa za osiguranje ucinkovitije upotre-
be prostora svakako je i sustav masovnog vrednovanja
nekretnina, koji je ve¢ uveden i funkcionira u vecini mo-
dernih zemalja (UNECE 2001). Taj viSenamjenski sustav
koristi se u viSe svrha, primjerice: pravedno oporeziva-
nje vlasnidtva na nekretninama, pomoc trzistu nekret-
nina, pomo¢ upravljanju ruralnim i urbanim zemljistem.

U urbanim podrucjima vrijednost nekretnina ovisi o
mnogim ¢imbenicima subjektivne i objektivne prirode, a
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their influence can provide accurate data of a mass real
estate valuation system. One of the factors which influ-
ence real estate value is quality of view, i.e. perception
of space openness around real estate (Lake et al. 1998,
Yu et al. 2007, Koomen et al. 2005), especially in urban
areas. In this paper, the assumption is that it is possible
to quantitatively evaluate this factor, subsequently re-
ferred to as visibility, on the basis of spatial data analy-
ses. Existing papers on visibility calculation as a factor
used in real estate evaluation mostly deal with statisti-
cal data for larger areas and relief raster data, not taking
into consideration buildings (Lake et al. 2000), and try
to correlate visibility factors and real estate value using
procedures of multiple regression (Koomen et al. 2005).

A GIS visibility analysis is a commonly used method
due to wide application (De Floriani and Magillo 2003),
and most GIS applications provide some type of cal-
culations. These are mostly simpler functions of defin-
ing view and visibility on the basis of a raster-point-de-
fined digital relief model for a previously determined sin-
gle point (Sander and Manson 2007). One of the factors
which can be determined thanks to contemporary pos-
sibilities of spatial data analysis is the 3D visibility analy-
sis (De Floriani and Magillo 2003). An analysis of spatial
visibility from one point (isovist) or a volume of space en-
closed by a continuous border of visibility is a term most
often used in architectural space valuation in urban ar-
eas (Turner et al. 2001), quantitatively expressed in a
percentage of viewsphere index or a 3D volume of sight
— VoS (Yang et al. 2007).

If we look at the intersection of continuous visibility
border in all directions from one point, considering only
the intersection of horizontal vision and obstacles, the
result is a two-dimensional geometric shape, a visibili-
ty polygon. The procedure created in this paper enables
automatic calculation of a large number of visibility poly-
gons, on the basis of a 3D vector space model, which
includes buildings and ground, modelled and stored in
geometric shape in a spatiorelational base. A matching
visibility polygon is attached to each building in the whole
test area, under the assumption that the polygon area
can be correlated to a positive or negative influence on
real estate value.

2. Real Estate Valuation
in Urban Area

An assessment of real estate value is a prediction of
its value based on experience and its primarily spatial
and other characteristics. This unavoidably includes de-
pendence on market factors. In practice, the most com-
monly used methods are the following: cost approach,
sales comparison approach, and income capitaliza-
tion approach. These methods, described in detail in
(Masteli¢ 2008), are mostly used for individual evaluations
of an undeveloped or developed land for buildings and

obviously involve an assessor, which prolongs the proce-
dure, makes it more expensive, and makes the assessed
value dependent on the assessor’s subjective view.

Mass valuation is a procedure which is based on ob-
jective factors and uses statistical methods to assess the
value of a large quantity of real estate (UNECE 2001). To
ensure the assessed value is fair and accurate, it is nec-
essary to have enough data about each real estate. Sta-
tistical methods make it possible to assess with fair cer-
tainty the value of a factor used for further calculation of
the final value (Baranska 2004), i.e. value assessment
on the basis of mass valuation data and market factors.

2.1. Valuation Factors - Visibility

Modern worldwide real estate valuation systems are
based on existing spatial data, a combination of cadas-
tral and topographic data, along with market factors.
With enough data on real estate gathered in each trans-
action, it would be possible to apply a real estate valu-
ation system that would, using geostatistical methods,
assess real estate value by market comparison. These
data are not collected systematically in Croatia. Name-
ly, data are collected, but not in such a way to be linked
with a GIS-supported valuation system. Therefore, the
system has to rely on other assessment methods, e.g.
influence modelling of individual factors on real estate
value. Determining these factors in urban areas is an
extremely complex problem, and a lot of research dealt
with influence modelling.

Previous research at the Chair for Spatial Informa-
tion Management at the Faculty of Geodesy, University
of Zagreb, modelled and discussed the factors, their in-
fluence on real estate value, and eventually created func-
tions that automatically calculate the influence of partic-
ular factors (Matijevi¢ et al. 2006, Roi¢ et al. 2007). This
paper examines possibilities of data use and modelling in
the Oracle 119 database for the purpose of calculating a
visibility polygon, one of the real estate valuation factors
in an urban area. Different GIS applications are able to
execute various visibility analyses or calculate a views-
phere index — for assessing openness of urban space,
but a single calculation of polygon is done most often
(Yu etal. 2005, Yu et al. 2007), and only a small number
of mass calculations for a wider area (Yang et al. 2007).

The idea behind modelling the influence of this fac-
tor on real estate valuation is the assumption that a real
estate with a larger visibility polygon, i.e. a better view,
has a larger market value than the same real estate with
a smaller visibility polygon (Lake et al. 1998, Yu et al.
2007, Koomen et al. 2005). In earlier studies, view qual-
ity was examined by field inspection for each particular
building. This approach is not satisfactory for the mass
real estate valuation, and this assessment needs to be
expressed in objective and measurable parameters, in
this case in the geometry of the visibility polygon and its
area or volume (Fig. 1).
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modeliranjem njihova utjecaja moguce je dobiti kvalitet-
ne podatke sustava masovnog vrednovanja nekretnina.
Jedan od ¢imbenika koji utjeu na vrijednost nekretnina
je i kvaliteta pogleda, odnosno percepcija otvorenosti
prostora oko nekretnine (Lake i dr. 1998, Yu i dr. 2007,
Koomen i dr. 2005), posebice u urbanim podrucjima. U
ovome radu se pretpostavlja mogucnost kvantitativnog
vrednovanja toga Cimbenika, koji se dalje u radu nazi-
va vidljivost, na osnovi analiza prostornih podataka. Po-
stojeci radovi o odredivanju vidljivosti kao ¢imbenika pri
vrednovanju nekretnina veéinom uzimaju u obzir statistic-
ke podatke za veca podrucja i rasterske podatke reljefa,
bez uzimanja u obzir gradevina (Lake i dr 2000), te po-
kuSavaju korelirati &imbenike vidljivosti i cijena nekretni-
na postupcima videstruke regresije (Koomen i dr. 2005).

Analiza vidljivosti GIS-om Cesto je primjenjivana me-
toda zbog moguénosti Siroke primjene (De Floriani i Ma-
gillo 2003), te vecina GIS aplikacija sadrZi neku metodu
za tu svrhu. Pretezno se radi o jednostavnijim funkcija-
ma odredivanja dogledanja i vidljivosti na osnovi raste-
rom definiranoga digitalnog modela reljefa za prethodno
odredenu, pojedinacnu, tocku (Sander i Manson 2007).
Jedan od ¢imbenika koji je moguée odrediti uz danasnje
mogucnosti analiziranja prostornih podataka je i 3D ana-
liza vidljivosti (De Floriani i Magillo 2003). Analiza vidlji-
vosti prostora iz neke tocke (engl. isovist), odnosno volu-
men tijela zatvorenog neprekinutom granicom vidljivosti
pojam je koji se najéeSce upotrebljava u arhitektonskom
vrednovanju prostora u urbanim podruéjima (Turner i dr.
2001), a kvantitativno je iskazan postotkom nezaklonje-
ne 3D vizure (engl. viewsphere index) ili 3D volumena
pogleda (engl. Volume of Sight — VoS) (Yang i dr. 2007).

Ako presjek neprekinute granice vidljivosti u svim
smjerovima iz neke to¢ke promatramo uzimajuci u obzir
presjek samo horizontalne vizure i prepreka, kao rezul-
tat dobivamo dvodimenzionalni geometrijski lik, poligon
vidljivosti. U ovome radu prikazani postupak omogucuje
automatsko odredivanje velikog broja poligona vidljivo-
sti, izraCunanih na temelju vektorskog 3D modela pro-
stora, koji sadrZi tlo i gradevine, modeliranih i pohranje-
nih u geometrijskom obliku u prostorno-relacijskoj bazi.
Svakoj pojedinoj gradevini na cijelom testnom podruéju
pridruzen je pripadajuéi poligon vidljivosti. Pretpostavlja
se kako je povrsinu takvih poligona moguce korelirati s
pozitivnim, odnosno negativnim utjecajem na vrijednost.

2. Vrednovanje nekretnina
u urbanom podrucju

Procjena vrijednosti nekretnine je predvidanje vri-
jednosti nekretnina na temelju iskustva, te vrednova-
njem njezinih u prvom redu prostornih, ali i drugih obi-
lieZja. Neizbjezno ukljucuje i ovisnost o trZiSnim Cimbe-
nicima. U praksi su naj¢eSc¢e upotrebljavane sljedece
metode procjene: troSkovna (engl. Cost approach), tr-
ziSna usporedba (engl. Sales Comparision Approach) i

dohodovna (engl. Income Capitalization Approach). Na-
vedene metode, detaljnije opisane u (Masteli¢ 2008), ko-
riste se uglavhom za pojedinacne procjene vrijednosti
neizgradenog ili izgradenoga gradevinskog zemljidta, te
ukljuCuju procjenitelja, ¢ime produljuju i poskupljuju po-
stupak, te omogucuju ovisnost procijenjene vrijednosti o
subjektivnom dojmu procjenitelja.

Masovno vrednovanije (engl. mass valuation) je po-
stupak kojim se, na osnovi objektivnih ¢imbenika, sta-
tistickim metodama procjenjuje vrijednost velikog bro-
ja nekretnina (UNECE 2001). Kako bi procijenjena vri-
jednost bila pravedna i dovoljno to¢na, potrebno je ras-
polagati dovoljnim brojem podataka o svakoj nekretnini.
Statistickim metodama moguce je, s odredenom sigur-
noScu, predvidjeti vrijednost nekog Cimbenika koriste-
nog u daljnjem postupku racunanja konacne vrijednosti
(Baranska 2004), odnosno procjene vrijednosti, dobive-
ne na osnovi podataka masovnog vrednovanja uzima-
njem u obzir trzidnih ¢imbenika.

2.1. Cimbenici vrednovanja - vidljivost

Moderni sustavi vrednovanja nekretnina posvuda su
zasnovani na postoje¢im prostornim podacima, kombi-
nacijom katastarskih i topografskih podataka, uz uklju-
Civanje trziSnih ¢imbenika. Uz dovoljan broj podataka o
nekretnini, prikupljen prilikom svake transakcije, bilo bi
moguce pokrenuti sustav vrednovanja nekretnina koji bi
geostatistiCkim metodama s pomoc¢u metode trZiSne us-
poredbe procjenjivao vrijednosti nekretnina. U Hrvatskoj
ne postoji sustav sistematskog prikupljanja tih podataka,
odnosno podaci se prikupljaju, ali ne u obliku u kojem bi
bili zadovoljavajuéi za povezivanje prikupljenih podata-
ka na GIS-om podrzan sustav vrednovanja. Stoga je su-
stav potrebno zasnovati na drugim metodama vrednova-
nja, primjerice modeliranjem utjecaja pojedinih ¢imbeni-
ka na vrijednost nekretnine. Odredivanje tih ¢imbenika
u urbanim podrugjima izrazito je kompleksan problem, a
mnoga istraZivanja bavila su se modeliranjima utjecaja.

U prethodnim radovima na Katedri za upravljanje pro-
stornim informacijama Geodetskog fakulteta Sveucilista
u Zagrebu, modelirani su i razmatrani ¢imbenici te njihov
utjecaj na vrijednost nekretnina, a naposljetku izradene i
funkcije koje automatski radunaju utjecaj pojedinih ¢im-
benika (Matijevi¢ i dr. 2006, Roi¢ i dr. 2007). Ovim radom
ispitane su mogucnosti upotrebe i modeliranja podataka
u bazi podataka Oracle 11g s ciljem odredivanja poligo-
na vidljivosti, jednog od €imbenika vrednovanja nekret-
nina u urbanom podrucju. Razli¢ite GIS-aplikacije nude
mogucnost izrade raznih analiza vidljivosti (engl. visibi-
lity analysis, visual field analysis, line-of-sight analysis),
odnosno raunanja indeksa nezaklonjene 3D vizure (vi-
ewsphere index) za potrebe vrednovanja otvorenosti ur-
banoga prostora, no vec¢inom je rije¢ o pojedinaénom ra-
¢unanju poligona (Yu i dr. 2005, Yu i dr. 2007), a tek u
manjem broju 0 masovnom rac¢unanju za neko Sire po-
drucje (Yang i dr. 2007).
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Fig. 1. Examples of 2D and 3D visibility polygon (Bilsen 2008)
Slika 1. Primjer 2D i 3D poligona vidljivosti (Bilsen 2008)

The procedure described in this paper calculates a
2D visibility polygon by taking an intersection of horizon-
tal vision in all directions with the first obstacle in a 3D
space model. The obstacle can be a building or a terrain
which obscures vision (Fig. 2).

The paper analyzes the areas of visibility polygons,
assuming that data in the cadastral plan, namely the
borders of right holding, are modelled in a 3D space,
although real estates are not divided according to re-
al-condition schemes, meaning that each building has
only one attributed visibility polygon, and not each of its
stories — which would result in more accurate data from
the visibility analysis.

3. Data Modelling in the System

In the test system, the basis for creating a 3D space
model were data from the digital cadastral plan (DCP) of
the Centre cadastral municipality, provided by the City of
Zagreb Office for Cadastre and Geodetic Works for the
purpose of teaching and field work in the graduate pro-
gram at the Chair for Spatial Information Management,
Faculty of Geodesy. These data are older and not up-
dated, but sufficient for testing the valuation procedure
in real conditions. The height component is modelled on
the basis of the Croatian Base Map data.

3.1. Digital Space Models in General

A digital relief model (DRM) is defined as a set of
points on the Earth’s surface, of which the spatial coor-
dinates are applicable for computer processing (Francula
2004). The point grid can be regular (regular square grid
— RSG) and irregular (triangulated irregular network —
TIN). Aregular grid uses a square grid, and an irregular
mostly a triangular grid.

DRM is defined as a continuous area in which each
point considering its position has only one correspond-
ing height (De Floriani and Magillo 2003). Therefore, it
is not possible to model terrain in case of demanding
relief characteristics — a vertical rock or artificial objects
as beams, bridges, viaducts, etc. A digital terrain model
(DTM) is used for this purpose. In bibliography it is also
referred to as the digital surface model (DSM). DTM is a
topographic model of the Earth’s surface which includes
objects, vegetation, paths and natural terrain surface. It
contains other geographical elements (gradients, waters,
etc.). It can also contain other derived terrain elements
such as slope, curve, visibility and other. It is made by
linking two models, a DRM and a digital building model
(DBM). DBM is created by collecting data on built objects
and can be described best as a set of small individual
3D objects not mutually connected. DTM is also a con-
tinuous model, but one in which each point considering

| Visible / Vidljivo

Fig. 2. A length-intersection of terrain and the matching visibility of horizontal vision
Slika 2. Uzduzni presjek terena i pripadajuca vidljivost horizontalne vizure



KiG 2010, 13

Odredivanje poligona vidljivosti kao ¢imbenika vrednovanja nekretnina u urbanom podrucju

Fig. 3. Digital terrain model
Slika 3. Digitalni model terena

Ideja modeliranja utjecaja tog ¢imbenika na vredno-
vanje nekretnina pretpostavka je kako nekretnina s ve-
¢im poligonom vidljivosti, odnosno boljim pogledom, ima
vecu trzisnu vrijednost od iste nekretnine s manjim po-
ligonom vidljivosti (Lake i dr. 1998, Yu i dr. 2007, Koo-
men i dr. 2005). U vecini ranijih studija, kvalitetu pogleda
potrebno je ispitati izlaskom na teren za svaku pojedinu
gradevinu. Taj pristup ne zadovoljava u masovnim susta-
vima vrednovanja nekretnina, pa je tu procjenu potreb-
no iskazati objektivnim i mjerljivim parametrima, u ovom
slu€aju geometrijom poligona vidljivosti i njegovom po-
vr8§inom, odnosno volumenom (slika 1).

U ovom radu prikazan je postupak raunanja dvodi-
menzionalnoga poligona vidljivosti odredujuci presjek ho-
rizontalne vizure u svim smjerovima s prvom preprekom
u 3D vektorskom modelu prostora. Prepreka moZe biti
gradevina ili teren koji prekida vizuru (slika 2).

U radu su analizirane povrSine poligona vidljivosti uz
pretpostavku da su podaci s katastarskog plana, odnosno
granice protezanja prava, modelirani u 3D prostoru, iako
nekretnine nisu podijeljene prema elaboratima usposta-
ve stvarnoga stanja. Drugim rije€ima, svakoj gradevini,
kao dijelu nekretnine, pripada samo jedan poligon vidlji-
vosti, a ne svaki njezin etazni dio — ¢ime bi se mogli do-
biti mnogo realisti¢niji podaci na osnovi analize vidljivosti.

3. Modeliranje podataka sustava

U testnom sustavu kao podloga za izradu 3D mode-
la prostora koriSteni su podaci digitalnoga katastarskog
plana (DKP) za katastarsku opéinu Centar, dobiveni od
Gradskog ureda za katastar i geodetske poslove gra-
da Zagreba za potrebe izvodenja nastave na Geodet-
skom fakultetu. Podaci su starijeg datuma i neaZurirani,
ali dovoljno dobri za testiranje procedure vrednovanja u

realnim uvjetima. Visinska komponenta reljefa modelira-
na je na osnovi podataka Hrvatske osnovne karte (HOK).

3.1. Opcenito o digitalnim modelima prostora

Digitalni model reljefa (DMR) definiran je kao skup
toCaka na povrsini Zemlje kojih su prostorne koordinate
pogodne za ra¢unalnu obradu (Francula 2004). Raspo-
red toaka mozZe biti pravilan (engl. regular square grid
—RSG) i nepravilan (engl. triangulated irregular network
—TIN). Za pravilan raspored to¢aka koristi se kvadratna
mreza, a za nepravilan naj¢esce trokutna mreza.

DMR je definiran kao kontinuirana povrsina u kojoj
svaka toCka u polozajnom smislu ima samo jednu pripa-
dajuéu visinu (De Floriani i Magillo 2003). Iz toga je vid-
ljivo kako nije moguce ispravno modelirati teren kod za-
htjevnih karakteristika reljefa, npr. okomita stijena, ili kod
umjetnih objekata kao Sto su brane, mostovi, vijadukti i
dr. U tu svrhu koristi se DMT, odnosno digitalni model te-
rena (engl. Digital Terrain Model — DTM). U literaturi se
koristi i pojam digitalni model povrSine, odnosno DMP
(engl. Digital Surface Model — DSM). DMT je topograf-
ski model Zemljine povrSine koji sadrZi objekte, vegeta-
ciju, putove i prirodnu povrsinu terena. Sadrzi i druge ge-
ografske elemente (npr. padnice, vode i sl.). Moze sadr-
Zavati i druge izvedene elemente o terenu poput nagi-
ba, zakrivljenosti, vidljivosti i dr. Nastaje spajanjem dva-
ju modela, DMR-a i digitalnog modela objekata (DMO).
DMO (engl. Digital Building Model — DBM) nastaje pri-
kupljanjem podataka o izgradenim objektima i najbolje
se moZe opisati kao skup malih pojedinaénih 3D objeka-
ta koji nisu medusobno povezani. DMT je takoder konti-
nuirani model u kojem svaka tocka u polozajnom smislu
moze imati jednu ili viSe pripadajucih visina. To se po-
stiZze spajanjem modela reljefa i objekata tako da model
objekata isklju€uje model reljefa na mjestima na kojima
se nalazi i obrnuto (slika 3).
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Fig. 4. Class diagram of system data structure

its position can have one or more corresponding. This is
achieved by combining a relief and an object model, so
that the object model excludes the relief model in plac-
es where shown and vice versa (Fig. 3).

3.2. Creation of a Digital Terrain
Model for the Test Area

A DTM of the test area was created by modelling a
digital relief model and a digital object model, and stor-
ing those into a spatial database. In this way, the starting
spatial data were transformed to be applicable for a vis-
ibility analysis by combining spatial queries to the data-
base. The spatial queries combine classic logic SQL op-
erators widening the query with spatial functions (Oracle
2009). The data are stored into the base in the form of
SDO_GEOMETRY data type, or columns in which choos-
ing one of the predefined object storage types (2D and
3D), data about the geometric component for each en-
try are stored. Within each piece of the SDO_GEOME-
TRY type data there is a set of points, stored in the co-
ordinate array field.

From the line-elements-enclosed areas at the layer of
border lines in the DCP, within which the number of cadas-
tral parcel is written, 2D polygons are modelled which are
suitable to be entered into the spatial database. Cadas-
tral parcels are thus stored in the CEST ICA table, with a
SDO-GEOMETRY-type column for describing geometry
of a 2D object polygon, together with data on the parcel
number and technical area. In the “geom” column con-
taining geometry, a 2D r-tree spatial index is established
— cestica_idx. The connection between fragmented
2D data on cadastral parcel and 3D data on buildings on
the land which make up a real estate can be made using
a spatial query, disregarding the 3rd dimension.

Buildings or a DBM are stored in the GRAD table (Fig
4), in the column titled “geom”, of the SDO_GEOMETRY
type, which stores 3D bodies that enclose buildings. The

3D bodies are made on the basis of ground plan data on
DCP buildings, and the height of the closest point of the
digital relief model is taken for height — the whole ground
plan area of the building is set at the same height for sim-
pler modelling in the database. This led to staircase-ef-
fect differences in height in longer blocks of buildings, but
it was ignored in this phase of system creation. The ta-
ble also includes data on the cadastral parcel on which
the building is found, the ground plan building area and
building type, and all buildings are numbered and given
a unique identification (idgradj).

By modelling buildings as 3D bodies, it is possible
to determine volume using embedded Oracle functions.
Since the buildings in this test system are modelled as
prisms for the bases of which the ground plan building
area was taken from the DCP, and the object height is
constant and equals 10 m (Fig. 5), a calculation of vol-
ume using a function would not make much sense. In the
“geom” column, which contains geometry, a 3D r-tree spa-
tial index is established and titled grad__idx3d. Since
the DCP for the test cadastral municipality was not
made according to the State Geodetic Administrati-
on (SGA) specifications which do not allow this situ-
ation, some buildings were drawn in two cadastral
parcels. For the purpose of the test model, these
buildings were simply excluded from further anal-
yses, i.e. they were not modelled as 3D buildings.

A digital relief model (DRM) for the test area was
made on the basis of triangular points taken from contour
lines and altitudes of the Croatian Base Map sheets, with
added split points at the intersection of buildings and ter-
rain, to keep topological accuracy when calculating vis-
ibility (Fig. 6). Although it is optimal to use the SDO-TIN
object type (Oracle 2009) for large data sets, for simpler
access and a satisfactory function speed, an SDO_GE-
OMETRY column was used to store the TIN triangle ge-
ometry in the form of a 3D polygon. The CBM sheets in
digital form were provided by the SGA for the purpose
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CESTICA

idcestica : INTEGER

GRAD

idgrad : INTEGER
idcestica : INTEGER

DMR

KC_broj : VARCHAR
povrsina : NUMBER 1 n
geometrija : SDO_GEOMETRY

namjena : VARCHAR
povrsina : INTEGER
geometrija : SDO_GEOMETRY

=== ~Jiddmr : INTEGER

| geometrija : SDO_GEOMETRY
|

|

|

1
1

<<koristi>>

VIDLJIVOST_T

idvidljivost : INTEGER

geometrija: SDO_GEOMETRY [~~~ i

idgrad : INTEGER
vrijemelzracuna : NUMBER

Slika 4. Dijagram klasa strukture podataka sustava

3.2. Izrada digitalnog modela terena testnog
podrucja

DMT testnog podrucja dobiven je modeliranjem digi-
talnog modela reljefa i digitalnog modela objekata, od-
nosno njihovom pohranom u prostornu bazu podataka.
Time su pocetni prostorni podaci prevedeni u oblik u ko-
jem su pogodni za izvodenje analize vidljivosti upotre-
bom kombinacije prostornih upita u bazi podataka. Pro-
storni upiti kombiniraju klasi¢ne logicke SQL operatore
proSirujuci upit prostornim funkcijama (Oracle 2009). Po-
daci su u bazu pohranjeni u obliku tipa podataka SDO_
GEOMETRY, odnosno stupca u kojemu se s pomocu
izbora jednog od ponudenih unaprijed definiranih tipova
za pohranu objekata (2D i 3D), pohranjuju podaci o ge-
ometrijskoj komponenti za svaki pojedini zapis. Unutar
svakog pojedinog podatka tipa SDO_GEOMETRY, na-
lazi se skup toCaka, pohranjenih u polje koordinata to-
¢aka (engl. ordinate array).

Od podrugja zatvorenih linijskim elementima na slo-
ju mednih linija DKP-a, unutar kojih je upisan broj kata-
starske Cestice, modelirani su 2D poligoni koji su pogod-
ni za unos u prostornu bazu podataka. Katastarske ce-
stice su tako pohranjene u tablici CESTICA (slika 4),
sa stupcem tipa SDO_GEOMETRY za opis geometri-
je objekta, zajedno s podacima o broju Cestice i povrsi-
ni Eestice. Na stupcu geom koji sadrzi geometriju uspo-
stavljeno je 2D r-stablo strukture podataka nazvano ce-
stica_idx. Vezu izmedu razjedinjenih 2D podataka
katastarske Cestice i 3D podataka gradevina koji pripa-
daju zemljiStu Cestice i €ine nekretninu moZe se ostvari-
ti prostornim upitom, uz zanemarivanje trece dimenzije.

Gradevine, odnosno DMO, pohranjene su u tablici
GRAD (slika4), sa stupcem nazvanim geom, tipa SDO_
GEOMETRY, u koji su pohranjena 3D tijela koja zatvaraju
gradevine. 3D tijela izradena su na osnovi tlocrtnih poda-
taka o gradevinama DKP-a, a za podatak o visini uzeta
je visina najbliZze tocke digitalnog modela reljefa — cijela

tlocrtna povrsina gradevine postavljena je na istu visinu
zbog jednostavnijeg modeliranja u prostornoj bazi. To je
dovelo do stepenicastih razlika u visini kod duljih bloko-
va zgrada, ali je u ovoj fazi izrade sustava zanemareno.
U tablicu GRAD dodani su i podaci o katastarskoj Eestici
na kojoj se nalazi gradevina, tlocrtnoj povrsini gradevine
i tipu gradevine, te su sve gradevine numerirane i dodije-
lien im je jedinstveni identifikator (idgradj).

Modeliranjem gradevina kao 3D tijela moguce je odre-
diti i obujam ugradenim Oracleovim funkcijama. Kako
su gradevine u testnom sustavu modelirane kao priz-
me u bazama kojih je tlocrtna povrSina gradevine pre-
uzeta iz DKP-a, a visina objekta konstantna i iznosi 10
m (slika 5), racunanje obujma funkcijom ne bi imao pre-
vie smisla. Na stupcu geom koji sadrzi geometriju us-
postavljeno je 3D r-stablo strukture podataka nazvano
grad_idx3d. Kako DKP za testnu katastarsku opéi-
nu nije izraden prema specifikacijama DrZzavne geodet-
ske uprave (DGU), koje ne dopustaju tu situaciju, neko-
liko gradevina bilo je ucrtano na dvije katastarske Cesti-
ce. Za potrebe izrade testnog modela te su gradevine
jednostavno izbacene iz daljnjih analiza, odnosno nisu
modelirane kao 3D gradevine.

Digitalni model reljefa (DMR) za testno podrucje izra-
den je na osnovi to¢aka preuzetih s izohipsi i kota listo-
va HOK-a, uz dodane lomne tocke na presjeku grade-
vina i terena zbog zadrZavanja topolo$ke ispravnosti pri
raCunanju vidljivosti (slika 6). lako je za velike skupove
podataka najoptimalnije koristiti tip objekta SDO_TIN
(Oracle 2009), zbog jednostavnijeg pristupa i zadovolja-
vajuce brzine izvodenja funkcije, koridten je stupac tipa
SDO_GEOMETRY za pohranu geometrije trokuta TIN-
a u obliku 3D poligona. Listovi HOK-a u digitalnom obli-
ku dobiveni su od DGU-a za potrebe izvodenja nastave
na Geodetskom fakultetu SveuciliSta u Zagrebu i stari-
jeg su datuma, te bi za preciznije prostorne analize tre-
balo koristiti detaljniji DMR.

1
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Fig. 5. Display of a part of the modelled buildings
Slika 5. Prikaz dijela modeliranih gradevina

of teaching at the Faculty of Geodesy, University of Za-
greb, and are not new. A DRM with more details would
be necessary for more precise spatial analyses.

4. System Creation and Functioning

On the basis of spatial data stored in the Oracle rela-
tional database, version 11.1.0.6., the system calculates
the area of 3D visibility by combining classical SQL que-
ries and widening the query using spatial functions em-
bedded in the Oracle Spatial, an Oracle database com-
ponent for data storage, analysis and updating. Spatial
analyses are done using predefined geometrical-topo-
logical functions: within distance, contain, nearest neigh-
bour, distance, buffer, overlay, disjoint, touch, any inter-
act, etc. (Gali¢ 2006). Of all spatial operators embedded
in the existing Oracle version, the following take into ac-
count all three dimensions of stored objects (Oracle 2009):

U SDO_ANYINTERACT -checks if there is a topological
link,

0 SDO _FILTER - uses spatial index data to determine
if an object is in the specified area,

4 SDO_INSIDE - checks if there are spatial data within
the specified geometry,

U SDO_NN - using the spatial index, i.e. (minimum
bounding box), defines the nearest neighbour data in
relation to the specified geometry,

0 SDO_WITHIN_DISTANCE - checks if there are ob-
jects within the specified distance from the specified
geometry.

4.1. The “Visibility” Procedure

The “Visibi lity” procedure made in PL/SQL (Pro-
cedural Language/Structured Query Language) calculates

a visibility polygon for a specified building by writing into
the Visibility_t table the geometry of the inter-
section, defined as a 2D polygon and stored in the
SDO_GEOMETRY data type, area of the polygon,
time for calculating the procedure for an object bu-
ilding, number of objects included in the query, and
idgradj, a unique building identification.

The geometry of intersection is defined by exa-
mining at which distance from the building for whi-
ch calculation is done the first obstacle under a
certain angle is found, along horizontal vision. So
by turning the observed intersections a full circle is
enclosed and the points of obstacle to free vision
closest to the viewpoint are marked, which toget-
her enclose a visibility polygon (Fig. 7 and 8, poly-
gon filled yellow).

This calculation method first requires a definition of
angle shift or turn for the direction in which the distance
from the viewpoint to an obstacle is calculated, i.e. max-
imum distance from the considered viewpoint. The pro-
cedure defines a viewpoint, which generalizes the view
from the building for which a polygon is calculated, as a
weight-centre of 3D body which represents a building in
the model. Accuracy of the visibility polygon calculation
directly depends on the choice of angle shift and maxi-
mum distance.

When choosing an angle shift, variants of polygon
calculations for several buildings in the test area were
analyzed. A smaller angle shift enables a more accurate
calculation and shape of visibility polygon, with a greater
number of polygon points and thereby more time needed
for the calculation procedure. An angle shift of 0.11 (18°)
and a visibility polygon defined by 20 points were cho-
sen. Table 1 shows results of the choice of angle shift in
test area example, and the difference between the area
and shape of the calculated visibility polygon (red) and
its actual value (grey).
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4. 1zrada i djelovanje sustava

Sustav na osnovi prostornih podataka, pohranjenih
u relacijsku bazu podataka Oracle, verzija 11.1.0.6., ra-
¢una povrsinu 2D vidljivosti i pritom koristi kombinaciju
klasi¢nih SQL upita proSirujuéi upit prostornim funkcijama
ugradenim u komponentu Oracle Spatial baze podata-
ka za pohranu, analiziranje i azuriranje prostornih poda-
taka. Prostorne analize izvode se upotrebom unaprijed
definiranih geometrijsko-topoloskih funkcija: within dis-
tance (unutar udaljenosti), contain (sadrzavanje), near-
est neighbor (najbliZi susjed), distance (udaljenost), buf-
fer (koridor), overlay (prekrivanje), disjoint (disjunktnost),
touch (dodirivanje), anyinteract (postoji li ikakva topolo$-
ka povezanost) itd. (Gali¢ 2006). Od svih prostornih ope-
ratora ugradenih u postojecu verziju baze Oracle, slje-
deci uzimaju u obzir sve tri dimenzije pohranjenih obje-
kata (Oracle 2009):

U SDO_ANYINTERACT - provjerava postoji li ikakva
topoloSka povezanost,

U SDO _FILTER - koristi podatke prostornog indeksa
kako bi odredio nalazi li se neki objekt u zadanom
podrudju,

U SDO_INSIDE - provjerava postoje li prostorni podaci
koji se nalaze unutar zadane geometrije,

U SDO_NN —'s pomocu podataka prostornog indeksa
(engl. minimum bounding box), odreduje najblize
susjedne podatke (engl. nearest neighbour) u odnosu
na zadanu geometriju,

U SDO_WITHIN_DISTANCE - provjerava postoje li ob-
jekti unutar zadane udaljenosti od zadane geometrije.

4.1. Procedura ,,Vidljivost“

Vlastita procedura Vidljivost, izradena u PL
/SQL-u (Procedural Language/Structured Query Lan-
guage), raCuna poligon vidljivosti za zadanu gradevinu
na taj nacin da u tablicu Vidl jivost_t upisuje geo-
metriju presjeka, definiranu kao 2D poligon, pohranjen u
tipu podatka SDO_GEOMETRY, povrsinu poligona, vri-
jeme raCunanja procedure za predmetnu gradevinu, broj
objekata koji je sudjelovao u izradi upita, te idgradj,
jedinstveni identifikator gradevine.

Geometrija presjeka odreduje se ispitivanjem na kojoj
se udaljenosti od gradevine za koju se izvodi raCunanje
nalazi prva prepreka pod nekim smjernim kutom, uz ho-
rizontalnu vizuru. Tako se zakretanjem promatranih pre-
sjeka obilazi cijeli krug i biljeZe tocke prepreke slobodne
vizure najblize tocki gledista, koje zajedno zatvaraju poli-
gon vidljivosti (slika 7 i 8, poligon popunjen Zutom bojom).

Navedena metoda raCunanja zahtijeva prethodno
odredivanje kutnog koraka, odnosno zakreta, za koji e

Fig. 6. DTM of the test area
Slika 6. Modeliranje DMT-a testnog podrucja

se zakretati smjer u kojemu se izratunava udaljenost od
toCke gledita do prepreke. Procedura definira tocku gle-
dista, kojom se uopc¢ava pogled iz gradevine za koju se
poligon izratunava, kao tocku tezista 3D tijela kojime je
predstavljena gradevina u modelu. O odabiru kutnog ko-
raka i maksimalne udaljenosti izravno ovisi to¢nost odre-
divanja poligona vidljivosti.

Pri odabiru kutnog koraka analizirane su varijante
odredivanja poligona vidljivosti za nekoliko odabranih
gradevina na testnom podruc¢ju. Manji kutni korak omo-
gucéava tocnije odredivanje i oblik poligona vidljivosti uz
povecanje broja toCaka poligona, a time i vremena po-
trebnog za raunanje. Odabran je kutni korak od 0,11
(18°), odnosno poligon vidljivosti definiran je s 20 to¢a-
ka. Tablica 1 prikazuje posljedice odabira veliine kutnog
koraka na pojedinaénom primjeru iz testnog podruéja, te
razliku povrsine i oblika izradunanog poligona vidljivosti
(crveno) i njegove prave vrijednosti (sivo).

13
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Fig. 7. Example of a calculated visibility polygon —
2D display

Slika 7. Primjer izracunanog poligona vidljivosti —
2D prikaz

Considering the applied calculation method, the max-
imum distance from the considered viewpoint was set
at 500 metres due to a relatively small test area, be-
cause if the maximum value was too high, the boundaries
would fall outside the test area for most queries. A high
percentage of construction in urban areas additionally

justifies the choice of a smaller figure due to rare cases
of longer free vision than this one. The reason for choos-
ing the calculation method of defining maximum vision
length is to quicken the procedure by combining the em-
bedded spatial queries which use the spatial index data.

The “Visibi lity” procedure of the first intersection
point stores vision in each direction (red in figure) into
the co-ordinate array field, and after calculating a set of
points for the full circle, stores the polygon into the table
vidljivost_t as the SDO_GEOMETRY data type.
After modelling this intersection in the SDO_GEOME-
TRY format, it is possible to employ further spatial anal-
yses using the spatial operators embedded in the data-
base. Therefore, the area of the calculated polygon is
obtained by function SDO_GEOM.SDO_AREA within
the created view, which is obtained from the table which
stores polygons:

SQL> CREATE OR REPLACE VIEW VISIBILITY_VIEW
AS SELECT t.ID, t.IDGRADJ, . GEOM, SDO_GEOM.
SDO_AREA(geom, 0.01) FROM visibility_t t;

5. Results

The created procedure stores in the table data on
which building is in question, geometry and the area of
intersection, as well as the time of performing the proce-
dure for each building and the number of objects in the
analysis of each particular intersection. In total, 13 137
polygons of visibility were calculated for the same num-
ber of buildings in the test area. For each calculation,
one line is stored in the visibility_t table, the

Fig. 8. Example of a calculated visibility polygon — 3D display
Slika 8. Primjer izracunanog poligona vidljivosti — 3D prikaz
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Maksimalna udaljenost od tocke gledista koja se raz- Table 1. Dependency of calculation of a visibility
matra postavljena je na 500 metara zbog relativno malog polygon on the choice of angle step
testnog podrucja, na kojemu bi, u slu¢aju prevelike po- Tablica 1. Ovisnost odredivanja poligona vidljivosti o
stavljene maksimalne vrijednosti, za vecinu upita grani- izboru kutnog koraka

ce padale izvan testnog podrudja. Veliki postotak izgra-
denosti u urbanim podruéjima dodatno opravdava izbor
krace vrijednosti zbog rijetkih slu¢ajeva dulje slobodne
vizure od navedenog. Razlog izbora metode u kojoj je
potrebno zadati maksimalnu duljinu vizure je brze izvo-
denje procedure upotrebom kombinacije ugradenih pro-
stornih upita, koji koriste podatke prostornog indeksa.

Procedura Vidl jivost tocke presjeka vizure u
svakome smijeru (na slici crveno) sprema u polje koordi-
nata te nakon racunanja skupa to€aka za cijeli krug po-
hranjuje poligon u tablicu vidljivost_t kao tip po-
datka SDO_GEOMETRY. Nakon modeliranja tog pre-
sjeka u formatu SDO_GEOMETRY, moguce je koristiti
daljnje prostorne analize s pomocu prostornih operato-
ra ugradenih u bazu podataka. Tako je povrsina izraCu-
nanog poligona dobivena funkcijom SDO_GEOM.SDO _
AREA unutar pogleda (engl. view) koji je kreiran na osno-
vi tablice u kojoj su pohranjeni poligoni:

SQL> CREATE OR REPLACE VIEW VIDLJIVOST_PO-
GLED AS SELECT t.ID, t.IDGRADJ, t.GEOM, SDO_
GEOM.SDO_AREA(geom, 0.01) FROM vidljivost_t t;

5. Rezultati

Izradena procedura Vidljivost uz podatke o kojoj je
gradevini rije¢, geometriji i povrsini poligona vidljivosti, u
tablicu pohranjuje i vrijeme izvodenja procedure za sva-
ku pojedinu gradevinu, te broj objekata obuhvacenih u
analizu svakog pojedinog poligona vidljivosti. Ukupno je
izracunano 13 137 poligona vidljivosti za isto toliko gra-
devina na podru¢ju testnog obuhvata. Za svako je racu-
nanje pohranjenijedan redak u tablicividl jivost_t,
odnosno pogledu vidl jivost_pogled, te je mogu-
¢e analizirati vremena potrebna za raCunanje. RaCuna-
nje svih poligona vidljivosti za cijelo testno podrucje tra-
jalo je 79 sati i 21 minutu. Treba naglasiti kako su vre-
mena izvodenja procedure samo pokazatelj reda velii-
ne mogucih vrijednosti, odnosno samo se relativni me-
duodnosi mogu razmatrati, jer su mjerena na racunalu
Cija primarna namjena nije samo rad s bazom podataka
Oracle. Testno racunalo opremljeno je dvojezgrenim pro-
cesorom takta 2,5 GHz, 3 GB radne memorije, s opera-
tivnim sustavom Microsoft Windows XP, i bazom poda-
taka Oracle Enterprise Edition, verzija 11.1.0.6. Jedno-
stavnim upitima moguce je odrediti statistiCke pokaza-
telje raCunanja koji su navedeni u tablici 2.

Analizom podataka utvrdeno je kako su pojedine
gradevine u brdovitijem predjelu katastarske opcine za-
kinute u racunanju poligona vidljivosti odabirom mak-
simalne udaljenosti od 500 metara, jer postoje slobod-
ne vizure dulje od 500 metara, suprotno pretpostavci

Kutni korak /
Angle shift:
0.2m =36°

Razlika /
Difference: 16%

Poligon / Polygon:
10 toaka / points

Kutni korak /
Angle shift:
0.1m=18°

Razlika /
Difference: 13%

Poligon / Polygon:

20 to¢aka / points

Kutni korak /
Angle shift:
0.05m =9°

Razlika /
Difference: 2%

Poligon / Polygon:
40 to¢aka / points

Kutni korak /
Angle shift:
0.025m =45°

Razlika /
Difference: 1%

Poligon / Polygon:
80 tocaka / points
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Fig. 9. Thematic display of the visibility area [m?] for the whole test area
Slika 9. Tematski prikaz povrsine vidljivosti [m?] za cijelo testno podrucje
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Fig. 10. Thematic display of the visibility area [m?]
for the part of the test area

Slika 10. Tematski prikaz povrsine vidljivosti [m?]
dijela testnog podrucja

visibility_view view (Fig. 8), and it is possible
to analyze the times needed for calculation. The cal-
culation of all visibility polygons for the whole test area
lasted 79 hours and 21 minutes. It needs to be stressed
that the times of performing the procedure are only indi-
cators of the scope of possible figures, i.e. only relative

relations can be assumed, because they were measured
on a computer the primary purpose of which is not only
operating an Oracle database. The test computer had
a two-core processor with 2.5 GHz, 3 GB RAM, Micro-
soft Windows operating system, Oracle Enterprise Edi-
tion database version 11.1.0.6. Using simple queries, it
was possible to determine statistical calculation indica-
tors as they are seen in Table 2.

The data analysis shows that certain buildings in a
more mountainous part of the cadastral municipality are
at a disadvantage by setting the maximum distance at
500 min the visibility polygon calculation, since there are
free visions longer than 500 m, which opposes the as-
sumption defined prior to calculation. In order to avoid
this in more detailed visibility polygon calculations, an-
other calculation method should be applied or the max-
imum possible figures tested prior to calculation. Statis-
tical indicators should be taken with caution, partly due
to inaccurate data on the visibility polygon of buildings
at the borders of a cadastral municipality. These build-
ings have a maximum visibility in the direction for which
data is lacking due to lack of data on obstructing vision
by buildings from neighbouring municipalities.

The minimal and maximum values of the area were
calculated on the basis of calculations of all visibility poly-
gons in the test area (Fig. 9, Fig. 10), in the Centre ca-
dastral municipality. Based on these values and enough
market real estate values in the specified area, it is pos-
sible to assign the value of factors and use it in further
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Table 2. Statistical indicators of the visibility polygon calculation for the test area
Tablica 2. StatistiCki pokazatelji racunanja poligona vidljivosti za testno podrucje

Minimum Maksimum Aritmeticka sredina Medijan
Minimum Maximum Mean Median
Povrsina / Area [m?] 2 521872 25631 2094
Vrijeme racunanja /
Calculation time [s] 11 1204 21,7 206

120 |

80

Vrijeme racunanja / Calculation time

0 500

1000 1500 2000

Broj objekata u upitu
Number of objects in query

Fig. 11. Representation of the dependency between
calculation time and the number of objects

Slika 11. Prikaz ovisnosti brzine radunanja
0 broju objekata

postavljenoj prije ratunanja. U izradi detaljnijih procedu-
ra izraGuna poligona vidljivosti, za izbjegavanje spome-
nutog, potrebno je primijeniti drugu metodu racunanja ili
ispitati maksimalne moguce vrijednosti prije raCunanja.
StatistiCke pokazatelje treba uzeti s dozom opreza, dije-
lom i zbog nerealnih podataka o poligonu vidljivosti gra-
devina na rubovima katastarske opc¢ine. Navedene gra-
devine, zbog nedostataka podataka o zaklanjanju vizu-
re gradevinama iz susjednih op¢ina, imaju maksimalnu
vidljivost u smjeru u kojemu nedostaju podaci.

Na osnovi izradunanih svih poligona vidljivosti na
testnom podrucju (slike 9 i 10), moguce je dodijeliti

120 —

Vrijeme racunanja / Calculation time

0 200000

400000

Povrsina poligona vidjivosti [m2]
Visibility polygon area [m?]

Fig. 12. Representation of the dependency between
calculation time and the area of the visibility polygon

Slika 12. Prikaz ovisnosti brzine radunanja
0 povrSini poligona vidljivosti

vrijednost ¢imbenika, te ga koristiti u daljnjem vrednova-
nju na taj na¢in da njime umanjujemo, odnosno uveca-
vamo vrijednost nekretnina.

S pomocu prikaza vremena potrebnih za racunanje
(slika 111 12) moguce je zakljuciti kako je vrijeme potreb-
no za rac¢unanje obrnuto proporcionalno povrsini poligo-
na vidljivosti (slika 12), te kako se ne vidi jasna ovisnost
vremena potrebnog za radunanje o broju objekata koji
ulaze u svaki pojedini upit (slika 11). Dodatna vizualna
kontrola potvrduje navedeno, jer su gradevine s manjim
poligonom vidljivosti vecinom okruZene veéim objektima,
odnosno preprekama vizuri.

17
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real estate valuation, in a way that by employing a fac-
tor, we reduce or increase real estate value depending
on the corresponding visibility polygon.

Looking at the time displays for the calculation pro-
cedure (Fig. 11 and 12), it can be concluded that the
time needed for calculation is in reverse proportion to
the area of the visibility polygon (Fig. 12), and that there
is no clear dependency between time and the number
of objects entered in each particular query (Fig. 11). An
additional visual check confirms this, because buildings
with a smaller visibility polygon are mostly surrounded
by larger objects, i.e. vision obstacles.

6. Conclusion

The paper describes the possibilities of analyzing one
factor of real estate valuation in urban area using spa-
tial relational databases. A procedure for automatic cal-
culation of visibility polygon was created on the basis of
a 3D vector space model for the test area of the cadas-
tral municipality Centre in Zagreb. The procedure for re-
sult storage uses a spatial data type supported by the
base, enabling the use of embedded functions for spa-
tial analyses, and it is created in the PL/SQL procedur-
al language. A 3D vector space model of the test area
is created on the basis of the digital cadastral plan data
and the Croatian Base Map. Using this procedure, data
on the area and shape of visibility polygons for 13 137
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6. Zakljucak

U radu su opisane moguénosti analiziranja jednog od
¢imbenika vrednovanja nekretnina u urbanom podruc-
ju koristenjem funkcionalnosti prostorno-relacijske baze
podataka. Izradena je vlastita procedura automatskog
raCunanja poligona vidljivosti na osnovi 3D vektorskog
modela prostora za testno podrucje katastarske opcine
Centar u Zagrebu. Procedura za pohranu rezultata kori-
sti prostorni tip podataka podrzan bazom, omogucavaju-
¢i koridtenje ugradenih funkcija za prostorne analize po-
dataka. Izradena je u jeziku PL/SQL. 3D vektorski mo-
del prostora testnog podrugja izraden je na osnovi po-
dataka digitalnog katastarskog plana i podataka Hrvat-
ske osnovne karte. Izradenom procedurom izraunani su
podaci o povrSini i obliku poligona vidljivosti za 13 137
gradevina na testnom podrucju. Analizirana su i vreme-
na potrebna za raunanje.
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kao dio opseznijih raCunanja, zasnovanih na veéem bro-
ju objektivnih ¢imbenika vrednovanja. Prije upotrebe
predlozenog pristupa radunanja poligona vidljivosti u na-
vedenu svrhu, potrebno je dodatno istraziti utjecaj tog

¢imbenika u realnim uvjetima, te zahtijevanu to¢nost odre-
divanja povrSine i oblika poligona vidljivosti. Upotrijeblje-
na metoda upotrebljiva je uz prethodno razmatranje po-
trebnoga kutnog koraka i maksimalne udaljenosti o ko-
jima to¢nost odredivanja poligona izravno ovisi. Jedno-
stavnost predlozene metode omogucuje relativno brzo
izvodenje procedure i raunanje, odnosno pohranu po-
dataka o geometriji poligona vidljivosti za veliko podrué-
je, ali nije prikladna za egzaktni izraCun poligona vidlji-
vosti, koji ovom metodom nije ni moguc.

Za dobivanje realnijih podataka predlozenom meto-
dom potrebno je detaljnije modelirati gradevine, odnosno
zasebno modelirati dijelove nekretnine prema planu po-
sebnih dijelova. Time bi se omoguéilo detaljnije isticanje
kvantitativne vrijednosti poligona vidljivosti izraCunanog
za svaki posebni etazni dio nekretnine, nasuprot jednoga
za cijelu gradevinu. To je moguée ostvariti bez promje-
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zbog neovisnosti 0 modelu podataka u smislu predstav-
ljanja nekretnina geometrijskim modelima, te ga je mo-
guce primijeniti i na navedenim, detaljnije modeliranim i
realnijim modelima podataka.
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