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Abstract. 3D maps are one of the most attractive cartographical products for map users. They can present the real environ-
ment in a photorealistic, readable way, keeping enough geo-spatial information for the needs of different users. Very often
users don’t make a difference between 3D maps and 3D models of the real environment. The aim of this report is to clarify
when we can speak of 3D maps and even to discuss the definition of a 3D map.

The article considers the cartographical elements applied in 3D mapping which help a 3D model to become a 3D map: user
requirements, map contents, symbol system, accuracy, scale, projections and generalization, levels of details. The new car-
tographical elements are added to improve 3D maps: virtual camera, shades, lights, animation. In conclusion, the author will
explain when we can speak of a 3D model and when of a 3D map.
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1 Introduction

Cartography is one of the most ancient and, at the
same time, one of the most modern sciences. The three-
dimensional (3D) technologies, and the application of
modern techniques give us evidence for development of
cartography as a science and practice of map making.
Every cartographer pays attention to users, every map
should supply users with necessary information re-
garding the represented objects and phenomena. Many
scientists (Petrovi¢ 2001, Bonchev 2009, Stanek et al.
2010) use this new direction for cartography to identify
and evaluate different user requirements and needs.

Adami and Guerra (2006) outlined the integration of
the acquisition, management, and representation tech-
niques for geo-referencing data processing. They wrote
about “more representative” and “world widespread”
digital cartography. This means that when reality is

described and visualized, social, economic, and cultural

data should also be included. Futhermore, more users

can be identified from different cartographic product
user groups. The author concludes that 3D maps are the
most suitable products for this purpose (Adami and

Guerra 2006). There are many examples of 3D maps or

models of reality made by different technologies with

very high usage. Some examples are given below:

* The Brisbane city 3D model, built using artificial in-
telligence (AI) photogrammetry method from dif-
ferent sources: OpenStreetMap (OSM) data, Open
Source Digital elevation model (DEM) LiDAR data,
Free satellite imagery, shows city development and
planning processes (Snecket 2019).

» Hiberling et al. (2008) explain that 3D maps can be
presented on a large variety of display media. They
demonstrate this by presenting a 3D map from an in-
teractive atlas of Switzerland consisting of topographic
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3D model stvarnog okolisa
— osnova za izradu 3D karata

Sveucilite za arhitekturu, gradevinarstvo i geodeziju, Odjel za fotogrametriju i kartografiju

Temenoujka BANDROVA

1, Chr. Smirnenski Blvd., Sofija, Bugarska
tbandrova@abv.bg (ORCID: 0000-0003-4778-5557)

SaZetak. 3D karte su za korisnike karata jedan od najatraktivnijih kartografskih proizvoda. Mogu prikazati stvarno
okruzenje na fotorealisti¢an, Gitljiv nacin, ¢uvajuci dovoljno geoprostornih informacija za potrebe razli€itih korisnika.
Vrlo ¢esto korisnici ne prave razliku izmedu 3D karata i 3D modela stvarnog okruzenja. Gilj je ovog izvjeS¢a razjasniti
kada mozemo govoriti 0 3D kartama, pa €ak i raspraviti o definiciji 3D karte.

U Clanku se razmatraju kartografski elementi primijenjeni u 3D kartiranju koji pomazu 3D modelu da postane 3D kar-
ta: korisnicki zahtjevi, sadrZaj karte, sustav znakova, tocnost, mijerilo, projekcije i generalizacija, razine detalja. Dodani
su novi kartografski elementi za poboljSanje 3D karata: virtualna kamera, sjene, svjetla, animacija. U zakljutku ce
autorica objasniti kada se moze govoriti o0 3D modelu, a kada o 3D karti.

Kljugéne rijeéi: 3D model, 3D karta, 3D kartografski znakovi, 3D kartiranje, kartografija

1. Uvaod

Kartografija je jedna od najstarijih, a ujedno i jedna
od najmodernijih znanosti. Trodimenzionalne (3D) teh-
nologije i primjena suvremenih tehnika svjedoce o ra-
zvoju kartografije kao znanosti i prakticnoj izradi
karata. Svaki kartograf obrata paznju na korisnike, sva-
ka karta treba korisnicima pruZiti potrebne informacije
o prikazanim objektima i pojavama. Mnogi znanstvenici
(Petrovi¢ 2001, Bonchev 2009, Stanek i dr. 2010) koriste
taj novi smjer u kartografiji za prepoznavanje i procjenu
razli¢itih korisnickih zahtjeva i potreba.

Adami i Guerra (2006) opisali su integraciju tehnika
prikupljanja, upravljanja i prikazivanja za obradu geore-
ferenciranih podataka. Pisali su o "reprezentativnijoj" i
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"svjetski rasirenoj" digitalnoj kartografiji. To znaci da ka-
da se realnost opisuje i vizualizira, treba ukljuiti i drus-
tvene, ekonomske i kulturne podatke. Nadalje, iz razli¢itih
skupina korisnika kartografskih proizvoda moze se iden-
tificirati viSe korisnika. Autorica zaklju¢uje da su 3D karte
najprikladniji proizvodi za tu svrhu (Adami i Guerra 2006).
Postoji mnogo primjera 3D karata ili modela stvarnosti iz-
radenih razliitim tehnologijama s vrlo rasirenom upo-
trebom. U nastavku su navedeni neki primjeri:

* 3D model grada Brisbanea, izraden upotrebom meto-
de fotogrametrije umjetne inteligencije (Al) iz razlici-
tih izvora: podatci OpenStreetMapa (OSM), podatci
digitalnog elevacijskog modela otvorenog koda
(DEM) LiDAR-a, besplatne satelitske slike, prikazuje
razvoj grada i procese planiranja (Snecket 2019).
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content, draped semi-transparent satellite imagery
and hypsographic colouring.
= Ski trail maps in North America are represented ma-
inly by painting, illustrated maps, annotated photos
and only 3% by computer rendering (Tait 2008). In
the same research, it is mentioned that for all ski
areas, 17.8% of websites had an interactive map.

= Yonov and Bandrova (2018) represent a 3D map of a
sport area and symbols and consider cartographical
aspects in the map making process.

= There are many other examples showing 3D map

applications whose number is rising very fast - Mi-

crosoft’s Earth View-Map 3D, Earth 3D Map, 3D Ima-

gery in Google Earth, Satellite Maps 3D Scene of

NOAA, Google Cities in 3D Program, and others.

One more example is an application of 3D modelling
of mountain territory which is not developed enough.
Despite the development of digital technologies, many
traditional paper-based cartographic tools are still in
use for different purposes (Stanek et al. 2010).

In this paper, by creating a 3D model, the author de-
monstrates how cartography can be developed to suit
the production of 3D maps or when a 3D model can be
called a 3D map. The major advantage of 3D cartograp-
hic modelling is that once a three-dimensional model is
created it can be used for different purposes. It can be
seen as a database and source material for the producti-
on of various types and functional applications, targeted
to different areas of interest.

Next sections will consider different kinds of users of
3D mapping, definition of a 3D map, content, accuracy,
generalization, symbol system and scale as cartographic
elements applied into 3D map theory and practice. The
main topic of the difference between 3D models and 3D
maps will also be discussed.

2 Users of 3D Mapping

The major advantage in 3D cartographic modelling is
that once created, a 3D model/map can be used for diffe-
rent purposes. It can be considered as a database and so-
urce for creation of various applications with different
functionalities used in different areas of interest.

In the past, users worked using only 2D maps and
media to depict real phenomenon at their disposal,
which restricted the analysis of the processes, relation-
ships and behaviour of real objects. Recent develop-
ments in hardware and software technology have shown
encouraging results in the storage and maintenance of
large amounts of data. This has let us to expect 3D images
to dominate this millennium. The survey of use of 3D
Maps among 15 Bulgarian companies showed that 94%

of them think that a 3D symbol system is a very impor-

tant part of 3D maps (Zlatanova and Bandrova, 1998).

This survey showed that 3D maps should be considered a

cartographical product with all aspects of map making:

accuracy, generalization, symbology, location, scale, etc.

Now, almost 25 years later, we already use 3D maps

every day, everywhere - as navigation systems in motor

vehicles, as base information for decision making, in the
education process, in advertisement, for engineering
purposes and design.

Users of 3D maps can be found in different fields of
science, industry and communications. Their number is
much bigger than users of 2D maps. When the third di-
mension is included in cartographic representation and
products, the analyses become deeper and more accura-
te, even possible in some new areas of research, where it
had not been possible to use the 3rd dimension so far.
= City planning and architecture - engineers and arc-

hitects need photo-realistic models of buildings and

cartographic models of city environments to design
and visualize new ones that can be entered into new
3D maps. 3D maps can be used for collecting infor-
mation with the aim of restoring unique facades of
buildings (Bayanova and Bandrova 2012, Girindran

et al. 2020)
= Teaching in schools and universities - some stu-

dents find it difficult to use school atlases and wall

maps in geography, history, and earth sciences.

Multimedia education that includes the 3rd dimen-

sion of maps, diagrams, sound, video, and others can

improve the quality of the teaching as well as incre-

ase students’ interest in subjects (Sasinka et al. 2019,

Niedomysl et al. 2013)
= Design and advertising - 3D tourist maps will give a

more realistic impression of a city than 2D maps

(Wu et al. 2022)

* Telecommunications - Telecommunications com-
panies could use 3D maps and data to calculate and
visualize radio signal propagation predictions in ur-
ban environments. 3D maps enable easy analysis and
design (Krijestorac et al. 2021)

= Transport - 3D maps are useful for simulating urban
traffic and enable better planning of different kinds
of transport schedules (Rubin et al. 2021)

= Environmental pollution - 3D maps can be used to
illustrate the distribution of different kinds of pollu-
tion, simulate global warming and noise distributi-
ons (Li et al. 2017, Kurakula and Kuffer 2008)

= Tourism - Tourism companies could present more
realistic city views for different tourism proposals.
They could suggest interactive virtual rambles thro-
ugh such 3D maps (Dymkova and Dymkov 2021).
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» Haberling i sur. (2008) objasnjavaju da se 3D karte
mogu prikazati na velikom broju medija za prikaz.
Oni to pokazuju prikazivanjem 3D karte iz interak-
tivnog atlasa Svicarske koja se sastoji od topograf-
skog sadrZaja, poluprozirnih satelitskih slika i
hipsografskih boja.

» Karte skijaskih staza u Sjevernoj Americi prikazane
su uglavnom slikama, ilustriranim kartama, foto-
grafijama s biljesSkama i samo 3% rac¢unalnim rende-
riranjem (Tait 2008). U istom se istraZivanju navodi
da je za sva skijaliSta 17,8% web stranica imalo inte-
raktivnu kartu.

= Yonov i Bandrova (2018) prikazuju 3D kartu sport-
skog podrugja i znakova te razmatraju kartografske
aspekte u procesu izrade karte.

= Postoje mnogi drugi primjeri koji pokazuju primjene
3D karte Ciji broj vrlo brzo raste - Microsoftov Earth
View-Map 3D, Earth 3D Map, 3D Imagery u Google
Earthu, Satellite Maps 3D Scene NOAA-e, Google Ci-
ties in 3D Program, i drugi.

Jo$ je jedan primjer nedovoljno razvijena primjena
3D modeliranja planinskog podrudja. Unato¢ razvoju di-
gitalnih tehnologija, mnogi tradicionalni kartografski
alati koji se temelje na papiru jos uvijek se koriste u raz-
li¢ite svrhe (Stanek i dr. 2010).

U ovom radu autorica pokazuje kako se kartografija
moZe razviti tako da odgovara izradi 3D karata, odnosno
kada se 3D model moZe nazvati 3D kartom. Glavna je pred-
nost 3D kartografskog modeliranja ta $to se trodimenzi-
onalni model jednom kreira, a moZe koristiti u razlicite
svrhe. MoZe se promatrati kao baza podataka i izvorni ma-
terijal za proizvodnju razli¢itih vrsta i funkcionalnih apli-
kacija usmjerenih na razli¢ita podrudja interesa.

U sljede¢im ¢e se poglavljima razmatrati razlicite
vrste korisnika 3D karata, definicija 3D karte, sadrZaj,
to¢nost, generalizacija, sustav kartografskih znakova i
mjerilo kao kartografski elementi primijenjeni u teoriji i
praksi 3D karte. Takoder (e se raspravljati o glavnoj te-
mi: razlici izmedu 3D modela i 3D karata.

2. Korisnici 3D kartiranja

Glavna je prednost 3D kartografskog modeliranja ta
$to se jednom izradeni 3D model/karta moze koristiti u
razli¢ite svrhe. MoZe se smatrati bazom podataka i izvo-
rom za izradu razliCitih aplikacija s razli¢itim funkcional-
nostima koje se koriste u razli¢itim podru¢jima interesa.

U proslosti su korisnici upotrebljavali samo 2D karte i
medije da bi prikazali stvarne fenomene koji su im bili na
raspolaganju, $to je ograniCavalo analizu procesa, odnosa
i ponasanja stvarnih objekata. Nedavni razvoj hardverske
i softverske tehnologije pokazao je ohrabrujuce rezultate
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u pohranjivanju i odrZavanju velikih koli¢ina podataka.
Stoga ofekujemo da ¢e u ovom tisuclje¢u dominirati 3D
slike. IstraZivanje upotrebe 3D karata medu 15 bugarskih
tvrtki pokazalo je da 94% njih misli da je sustav 3D karto-
grafskih znakova vrlo vazan dio 3D karata (Zlatanova i
Bandrova 1998). To je istraZivanje pokazalo da 3D karte
treba smatrati kartografskim proizvodom sa svim aspek-
tima izrade karata: to¢nost, generalizacija, simbologija,
lokacija, mjerilo itd. Sada, gotovo 25 godina kasnije, sva-
kodnevno i posvuda koristimo 3D karte - kao navigaciju
sustava u motornim vozilima, kao temeljne informacije
za donosenje odluka, u obrazovnom procesu, u oglasava-
nju, za inZenjerske svrhe i projektiranje.

Korisnici 3D karata nalaze se u razli¢itim podrudjima
znanosti, industrije i komunikacija. Njihov je broj puno
veli od broja korisnika 2D karata. Kada se tre¢a dimen-
zija uklju¢i u kartografski prikaz i proizvode, analize
postaju dublje i to¢nije, ak moguce i u nekim novim po-
drudjima istraZivanja u kojima do sada nije bilo moguée
koristiti tre¢u dimenziju.

» Urbanisticko planiranje i arhitektura - InZenjeri i ar-
hitekti trebaju fotorealisticne modele zgrada i karto-
grafske modele gradskih sredina za dizajn i
vizualizaciju novih koji se mogu unijeti u nove 3D
karte. 3D karte mogu se koristiti za prikupljanje in-
formacija s ciljem obnove jedinstvenih fasada zgrada
(Bayanova i Bandrova 2012, Girindran i dr. 2020).

= Nastava u $kolama i na sveucilistima - nekim je uce-
nicima tesko koristiti skolske atlase i zidne karte u
geografiji, povijesti i znanostima o Zemlji. Multime-
dijsko obrazovanje koje ukljucuje 3. dimenziju kara-
ta, dijagrama, zvuka, videa i drugo moZe poboljsati
kvalitetu nastave kao i povecati interes ucenika za
predmete (Sasinka i sur. 2019, Niedomysl i sur. 2013).

* Dizajn i oglaSavanje - 3D turisticke karte dat Ce re-

» Telekomunikacije - Telekomunikacijske tvrtke mo-
gle bi koristiti 3D karte i podatke za racunanje i vizu-
alizaciju predvidanja Sirenja radio signala u
urbanom okruZenju. 3D karte omoguéuju jednos-
tavnu analizu i dizajn (Krijestorac i dr. 2021).

= Promet - 3D karte korisne su za simulaciju gradskog
prometa i omogucuju bolje planiranje razlicitih vr-
sta prijevoza (Rubin i dr. 2021).

» Oneciséenje okoliSa - 3D karte mogu se koristiti za
ilustraciju distribucije razli¢itih vrsta onecis¢enja,
simulaciju globalnog zatopljenja i distribuciju buke
(Lii dr. 2017, Kurakula i Kuffer 2008).

» Turizam - Turisticke bi tvrtke mogle predstaviti re-
alisti¢nije poglede na grad za razliCite turisticke ponu-
de. Mogle bi predloziti interaktivno virtualno lutanje
kroz takve 3D karte (Dymkova i Dymkov 2021).
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Some scientists even researched how users will deal
with interactive and static 3D maps and found that inte-
ractive 3D maps are better for users than static ones in
several aspects: more accurate solutions require less ti-
me, they are suitable for complex tasks and for geo-
experts (Herman et al. 2018).

still many other users of 3D maps could be shown -
mobile mapmakers (Rakkolainen and Vainio 2001), deci-
sion makers in early warning and crises management
(Jiping et al. 2021), for landscape simulations (Dinkov
and Vatseva 2016), for web-based applications (Dinkov
and Bonchev 2020) and many others. Generally, every fi-
eld where spatial data should be represented is a poten-
tial user of 3D map. User requirements are directed to
readable and clear data representation, strict accuracy,
generalization and appropriate symbolization. All these
user requirements came from long time usage of traditi-
onal 2D maps. There is even research where authors
show that there is no evidence for user preferences to a
3D globe when need to solve cartographic tasks (Wilke-
ning and Fabrikant 2013).

The use of 2D and 3D cartographic products gives
enormous information to our users in many fields shown
above. Coming from the users’ point of view, we can find
different definitions of a 3D map. Here a definition of the
3D map is given on the base of a 2D map including the 3rd
dimensionality and a new aspect of a 3D mapmaker.

3 Definition of 3D Map

Many authors talk about 3D maps and give different
definitions: Jenny speaks about 3D maps as “commonly
known as landscape panoramas or bird’s-eye views”
(Jenny 2011). Artimo (1994) defines 3D maps as a combi-
nation of digital cartographic data and methods for re-
presentation. Here we should make a difference
between 2.5D and 3D maps. 2.5D map is designed on a 2D
base map with inclusion of the height as an attribute,
while on a real 3D map every point should be represen-
ted by 3 co-ordinates (Petrovi¢ 2003).

Another definition says that a 3D map is a computer,
mathematically defined, three-dimensional virtual re-
presentation of the Earth surface or another celestial
body, objects and phenomena in nature and society. Re-
presented objects and phenomena are classified, designed
and visualized for a particular purpose (Bandrova 1997).

Nowadays when cartography has a new dimension as
a science, practice and technology, the working group
on the Cartographic Body of Knowledge (International
Cartographic Association) presented a new map defini-
tion: "The map is a medium designed for communication
of generalized spatial information and relationships"

(Lapaine et al. 2021). Having this definition, we do not
need to specially define a 3D map, because all modern
type variants of a map are included - not only traditional
one, but digital, animated, 3D and multi-dimensional,
web map, even holographic one.

Now my task will be to distinguish the 3D model of
the real environment from a 3D map and to explain
when a 3D model of the real environment will become a
3D map. The start will be with the content of a 3D map
which is described below.

4 Content of 3D Map

The concrete content of a 3D map is designed after
the definition of objects and phenomena that will be in-
cluded. It could be subdivided into three themes:
= Main content - large topographic or landscape objects

such as relief bodies, roads, buildings etc. Most de-

signed 3D maps, presented by different companies in
the world, represent it.

*  Secondary content, carrying the basic information. For
example, in 3D urban maps - “small” objects, repre-
sented by symbols - traffic signs, facilities, transport
elements, information signs, trees, etc.

* Additional content, providing the qualitative and qu-
antitative information about objects, often created
as a textual database, regarding each of the designed
objects or the map as a whole.

Since objects from the main content are usually re-
presented in real size and often they are phototextured,
we can consider them as a 3D model of the real environ-
ment/city. The symbol system is represented in secon-
dary content and more qualitative and quantitative
information about represented objects and phenomena
could be found in additional content. We can consider
that a 3D map contains all three types of content: main,
secondary and additional. In addition, for every carto-
graphical product, such as a 3D map, accuracy, scale and
generalization are important elements.

5 Accuracy of a 3D Map

The design of a 3D map cannot reduce the accuracy of
the output data obtained by digitization, direct measure-
ments, and satellite images. The accuracy of referencing an
object can reach 0.1 mm, which would satisfy the users of
this type of map. The localization of objects or symbols on a
3D map is done using the coordinates X, Y, Z in a local coor-
dinate system or relative local coordinates x, y, z, relative to
a predetermined starting point. The accuracy in the use of a
symbol system for 3D maps can be considered in 3 aspects:
1. Positional accuracy (accuracy of referencing)
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Neki su znanstvenici istrazivali kako ¢e se korisnici
nositi s interaktivnim i stati¢nim 3D kartama i otkrili da
su interaktivne 3D karte bolje za korisnike od stati¢nih u
nekoliko aspekata. To¢nija rjeSenja zahtijevaju manje
vremena, prikladna su za sloZene zadatke i za geostruc-
njake (Herman i dr. 2018).

Mogli bi se prikazati i mnogi drugi korisnici 3D karata
- mobilni izradivaci karata (Rakkolainen i Vainio 2001),
donositelji odluka u ranom upozoravanju i upravljanju
krizama (Jiping L i dr. 2021), za simulacije krajolika (Din-
kov i Vatseva 2016), za web aplikacije (Dinkov i Bonchev
2020) i mnoge druge.

Opéenito, svako je podrucje u kojem se susretu
prostorni podatci potencijalni korisnik 3D karte. Zahtje-
vi korisnika usmjereni su na (itljiv i jasan prikaz podata-
ka, strogu toénost, generalizaciju i odgovarajuéu pri-
mjenu kartografskih znakova. Svi ovi zahtjevi korisnika
proizasli su iz dugotrajne upotrebe tradicionalnih 2D
karata. Postoji Cak i istraZivanje u kojem autori pokazuju
da nema dokaza o preferencijama korisnika prema 3D
globusu kada je potrebno rijesiti kartografske zadatke
(Wilkening and Fabrikant 2013).

Upotreba 2D i 3D kartografskih proizvoda daje gole-
mu koli¢inu informacija nasim korisnicima u mnogim
podrudjima. S gledista korisnika moZemo pronaéi razli-
Cite definicije 3D karte. Ovdje je dana definicija 3D karte
na temelju 2D karte ukljucujuéi trodimenzionalnost i
novi aspekt 3D kartografa.

3. Definicija 3D karte

Mnogi autori govore o 3D kartama i daju razli¢ite
definicije: Jenny govori o 3D kartama kao o "opéepozna-
tim kao pejzazne panorame ili pogledi iz pticje perspek-
tive" (Jenny 2011). Artimo (1994) definira 3D karte kao
kombinaciju digitalnih kartografskih podataka i metoda
prikazivanja. Ovdje treba napraviti razliku izmedu 2.5D i
3D karata. 2.5D karta dizajnirana je na 2D osnovnoj karti
s uklju¢ivanjem visine kao atributa, dok na pravoj 3D
karti svaka tocka treba biti prikazana s trima koordina-
tama (Petrovi¢ 2003).

Druga definicija kaZe da je 3D karta ratunalni, mate-
maticki definiran, trodimenzionalni virtualni prikaz
povrsine Zemlje ili nekog drugog nebeskog tijela, obje-
kata i pojava u prirodi i drustvu. Prikazani objekti i poja-
ve klasificiraju se, dizajniraju i vizualiziraju za odredenu
svrhu (Bandrova 1997).

U danasnje vrijeme, kada kartografija ima novu di-
menziju kao znanost, praksa i tehnologija, radna skupina
Kartografskog korpusa znanja (International Cartograp-
hic Association) predstavila je novu definiciju karte: ,,Kar-
ta je medij dizajniran za komunikaciju generaliziranih
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prostornih informacija i odnosa." (Lapaine i dr. 2021)
Imajudi tu definiciju, ne trebamo posebno definirati 3D
kartu jer su ukljuene sve moderne tipske varijante karte
- ne samo tradicionalne, ve¢ i digitalne, animirane, 3D i
viSedimenzionalne, web karte, Cak i holografske.

Zadatak je autorice ¢lanka razlikovanje 3D modela
stvarnog okolisa od 3D karte te objasniti kada ¢e 3D mo-
del stvarnog okolia postati 3D karta.

4. Sadrzaj 3D karte

Konkretan sadrZaj 3D karte osmisljava se nakon de-
finiranja objekata i pojava koji ée biti uklju¢eni. Moze se
dalje podijeliti u tri teme:

» Glavni sadrzaj - veliki topografski ili krajobrazni
objekti kao Sto su dijelovi reljefa, ceste, zgrade itd.
Prikazuje ih vecina 3D karata koje su izradile razlici-
te tvrtke.

»  Sekundarni sadrZaj - nosi osnovne informacije, na
primjer, u 3D urbanim kartama to su "mali" objekti,
prikazani kartografskim znakovima: prometni zna-
kovi, objekti, prometni elementi, informativni zna-
kovi, drveée itd.

= Dodatni sadrZaj - pruza kvalitativne i kvantitativne
informacije o objektima, esto kreiran kao tekstual-
na baza podataka, za svaki od projektiranih objekata
ili kartu u cjelini.

Bududi da su objekti iz glavnog sadrZaja obi¢no pri-
kazani u stvarnoj veli¢ini i Cesto su oblikovani s pomocéu
fotografija, moZemo ih smatrati 3D modelom stvarnog
okoliSa/grada. Sustav kartografskih znakova prikazan je
u sekundarnom sadrzaju, a vi$e kvalitativnih i kvantita-
tivnih informacija o prikazanim objektima i pojavama
moze se pronaéi u dodatnom sadrzaju. MoZemo sma-
trati da 3D karta sadrZi sve tri vrste sadrZaja: glavni, se-
kundarni i dodatni. Osim toga, za svaki su kartografski
proizvod, poput 3D karte, vazni elementi tocnost, mje-
rilo i generalizacija.

5. Tocnost 3D karte

Dizajn 3D karte ne moZze smanjiti to¢nost izlaznih
podataka dobivenih digitalizacijom, izravnim mjerenji-
ma i satelitskim slikama. To¢nost referenciranja objekta
moze dose¢i 0,1 mm, $to bi zadovoljilo korisnike te vrste
karata. Smjestaj objekata ili kartografskih znakova na
3D karti obavlja se s pomo¢u koordinata X, Y, Z u lokal-
nom koordinatnom sustavu ili relativnih lokalnih koor-
dinata x, y, z, u odnosu na unaprijed odredenu pocetnu
tocku. ToCnost u upotrebi sustava kartografskih znako-
va za 3D karte moZe se promatrati u trima aspektima:

1. PoloZajna to¢nost (tocnost referenciranja)

17
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Slika 1. Fotorealisticni dizajn 3D znakova vizualizira stvarne gradske objekte koriStene u sustavu kartografskih znakova za 3D kartu:
lijevo — fotografija stvarnih objekata okoli$a; desno — znakovi dvaju objekata.
Fig. 1 Photorealistic design of 3D symbols visualized real city objects used in a symbol system for a 3D map: left — photo of
real environmental objects; right — symbols of two of the objects.

2. Thematic accuracy and
3. Semantic accuracy.

Positional accuracy refers to the actual location of
the object on the ground. It is influenced by:

* Accuracy of measurements and data collection
= Scale of the basic 2D map
» Hardware and method of input data processing,

The accuracy of the thematic information to be dis-
played on the map depends on:
= The data used (e.g. quality of the statistics, collection

and processing methods) and
* Transformation of data (selection, classification and

assignment of data to other data).

The way in which the data on the map is symbolized
and visualized is part of the thematic accuracy. The data
can be displayed on a map as basic structure, such as a
map showing population density by district. In reality,
however, the calculated density can be attributed to one
part of this area, while another part does not have the
same density (Sijmons 1995).

Semantic accuracy is the accuracy with which sym-
bols define the objects. Depending on the purpose and
use of the map, the symbols must be designed in such a
way that the user imagines the objects as they are in re-
ality. The problem with the semantic accuracy of 2D
maps has been overcome by 3D modelling methods,
which give extremely high photorealistic visualization
of real-world objects (Figure 1).

Another issue in this topic could be the difference in
accuracyon the X and Y coordinates and H ones. The

difference will come from different sources for 3D map

creation. Usually, the accuracy on the X and Y coordinates

will be relevant to the sources: 2D cadastral, topographic

map or measurements. The 3rd coordinate H could be re-
ceived by other types of measurements, architectural

plans or others. In this case, the accuracy on the H coordi-
nate could be higher than on X and Y. The accuracy will

also be influenced by generalization or levels of detail.

6 Generalization and Levels of Detail

The traditional cartographic generalization does not
explore all aspects of generalization in computer grap-
hics, which is a powerful tool in creating this new type
of cartographic model - 3D maps. The following can be
added to the traditional cartographic generalization:
= Automatic generalization
= Dynamic generalization and
= Interactive generalization.

Automatic generalization, as Berlyant writes, manifes-
ts itself in "formalized selection, smoothing and filtering of
the image in accordance with certain formal criteria".
Smoothing can be used to simplify curved contours when
creating symbols or on highly dissected surfaces. "The
process of automatic generalization is well manageable,
but it is difficult to introduce informal assessments, para-
meters of content value" (Berlyant 1996).

We have a dynamic generalization when we use 3D
maps to create an animated map for a given territory or to
track the development of a given phenomenon in space

1
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2. Tematska tocnost i
3. Semanticka to¢nost.

PoloZajna se to¢nost odnosi na stvarni poloZaj

objekta na tlu. Na nju utjecu:

» Tolnost mjerenja i prikupljeni podatci

= Mjerilo osnovne 2D karte

* Hardver i metoda obrade ulaznih podataka.

Tocnost tematskih informacija koje ée se prikazati
na karti ovisi o:
= upotrijebljenim podatcima (npr. kvaliteta statistike,

metode prikupljanja i obrade) i
» transformaciji podataka (odabir, klasifikacija i do-

djela podataka drugim podatcima).

Nacin na koji su podatci na karti prikazani karto-
grafskim znakovima i vizualizirani dio je tematske toc-
nosti. Podatci se mogu prikazati na karti kao osnovna
struktura, kao $to je karta koja prikazuje gusto¢u nase-
lienosti po okrugu. U stvarnosti, medutim, izra¢unana
gustoca moZe se pripisati jednom dijelu podrudja, dok
drugi dio nema istu gusto¢u (Sijmons 1995).

Semanticka je to¢nost tocnost kojom kartografski
znakovi definiraju objekte. Ovisno o namjeni i upotrebi
karte, znakovi moraju biti oblikovani tako da korisnik za-
miSlja objekte onakvima kakvi su u stvarnosti. Problem sa
semantickom to¢no$¢u 2D karata prevladan je metodama
3D modeliranja koje daju iznimno visoku fotorealisticnu
vizualizaciju objekata iz stvarnog svijeta (slika 1).

Drugi bi problem u ovoj temi mogla biti razlika u
to¢nosti koordinata X, Y i H. Razlika Ce se pojaviti zbog
razli¢itih izvora za izradu 3D karte. Obi¢no ¢e to¢nost X i
Y koordinata biti relevantna za izvore: 2D katastar, to-
pografsku kartu ili mjerenja. Treca se koordinata H mo-
Ze dobiti drugim vrstama mjerenja, s arhitektonskih
planova ili na neki drugi na¢in. U ovom slucaju, to¢nost
H koordinate mogla bi biti ve¢a od to¢nosti X i Y. Na to¢-
nost ¢e takoder utjecati generalizacija ili razine detalja.

6. Generalizacija i razine detalja

Tradicionalna kartografska generalizacija ne istra-
Zuje sve aspekte generalizacije u ra¢unalnoj grafici koja
je mocan alat u stvaranju ove nove vrste kartografskog
modela - 3D karte. Tradicionalnoj kartografskoj genera-
lizaciji moze se dodati:
= automatska generalizacija
* dinamicka generalizacija i
= interaktivna generalizacija.

Automatska generalizacija, kako piSe Berlyant, oCituje
se u "formaliziranom odabiru, izgladivanju i filtriranju
slike u skladu s odredenim formalnim kriterijima". Za-
gladivanje se moZze koristiti za pojednostavljenje zakriv-
lienih kontura pri kreiranju kartografskih znakova ili na
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jako isje¢enim povrsinama. "Procesom automatske gene-
ralizacije je dobro upravljati, ali je tesko uvesti neformalne
procjene, parametre vrijednosti sadrZaja." (Berlyant 1996).

Kada koristimo 3D karte za izradu animirane karte
za odredeni teritorij ili za pradenje razvoja odredenog
fenomena u prostoru i vremenu, imamo dinamicku ge-
neralizaciju. Zatim se slika generalizira, promatraju se
glavni, vremenski stabilni, tipi¢ni i dugoro¢ni trendovi
razvoja pojava uvodenjem brzine kao norme generalizaci-
je. "Nacela generalizacije odredena su brzinom fluktu-
acije materijala, u¢inak koje jo$ nije proucavan. Razlika
izmedu uobitajene i brze projekcije filmova je sasvim
drugadija: od 24 do nekoliko tisuéa sli¢ica u sekundi. "
(Berlyant 1996) Ta generalizacija uvodi vremenski efekt
u 3D karte ili stvara, kako su ih mnogi znanstvenici na-
zvali, 4D karte.

Interaktivna generalizacija kombinira tradicionalnu
kartografsku generalizaciju s automatskom i vremen-
skom generalizacijom. Interaktivna intervencija opet
subjektivizira proces sveukupne generalizacije izvedene
na 3D kartama. Jasno je da ¢e geometrijski oblik objekata
prikazanih kartografskim znakovima, prikaz njihovih
kvantitativnih i kvalitativnih karakteristika, kao i novo-
uvedeni dinamicki aspekti kroz vremensku ili dinamicku
generalizaciju, odrediti sadrZaj svake 3D karte.

Generalizacija je vrlo Cesto povezana s razinama de-
talja u konceptu 3D kartiranja. 3D karte mogu se izraditi
na nekoliko razli¢itih nacina. Ovisno o razinama detalja,
to ¢e uzrokovati nedosljednu sliku, a mogu se pojaviti i
problemi s generalizacijom i upotrebom znakova. To je
otezano pri stalno mijenjajuem mjerilu (Bandrova
2001). Zbog sloZenosti kartografske vizualizacije i rela-
tivnosti izraZene razlikama u potrebama potrosaca ne
moze se izgraditi precizan model razine detalja koji bi
jednako dobro funkcionirao za razliite teritorije. Na
primjer, kad se stvara trodimenzionalni model karto-
grafskog terena, potrebne razine detalja su radikalno
razli¢ite od urbanog okruZenja. Razine detalja takoder
mogu varirati ovisno o namjeni karte.

7. Sustav kartografskih znakova za izradu 3D karata

Sistematizacija i klasifikacija objekata i dizajn kar-
tografskih znakova temelji se na nizu uvjeta koji se uzi-
maju u obzir pri sastavljanju karata: sadrZaj, namjena,
priroda uporabe, znacajke vizualne percepcije, estetski
zahtjevi, hardverske i softverske moguénosti. Uzimaju-
¢i u obzir cjelokupnu sloZenost kombiniranja navede-
nih uvjeta, koraci u izradi znakova za 3D karte razlikuju
se kako slijedi:

a) Prikupljanje informacija o objektu (kvalitativne i kvan-
titativne karakteristike, slike, teksture)
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and time. Then the image is generalized, we observe the
main, stable in time, typical and long-term trends for the
development of phenomena by introducing speed as the
generalization norm. "The principles of generalization
are determined by the speed of staff turnover, the effect
of which has not yet been studied. The difference betwe-
en the usual and high-speed screening of films is quite
different: from 24 to several thousand frames per second
" (Berlyant 1996). This generalization introduces the time
effect into 3D maps or creates 4D maps, as many scientists
have called them.

Interactive generalization combines traditional carto-
graphic generalization with automatic and temporal gene-
ralization. The interactive intervention again subjectivizes
the process of overall generalization performed in 3D
maps. It is clear that the geometric shape of the objects de-
picted by symbols, the representation of their quantitative
and qualitative characteristics, as well as the newly intro-
duced dynamic aspects through temporal or dynamic ge-
neralization will determine the content of every 3D map.

Generalization is very often connected to levels of
detail in the concept of 3D mapping. 3D maps can be
created in several different ways. Depending on the le-
vels of detail, this will cause an inconsistent image, and
problems with generalization and symbology can occur.
This is made more difficult due to the continuously
changing scale (Bandrova 2001). Due to the complexity
of cartographic visualization and the relativity expre-
ssed by differences in consumer needs, a precise model
of the level of detail cannot be built, which would work
equally well for different territories. For example, when
creating a three-dimensional model of cartographic
terrain, the levels of detail required would be radically
different from the urban environment. The levels of de-
tail may also vary depending on the purpose of the map.

7 Symbol System for 3D Map Making

The systematization and classification of objects and
the design of cartographical symbols is based on a num-
ber of conditions considered when compiling maps:
content, purpose, nature of use, features of visual per-
ception, aesthetic requirements, hardware and softwa-
re capabilities. Considering the whole complexity of
combining the listed conditions, the steps in creating
symbols for 3D maps are distinguished as follows:

a) Gathering information about an object (qualitative and
quantitative characteristics, images, textures)

b) Analysing information and collecting data about each
object

¢) Designing symbols by visual and metric analysis and
then applying computer graphics techniques

d) Visualizing symbols in the virtual environment
e) Obtaining synthesized information for an object.

The theoretical base of the cartographic symbol sys-
tem in 3D modelling has been developed by Bandrova
(2001). This is a result of extensive investigations that
demonstrate the lack of a formally defined 3D symbol
system. The requirements and stages for symbol design
are specified. They provide cartographers with a stan-
dard approach for developing symbol systems for 3D
city maps. Cartographic symbols could be used for re-
presenting all “small” objects, represented on the maps.
Usually, they do not need to be represented with their
real shape and dimensions depending on user needs and
purpose of the map. On Figure 2 churches, fences, grass,
trees, streetlamps and the north symbol are represen-
ted by cartographic symbols on a 3D map.

The choice of which objects will be represented by sym-
bols, and which will be in real sizes, shapes and textures de-
pends on the author of the map and as well the map scale.

8 Scale in 3D Maps and Projections

The term "Scale" in 3D maps has a more complicated
interpretation/meaning than in 2D maps. The range of
scale that can be generated in a 3D map is huge. At the
highest magnification of a section of the map or symbol,
details in real size can be seen (scale 1:1). However, this
can be useful in extremely few cases, e.g. for more accu-
rate positioning. The computer screen will limit us in
the size of the map we will handle. In this case, not only
the dimensions of the objects are scaled, but also the
distances from their reference points to the centre of
the scaling. Otherwise, each individual object or charac-
ter can be scaled against its own reference point. Then
the distances between the reference or reference points
of the objects and the symbols remain unchanged. A
third case can be used, of volume scaling with the same
properties relative to the origin of a coordinate system.

In research with map users on the interpretation of
scale in 3D maps, most of the respondents (46.7%) an-
swered that 3D maps can be divided into three categori-
es: large, medium and small-scale, depending on the area
of the visualized territory. 40% of the respondents mar-
ked "Yes, scale depends on zooming", another 40% mar-
ked "Yes, scale depends on levels of detail". Only two
people (13.3%) answered "Yes, scale depends on the data
source" (Bandrova and Bonchev 2013). This shows that
the map users try to connect the scales in 3D maps to
concept of the 2D maps’ scale, even some of them make
some differentiations.

Because 3D map visualization is very frequently ma-
de in perspective projection, the visualization of scale

1
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Slika 2. Kartografski znakovi prikazani na 3D karti (sliku je izradila studentica Mariela Nazlumova (https:/skfb.ly/6SKXv) pod
vodstvom T. Bandrove).
Fig. 2 Cartographic symbols represented on a 3D map. The figure is made by diploma student Mariela Nazlumova
(https://skfb.ly/6SKXv) with leadeship of T. Bandrova.

b) Andliziranje informacija i prikupljanje podataka o sva-
kom objektu
¢) Dizajniranje kartografskih znakova vizualnom i metri¢-
kom analizom i potom primjenom tehnika racunal-
ne grafike
d) Vizudliziranje kartografskih znakova u virtualnom
okruZenju
e) Dobivanje sintetizirane informacije za objekt.
Teorijsku osnovu sustava kartografskih znakova u 3D
modeliranju razvila je Bandrova (2001). To je bio rezultat
opseznih istrazivanja koja su pokazala nedostatak formal-
no definiranog sustava 3D znakova. Navedeni su zahtjevi i
faze za dizajn znakova. Oni kartografima pruZaju standard-
ni pristup za razvoj sustava znakova za 3D karte gradova.
Kartografskim znakovima mogu se prikazati svi "mali"
objekti prikazani na kartama. Obi¢no ih nije potrebno pri-
kazivati njihovim stvarnim oblikom i dimenzijama, nego to
ovisi o potrebama korisnika i namjeni karte. Na slici 2 kar-
tografskim su znakovima na 3D karti prikazane crkve,
ograde, trava, drvece, uli¢ne svjetiljke i znak za sjever.
Odabir objekata koji ¢e biti prikazani znakovima, a
koji ¢e biti u stvarnim veli¢inama, oblicima i tekstura-
ma, ovisi o autoru karte, ali i o mjerilu karte.

8. Mjerilo i projekcije 3D karata

Pojam "mjerilo" 3D karata ima kompliciraniju inter-
pretaciju/znacenje nego kod 2D karata. Raspon mijerila
koji se moZe generirati na 3D karti je ogroman. Pri naj-
velem povedanju dijela karte ili znakova mogu se vidjeti
detalji u stvarnoj veli¢ini (mjerilo 1:1). Medutim, to moze
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biti korisno u vrlo malom broju slu¢ajeva, npr. za toénije
pozicioniranje. Ekran racunala ¢e nas ograniciti u veli¢i-
ni karte koju ¢emo koristiti. U tom se slu¢aju ne mijenja
samo mjerilo dimenzija objekata, ve¢ i udaljenosti od
njihove referentne tocke do sredista promjene mijerila.
Svaki pojedina¢ni objekt ili lik moZe promijeniti mjerilo
u odnosu na vlastitu referentnu tocku. Tada udaljenosti
izmedu referentnih tocaka objekata i kartografskih
znakova ostaju nepromijenjene. MoZe se koristiti i tre¢i
slucaj - promjena volumena s istim svojstvima u odnosu
na ishodiste koordinatnog sustava.

U istraZivanju s korisnicima karata o interpretaciji
mjerila 3D karata, veéina je ispitanika (46,7%) odgovorila
da se 3D karte mogu podijeliti u tri kategorije: velike,
srednje i male, ovisno o povrsini vizualiziranog teritori-
ja. "Da, mjerilo ovisi 0 zumiranju", procijenilo je 40% is-
pitanika, a drugih je 40% ocijenilo: "Da, mjerilo ovisi o
razinama detalja." Samo dva ispitanika (13,3%) odgovorila
su: Da, mjerilo ovisi o izvoru podataka." (Bandrova i Bonc-
hev 2013). To pokazuje da korisnici karata pokuSavaju
povezati mjerila 3D karata s konceptom mjerila 2D kara-
ta, a neki od njih uocavaju razlike.

Bududi da se 3D vizualizacija karte vrlo ¢esto radi u
perspektivnoj projekciji, vizualizacija mjerila moZze biti
samo orijentacijska (slika 3). Da bi se koristila za metri¢-
ke potrebe, morali bismo vizualizirati kartu u paralelnoj
projekciji (slika 4). Naravno, najbolji nadin za pozicioni-
ranje prikaza mjerila je dinamicka promjena u modelu
da bi se dobilo ispravno mjerilo na mjestu postavljanja.
U svakom slucaju, bit ée vizualizirano za orijentaciju ko-
risnika, a mjerenja bi se mogla obaviti elektronicki.
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could be only for orientation (Figure 3). To be used for
metric needs, we can visualize a map in a parallel pro-
jection (Figure 4). Of course, the best way to position the
scale display is to dynamically change the model to get
the correct scale at the placement location. Anyway, it
will be visualized for users” orientation and measure-
ments could be done electronically.

9 3D Model and 3D Map - Conclusions

The terms 3D map and 3D model (urban, mountain,
etc.) can be considered similar, where the second con-
cept can be defined as an abbreviated version of the first
concept. It is true that every map is a model of the real
environment, of certain real objects or phenomena, but
not every model is a map. The question of which 3D mo-
del exactly is a map needs to be clearly defined?. The an-
swer to this question lies in the history of modern
cartography. 3D topographic mapping marks the begin-
ning of this new section of cartography, used mainly for
military purposes. Tempfli (1998) defines it as extracting
information about topographic objects from images or
their digital representation in the form of geometric, se-
mantic and radiometric properties of objects. Geometry
gives shape, size, location and topology. Location is defi-
ned in a three-dimensional Cartesian coordinate system
(e.g. topocentric). Topology is described by the spatial
relationships between objects and their components.
Goodchild (1999) writes about the paradox of modern
cartography, giving an example of the flat 2D view of the
world and the distortions that must be supplemented by
perspective views shown in the latest versions of the
Atlas Encarta from Microsoft. He notes that the "avera-
ge" user will work with the digital globe more conveni-
ently and easily than with the digital Mercator
projection, "and children understand this globe more
easily than its earlier projection version". In Berlyant's
definitions we find the modern view of cartography and
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be added to 3D maps and should be discovered for future needs.
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Slika 3. Prikaz mjerila u perspektivnoj projekciji 3D karte. Sliku je izradio
student Nikola Yonow (https://skfb.ly/6SKXv) pod vodstvom T. Bandrove.
Fig. 3 Scale representation in perspective projection of a 3D map.

Slika 4. Prikaz mjerila u paraleinoj projekciji 3D karte.
Fig. 4 Scale representation in parallel projection of a 3D map.

The figure is made by diploma student Nikola Yonow
(https://skib.ly/6SKXv) with leadership of T. Bandrova.

9. 3D model i 3D karta - zakljuéci

Pojmovi 3D karta i 3D model (urbani, planinski itd.) su
sli¢ni, pri ¢emu se drugi koncept moZe definirati kao skra-
¢ena verzija prvoga. Istina je da je svaka karta model stvar-
nog okoli$a, odredenih stvarnih objekata ili pojava, ali nije
svaki model karta. Treba jasno definirati pitanje koji je
tono 3D model karta. Odgovor na to pitanje nalazi se u
povijesti moderne kartografije. 3D topografsko kartiranje
oznalava poletak ovog novog dijela kartografije koji se
uglavnom koristio u vojne svrhe. Tempfli (1998) to definira
kao izvlaCenje informacija o topografskim objektima iz sli-
ka ili njihove digitalne reprezentacije u obliku geometrij-
skih, semantickih i radiometrijskih svojstava objekata.
Geometrija daje oblik, veli¢inu, poloZaj i topologiju. PoloZaj
je definiran u trodimenzionalnom kartezijevom koordi-
natnom sustavu (npr. topocentri¢nom). Topologija je opi-
sana prostornim odnosima izmedu objekata i njihovih
komponenti. Goodchild (1999) piSe o paradoksu moderne
kartografije dajudi primjer ravnog 2D pogleda na svijet i
distorzija, $to mora biti nadopunjeno perspektivnim pri-
kazima u najnovijim verzijama Atlasa Encarta iz Microsof-
ta. On napominje da ¢e "prosjecni" korisnik s digitalnim
globusom raditi pogodnije i lakSe nego s digitalnom kar-
tom u Mercatorovoj projekciji, "a djeca taj globus lakse ra-
zumiju nego njegovu raniju projekcijsku verziju". U
Berlyantovim definicijama nalazimo suvremeni pogled na
kartografiju i kartu, a kada se one globalno uspostave, nece
imati smisla 3D kartu smatrati nekom novom vrstom kar-
tografskog modela, kao ni njezinu zasebnu definiciju. Na-
pisao je da se "kartografija smatra znanos¢u o sustavnim
informacijama - kartografskom modeliranju i istrazivanju
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geosustava, a karta - figurativno-simboli¢kim geoinfor-
macijskim modelom stvarnosti" (Berlyant 1996). Ovdje se
moZe sazeti da 3D kartu treba promatrati kao kartografski
model stvarnosti. Koncept 3D modela daje samo smjernice
u velikom klasifikacijskom poretku kartografskih djela u
pogledu njihove dimenzionalnosti, ali ne odreduje bit kar-
te. 3D model stvarnog okolisa postat ée 3D karta kada se na njega
primijene svi elementi 3D kartografiranja.

3D karte dobro prikazuju urbane ili ruralne sredine,
objekte, pojave i teritorije. Osim koristenih materijala, kao
Sto su fotogrametrijski podatci ili podatci daljinskih istra-
Zivanja, u tu se svrhu mogu koristiti i razli¢iti drugi podatci
koji se automatski unose u sustave modeliranja, Sto olak-
$ava ponovnu upotrebu takvih podataka u 3D kartama.

Unos sustava kartografskih znakova, to¢nost, gene-
ralizacija i drugi kartografski elementi pomo(i ée sas-
tavlja¢ima, kao i korisnicima 3D karata. Njihovo ¢e
postojanje standardizirati 3D karte. Sljede¢i je korak is-
trazivanje kvalitativnih i kvantitativnih znacajki karata,
koriStenjem 3D GIS-a, izdvajanje podataka za njih i rje-
Savanje razli¢itih vrsta zadataka menadzera i inZenjera.
Osim toga bit ¢e potrebno analizirati i testirati 3D karte
u razli¢itim skupinama korisnika.

Svaka 3D karta sastoji se od 3D geometrije, topografskih
informacija i fotorealisticnih tekstura, 3D kartografskih zna-
kova koji sadrze kvantitativne i kvalitativne informacije o
objektima, smjera sjevera i koordinatnog datuma, mjerila, ra-
zine detalja, generalizacije, tocnosti, toponima, legende i nas-
lova. Svi ti kartografski elementi omogucit ée da se 3D model
stvarnog okolisa smatra 3D kartom. Virtualne kamere, sjene,
svjetla i animacije novi su kartografski elementi koji se mogu
dodati 3D kartama.
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