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Abstract: Scientific cartography has the task to de-
velop and research new methods of cartographic vis-
ualization. General demands are set upon modern
cartographic visualization, which encompasses digit-
al cartography and computer graphics: legibility, clear-
ness, accuracy, plainness and aesthetics. In this pa-
per, it is explained in detail what demands should be
met in order to satisfy the general demands set. In
order to satisfy the demand of legibility, one should
respect conditions of minimal sizes, appropriate
graphical density and better differentiation of known
features. Demand of clearness needs to be met by
fulfilling conditions of simplicity, contrasting quality and
layer arrangement of cartographic representation.
Accuracy, as the demand on cartographic visualiza-
tion, can be divided into positioning accuracy and
accuracy signs. For fulfilling the demand of plainness,
the conditions of symbolism, traditionalism and hier-
archic organization should be met. Demand of aes-
thetics will be met if the conditions of beauty and har-
mony are fulfilled.

Keywords: Cartographic visualization, Legibility,
Clearness, Accuracy, Plainness, Aesthetic

1 Introduction

Printed maps, under the influence of new technolo-
gies and media and because of modern demands of us-
ers, are being more and more supplemented with new
forms of cartographic representations. Web—cartography,
mobile cartography, telecartography, GPS and PDA de-
vices, mobile phones etc., offer new forms of cartographic

representations and new ways of their usage, substitut-
ing previous, slower and less efficient methods. These
systems do not only provide different cartographic rep-
resentations, but they offer potential and possibility of
interactive research and analysis for experts and for those
who encounter them for the first time. Through the rep-
resentation of certain spatial data, with combining possi-
bilities of the eye, the brain and understanding of the
essence of the problem, a successful link between car-
tography and visualization has been established.

Creating or improving cartographic tools that will make
research possible challenges cartographers. They will
bring a map in its natural role being the means of ac-
cessing to the state infrastructure of spatial data. Carto-
graphic experts possess knowledge about interaction and
correct usage of scales and resolutions in creating visu-
alization. Cartographic experts are trained to make the
complexity of the real world abstract, to model objects
and relations between them. These skills will be indis-
pensable for future effective users of digital spatial data.

2 Concept of Cartographic
Visualization

Modern cartographic visualization encompasses dig-
ital cartography and computer graphics. Considering
quality, it is a remarkable change of visual representa-
tion in almost realistic time that leads to better under-
standing of many spatial objects. Referring to quantity, it
is the possibility of faster and cheaper production of a
wide range of various cartographic products (Taylor 1994,
Kraak and Ormeling 2001).

Scientific cartography has the task to develop and
research new methods of cartographic visualization. For
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SaZetak: Zadaca je znanstvene kartografije razviti i
istraZiti nove metode kartografske vizualizacije. Suvre-
menoj kartografskoj vizualizaciji, koja obuhvaca digi-
talnu kartografiju i racunalnu grafiku, postavijaju se
opCi zahtjevi: Citljivost, preglednost, tocnost, zornost
i esteticnost. U radu se detaljno objasnjava koje je
uvjete potrebno ispuniti kako bi se udovoljilo postavije-
nim opcim zahtjevima. Tako za udovoljenje zahtjeva
citljivosti treba poStovati uvjet minimalnih veli¢ina, pri-
mjerene graficke gustoce te boljeg razlikovanja pozna-
tih oblika. Zahtjevu preglednosti udovoljit ¢e se ispu-
njenjem uvjeta jednostavnosti, kontrastnostii slojevi-
tosti kartografskog prikaza. Tocnost se, kao zahtjev
Kkartografskoj vizualizaciji, moZe razdvojiti na poloZajnu
i znaCenjsku. Za udovoljenje zahtjeva zornosti treba
ispuniti uvjete simbolicnosti, tradicionalnostii hijerarhif-
ske organiziranosti. Zahtjevu esteticnosti udovoljit ¢e
se ako budu ispunjeni uvjeti ljepote i harmoni¢nosti.

Kljuéne rijeci: kartografska vizualizacija, Citljivost,
preglednost, to¢nost, zornost, esteticnost

1. Uvod

Tiskane karte sve su ¢eSce, pod utjecajem novih teh-
nologija i medija te zbog suvremenih zahtjeva korisnika,
nadopunjene novim oblicima kartografskih prikaza. Web-
kartografija, mobilna kartografija, telekartografija, GPS-
uredaji, PDA-uredaji, mobiteli i dr. nude nove oblike karto-
grafskih prikaza i nove nacine njihove upotrebe, zamje-
njujuci pritom prijasnje, sporije i manje djelotvorne metode.
Takvi sustavi osiguravaju ne samo razli¢ite kartografske
prikaze, nego pruZaju potencijal i mogucnost interaktiv-

nog istraZivanja i analize za stru€njake ali i za one koji
se s njima prvi put susrecu. Prikazom odredenih prostor-
nih podataka, uz kombiniranje mogucnosti oka, mozga i
razumijevanja srzi problema, uspostavljena je uspje$na
veza izmedu kartografije i vizualizacije.

Kartografima je izazov stvaranje ili poboljSavanje
vizualizacijskih alata koji ¢e omoguciti istraZivanje. Oni
Ce dovesti kartu u njezinu prirodnu ulogu kao sredstvo
pristupa drzavnoj infrastrukturi prostornih podataka. Karto-
grafi struénjaci trebaju posjedovati znanja o interakciji i
ispravnoj upotrebi mjerila i rezolucije pri stvaranju vizuali-
zacije. Kartografi stru¢njaci trebaju biti izvjezbani za
apstrahiranje sloZenosti stvarnog svijeta, modeliranje
objekata i odnosa medu njima. Te &e vjestine biti prijeko
potrebne za buduéu u€inkovitu vizualizaciju i uporabu
digitalnih prostornih podataka (Frange$ i dr. 2002).

2. Pojam kartografske vizualizacije

Moderna kartografska vizualizacija obuhvaéa digitalnu
kartografiju i radunalnu grafiku. U pogledu kvalitete, to je
znatna promjena vizualnog izlaganja u gotovo realnom
vremenu, koje omogucuje povecanje razumijevanja
mnoStva prostornih objekata. U pogledu kvantitete, to je
mogucnost brze i jeftinije proizvodnje Siroke lepeze
razlicitih kartografskih proizvoda (Taylor 1994, Kraak i
Ormeling 2001).

Zadaca je znanstvene kartografije razviti i istraZiti
nove metode kartografske vizualizacije. Pritom se znanje
o grafickom prikazu geoinformacija mora povezati sa
suvremenim digitalnim vizualizacijskim alatima. Danas
postoje usluge koje podrZavaju mobilni koncept (poloZajne
usluge) i telekartografiju. U ruénim raunalima i automobil-
skim navigacijskim sustavima upotrebljavaju se jednostavni
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Fig. 1. Demands set upon cartographic visualization and conditions that should be fulfilled in order to
meet these demands

that purpose, the knowledge about graphical represen-
tation of geoinformation must be connected with modern
digital visualization tools. Today, we have services that
support mobile concept (positional services) and tele-
cartography. In handheld computers and car navigation
systems, simple data and pictures are being used. Small
hand devices (accessory GPS devices, PDA devices)
do not have visual clarity of a large paper map, but they
have great potential for specific usage. The importance
and the power of virtual and analytical cartography are
created by these systems, but the need for good and
appropriate design, static or dynamic, is always present
(Gartner 2004). The main focus in modern cartography
is on understanding the processes and methods of “how
to efficiently communicate with spatial information”.
Geoinformation demands and needs, viewed through the
prism of mobility, differ from stationary surrounding.

3 General Demands Set Upon
Cartographic Visualization

Before considering and making demands has com-
menced, one should reflect upon our experience of a
cartographic representation or upon what is necessary
to experience one. This question touches the essence of
cartographic communication itself. According to this, car-
tographic representation is a visually very clear and to a
certain extent intuitive model of space. Cartographic com-
munication is graphical and visual communication.

Eyesight is one of the most important links that con-
nect us with the environment; it represents a human'’s
connection with the world. Thus, in implementation of
different cartographic representations, eyesight and its
capabilities and limitations set certain conditions, no

matter if the cartographic representations are in analogue
or digital form. These conditions will be the most impor-
tant by setting demands upon cartographic visualization,
since human eye is the main factor of its limitation. Name-
ly, abilities or limitations of an eye were the same in the
past, they are the same today and will be same in the
future, no matter if cartographic representation is in ana-
logue form or digital form on the screen of computer,
mobile phone or some other device.

Thereat, it is important to know that eye sensation is
created based upon received impulses, as a complete
psychical experience that everyone experiences individ-
ually. In order for eye sensation to become eye experi-
ence, the participation of higher psychical functions, like
memory, abstraction and similar, is necessary. From all
this it derives that we actually “watch” with our brain (Card
etal. 1999).

In “classical” cartographic manuals, for example are
those written by Peterca et al. (1974), Lovri¢ (1988),
Robinson et al. (1995) or Hake et al. (2002), various de-
mands are stated that cartographic visualization should
meet. The following three demands can be summarized:

O Legibility
U Plainness
U Accuracy.

Apart from that, cartographic visualization should also
meet the demands that can be set upon any graphic rep-
resentation, and so cartographic as well. The following
demands are of greatest importance:

4 Clearness
O Aesthetics.
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Slika 1. Zahtjevi postavijeni kartografskoj vizualizaciji i uvjeti koje je potrebno ispuniti za udovoljenje tih zahtjeva

podaci i slike. Mali ruéni uredaji (priruéni GPS-uredaji,
PDA-uredaji) nemaju vizualnu preglednost velike papirna-
te karte, ali za specifi¢ne primjene imaju veliki potencijal.
VaZnost i snaga virtualne i analitiCke kartografije ostvarena
je tim sustavima, ali je uvijek prisutna potreba za dobrim
i prikladnim dizajnom, statickim ili dinami¢kim (Gartner
2004). U modernoj je kartografiji glavni fokus na razumi-
jevanju procesa i metoda ,kako u€inkovito komunicirati
prostornim informacijama“. Geoinformacijski zahtjevii po-
trebe, kroz prizmu mobilnosti, razlikuju se od stacionarne
okoline.

3. Opéi zahtjevi postavljeni
kartografskoj vizualizaciji

Prije pocetka razmatranja i postavljanja zahtjeva karto-
grafskoj vizualizaciji, treba razmisliti kako uopée doZivlja-
vamo kartografski prikaz ili $to je potrebno da bismo ga
doZivjeli. To pitanje zadire u srZ kartografske komunikacije.
Prema tome je kartografski prikaz vizualno pregledan, u
odredenoj mjeri i zoran model prostora. Kartografska
komunikacija je grafi¢ko-vizualna komunikacija.

Dakle, vid je jedna od najvaZznijih spona §to nas
povezuje s okoliSem, to je Covjekova veza sa svijetom.
Tako i pri upotrebi razli€itih kartografskih prikaza, vid i
njegove moguénosti i ograni¢enja postavljaju neke uvjete,
bez obzira na to jesu li kartografski prikazi u analognom
ili digitalnom obliku. Ti ée uvjeti biti najvazniji pri postav-
ljanju zahtjeva kartografskoj vizualizaciji, jer je ipak Eov-
jec€je oko osnovni ¢imbenik njezina ograni¢enja. Naime,
moguénosti ili ogranienja oka bila su ista kod korisnika
u proSlosti, ista su danas, a bit ¢e ista i u buduénosti, bez
obzira na to je li kartografski prikaz u analognom obliku

ili u digitalnom na zaslonu racunala, mobitela ili nekog
drugog uredaja.

Pritom treba znati da se vidni osjet stvara na temelju
primljenih impulsa, kao potpuno psihicki doZivljaj koji
svatko doZivljava individualno. Kako bi vidni osjet postao
vidni dozivljaj, potrebno je jos i sudjelovanje viSih psihickih
funkcija, kao $to su paméenje, apstrakcija i sl. |1z svega
proizlazi da zapravo ,gledamo* mozgom (Card i dr. 1999).

U ,klasi€nim* udzbenicima kartografije, kao npr. u
udzbenicima Peterce i dr. (1974), Lovrica (1988),
Robinsona i dr. (1995) ili Hakea i dr. (2002), navode se
razliciti zahtjevi kojima kartografska vizualizacija treba
udovoljiti. 1z svega se mogu saZeti sljedeca tri zahtjeva:

U ditljivost
U preglednost
U to€nost.

Osim toga, kartografska vizualizacija mora udovoljiti
i zahtjevima koji se mogu postaviti pred bilo koji grafi¢ki
prikaz, pa tako i kartografski. Najvazniji su:

4 zornost
O estetiénost.

Svaki od navedenih zahtjeva (slika 1) moguce je
provesti na pojedinim sastavnim dijelovima kartografike,
no mnogo je primjerenije to uciniti njihovim svrsishodnim
kombiniranjem, $to svakako ima vecu vaznost za obliko-
vanje djelotvorne kartografske vizualizacije, a time i
kartografskog prikaza primjerenoga korisniku. Redoslijed
iznesenih zahtjeva nije osobito vazan jer se pojedini
zahtjevi djelomice podudaraju, a neki pak medusobno
suprotstavljaju ili postavljaju dodatne uvjete za njihovo
uspjesno ostvarenje (Franges 1998).
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Each of the above stated demands (Fig. 1) can be
carried out on single ingredient parts of the cartographic
representation, but it is much more adequate to do it
through a purposeful combination of them. It has quite
certainly much greater importance for the formation of
efficient cartographic visualization, and thus also for the
cartographic representation appropriate to the user. The
order of above stated demands is not especially impor-
tant, because some demands are overlapping in part,
and some are opposite or set additional conditions for
their successful realization (Frange$ 1998).

4 Legibility

Reading the map is recognition and interpretation of
cartographic elements which map contains. Legibility is
an unambiguous transfer of information. It is necessary
to fulfil certain conditions for its realization in a carto-
graphic representation. First of all, it is respecting mini-
mal sizes below which a certain shape cannot be recog-
nized by its shape and spread. Furthermore, those are
appropriate graphic density and better differentiation of
known features in a cartographic representation.

Legibility of signatures on the map is mostly affected
by their sizes, and the shape and colour of signature
have less influence. On the other hand, sizes of signa-
tures and names on the map shouldn’t be too large, be-
cause it causes higher graphical overload of the map
and lower clearness.

4.1 Minimal sizes

When spatial object is projected into a plane, an im-
age of the object is created. It can be, because of the
size of the object and necessary decrease during pro-
jection, projected as a basic geometrical-graphical ele-
ment: point, line and plane. At the same time, itis neces-
sary to take care of minimal sizes because of differentia-
tion of individual features. It is, according to Lovri¢ (1988),
a defined size below which a graphic sign or its part can
no longer be recognized on the map by its shape and
spread.

Researches on minimal sizes on the screen have
been conducted by many cartographers, and Mali¢ (1999)
in her dissertation determined factors for increasing min-
imal sizes of individual signatures, depending on applied
size and resolution of the screen. Own research has
showed that, starting from normal distance of observa-
tion from the screen, raster structure on the resolution of
500 pixels/inch will no longer be observable. Exceptions
are letters and thin lines, which are deflected a bit from
vertical or horizontal line, and lines that have the width
having the number of pixels that is not an integer. If these
lines are presented with shiny colours, then its toothness
is moderated, but that causes problems because of bad
differentiation (Franges, 2000).

4.2 Graphic density

Graphic density or graphic load of the map is the re-
lation of the surface covered by the drawing to the whole

surface of the map. There are no exact norms set for the
graphic density of a map. Namely, it changes depending
on the area presented on the map. From research stud-
ies on graphic density on a large number of maps, it was
derived that maximum proportion 1:6 or 16% of the map
covered with the drawing still enables good clarity. How-
ever, with smaller scales, this coverage of surface in-
creases even to 25%. This increase of graphic density is
somewhat compensated by a greater number of colours
on the map, since differentiation of content by increasing
number of colours generally enhances clearness
(Frange$, 1998).

In regards to graphic density, the number of repre-
sented objects has the most important role. On the basis
of research on the number of the graphical elements on
the unit surface of cartographic representation it is pos-
sible to set an empirical thesis. According to Bertin (1974),
if we want to maintain legibility of cartographic represen-
tation, there should not be more than 10 cartographic
signs set on 1 cm? However, from own researches it fol-
lows that 10 same or similar cartographic signs set on
1 cm? of surface of the cartographic representation are
the great obstruction to legibility and even look disturb-
ing. The situation is completely different if those are 10
completely different signs, e.g. of different size, shape
and colour. These signs are of satisfactory legibility and
are not, despite increased graphic density, overload in
the general appearance of cartographic representation.
Imhof (1985) came to similar conclusions, and he warned
that graphical elements of the same kind or similar, when
they “lay” one on top of the other, mutually disturb and
even nullify each other. A multitude of lines covered with
another multitude of lines lead to confusion. In contrast,
different graphic elements set one on top of others dis-
turb very little. They can even increase the legibility of
cartographic representation.

Because of perceptible darkening of certain surfac-
es, great graphic density contributes to darkening of the
total appearance of a map. Bertin (1974) again quotes
the proportion, recommending that at most 5-10% of the
surface of cartographic representation should be occu-
pied by black or another dark colour.

Graphic load with names, compared to other content
of cartographic representation, occupies a big part, and
on some representations it can be more than 50%. This
is why special attention is given to selection and format-
ting of names on a cartographic representation. Carto-
graphic letters have their specificity, unlike used for text
or other needs. Namely, while the letters of a book are
almost always read on the white surface, cartographic
letters are read on multicoloured surface that constitutes
the drawing of cartographic representation. Name densi-
ty depends on size, character of terrain and specifics of
application and purpose of cartographic representation.

4.3 Differentiation of known features

In order to achieve good legibility, it is necessary to
provide differentiation of applied graphic elements in the
field of cartographic representation. According to Spiess
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Fig. 2. Favourable and unfavourable of space between double lines. Numbers next to lines mean
the width line-space-line in mm, and * warns that the space is to small.

Slika 2. Povoljni i nepovoljni medurazmaci dvostrukih linija. Brojke uz liniju daju Sirinu
crta-medurazmak-crta u mm, a oznaka * upozorava da je medurazmak premalen.

4. Citljivost

Citanje karata je raspoznavanje i tumacenje kartograf-
skih elemenata koje karta sadrzi. Citljivost je jednoznaéni
prijenos informacija. Za njezino ostvarenje na kartografsk-
om prikazu potrebno je zadovoljiti neke uvjete. To je prije
svega poStovanje minimalnih veli¢ina ispod kojih se neki
oblik ne moZe raspoznati po obliku i protezanju. Nadalje,
to su primjerena graficka gustoca te bolje razlikovanje
poznatih oblika na kartografskom prikazu.

Na ¢itljivost signatura na karti najvise utjece njihova
veli¢ina, a neSto manje utje¢u oblik i boja signatura. S
druge strane, veliCine signatura i imena na karti ne smiju
biti preveliki jer to prouzroCuje vece graficko optereéenje
karte i manju preglednost.

4.1. Minimalne veli¢ine

Pri preslikavanju prostornog objekta u ravninu dobiva
se slika objekta. On se, zbog veli¢ine objekta i zbog
nuZnog smanjenja pri preslikavanju, moze preslikati kao
osnovni geometrijsko-graficki elementi: to¢ka, linija i
povrsina. Pritom je zbog razlikovanja pojedinih elemenata
nuzno voditi ratuna o minimalnim veli¢inama. To je,

prema Lovriéu (1988), odredena veli€ina ispod koje se
neki graficki znak ili njegov dio na karti ne moze vise
razaznati po obliku i protezanju.

Istrazivanje minimalnih veli¢ina na zaslonu monitora
provodili su mnogi kartografi, a Mali¢eva (1998) je u svojoj
disertaciji, ovisno o primijenjenoj veli€ini i razluivosti
zaslona monitora, utvrdila faktore poveéanja minimalnih
veli€ina za pojedine signature. Vlastita istraZivanja
pokazala su da polazeci od normalne udaljenosti proma-
tranja zaslona monitora rasterska struktura pri rezoluciji
500 to¢/in€u nece vise biti zamjetljiva. 1znimka su pismo
i tanke crte, koje su malo otklonjene od okomite odnosno
vodoravne crte, te crte koje po svojoj Sirini zauzimaju
necjelobrojan broj piksela. Ako su te crte sjajnih boja,
onda je njihova nazubljenost ublaZena, ali to prouzro€uje
problem loSeg razlikovanja (Franges$ 2000).

4.2. Graficka gustocéa

Graficka gustoéa ili graficko opterecenje karte je
odnos povrSine prekrivene crteZom prema ukupnoj
povrsini karte. Za grafi¢ku gustoéu karte nema toénih
normi. Naime, ona se mijenja ovisno o podru¢ju koje je
prikazano na karti. |z istrazivanja graficke gustoce na
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(1996), the most important general principle of legibility
is that differences should always be clearly visible, and
not just roughly guessed. In order to achieve this differ-
entiation, it is necessary to thoughtfully use graphic var-
iables. Length of signature is also important for legibility,
e.g. number of signatures of one family that can be reli-
ably distinguished and clearly recognized from the oth-
ers on the cartographic representation.

There is another moment that influences legibility.
Namely, familiar features are read faster and more accu-
rately than new ones. Therefore, well-known and accept-
ed signatures that are applied in an almost unchanged
or very similar form should be used on cartographic rep-
resentation.

It is a well-known fact that we like some objects, col-
ours and their combinations of certain proportions more
than similar objects of different proportions, colours and
their combinations. We give advantage to the objects we
like, namely, we prefer them. In the same manner, in car-
tography, there are certain signatures and colours in
which they are made, and some letter groups and kinds
of letters for names on cartographic representation which
we like more than others. Results of research show that
plain or picturesque signatures are preferred, and among
geometrical signatures, rounded signatures are preferred
more than rectangular. Partial results of researches have
been presented in Frange$ (1998) and Franges et al.
(2000).

Legibility of letters on a cartographic representation
also depends on differentiation from other content. The

easiest way to achieve such differentiation is to adjust
the colour of letters considering the colour of background.
In practice, black is mostly used for letters, and then
brown and grey, and blue colour is used for the names of
waters, watercourses, and shore forms of Earth’s relief.
Besides this, for better differentiation of letters and sig-
natures from the rest of the content, so called coronation
is preformed, e.g. interrupting other graphical elements
near the letters and signatures. Coronation is performed
at most to 0.3 mm from the line of the letters. Through
this, additional light-dark contrast, which is based on light-
ness or vividness of colours, is achieved. Table 1 gives
presentation of good, average and bad legibility of col-
ours on coloured background, with a remark that com-
bining of light red on blue green should be avoided be-
cause of appearance of possible accompanying unpleas-
ant vibrating effects (Franges$ 2005).

5 Clearness

Setting a demand that cartographic visualization
should be clear, the first thing we want to achieve is easy
and quick orientation and understanding of important in-
formation. Clearness is achieved by simple formation of
cartographic signs and cartographic generalization. Too
high graphic density of a cartographic representation (see
section 4.2) reduces its clearness, and on the other hand,
contrast under which conspicuous oppositions of ele-
ments used for expressing on cartographic representa-
tion are understood, increases its clearness. The layer

Table 1. Examples of good, average and bad legibility of colour on the coloured background

GOOD AVERAGE BAD
Black on white ~Redon
light yellow

Black on yellow

Green on white

Blue on white

Red on white

Yellow on black

Black on
light green

White on black
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velikom broju karata proizlazi da maksimalni odnos 1:6
ili 16% pokrivene povrsine karte crtezom jo§ omogucuje
dobru preglednost. Medutim kod sitnijih mjerila pove¢ava
se ta pokrivenost povrsine i do 25%. To se povecanje
graficke gustoée donekle kompenzira vecim brojem boja
nakarti, jer razlikovanje sadrzaja pove¢anim brojem boja
nacelno poboljSava preglednost (Frange$§ 1998).

S obzirom na grafi¢ku gustoéu najvazniju ulogu ima
broj prikazanih objekata. IstraZivanjima broja grafi¢kih
elemenata na jedini¢noj povrsini kartografskog prikaza
moguce je postaviti neke empirijske postavke. Tako,
prema Bertinu (1974), ako se Zeli zadrZati Citljivost karto-
grafskog prikaza, na 1 cm? ne treba nikada biti smjesteno
vise od 10 kartografskih znakova. Medutim, iz vlastitih
istrazivanja proizlazi da je 10 istih ili sli¢nih kartografskih
znakova smjestenih na 1 cm? povrsine kartografskog pri-
kaza velika smetnja Citljivosti i djeluje &ak uznemirujuée.
Potpuno je drugacije stanje ako je to 10 sasvim razlicitih
znakova, npr. razli¢ite veliine, oblika i boje. Ti su znakovi
zadovoljavajuée ¢Eitljivi i nisu, unato€ povecanoj grafickoj
gustoci, preopterecenje u opcem izgledu kartografskog
prikaza. Do sliénih je zaklju¢aka do$ao i Imhof (1985),
koji upozorava da jednakovrsni ili sli¢ni graficki elementi,
kada ,leze" jedni preko drugih, uzajamno smetaju i ¢ak
se ponistavaju. Mnostvo linija prekrivenih drugim mnos-
tvom linija vodi zabuni. Naprotiv, vrlo malo smetaju razno-
vrsni grafi€ki elementi postavljeni jedni preko drugih. Da-
pace, oni mogu povecati itljivost kartografskog prikaza.

Velika grafiCka gustoca, zbog primjetnog potamnjenja
pojedinih povrsina, pridonosi vidljivu zatamnjenju sve-

ukupnog izgleda karte. Bertin (1974) tu opet navodi mjeru,
preporucéujuéi da bude najvise 5-10% povrsine kartograf-
skog prikaza zaposjednuto crnom ili nekom tamnom bojom.

Grafitko optereéenje imenima s obzirom na ostali
sadrzaj kartografskog prikaza zauzima veliki dio, na
nekim prikazima i vise od 50%. Zato se izboru i obliko-
vanju imena na kartografskom prikazu poklanja osobita
pozornost. Kartografska slova imaju svoje specifiénosti,
zarazliku od slova koja se upotrebljavaju za tekst ili druge
potrebe. Naime, dok se pismo knjige €ita gotovo uvijek
na bijeloj podlozi, kartografska se slova €itaju na $arenoj
podlozi koja €ini crtez kartografskog prikaza. Gustocéa
imena ovisi 0 mjerilu, karakteru zemljiSta te posebnostima
upotrebe i namjene kartografskog prikaza.

4.3. Razlikovanje poznatih oblika

Za ostvarenje dobre itljivosti nuzno je u polju karto-
grafskog prikaza takoder osigurati razlikovanje primijenje-
nih grafickih elemenata. Prema Spiessu (1996), najvaznije
je opc¢e nacelo Citljivosti da razlike budu uvijek jasno
vidljive, a ne samo otprilike nagadane. Kako bi se razliko-
vanje ostvarilo potrebno je smisljeno primijeniti graficke
varijable. Za Citljivost je takoder vazna duljina signatura,
tj. broj signatura jedne porodice, koje moZzemo na karto-
grafskom prikazu pouzdano razlikovati i jasno raspoznati
od drugih.

Postoji jos jedan moment koji utje€e na Citljivost.
Naime, poznati se oblici brZe i to¢nije itaju nego neki
novi. Stoga bi trebalo na kartografskom prikazu $to vise
upotrebljavati dobro poznate i prihvacene signature koje

Tablica 1. Primjeri dobre, srednje i loSe Citljivosti boje na obojenoj podlozi

DOBRA

SREDNJA

LOSA

Crno na bijelom

Crno na zutom

Zeleno na bijelom

Modro na bijelom

Crveno na bijelom

Crno na
svjetlozelenom

Crveno na
svijetlozutom

Crveno na
plavozelenom

Bijelo na crnom
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Fig. 3. Colour against colour: a) strongest, obtained by using primary colours, b) weaker, by moving away from
primary colours, c) weak contrast amplification by separating colours with a black outline, d) weak contrast
amplification by separating colours with a white outline
Slika 3. Kontrast boje nasuprot boji: a) najjaci, postignut upotrebom primarnih boja, b) slabiji, udaljavanjem od

primarnih boja, ¢) pojacanje slabog kontrasta odvajanjem boja crnom konturnom crtom, d) pojacanje slabog
kontrasta odvajanjem boja bijelom konturnom crtom

arrangement of the representation, which is derived di-
rectly from the observation of representation, contrast-
ing enough, is also important for clearness. It should be
noted that differentiation of content of cartographic rep-
resentation by graphic means is founded on principles:
larger — more perceptual and more important — more per-
ceptual (MacEachren 1995).

5.1 Simplicity

Rationally modelled signs on cartographic represen-
tation are the condition, according to Imhof (1985), for
achieving clear visualization. Principle in using signatures
applies that the simplest signs are modelled that are
numerous on cartographic representation. However, to
form a simple signature that would satisfy the viewer from
the aspect of legibility and clearness, but which remains
plain and aesthetically beautiful is a very demanding task.
The question is whether it is and in what extent it is pos-
sible.

In the section about legibility, it was pointed out that
researches showed that amongst geometric signatures,
we prefer rounded to rectangular shapes. However, one
should know that on the contrary, rectangular signatures
are better noticed and clearer than rounded.

5.2 Contrasting

Under the term contrast we understand notable con-
trarieties of elements of cartographic expression. In this
way, we can differentiate moderate contrast, where con-

trarieties are notable but moderate, then emphasized
contrast, where contrarieties are very notable, and dom-
inant or prevailing contrast, where the contrarieties are
prevailing on the drawing of cartographic representation.

For achieving clarity, selection of colours that will be
applied on cartographic representation is very important.
By their presence alone, they classify, emphasize, parse,
and when they are successfully combined with other el-
ements of cartography they increase clarity and the in-
terpretation of the content of the map even further.

On the performed test of perceptibility of certain col-
ours, the order is as follows: the best and fastest noted
is on orange-yellow surface, then green and red, and
blue. However, when point or line signature was in col-
our, the test gave the following results: the easiest to see
are signatures of blue colour, then black, dark brown,
and signatures of green and yellow colour are bad. At
the end of the analysis of contrast, it should be pointed
out that, if we try to make everything shown on the map
contrasting, i.e. accentuated in regard to background and
in front, there is danger from achieving the opposite ef-
fect and the cartographic representation can become
rough, not differentiated enough, i.e. unclear.

5.3 Layer Arrangement

When optimal contrasting quality of cartographic ele-
ments is achieved on cartographic representation, it is a
good prerequisite for optimal layer arrangement of rep-
resentation. The main content or the first layer should be



KiG 2007, poseban broj

Zahtjevi postavljeni suvremenoj kartografskoj vizualizaciji

a)

b)

Fig. 4. Examples of quantify contrast: a) yellow surface seems larger in white than on black background, b) red
surface seems smaller on white than on black background
Slika 4. Primjeri kontrasta kvantitete: a) povrSina Zute boje ¢ini se na bijeloj podlozi ve¢om nego na crnoj, b)
povrsina crvene boje Cini se na bijeloj podlozi manjom nego ha crnoj

se primjenjuju u gotovo neizmijenjenom ili vrlo sli€chom
obliku.

Opce je poznata Cinjenica da nam se neki predmeti,
boje i kombinacije odredenih proporcija viSe svidaju od
sli¢nih predmeta drugih proporcija, boja i njihovih kombi-
nacija. Predmetima koji nam se svidaju dajemo prednost,
odnosno preferiramo ih. Tako i u kartografiji neke signature
i boje u kojima se one izvode, te neke pismovne skupine
i vrste pisma za imena na kartografskom prikazu preferira-
mo viSe od kojih drugih. Preferirani elementi kartografike
brze se i tocnije Citaju i lak8e im se pamti znaCenje.
Rezultati istraZivanja pokazuju da se preferiraju zorne ili
slikovite signature, a medu geometrijskima zaobljene
ispred pravokutnih signatura. Djelomi&ni rezultati istraZi-
vanja prikazani su u Franges (1998), Frange$ i dr. (2000).

Citljivost pisma na kartografskom prikazu ovisna je
takoder o razlikovanju od ostalog sadrzaja. Takvo razliko-
vanje moZe se najlakse posti¢i bojom pisma, vodeci
raCuna o boji podloge. U praksi se za pismo upotrebljava
najéesce crna, potom smeda i siva, a za imena voda,
vodenih tokova i obalnih oblika Zemljina reljefa plava boja.
Osim toga, za bolje razlikovanje pisma i signatura od
ostalog sadrZaja provodi se tzv. koroniranje, tj. prekidanje
ostalih grafi¢kih elemenata u blizini slova i signature.
Koroniranje se izvodi najvise do 0,3 mm od linije slova.
Time se postize dodatni svijetlo-tamni kontrast, koji se
temelji na svjetloCi ili jarkosti boja. U tablici 1 dan je prikaz
dobre, srednje i lo$e Eitljivosti boje na obojenoj podlozi,
uz napomenu da kombiniranje svijetlocrvenoga na
plavozelenom treba izbjegavati zbog pojave mogucih
popratnih neugodnih vibracijskih efekata (Frange$ 2005).

5. Preglednost

Postavljanjem zahtjeva preglednosti kartografske
vizualizacije Zeli se u prvom redu ostvariti laka i brza
orijentacija te spoznaja bitnih informacija. Preglednost
se postize jednostavnim oblikovanjem kartografskih
znakova i kartografskom generalizacijom. Prevelika
graficka gustoca kartografskog prikaza (vidi odlomak 4.2)
smanjuje njegovu preglednost, a kontrast pak, pod kojim
se razumiju upadljive suprotnosti elemenata Sto se
upotrebljavaju za izrazavanje na kartografskom prikazu,
povecava njegovu preglednost. Za preglednost je takoder

vazna slojevitost prikaza koja proizlazi upravo iz proma-
tranja prikaza, dovoljno kontrastnoga. Treba primijetiti da
se razlikovanje sadrzaja kartografskog prikaza grafickim
sredstvima zasniva na nacelima: $to vece — to uocljivije
i Sto vaznije — to uodljivije (MacEachren 1995).

5.1. Jednostavnost

Svrsishodno oblikovani znakovi na kartografskom
prikazu uvjet su, prema Imhofu (1985), za ostvarenje pre-
gledne vizualizacije. U primjeni signatura vrijedi nacelo
da se oblikuju najjednostavniji znakovi koji su na karto-
grafskom prikazu mnogobrojni. Medutim, oblikovati jedno-
stavnu signaturu koja ¢e zadovoljiti promatra¢a u pogledu
Citljivosti i preglednosti, a ujedno biti zorna i estetski lijepo
oblikovana, vrlo je zahtjevan zadatak. Cak je pitanje je li
i u kojoj je mjeri to moguce.

U odlomku o Eitljivosti istaknuto je da su istraZivanja
pokazala kako se medu geometrijskim signaturama
preferiraju zaobljeni ispred pravokutnih oblika. Medutim,
treba znati da se bolje zapazaju i preglednije su, ba$
obrnuto, pravokutne signature od zaobljenih.

5.2. Kontrastnost

Pod kontrastom se podrazumijevaju primjetljive
suprotnosti elemenata kartografskog izrazavanja. Tako
se mogu razlikovati umjereni kontrast, gdje su suprotnosti
uocljive ali umjerene, zatim naglaseni kontrast, gdje su
suprotnosti jako uogljive, i dominantni ili viadajuéi kontrast,
gdje su suprotnosti takve da prevladavaju crtezom
kartografskog prikaza.

Zapostizanje preglednosti osobito je vaZan izbor boja
koje ¢ée biti primijenjene na kartografskom prikazu. One
vec svojom pojavom svrstavaju, naglasavaju, ras¢lanjuju
sadrZaj karte, a kada se uspjesno kombiniraju s ostalim
elementima kartografike jo§ povecavaju preglednost i
tumacenje sadrzaja karte.

Na provedenom testu uotljivosti pojedinih boja redo-
slijed je sljedeci: najbolje se i najbrze uotava povrsina
narancastozute boje, zatim zelene i crvene te modre.
Kada je, medutim, toCkasta ili linijska signatura bila u
boji, test je dao sljedeci rezultat: najuodljivije su signature
modre boje, zatim crne, tamnosmede, a slabo su uoljive
signature zelene i Zute boje.
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expressed more strongly and emphasized by applying
and forming corresponding cartography. Details of lower
importance will be completely removed or suppressed to
the background, for example by applying smaller and less
contrasting signatures, paler colours and names written
in smaller letters. This other layer of cartographic repre-
sentation must not make the expression of the first layer
difficult or impossible. In this way clearness is enhanced,
and monotony and fatigue while observing cartographic
representation on which contrasting and layer arrange-
ment of cartography was not carried out is impeded.

If the condition of layer arrangement is fulfilled while
observing the map, the observer automatically divides
layers in the main layer and the basis or background. It
is the fundamental characteristic of visual perception and
is not a conscious operation. MacEachren (1994) de-
scribes this representation in layers as visual planes.
These are planes that contain one or more similar com-
ponents of objects, and are mutually covered, but trans-
parent. The bottom laid planes or base planes have to
be nontransparent.

Layers should possess map graphics with which con-
nection or differentiation of certain objects of the repre-
sentation will be perceived. Related objects, the road and
the railway network for example, should not have too
differentiated appearance on cartographic representa-
tion so that they would be spontaneously classified in
the same layer. This should be achieved in representa-
tions of relief as well, through shading and contours,
which then together make nontransparent layer of the
base (Spiess 1996).

6 Accuracy

Certain accuracy is demanded from cartographic vis-
ualization. When cartographic representations were only
in analogue form, interest for accuracy was almost al-
ways related to positional accuracy of mapped object in
relation to its position on the Earth, and to height accura-
cy on topographic maps. Today’s technology, however,
enables easy creation of different sets of data and their
visualization. The user can choose on the Internet be-
tween several data systems that, in lack of an indicator
of accuracy, may seem accurate and precise.

Regarding quality of spatial data, since cartographers’
products will be worth as much as they are accurate for
users, cartographers have a great interest to maintain
high quality and up-to-date spatial data. Namely, if a large
enough number of users make a mistake because of bad
data used for analyses or visualizations, this will eventu-
ally reflect the cartographic profession. On the other hand,
since norm principle ISO9000 “do not give user more or
less quality than he needs”, an interesting turnaround is
observed in demands that society sets upon cartogra-
phers. Cartographers no longer have to try to create the
most accurate visualizations. There are reasons now for
systematical reduction of quality of data for certain users
(Guptill and Morrison 1995).

Accuracy in the representation plane refers to funda-
mental geometrical-graphical elements, partly to simple
signatures, and it does not encompass other elements
of cartography. Accuracy of other elements of cartogra-
phy, degree of their abstraction and generalization are
encompassed by the request of sign accuracy.

6.1 Positional Accuracy

Positional accuracy as the demand set upon carto-
graphic representation can be divided into demand for
accuracy in the plane of representation and demand of
height accuracy.

Accuracy in the plane of representation or horizontal
accuracy is the correspondence of position of a point
determined on the cartographic representation accord-
ing to the real position of that point, which must not go
over a certain value.

Mean square error as measure of accuracy and stand-
ard deviation as the measure of precision have been used
for a long time in cartography for representation of qual-
ity of positional information. So, expressions for mean
square error by coordinate axis are known:

2 2
/ € . e
m, =+ P [ m, =+, —-,
n n

where & and € are the differences between measured
and real coordinates, and n is the number of points for
which this difference is determined.

Total middle square error (mp) is calculated by for-

mula:
ety el
m. = +./m? +m? :i‘/#.
p X y n

Mean error of +0.33 mm gives empirical value for
clearly expressed points of objects and it can be taken
as a practical value for topographic and most thematic
maps. Other mean errors can be taken if necessary for
special elements of contents, for example a mean error
of £0.1 mm is demanded for trigonometric points on top-
ographic maps. Also, for certain cartographic tasks, dif-
ferent factors included in total positional error must be
determined. These are errors of the originator, errors of
drawing, errors of generalization, etc. (Fran€ula 2000).

For calculating the relative positional error (m, ), which
marks the mutual positional error of individual points of
the same map element, such a procedure can be ap-
plied so that for every area of research and for every
element of the map part of bias (Ax and Ay) is isolated
according to formulas:

&
Ax = py =25
n n
Oy=6-M 1 6,=¢,-Ay
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Na kraju treba istaknuti da u slu¢aju, ako se nastoji
sve prikazano na karti u€initi kontrastnim, tj. istaknuti s
obzirom na podlogu i staviti u prvi plan, postoji opasnost
od postizanja suprotnog efekta pa kartografski prikaz po-
staje grub, nedovoljno diferenciran, odnosno nepregledan.

5.3. Slojevitost

Kada se na kartografskom prikazu postigne optimalna
kontrastnost elemenata kartografike, onda je to dobar
preduvjet da bude postignuta i optimalna slojevitost prika-
za. Glavni sadrzaj ili prvi sloj treba biti jace izrazen i
istaknut primjenom i oblikovanjem odgovarajuce karto-
grafike. Detalji manje vaznosti bit ¢e potpuno udaljeni ili
potisnuti u drugi plan primjenom npr. sitnijih i manje kon-
trastnih signatura, bljedim bojama i sitnije ispisanim
imenima. Taj drugi sloj kartografskog prikaza ne smije
oteZati il onemoguditi iskaz prvog sloja. Time se povecava
preglednost, a sprje¢ava monotonost i zamor pri pregle-
davanju kartografskog prikaza na kojem nije provedena
kontrastnost i slojevitost kartografike.

Ako je pri promatranju karte zadovoljen uvjet slojevi-
tosti, promatra¢ automatski odjeljuje slojeve na glavni i
na podlogu ili pozadinu. To je temeljna karakteristika vi-
zualnog opaZanja i nije svjesna operacija. Takvo slojevito
prikazivanje MacEachren (1994) ozna€ava kao vizualne
ravnine. To su ravnine koje sadrze jednu ili viSe sli¢nih
komponenata objekata, medusobno prekrivenih ali pro-
zirnih. Najdonje poloZene ravnine ili ravnine podloge
moraju biti neprozirne.

Slojevi trebaju posjedovati kartografiku kojom e se
uociti povezanost ili razlikovanje odredenih objekata
prikaza. Srodni objekti, npr. cestovna i Zeljezni¢ka mreza,
trebaju imati ne prejako diferenciran izgled na kartograf-
skom prikazu kako bi bili spontano svrstani u isti sloj. To
bi trebalo postici i prikazima reljefa sjen€anjem i izohipsa-
ma, koji tada €ine skupni neprozirni sloj podloge (Spiess
1996).

6. Tocnost

Od kartografske vizualizacije zahtijeva se odredena
to¢nost. Kada su kartografski prikazi bili samo u ana-
lognom obliku, zanimanje za tonost odnosilo se gotovo
uvijek na polozZajnu to€nost u ravnini kartiranog objekta
s obzirom na njegov polozaj na Zemlji, te ha topografskim
kartama na visinsku to€nost. Dana$nja tehnologija, medu-
tim, omogucuje lako stvaranje razli€itih skupova podataka
i njihovu vizualizaciju. Korisnik moZe na internetu birati
izmedu viSe sustava podataka, koji se, u odsutnosti po-
kazatelja to¢nosti, mogu Ciniti to&nima i preciznima.

U svezi s kvalitetom prostornih podataka, kartografi
imaju veliki interes odrZavati visokokvalitetne i aktualne
prostorne podatke, jer ¢e njihovi proizvodi vrijediti onoliko
koliko su za korisnika to¢ni. Naime, ako dovoljan broj ko-
risnika ucini pogreske zbog losih podataka upotrijebljenih
za analize ili vizualizacije, to ¢e se na kraju odraziti na
kartografsku profesiju. S druge strane s obzirom na
nacelo norme 1ISO9000 ,ne daj korisniku ni vise ni manje

kvalitete nego $to on treba“, zapaza se zanimljiv preokret
u zahtjevima $to ih drustvo postavlja kartografima. Karto-
grafi viSe ne moraju nastojati uvijek stvoriti najto¢nije
vizualizacije. Sada postoje razlozi za sustavno smanjenje
kvalitete podataka za odredene korisnike (Guptill i
Morrison 1995).

To¢nost u ravnini prikaza odnosi se na osnovne
geometrijsko-graficke elemente, donekle na jednostavne
signature, a ostali elementi kartografike nisu njome
obuhvaceni. To€nost ostalih elemenata kartografike,
stupanj njihove apstrakcije i generalizacije obuhvaceni
su zahtjevom znakovne to¢nosti.

6.1. Polozajna to¢nost

PoloZajnu to€nost kao zahtjev postavljen kartograf-
skom prikazu mozemo razdijeliti na zahtjev to¢nosti u
ravnini prikaza i na zahtjev visinske tonosti.

To€nost u ravnini prikaza ili horizontalna to¢nost je
podudarnost poloZaja neke tocke odredenog na karto-
grafskom prikazu prema stvarnom polozaju te tocke, koja
ne smije prijeci neku vrijednost.

Srednja kvadratna pogreska kao mjera to¢nosti i
standardno odstupanje kao mjera preciznosti dugo su
se u kartografiji upotrebljavale za procjenu kvalitete
polozajne informacije. Tako su i poznati izrazi za srednju
kvadratnu pogresku po koordinatnim osima:

2 ZSZ
e, i m, 4 ;

n

gdiesu g, i g, razlike izmedu mjerenih i stvarnih koordinata,
a n broj to¢aka za koje je ta razlika odredena.

Ukupna srednja kvadratna pogreska (mp) raduna se
po formuli:

Yel+Yel
_ 2 2 _ X y
M, = &M + M = ) ———".

Srednja pogreska od 0,33 mm daje iskustvenu
vrijednost za jasno iskazane toCke objekata i moZe se
uzeti kao prakti€na vrijednost za topografske i vecinu
tematskih karata. Za posebne elemente sadrZaja mogu
se, po potrebi, dodatno uzeti i druge srednje pogreske,
npr. na topografskim kartama traZi se za trigonometrijske
toCke srednja pogreska od +0,1 mm. Takoder se za
odredene kartografske zadatke moraju odrediti razli¢iti
¢imbenici uklju€eni u ukupnu poloZajnu pogresku. To su
pogreske izvornika, pogreske crtanja, pogreske generali-
zacije i dr. (Fran€ula 2000).

ZaraCunanije relativne poloZajne pogreske (m, ), koja
oznacava medusobnu poloZajnu pogresku pojedinih
to¢aka istog elementa karte, moZe se primijeniti potupak
da se za svako podrucje istraZivanja i svaki element karte
izdvoji dio sistematskih pogreSaka (Ax i Ay) prema
formulama:
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light / lagana
high / visoka
clear/ clear

BulIW / Weo
euAised / anissed

unstable / labilna %

/ Buons
eualjen | Aial)
BUAIE / BAI0E

euzeus

blunt / tupa
deep / duboka
heavy / teSka

Fig. 5. Experiencing colours represented by a colour star
Slika 5. DoZivijavanje boja prikazano zvijezdom boja

Only basics will be given about height accuracy, be-
cause it only has importance in representation of relief.
Accuracy of cartographic representation of shape of
Earth’s relief by contours is most often expressed by
Koope’s formula:

my = £ (A + B tga),

where m, - mean error of height of any point deter-
mined based on contours, A - part of height error origi-
nated because of inaccurately determined height during
the measurement, B tan o - part of height error originat-
ed because of inaccurately determined position of point
during measurement, o angle of inclination of slope in
the point.

Height error of contours (m,,) and positional error (m, )
are connected with relation:

m
_H_ tga ,
L
so positional error of contours according to Koope is:

m =% (Actga+B).

6.2 Semantic accuracy

It is impossible to give semantic accuracy as precise
as positional, but it is still possible to set and fulfil certain
demands. So we differentiate:

U Ground plan authentic representation that can only
be achieved on cartographic representations in large
scales. Here, separated objects on the surface are
projected in contour lines of their ground—plans, and
uninterrupted objects in accurate contours.

U Ground plan similar representation, characteristic of
cartographic representations of larger scale. On them,
necessary greater simplifications of separated objects
on the surface and expanding of linear objects are
carried out. Characteristic shapes are preserved in
simplified representation of uninterrupted objects by
contours.

U Positional authentic representation, which is charac-
teristic of cartographic representations of middle, small
and smaller scale. On them, only biggest objects are
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O visinskoj to€nosti bit ¢e dano samo osnovno, jer
ima vaznost samo u prikazu reljefa. Toénost kartografskog
prikaza oblika reljefa Zemlje izohipsama naj¢esce je iska-
zana Koopeovom formulom:

my =+ (A + B tga),

gdje sum,,—srednja pogreska visine bilo koje tocke odre-
dene na osnoviizohipsa, A—dio visinske pogreske nastao
zbog pogresno odredene visine pri izmjeri, B tg o - dio
visinske pogreSke nastao zbog pogresno odredenog
poloZaja to¢ke pri izmjeri, o kut nagiba padine u tocki.

Visinska pogreska izohipsa (m,) i polozajna pogreska
(m,) povezane su odnosom:

m:tga,
mL

pa poloZajna pogreska izohipsa prema Koopeu glasi:

m_ =+ (A ctg a+ B).
6.2. Znacenjska to¢nost

Znacenjsku to€nost nije moguée dati tako egzaktno
kao poloZajnu, ali se ipak mogu postaviti i ispuniti odredeni
zahtjevi. Tako razlikujemo:

U tlocrtno vjerodostojni prikaz, koji je moguce ostvariti
samo na kartografskim prikazima u najkrupnijim
mjerilima. Tu se pojedini povrSinski objekti preslik-
avaju obrisnim crtama svojih tlocrta, a neprekinuti
objekti tonim izolinijama.

Q tlocrtno sliéni prikaz svojstven kartografskim prika-
zima krupnih mjerila. Na njima su izvedena prijeko
potrebna veca pojednostavnjenja povrsinski odjeli-
tih objekata i proSirenja linijskih objekata. Pri pojed-
nostavnjenom prikazu neprekinutih objekata izo-
linjjama sacuvani su karakteristini oblici.

U polozajno vjerodostojni prikaz koji je svojstven
kartografskim prikazima srednjeg, sitnog i sitnijeg
mijerila. Na njima se samo najveci objekti prikazuju
svojim tlocrtima, a svi ostali signaturama, ¢ija bi
sredina trebala, ako je to ikako moguce, odredivati
polozaj objekta. To je teze ostvariti zornim signatu-
rama nego geometrijskima.

U prostorno vjerodostojni prikaz koji nastaje onda
kada se mora izvesti znatno pojednostavnjenje
kartografskog prikaza, npr. kada se neki objekt ne
prikazuje u svom poloZaju, vec¢ je sveden na odno-
snu povr8inu, tj. na prikaz povr8inskim karto-
gramom (Lovri¢ 1988, Hake i dr. 2002).

7. Zornost

Zornost kartografske vizualizacije postiZze se obliko-
vanjem sastavnih dijelova kartografike koji ¢e ponajprije
biti simboli€ni i tradicionalni, a takoder i hijerarhijski
organizirani. Zornost se postize u prvom redu izborom
kartografskih znakova, koji su i bez posebnog tumacenja
svakomu razumljivi.

7.1. Simbolika

Simbolika se temelji na sli¢nosti sa stvarnim, prirod-
nim izgledom objekta ili pojave prikazanih elementima
kartografike ili na funkcionalnom obiljeZju objekta koje je
slikovito prikazano. Od elemenata kartografike simbolika
je najkarakteristi¢nija za kartografske znakove i boju.

Simbolika znakova umnogome pridonosi prirodnom
nacinu poimanja sadrZaja karte. Primjenom simboli¢nih
znakova postiZze se da od trenutka opaZanja karte do
trenutka potpune reprodukcije u svijesti Citatelja prode
8to manje vremena. Uvijek je prihvatljivija karta koja
simbolikom povezuje €injenice u pojmove.

Vrlo je vaZno da signature koje se rjede primjenjuju,
za razliku od onih €estih koje su najjednostavnije obliko-
vane, imaju karakteristi¢an simboli¢ki izgled. Simbolika
tockastih signatura postiZze se oblikom (npr. znak mosta),
veli¢inom (npr. veci kruzi¢ prikazuje vece naselje) i bojom
znaka (npr. znakovi zelene boje za raslinje), a simbolika
linijskih signatura oblikom linije (npr. osobita krivudavost
potoka), dodatnim detaljima (npr. znakovima za elektrifi-
ciranu Zeljezni¢ku prugu) i bojom (npr. plava boja za vodo-
toke). Stalno upotrebljive komunikacije simboli¢no se
prikazuju neprekinutom linjjom, a povremeno upotrebljive
ili u izgradnji isprekidanom linijom.

Mnemonicnost je olak§ano paméenje znacenja signa-
ture, koje bitno pridonosi upotrebnoj vrijednosti karto-
grafskog prikaza. Signature koje svojim izgledom sli¢e ili
podsjecaju na prikazani objekt, odnosno uzorak povrsin-
skih signatura koji reproducira tlocrtne strukture ili druge
bitne karakteristike objekta, lako se pamte. To su prije
svega zorne ili slikovite signature, odnosno signaturni i
strukturni rasteri ili pak signature prikazane izrazito
uocljivom bojom. Provedena istraZivanja pokazala su da
zelene i ljubicaste boje, a najviSe vremena za pamcenje
zahtijevaju modri oblici, koji se i najbrze zaborave.
Naranc€astocrvena se na tom testu pokazala i bojom koja
ostaje najdulje u sjecanju.

7.2. Tradicionalnost

Na mnogim kartografskim prikazima primjenjuju se
ve¢ dugo vrijeme neke signature u gotovo neizmjenjenom
ili vrlo slicnom obliku. Ta je tradicionalnost vrlo pozitivno
svojstvo signatura, jer predstavlja dio ostvarenih napora
u normiranju kartografskih znakova na $iroj razini.
Medutim, iako neki znak nema dugu tradiciju, ipak moze
biti opéeprihvaéen. Primjer za to su signature primijenjene
na izletni¢kim i planinarskim kartama te planovima
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presented in their ground plans, and all the others as
signatures, whose middle should, if it is possible, de-
termine the position of the object. It is harder to achieve
this by plain signatures than by geometrical.

O Spatial authentic representation that results when
greater simplification of cartographic representation
must be carried out, for example when certain object
is not presented in its position, but it is reduced to
relative surface, i.e. in representation by surface
cartogram (Lovri¢ 1988, Hake et al. 2002).

7 Plainness

Plainness of cartographic visualization is achieved
through formation of components of cartography that will
first of all be symbolic and traditional, and hierarchically
organized. Plainness is firstly achieved by selection of
cartographic symbols, which are understandable to eve-
ryone even without special interpretation.

7.1 Symbolism

Symbolism is based on similarity with real, natural
appearance of object or phenomena presented by ele-
ments of cartography or on functional characteristic of
object that is picturesquely presented. Of all the elements
of cartography, symbolism is the most characteristic for
cartographic signs and colour.

Symbolism of signs greatly contributes to natural way
of comprehension of map’s content. By application of
symbolic signs it is achieved that as little time as possi-
ble passes between the moment of observation of the
map and complete reproduction in the mind of the ob-
server. Map that links facts to notions through symbol-
ism is always preferred.

Itis very important that signatures that are used rarely,
differently from those often used that are modelled in the
simplest way, have a characteristic symbolic appearance.
In point signatures, symbolism is achieved by shape (for
example, symbol of bridge), by size (for example, bigger
circle represents bigger settlement) and by the colour of
sign (for example, signs of green colour for plants). Sym-
bolism of linear signatures is achieved by the shape of
the line (for example, special meandering of the stream),
additional details (for example, signs for electrified rail-
way), and by colour (for example, blue colour for water
streams). Constantly usable communication is symboli-
cally represented as an unbroken line, and sometimes
usable or being built as a broken line.

Mnemonics is the facilitated remembering of mean-
ing of the signature that greatly contributes to the value
of cartographic representation. Signatures that look like
or resemble in their appearance the presented object, or
sample of surface signatures that reproduces ground plan
structures or other important characteristics of an object
are easy to memorize. These are, at the first place, plain
or picturesque signatures, or signature and structural
rasters, or the signatures presented by extremely nota-

ble colour. Research conducted has shown that most
memorable forms are in orange-red, then red, green and
violet colour, and blue shapes require the most time to
be remembered, and they are the ones that get forgot-
ten the fastest. Orange-red has showed on this test to
be the colour that remains in the memory for the longest
time.

7.2 Traditionalism

On many cartographic representations, there are
certain signatures that have been used for a long time in
an unchanged or very similar form. This traditionalism is
a very positive feature of signatures, because it repre-
sents a part of achieved efforts in standardizing carto-
graphic signs on greater scale. However, even if a cer-
tain symbol does not have a long tradition, it can still be
widely accepted. Example for this are the signatures used
on sightseeing and alpinist maps and on the maps of
towns and tourist settlements that were made by the In-
stitute for Cartography of Faculty of Geodesy, University
of Zagreb.

There are rules for the use of colours on cartograph-
ic representations that were made stable and traditional
through systematic application. In this way, only blue
colour is used for the water and the objects connected
with water. Other settled rules were not followed that strict-
ly, so they vary from culture to culture. Following selec-
tion of colours is traditional for our area, for objects relat-
ed to terrain:

U Green for areas covered with plants
U Brown for symbols of terrain shapes

U Yellow for areas of weak vegetation and without
plants

Black and grey are traditionally used for a topographic
base.

These several examples of traditionalism, which lead
to standardization, show that a cartographer does not
have complete freedom in every moment of selection
and application of cartography. Besides, graphic varia-
bles and attributes assigned to them and series of fac-
tors that were declared as demands there can force a
cartographer to follow certain conventions and norms.
While doing this, one must be particularly careful for that
not to result in a conflict between standardized signs and
signs that need modelling following already mentioned
demands.

7.3 Hierarchic organization

Hierarchic organization is necessary for the increment
of plainness of cartographic representation. Thus it is
necessary, for example on topographic maps for pres-
entation of roads of different importance, e.g. of different
hierarchical structure, to apply signatures that clearly
show that kind of organization.
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Fig. 6. Derivation of a family or series from basic form of geometrical symbol
Slika 6. Izvodenje porodice ili niza iz osnovhog oblika geometrijske signature

gradova i turistiCkih naselja koje je izradivao Zavod za
kartografiju Geodetskog fakulteta Sveucilista u Zagrebu.

Za upotrebu boja na kartografskim prikazima postoje
pravila koja su sustavnom primjenom postala ustaljena i
tradicionalna. Tako se za vode i objekte vezane uz vode
upotrebljavala samo plava boja. Ostala ustaljena pravila
nisu tako strogo postovana pa variraju od kulture do
kulture. Za nase je podrucje tradicionalan sljedeci izbor
boja za objekte koji se odnose na zemljiste:

U zelena za povrsine pod raslinjem,
U smeda za simbole zemljiSnih oblika,
U Zuta za povrsine slabe vegetacije i bez raslinja.

Crnai siva tradicionalno se upotrebljavaju za topografsku
osnovu.

Tih nekoliko primjera tradicionalnosti, koji pomalo
vode normizaciji, pokazuju da kartograf nema u svakom
trenutku potunu slobodu u izboru i primjeni kartografike.
Uz to, graficke varijable i njima pridruzena obiljezja te
niz faktora koji su tu proglaseni zahtjevima mogu prisi-
ljavati kartografa da slijedi odredene konvencije i norme.
Pritom treba osobito paziti da to ne rezultira sukobom
izmedu normiranih znakova i znakova koje treba obliko-
vati slijedeci ve¢ spomenute zahtjeve.

7.3. Hijerarhijska organiziranost

Za povecanje zornosti kartografske vizualizacije
nuzna je hijerarhijska organiziranost. Tako je npr. na topo-
grafskim kartama nuzno za prikaz prometnica razlicite

vaznosti, dakle razliCite hijerarhijske strukture, primijeniti
signature koje zorno prikazuju takvo ustrojstvo.

Za pravilno shvaéanje kartografskog prikaza, {j.
optimalnu funkciju takvog prikaza kao sredstva za prije-
nos informacija, potrebno je oblikovati signature slijededi
primjerenu organizacijsku strukturu. Korisnik kartograf-
skog prikaza treba biti u mogucénosti spontano opaziti
hijerarhijsku vizualnu organizaciju kartografike.

Stoga se radi hijerarhijske organiziranosti i lakseg
pamcenja znacenja signatura izvodi porodica ili niz iz
osnovnog oblika. Taj je osnovni oblik pridruZzen jednoj
skupini istovrsnih objekata, a pojedinim razlicitim kate-
gorijama tih objekata pridodane su signature izvedene
iz tog osnovnog oblika. Osjetno je lakSe izvoditi porodicu
ili niz iz osnovnog oblika geometrijske nego iz zorne
signature.

Broj izvedenih signatura jedne porodice koje se mogu
pouzdano razlikovati i jasno raspoznati na kartografskom
prikazu naziva se duljina. U tablici 2 dan je pregled
rezultata vlastitih prakti¢nih ispitivanja broja selektivnih
stupnjeva pojedinih grafi¢kih varijabli s obzirom na osnovni
geometrijsko-graficki element (Frange$ 1998).

8. Esteti¢nost

U kartografiji i likovnim umjetnostima upotrebljavaju
se ista sredstva izrazavanja. UmjetniCka su djela, medu-
tim, rezultat slobodnog, subjektivnog dozZivljavanja, a karta
je najobjektivniji prikaz prostora u odredenome mijerilu, i

Tablica 2. Pregled duljine pojedinih grafic¢kih varijabli s obzirom na osnovni geometrijsko-graficki element.
Oznaka * upozorava da je takvo razlikovanje najmanje selektivno prema mogucénostima primjene drugih
grafickih varijabli.

Graficke
_ varijable | /o pei o Tonska Uzorak Boja Smijer Oblik
Osnovni vrijednost ! !
geometrijsko-
graficki element
Totka 4-5 2-3 (+2) 2 3-6 4 -
Linija 4-5 34 (+2) 4 3-7 2 -
Povréina 4-5 4-5 (+2) 5 37 6 "
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For proper understanding of cartographic represen-
tation, e.g. optimal function of that representation as the
mean of transferring information, it is necessary to mod-
el signatures following appropriate organizational struc-
ture. A user of cartographic representation should be in
position to spontaneously observe the hierarchical visu-
al organization of cartography.

Thus, because of the reasons of hierarchic organiza-
tion and because of easier remembering of meaning of
signatures, family or the series is derived from the basic
form. This basic form is joined to one set of objects of the
same kind, and signatures derived from that basic form
are added to individual different categories of these ob-
jects. Itis clearly easier to derive a family or series from
basic form of geometric rather than from clear signature.

The number of derived signatures of one family that
we can reliably differentiate and clearly recognize on
cartographic representation is called length. In Table 2,
overview of results of my own practical examinations for
a number of selective degrees of individual graphic var-
iables in relation to basic geometrical-graphical element
is given (Frange$ 1998).

8 Aesthetics

The same means are used for expression in cartog-
raphy and visual arts. Works of art are, however, results
of free, subjective impression, and a map is the most
objective representation of space in a certain scale and
with map graphics determined in advance. Digital tech-
nology, with all its advantages and disadvantages, joined
here with the term of digital aesthetics.

Aesthetic components of visualization that increase
applicable value of cartographic visualization are harmo-
ny or accord and beauty.

8.1 Harmony

Harmony in aesthetics is a fundamental constructive
mark of beauty. It generally means harmony between
parts of whole, which corresponds to certain aesthetic

demands. Harmony is situated between two opposites:
monotony and contrast, and it combines features of both.
Thus, it is the middle between two opposites. Harmony
of drawing is not obligatory, but it is usually demanded
because most civilized people are conservative to a cer-
tain extent and hence they presume harmony and not
extremes. Monotony bores, and strong contrasts are too
intensive, too easy to perceive and even naive.

Cartographic representation, as a sum of all graphi-
cal elements, should be harmonic. Harmony of carto-
graphic representation is primarily achieved by harmoni-
zation of external and internal contents, then by harmo-
ny of proportions of points, lines and surfaces, by ar-
rangement of colours which creates pleasure for the eye
sense and gives aesthetic appearance to coloured car-
tographic representation, and by letters harmonized in
shape, height and positioning.

At the same time, it is desirable to achieve visual
balance inside the graphical order of the complete carto-
graphic representation. Balance in graphic modelling is
such a positioning of visual components that their order
seems logical. Nothing seems set outside of its proper
place. Visual balance depends on optical weight as well.
For two signatures, whose drawings occupy the same
area, we say that they have the same weights. However,
though they have the same area, if they have different
shapes, they do not have to seem equal. For these we
say that they do not have the same optical weight. Need-
ed conceptual accord is between the object and signa-
ture is achieved through selection and modelling of sig-
natures of the corresponding optical weight. Thus, ob-
jects that basically have equal values should be carto-
graphically represented in a way that they mutually dif-
fer, but that none of them dominates. Objects must seem
as if the percentage of covering the surface by graphic
pattern are the same or they at least have to have same
tone value, i.e. really same percentage of covering of
surface by graphic pattern, which is easier to achieve
(Lovric 1988).

In selection of colours on cartographic representa-
tion, one should know that if using just warm or just cold

Table 2. Overview of length of individual graphical variables according to basic geometrical-graphical element.
Mark * warns that this kind of differentiation is the least selective towards possibilities of application of other
graphic variables.

Graphical
variable ) o

Basic Size Tone value Pattern Colour Direction Shape
geometrical
graphical element

Point 4-5 2-3 (+2) 2 3-6 4 -

Line 4-5 3-4 (+2) 4 3-7 2 -

Area 4-5 4-5 (+2) 5 3-7 6* -
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to s unaprijed odredenom kartografikom. Digitalna tehno-
logija, sa svojim prednostima i nedostacima, prikljucila
se tu s pojmom digitalna estetika.

Estetske komponente vizualizacije koje poveéavaju
upotrebnu vrijednost kartografske vizualizacije jesu har-
monicnost ili sklad te ljepota.

8.1. Harmoniénost

Harmoni€nost je u estetici temeljna konstruktivna
oznaka ljepote. Ona opcenito znaci sklad dijelova cjeline,
koji odgovara odredenim estetskim zahtjevima. Harmo-
ni¢nost se nalazi izmedu dviju suprotnosti: monotonije i
kontrasta, a kombinira obiljeZja obadvoga. Dakle, ona je
sredina sastavljena od dviju suprotnosti. Harmoni¢nost
crteza nije obvezna, ali se obi¢no zahtijeva jer je vecina
civiliziranih ljudi donekle konzervativna i zbog toga pretpo-
stavlja harmoni¢nost a ne krajnosti. Tako monotonija
dosaduje, a jaki su kontrasti prezestoki, preoCevidni i Eak
naivni.

Kartografski prikaz, kao zbroj svih grafickih elemena-
ta, treba biti harmoni¢an. Harmoni¢nost kartografskog
prikaza ostvaruje se u prvom redu uskladivanjem vanj-
skog i unutradnjeg sadrzaja, zatim skladom proporcija
toaka, linija i povrsina, poretkom boja koji stvara
ugodnost osjetu vida i daje estetski izgled obojenom
kartografskom prikazu, te uskladenim pismom po obliku,
visini i smjestaju.

Pritom je poZeljno ostvariti vizualnu ravnoteZu unutar
grafickog poretka cijeloga kartografskog prikaza.
RavnoteZa u grafi¢kom oblikovanju je takvo uspostavlja-
nje vizualnih komponenata da se njihov odnos €ini logic-
nim. Nista ne izgleda postavljeno izvan pravog mjesta.
Vizualna ravnoteZa takoder ovisi o opti¢koj tezini. Za dvije
signature, crteZi kojih zauzimaju istu povrsinu, kaze se
da imaju iste teZine. Medutim, iako imaju istu povrsinu,
ako su razli¢ita oblika one ne moraju djelovati jednako.
Za njih se kaze da nemaju istu opti¢ku teZinu. Potrebno
pojmovno suglasje izmedu objekta i signature postize
se izborom i oblikovanjem signatura odgovarajuce opticke
teZine. Dakle, objekte koji su u osnovi jednakovrijedni
treba kartografski prikazati tako da se medusobno jasno
razlikuju, a da pritom ni jedan ne dominira. Objekti moraju
djelovati kao da je postotak pokrivanja povrsine grafickim
uzorkom isti il moraju imati barem istu tonsku vrijednost,
tj. zaista isti postotak pokrivanja povrsine grafickim
uzorkom, $to je lakSe izvedivo (Lovri¢ 1988).

Pri izboru boja na kartografskom prikazu treba znati
da ¢e upotrebom samo toplih ili samo hladnih boja taj
prikaz izgledati monotono. Kako bi se to izbjeglo i izgled
kartografskog prikaza u€inio harmoniénim, treba pronaci
ravnotezu izmedu hladnih i toplih boja (MacEachren 1995).

Za ostvarenje harmoni€nosti pisma na kartografskom
prikazu treba znati da verzalna slova odiSu odredenom
individualno$¢u te se usporava tijek Citanja, a kurentna
slova naprotiv nose u sebi klicu drustvenosti i teze uza-
jamnom povezivanju.

Na kraju raspravljanja o harmoni¢nosti kartografske
vizualizacije treba istaknuti da nesklad izmedu njezinih
pojedinih elemenata ne djeluje kao kontrast, ve¢ kao dis-
harmonija ili u najblaZzem obliku kao monotonija.

8.2. Ljepota

Ako se za do sada navedene zahtjeve postavljene
kartografskoj vizualizaciji i uvjete za njihovo ostvarenje,
osim poloZajne to¢nosti, kaze da su teSko mjerljivi i pro-
cjenjivi, onda se za ljepotu mora istaknuti da je ona u
potpunosti subjektivan pojam. Nesto to je jednoj osobi
lijepo, drugoj ne mora biti, i obrnuto. Ne postoji slu¢ajno
latinska sentencija: “O ljepoti bolje ne raspravljati!*

Prije je istaknuto da je karta u najve¢oj mjeri objektivan
prikaz prostora i da su slobode primjene kartografske
vizualizacije ograni¢ene, kako je vidljivo iz svih dosada-
8njih zahtjeva. Ipak, jedan dio oblikovanja kartografske
vizualizacije je subjektivan. Komponente kojima kartograf
daje svoj subjektivan graficki izraz ljepote kartografske
vizualizacije su simbolika i izbor boja te tipografija.

Simbolika je kreativna aktivnost svojstvena svakom
kartografu posebno. Sastoji se u prikazivanju pojedinih
objekata pojednostavnjenim simbolima koji trebaju
asocirati na stvarne objekte u prirodi. Tu kartograf subjek-
tivno oduzima ili dodaje, potiskuje ili naglaSava neka
karakteristicna svojstva objekta. U svezi ljepote, izbor
boja ovisi o individualnom osjeéaju za odnose boja i
nijansi. Sli¢no je s ostvarenjem ljepote pisma na karto-
grafskom prikazu, koja ovisi o oblicima, veli€ini i ostalim
karakteristikama slova. Tipografija u velikoj mjeri utjece
na ljepotu kartografske vizualizacije i opéenito cijeloga
kartografskog prikaza.

Lijepa kartografska vizualizacija u pravilu je jasna, a
ako je nejasna to moze ¢ak koji puta biti i nakazno.
Premda se jasnoc¢a na odreden nacin provlaci kroz sve
do sada spomenute zahtjeve postavljene kartografskoj
vizualizaciji, u prvom redu kroz zahtjeve ¢itljivosti, pre-
glednosti i zornosti, opet se 0 njoj moze nesto reci i pri
zahtjevu esteti¢nosti.

Jasnoca kartografske vizualizacije moze se podijeliti
na dva elementa:

U sadrZajnu jasnocu, koja se ogleda u razumijevanju
informacija koju vizualizacija prikazuje,

Q graficku jasnocu, koja je sastavljena od vizualnog
raspoznavanja oblika i od vizualnog raspozna-
vanja pri smanjivanju istog oblika.

SadrZajna jasnoc¢a najbolje se postize upotrebom sim-
boli¢kih signatura i boja. Medutim, to nije uvijek moguée,
jer za simbolike signature treba na kartografskom prika-
zu znatno viSe slobodnog prostora, koji nije uvijek na
raspolaganju. Takoder, nije uvijek ni moguce smisliti i
oblikovati prikladnu simboli¢ku signaturu. Stoga je karto-
graf prinuden primjenjivati na kartografskom prikazu
geometrijske i slovhobroj¢ane signature, koje su doduse
jednostavnije i zauzimaju manje prostora u polju prikaza,
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colours, the representation would look monotonous. In
order to avoid this and to make appearance of carto-
graphic representation harmonic, a proper balance be-
tween warm and cold colours should be found
(MacEachren 1995).

To achieve harmony of letters on cartographic repre-
sentation, one should know that uppercase letters have
a note of certain individuality and they hinder flow of read-
ing, while lowercase letters on the contrary have in them-
selves the seed of sociability and aspire to interconnect-

ing.

At the end of this discussion of harmony of carto-
graphic visualization, we should point out that discord
between its individual parts does not act as contrast, but
as disharmony or, in the mildest form, as monotony.

8.2 Beauty

If we said for so far stated demands set upon carto-
graphic visualization and conditions for its fulfiiment, ex-
cept for positional accuracy, that they are hard to meas-
ure and evaluate, then we must emphasize beauty as a
completely relative concept. Something that is beautiful
for one person does not have to be so for another, and
vice verse. Itis not incidental that there is Latin sentence:
“It is better not to discuss beauty!”

It was accented before that map is mostly on objec-
tive representation of space and that freedoms of appli-
cation of cartographic visualization are limited, as it is
noticeable from all the previous demands. Still, one part
of modelling a cartographic visualization is subjective.
Components to which cartographer gives his subjective
graphic expression of beauty of cartographic visualiza-
tion are symbolism, selection of colours and typography.

Symbolism is creative activity characteristic to each
individual cartographer. It is composed of presenting in-
dividual objects by simplified symbols that should asso-
ciate to real objects in nature. Here cartographer subjec-
tively takes away or adds, suppresses or emphasizes
some characteristic features of an object. In connection
to beauty, selection of colours depends on individual feel-
ing for the relation of colours and nuances. It is similar to
achieving beauty of letters on a cartographic represen-
tation, which depends on shapes, sizes, and other char-
acteristics of letters. Typography greatly influences the
beauty of cartographic visualization and generally of
whole cartographic representation.

Beautiful cartographic representation is usually clear,
and if it is unclear it can sometimes even be unsightly.
Though clearness in a way passes through every of the
so far mentioned demands set upon cartographic visual-
ization, primarily the demand of legibility, clearness and
plainness, something can still be said about it concern-
ing the demand of aesthetics.

Clearness of cartographic visualization can be divid-
ed into two elements:

O Content clearness, which can be seen in under-
standing information presented by the visualiza-
tion

0 Graphic clearness, which is made of visual rec-
ognition of shapes and visual recognition in di-
minishing the same shape.

Content clearness is best achieved through the use
of symbolic signatures and colours. However, this is not
always possible, because symbolic signatures require
much more available space on cartographic representa-
tion, which is not always available. It is also not always
possible to think of and model appropriate symbolic sig-
nature. Hence the cartographer is forced to apply geo-
metrical and alphanumeric signatures on cartographic
representation that are simpler and occupy less space
in the filed of representation, but demand additional ex-
planations in symbols interpreter or cartographic key of
symbols.

Achieving graphic clearness primarily demands sim-
plicity of implementation, equality of elements, as few
details as possible and simultaneous emphasizing of
important details. All signatures have to maintain the prin-
ciple of clearness and simplicity. Only a simple and to
appropriate degree abstract symbol can scientifically
enrich informative content of cartographic representa-
tion, and be beautiful at the same time.

To achieve clearness, in some cases the tendency is
present to offer as many names as possible on a carto-
graphic representation. This leads to name overload,
which suppresses to the rest of the content the back-
ground, making the representation, quite opposite the
initial intention, unclear. In a similar way, aspiration for
graphic clearness can lead to another extreme, and make
cartographic representation poor in names and making
it to lose its informative value.

9 Instead of Conclusion

Although there are 5 demands set upon cartographic
visualization, for fulfilling of which there are 13 condi-
tions that should be met, one should know that on new
forms of cartographic representations, made under the
influence of the latest technologies and media and be-
cause of modern demands of users, further researches
and tests are needed, especially in natural environment,
discovering how useful special cartographic applications
will be and what the conduct of users with them in every-
day life is. Modern cartographic visualizations should be
tested, adjusted and additionally developed through the
use of techniques that are appropriate, taking into con-
sideration all the possibilities and limitations of the Web-
cartography, mobile cartography, telecartography, hand-
held GPS-devices, PDA-devices, mobile phones, etc.
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Zahtjevi postavljeni suvremenoj kartografskoj vizualizaciji

ali zahtijevaju dodatna objadnjenja u tumacu znakova ili
kartografskom klju€u znakova.

Ostvarenje graficke jasnoce zahtijeva u prvom redu
jednostavnost izvedbe, jednakost elemenata, ¢im manje
detalja te istodobno naglasavanje bitnih detalja. Sve
signature moraju odrzati nacelo jasnoce i jednostavnosti.
Samo jednostavni i u primjerenom stupnju apstraktni sim-
bol moZe znanstveno obogatiti informativni sadrzaj karto-
grafskog prikaza, a da pritom bude i lijep.

Za ostvarenje jasnoce u nekim se slu€ajevima Zeli
na kartografskom prikazu ponuditi $to veci broj imena.
To dovodi do preoptere¢enja imenima, koja potiskuju u
drugi plan ostali sadrZaj i tako prikaz postaje, suprotno
prvotnoj nakani, nejasan. Na sli¢an nacin moZe teZnja
za grafickom jasno¢om odvesti u drugu krajnost, pa ¢e
kartografski prikaz postati siromasan nazivljem i tako
izgubiti informativnu vrijednost.
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