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Abstract 

Cartography is one of the oldest image sciences. In its long history, it had to deal with 
numerous image problems and came into contact with numerous scientific disciplines in the 
process. In recent decades, theoretical cartography has dealt with the general problem of 
images primarily from a semiotic perspective. The traditional narrowing of the concept of 
image has been maintained. The advantages of a more comprehensive concept of image are 
shown here using the example of the relationships of imagery, similarity and generalisation. 
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1 The concept of the image in cartography 

Cartography began to form as a science in antiquity. Claudius Ptolemy created the first 
preserved theoretical work on cartography in the first century AD. Cartography is thus one of 
the oldest visual sciences. Synonymous terms of the image, such as "likeness", "depiction" 
and "representation", play a central role in cartographic literature. The term "image", on the 
other hand, is relegated to a secondary role and used in a restrictive meaning, such as in the 
word combinations "map image", "image map" and "image cartography". The term "map 
image" - mainly used to characterise the overall effect of map graphics - is considered to be 
the totality of the graphic elements and fonts of a map. The term "pictorial map", on the other 
hand, is used to describe cartographic representations that are either executed with the 
expressive means of painting (e.g. "map paintings"), or maps in which certain map elements 
are represented in a perceptually similar way (e.g. cities by means of small city views). 
Behind this secession of the map from the image is the view that maps (closely associated 
with a theory-led transformation) are on a higher level than images, which are tacitly equated 
with realistically depictive images. Thus, there are several expressions in the cartographic 
literature that, based on this view, set the map apart from the image and bring it close to 
language, e.g. the expressions "map language" and "map reading". The latter expression 
emphasises that the map is not to be regarded simply as an image, but must be interpreted. 
Understandably, however, general image science assigns the map and the other cartographic 
representations to images. The cartographic image forms are then structural models that 
represent spatial structures with a global reference in the most adequate and spatially similar 
way. The restrictive "global reference" is an indication that the cartographic image forms 
represent the entire surface of a celestial body or a section of it. In the case of cartographic 
image forms depicting the Earth, this restriction can be removed with the term "geo-spatial 
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structures". In its several thousand years of history, cartography has produced a variety of 
image forms that are also worthy of attention with regard to general image science. 

2. Discipline-specific image problems of cartography and their relation to other 
disciplines in a historical perspective 

It follows from the history of cartography, which goes back several thousand years, that the 
problem of images requires historical consideration, for during this long period of time the 
problem of cartographic images underwent numerous changes, which will be very briefly 
outlined here. In prehistoric maps as well as in the maps of primitive peoples, only a small 
section of the earth's surface was depicted, whereby the reproduction of the elements of the 
physiognomy of the earth's surface (important with regard to orientation) was in the 
foreground. In antiquity, the idea of representing the entire ecumene, i.e. the entire inhabited 
or known earth, developed. Initially, this representation was done in a rectangular coordinate 
system. With the transformation of this rectangular coordinate system into a spherical 
coordinate system, which allowed the transformation of the spherical earth into a two-
dimensional image form with less distortion, the first theoretical problem of cartography arose 
in the border area of geography and astronomy. A solution was worked out by CLAUDIUS 
PTOLEMY in the second century AD by creating three types of mapping and thus founding a 
subfield of scientific cartography, the map network theory (cf. Fig. 1).  
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Fig. 1: The first theoretical image problem of cartography. Increasingly similar images 
of the known earth (1st century AD). 

In the Middle Ages, however, this line of development broke off: the highly schematised 
world maps influenced by theology (so-called "TO maps") did not have an optimising map 
projection. PTOLEMY was then received and further developed during the Renaissance. In 
the second half of the 16th century, GERHARD MERCATOR opened up a new field of 
similarity problems in map network design, which led to the development of a whole galaxy 
of surface-faithful, distance-faithful, angle-faithful and shape-faithful network designs. In this 
way, cartography came into contact with mathematics and descriptive geometry (cf. 
SCHREIBER).  

The visual culture of the Renaissance also brought the large-scale depiction of small regions 
to the fore. Map paintings were created that brought cartography close to art. As the recording 
methodology was constantly improved, regional cartography became increasingly geometric 
at the same time. In the course of the following centuries, the mapping methodology became 
so complicated that it became the subject of its own scientific discipline: geodesy. During the 
absolutist period, regional cartography was taken over by the military, which needed 
relatively large-scale maps for the new forms of warfare. The development of large-scale 
topographic map series began, for example in France, Austria and Prussia. The methodology 
of cartography developed almost exclusively within the framework of military science until 
the 19th century. In the second half of the 18th century, cartographic methodology focused on 
the representation of relief, primarily for military reasons. The transformation of the three-
dimensional surface of the earth into the two-dimensional map represented just as great a 
challenge as the transformation of the globe into the surface. This time, the focus was on 
measurable similarity.  

The schematic side views ("molehills") and the painterly perspective mountain drawings were 
replaced by new relief representation methods that depicted the relief in map-adequate form. 
This spawned a series of practical experiments and theoretical studies. A systematisation of 
relief representation methods carried out in the second half of the 19th century listed 80 
positions (cf. STEFFLEUR 1867/68). Cartographic relief representation underwent a 
paradigmatic development and advanced into the 20th century to become the most important 
subfield of scientific cartography. It played an important role in the establishment of the 
independent scientific discipline of cartography. A close relationship developed in this field 
with the colour theory of descriptive geometry (concerning the geometrisation of lighting 
effects) and geomorphology. A relationship with art also developed. Swiss cartography made 
an important contribution in this respect. Here, in the second half of the 19th century and in 
the first half of the 20th century, the so-called "Swiss manner" emerged, which combined a 
precise representation with an artistic effect. This problem gave rise to the scholarly 
discussion of the relationship between cartography and art.  

In connection with the derivation of topographic map series for atlases, which achieved ever 
higher circulations in industrial society, the simplification of maps to scale and function, 
cartographic generalisation, came to the fore not only as a practical problem but also as a 
scientific one. Parallel to this, another field of cartography unfolded, thematic cartography. 
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The history of thematic cartography goes back to the 16th century. It began, among other 
things, with maps of history, the representation of ocean currents, wind systems and 
declination. The development of the natural sciences and modern statistics gave significant 
impetus to thematic cartography.  

In the course of the development of thematic cartography, cartography came into contact with 
numerous sciences, such as geography, geology, history, biology, climatology, meteorology, 
medicine, political science, education, demography, sociology and linguistics. Cartography 
thus developed into an interdisciplinary visual science. In the course of the 20th century, the 
methodology of thematic cartography became a central field of scientific cartography and 
ended the primary attention to the problem of relief representation. MAX ECKERT's 
"Kartenwissenschaft" (1921/25), which played an important role in the constitution of the 
independent scientific discipline of cartography, documents this process of change. The 
methodology of thematic cartography received a systematisation within the framework of 
classical cartography, which was postulated in several handbooks (e.g. by ERIK 
ARNBERGER 1966, EDUARD IMHOF 1965 and WERNER WITT 1970). Theoretical 
cartography received several impulses from thematic cartography. For example, it also 
contributed to the development of a cartographic image logic. This refers to a certain 
congruence between the structure of the represented object area and its graphic reproduction.  

From the 1960s onwards, such drastic changes took place in cartography that the new 
cartography also distanced itself terminologically from its earlier status by calling it classical 
cartography. This transformation took place through the inclusion of general scientific 
disciplines such as information theory, communication theory, model theory, language theory 
and semiotics. The technical revolution in cartography through the introduction of computer 
technology led to the emergence of cartographic informatics. This gave cartography a close 
relationship to computer science and geoinformatics, whereby special problems of image 
processing in the most comprehensive sense of the word (including image recognition, image 
generation, visualisation of information, automated modification of image structures) were 
and still are in the foreground.  

Only the inclusion of semiotics can be briefly discussed here. Semiotic approaches in 
cartography were initiated by attention to language theory. The autonomy of the cartographic 
sign system was recognised early on.1 However, cartographic semiotics began to form as a 
branch of applied semiotics only in the 1960s, especially through JACQUES BERTIN (1967) 
and ALEXANDR FEDEROVIČ ASLANIKAŠVILI (1967). BERTIN intended to provide a 
semiotic basis not only for cartography, but for all graphic representations in which the 
transmission of information is in the foreground (including logical images). According to him, 
the transmission of information takes place with the help of eight graphic variables: two 

                                                            

1 For example, in 1764 by JOHANN HEINRICH LAMBERT (cf. SCHMAUKS & NÖTH 1998, 3) and by the 
Berlin "Military Society" led by SCHARNHORST, in which semiotic issues were discussed as early as 1803. 
Among others, Major KARI, FRIEDRICH V. D. KNESEBECK stated: cartographic representation "is a 
language, and the most correct, most vivid and shortest [ . . . ], the language by imitation signs" (cf. PÁPAY 
2002, 3).  
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dimensions of the plane, size, brightness value, pattern, colour, direction and shape. The 
combination of these basic graphic elements also gives rise to the cartographic sign system. 
From the 1970s onwards, cartosemiotics was dominated by the language-theoretical approach 
in the sense of FERDINAND DE SAUSSURE, including LECH RATAJSKI, J. L. 
MORISSON, CHRISTOPHER BOARD, ARTHUR H.ROBINSON, BARBARA 
PETCHENIK, JAN PRAVDA, BOHUMIL PALEK, J. H. ANDREW and HANSGEORG 
SCHLICHTMANN (cf. PRAVDA 1984 and NÖTH 1998). Language served as a model for 
the exploration of the cartographic sign system, thus analogies between map and language 
were sought. The theoretical investigation of the character of the image was thus pushed into 
the background. Under this aspect, the relationship of cartography to art, which was still 
emphasised in the definition of cartography in the Multilingual Dictionary of Cartography 
(1973)2 , no longer seemed relevant.3 Furthermore, cartosemiotics (including ULRICH 
FREITAG, DOGAN UCAR, KARL MARTIN PRELL and WOLF GÜNTHER KOCH) was 
also influenced by the sign theory of CHARLES MORRIS (1971), in which three dimensions 
of semiotics are distinguished: Syntactics, Semantics and Pragmatics. Some aspects of the 
general semiotics of CHARLES SANDERS PEIRCE (from 1931) were also taken into 
account in cartosemiotics (among others DOGAN UCAR, CONRADO PASCHOALES, 
DANIEL H. MAHER and WINFRIED NÖTH) and the triadic character of signs was also 
used for the characteristics of map signs (cf. NÖTH 1998). According to this, the map sign 
consists of a sign carrier (representamen), the object to which it refers and the interpretant 
who interprets the sign. This approach is remarkable from the point of view of image theory, 
as it can contribute to overcoming the narrowness of language theory. If there is a similarity 
between the object and the sign carrier, it is an iconic map sign. However, if there is no 
similarity relationship, then it is an arbitrary map sign, a symbol where the object relationship 
is based on cultural convention. The relationship of the sign body to the interpreter, to the 
card reader, is also important. It is evident, for example, that the iconic sign has good 
mnemonic properties. According to PEIRCE, another form of iconocity can also be shown in 
the map, the iconocity of relations, which PEIRCE called diagrammatic. 

3. Imagery, similarity and generalisation in cartographic methodology 

As the above brief historical account also shows, creating congruence between the object and 
its cartographic representation was always an important image problem in cartography. Here, 
the two general and almost seemingly contradictory aspects played an important role: 
similarity4 and generalisation. The relationship between these aspects is also closely related to 

                                                            

2 "Cartography is the art, science and technology of making maps, together with their study as scientific 
documents and work of art. In this context maps may be regarded as including all types of maps, plans, charts 
and sections, three-dimensional models and globes representing the Earth or any celestial body at any Scale." 
(Multilingual Dictionary of Cartography, 1973) 

3 "The science and technology of graphical, communicative, visual mental and technological processing of 
geospatial information, primarily based on maps" (Lexikon der Kartographie und Geomatik, 2002). 

4 There is extensive literature on the concept of similarity in semiotics and in general image science. Here we 

will only refer to a study by SACHS-HOMBACH (cf. SACHS-HOMBACH 2000). 
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the special character of cartographic image forms because they lie in the transitional area 
between image and language. 

The distinction between languages and pictorial systems on the basis that the former have a 
hierarchical character but the latter do not (cf. e.g. GOODMAN &ELGIN 1989, 22 or 
SACHS-HOMBACH 1999) cannot be maintained, at least with regard to cartographic image 
forms. The elementary cartographic sign elements are the basic graphic elements explicitly 
identified by BERTIN, but which have always been used by cartography: size, brightness 
value, pattern, colour, direction and shape.5 Through their combination as well as through the 
assignment of meaning, the cartographic sign that corresponds to a word is created.6 For 
example, shape (circle) and colour (red) result in a signature that can be used to designate 
places. In many cases, the cartographic sign elements do not function like an alphabet, but as 
alphabet-like elementary words, in those cases where a meaning is assigned to them. In 
cartographic literature, the cartographic sign is indirectly assigned a word-like character by 
encoding a concept or object (cf. e.g. KOCH 1998, 95).However, a large part of cartographic 
signs have a sentence-like character.7 Many cartographic signs have a definition-like structure 
in that they present the average of classes in graphic form.8 A number of cartographic signs 
bear the character of compound sentences, this is the case, for example, with diagrams. Here 
we use the designations of elements of natural language to describe the hierarchical structure 
of cartographic image forms. However, one must never forget that maps and other 
cartographic representations are always images. Consequently, word-like or sentence-like 
cartographic signs are word-like or sentence-like pictorial elements. They form the first level 
of pictoriality of cartographic representations. From this point of view, the previous, one-
sided view, probably resulting from the predominantly semiotic view of cartography, which 
assigns too narrow an extension to the concept of image and the concept of "iconocity", 
should be reconsidered. In the map and in the other cartographic sign systems, the word-like 
or sentence-like cartographic signs are in sentence-like relations in two ways. The first form 
of these relations concerns the word-like and sentence-like nature of the signs, abstracting 
from the spatial reference. The "translation" of these pictorial relations into sentences results 
in statements such as "Place A is larger than place B". The second form of relations concerns 

                                                            

5 BERTIN also includes the two dimensions of the plane. In our view, however, two different levels are to be 
distinguished here: spatial relations of the drawing elements (e.g. in a diagram signature) and spatial relations 
between the cartographic drawings in the map and in other cartographic forms of representation. 

6 The main form of cartographic signs is formed in this way. There are also other forms that cannot be dealt with 

here. As an example, it should be mentioned that words of the natural language can also function as cartographic 
signs. 

7 DAGMAR SCHMAUKS (cf. SCHMAUKS 1998, 12) does not regard the character of cartographic signs as 
sentence-like. However, on another level, she assigns a sentence-like character to the signs. A more detailed 
discussion of the divergence from our view must be dispensed with here for reasons of space. 

8 Example: The class of cities contains the leading signature circle. The class Hanseatic contains the leading 
colour yellow. Average of both classes is a circle filled with yellow and means Hanseatic city. 
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the spatial relationship of cartographic signs. The "sentence-like translation" of these relations 
results in statements such as "Place A lies to the northwest of place B" or "Place A lies on 
river C". The spatial relations of the cartographic signs form the second level of pictoriality in 
the cartographic representation (cf. Fig. 2).  

 

Fig. 2: Levels of pictoriality in the cartographic forms of representation. 

Cartographic representation possesses great representational potential through the second 
level of pictoriality, which makes it superior to natural language in spatial terms (cf. NÖTH 
1998, 26). The pictorial system of cartographic representations, on the other hand, is 
hierarchically structured. This results in an essential difference to the non-hierarchically 
structured image forms, such as photos and paintings. One advantage of the hierarchy is that 
in cartographic image forms each element is clearly defined (SCHMAUKS 1998, 10). The 
cartographic sign elements are potentially dense, since a continuous transition with almost 
infinite intermediate levels is possible between the individual characters. When creating a 
concrete sign system for a concrete map, disjunctive design is the goal in most cases.9 
Ensuring disjointness is one of the important areas of research in cartography (cf. e.g. 
MAGYAR 1995). 

The differentiation of levels of pictoriality allows, among other things, the differentiated 
consideration of similarity and generalisation in cartographic representations. The first level 
of pictoriality is always connected with generalisation, because here a class formation takes 
place. We can distinguish between different forms of similarity: visualising and perceptual 
similarity to the represented object. In the first form, certain non-visual object properties, such 
as quantitative or structural properties of the object, are visually reproduced. Therefore, this 
                                                            

9 There are some cases, such as in shading (imitating the effects of illumination when reproducing the relief), 

where disjunctivity is not present. 
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form could be called visualisation similarity. Here, such methodological procedures as the 
leading colour principle and the leading signature principle play an important role. The 
second form of similarity concerns the perceptually similar representation of the 
physiognomic properties of the reference objects. This form of similarity, which is usually 
associated with an idealising or typifying abstraction, is not absolutely necessary and is also 
only partially present in the cartographic representations. While the first level of pictoriality is 
always associated with generalisation and only partially with perceptual similarity, this 
relationship is reversed on the second level of pictoriality, which is always associated with 
perceptual similarity but not with generalisation. The spatially similar reproduction of spatial 
relations is merely an idealising abstraction because it is influenced by numerous factors such 
as the use of map projections, cartographic generalisation and the use of non-scale signs. The 
second form of pictoriality brings the cartographic representations close to realistically 
depictive images. Through the combination of both levels of pictoriality, a peculiar 
connection between the general and the individual is also present in the cartographic forms of 
representation. The representation of the individual takes place through the general. The 
individualisation of the cartographic signs that visualise the general takes place through the 
second level of pictoriality, through the spatial relationship to other signs. In order to open up 
further aspects of spatially similar reproduction and generalisation, the cartographic forms of 
representation are considered here in the context of other forms of reproduction of the global 
spatial structure (cf. Fig. 3). 

 

Fig. 3: The cartographic forms of representation in the system of forms of reproduction 
of global spatial structures. 

The satellite images and aerial photographs are map-like, but they are not associated with any 
generalisation. The individual elements are therefore also not as clearly defined as in the map. 
These image forms can only be transformed into a map through interpretation, by making an 
unambiguous object assignment. This interpretation is associated with generalisation; object 
classes are formed through the abstraction of individual characteristics. The generalisation 
process reduces or even eliminates the similarity to the depicted objects, but leaves the 
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spatially similar reproduction of the spatial structure untouched. In that class of cartographic 
forms of representation, to which the map also belongs, there is a great diversity of structure 
due to the different scale and function. However, the change in spatial structure does not go 
beyond the scope of metric idealisation. A more significant change in spatial structure is 
present in cartographic anamorphoses (map anamorphoses). Here, the spatially similar 
rendering of the metric is largely dispensed with; only the topological relationships are 
rendered spatially similar. Finally, there are cartographic image forms (cartoids) that go 
beyond both the metric and topological idealisation of spatial structure and generalise spatial 
relationships, e.g. the graphic models developed by JOHANN HEINRICH VON THÜNEN 
and by WALTER CHRISTALLER (cf. PÁPAY 1984). This cartographic form of 
representation is in the transitional area to abstract models that reproduce the spatial structures 
in natural or formalised language. 

4. Concluding remarks 

The potential relationship between general image science and cartography is mutual, on the 
one hand the generalising knowledge of the findings of cartography on the part of general 
image science, on the other hand the application of the results of image science in 
cartography. The general theories of cartography have so far been influenced primarily by 
semiotics in terms of image theory. Whether cartography will benefit from a general image 
science depends on whether an independent theory of imagery can be developed within the 
framework of general image science and to what extent this general theory can be structured 
ready for application. From the point of view of cartography, in addition to general image 
science, the creation of applied image science is also necessary, the subject area of which is 
not limited to special pictorial forms of representation of individual scientific disciplines, but 
rather addresses more extensive classes of pictorial forms of representation. 
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