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Methodological aspects of designing topographic map symbols

Investigations have been performed with reference to the Pierce ternary concept of a symbol
and to rules of semiotics. Methodological rules concerning designing of symbols for topographic
maps, which refer to digital and analogues forms of cartographic visualisation. Each of the assumed
rules is amended with practical guidelines and examples of solutions, appropriate for the Polish
topographic maps of the new generation.

1. Presentation of topographic data

Topography is a branch of geodesy, which deals with surveying and modelling the basic
components of the natural environment. Each of geo-components consists of many
elements — objects, which have been usually distinguished with respect to a given level of
generalisation. In Polish topographic cartography that level reaches the scale of 1:10 000,
which is the scale of the, so-called, base map, covering the entire country. That map is the
base for development of map in smaller scales. A being is interesting in topography
— a geographic reality object — which exists in the field and which is the landscape
element, indivisible into objects of the same order. Following definitions developed in 1987
by the US National Committee for Digital Cartographic Data Standards. a ropographic
object may be defined as such model of a real being, which expresses position and basic
useful features of that element of the geographic reality. We are for naming topographic
objects in the same way as objects of reality are named. They consist of three elements,
which are mostly distinguished [2]:

— geometry — which results from position and shape of a modelled being; through the
function of transfer of topographic relations between objects; it is connected with
locating function of a map.

— attributes — the are non-geometric features of a topographic object, which appropriately
characterise that object (sufficiently from the point of view of potential utilisation of
a developed model),
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— values of attributes — values of the above features for particular topographic objects
(numbers, texts, images, sounds etc.), which are recorded in the database as descriptive
elements in various forms.

The topographic object correspond to a database object, which is its numerical
representation, included in structural frames of the database. A model representation of
a real object also contains definitions of attributes (characteristic for the given being) and
record of values of those attributes.

Topographic cartography deals with processing, modelling and presentation of
topographic data. Topographic cartography successfully utilises geographic information
systems, as a method of modelling and as programme tools. It should be assumed that, in
order to perform topographic cartography tasks, a topographic information system will be
developed (SITop), which will become the best environment for modelling, analyses and
presentation of that data.

The most important element of the topographic information system, which is
distinguished from the physical point of view, is the topographic database (BDT), which is
the basic source of spatial data for other elements and users of the SITop. It contains records
of position and values of attributes of topographic objects in an assumed scale, with the
level of details, which corresponds to the scale of 1:10 000. It should be stressed that the
first stage of designing of such database, concerning terms definition of database objects
and their features and relations, does not depend neither on the assumed application nor on
selection of a particular GIS software product. Only the last stage, which is called “a
physical level of designing” has the nature of application; the database management system
should be selected then.

Cartographic visualisation of data concerning topographic objects is used for presenting
information processed in the process of cartographic editing to the graphical model form,
for which the system of topographic symbols is a mean of information transfer.

3 levels of cartographic visualisation, related to the level of graphical image processing,
should be distinguished:

— the level 1 — presentation of unprocessed data (the so-called, “skeleton presentation”),
which presents position of database elements in the simplest graphical approach,

— the level 2 — simplified presentation, which consists of utilisation of cartographic editing
elements, as, for example, dislocation in order to avoid collision of symbols, elementary
differentiation of graphical forms of symbols and disclosure of parts of names and
descriptions of objects,

— the level 3 — full presentation, which requires that all laws of optical perception and
harmonious graphical composition are met, which is therefore useful for electronic
reproduction or conventional printing.

The level 3 of cartographic visualisation of topographic data will be of interest.

Presentations of the first two levels, using a vector data model, are often called Geographic

Information Systems, due to the developed system of tools, related to, for example, the

functioning of maps in electronic form. It should be noticed here that, besides data and data

analysing methods, tools and users are contained within a geographic information system.
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Table 1. Levels of cartographic visualisation

Stage of modelling Presentation

Database
skeleton

Structural generalisation

simplified

full

Cartographic image

The second direction of visualisation — the demonstrative direction, creates such images,
which use non-symbol means of information transfer for presentation of the basic
geo-components, without utilisation of methodology of cartographic visualisation and
generalisation. Demonstrative presentations, including aerial photographs, photomaps,
satellite images, block diagrams, 3D models etc., are generated as a result of remote
registration of geographical objects (photogrammetry); they may also be results of
classification of raster data sets and analyses, characteristic for Digital Elevation Models
(DEMs).

2. A model of a topographic symbol and its graphical components

In cartography the most important mean of transfer remains the system of cartographic

symbols, which is sometimes identified with the so-called map language [7]. There is no

direct imilarity to a natural language, however, it is obvious that semiotics laws are fully
applicable in cartographic visualisation, where three types of mutually dependent semiotic
relations are distinguished:

— semantic relations, referring a symbol to a presented object (phenomenon),

— syntactic relations, determining mutual relations between symbols,

— pragmatic relations, resulting from a map user’s perception of symbols.

The ternary conception of symbols has been assumed in considerations, which is based on

The Peirce’s “model” of symbols, in which three elements may be distinguished:

— a medium of meaning — here is the graphical expression of a symbol, existing on a map
(the symbol form). It should be added that this symbol is often identified with a medium
of its meaning, although it is only a mean of information transfer for a symbol. The
graphical expression of a symbol itself, without an interpretant or a subject, which is
included in a symbol. would not be a full symbol, and only a graphic with potential
symbol abilities,

— asubject —this is the layer of a real object, which is transferred by means of a symbol and
which selected features may be received by means of perception and interpretation.
Arreal subject remains outside a symbol and it may be recognised by means of a symbol to
the level, which depends on adequacy of a symbol subject (called an internal subject),

— meaning — an interpretant which refers a mean of transfer to a given subject. In the case
of a topographic symbol the meaning is usually widely considered — as a relation
combining the mean and the subject, giving an idea what the operator looks at, how it is
expressed and how to refer the graphical form of a symbol to a real object.



52 Andrzej GtaZewski

As it turns out from the assumed definition of the topographic symbol, the meaning of
a symbol, considered as an element of a triad of symbols, will influence the correctness of
perception of a semantic relation, which occurs between a medium of meaning and a subject
of a symbol. It may be clear that for symbols of a topographic map all semantic relations
may be analysed with respect to subjects being topographic objects only, which have been
distinguished at the stage of the database development and which represent real elements of
the landscape. Each subject of that kind has its unique features, which are, in majority of
cases, recorded in the form of attributes of a spatial object; one or more symbolic
representations are assigned to such a subject adequately to those features. Such
representations should be characteristic for the same type of topographic objects only. This
is explicitly unique, since one symbol always corresponds to the same real object. This
proposal, which is simply obvious, does not correspond to existing solutions, in which the
same symbol, depending on the scale of presentation, could stand for various types of
objects on one map, or it could stand for different objects.

The task of a symbol model is, among others, to transfer relations occurring between
modelled beings by means of mutual symbolic references. The prerequisite required for
readability of those references is compliance of ontologic categories, distinguished at the
stage of the database development and syntactic classification inside the system of
cartographic symbols. Such compliance may be only achieved when graphical features of
symbols are adapted to the nature and attributes of presented objects.

In the human mind, as the direct observer of the landscape or as the map reader, a mental
spatial image is created, which is also called a mental (or memory) map. Since most
perception related experiences are generated as a result of analysis of direct perception of
the surrounding environment, memorised details of the landscape have direct relations to
a view of the object from the close perspective. The image of a topographic object, which is
best known to a man, is not connected with an aerial photographs or a satellite image (a
bird’s eye view); it is connected with a view from one side, which is observed during a close
terrestrial observation. Therefore, a map user’s expectations, which should be followed, are
connected with a set of image symbols, which refer to such views of topographic objects. In
general this relates to point symbols; in case of European maps many symbols, not
connected with a map scale, of low association with the real object physiognomy, are
introduced for those symbols. The entire image should not be transformed at any price to
a vie similar to the bird’s eye view of the landscape, since small landscape elements may be
recognised on such “orthogonal” presentation only by an experienced interpreter of
satellite or aerial images.

Every cartographic symbol consists of two basic elements: a contour and filling of
geometric figures. In the process of forming a symbol, graphical attributes of those elements
are diversified, which are called graphical components of symbols.

The point symbols is composed by 2 types of graphic components: lines and fillings.
Lines create contours of figures and have the following attributes: size (thickness),
orientation, focus, transparency, colour. Fillings are interiors of figures, which create
a symbol, limited by contours; their features may be: transparency and colour. The term
“graphical component” has been reasonably used here, in order to stress that a symbol
consisting of lines and fillings of different graphical features may exist, e.g. with the fully
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transparent filling or with the filling containing figures of invisible outlines. The arbitrary
number of both graphical components may occur and it is related to the number of figures,
which create the symbol. The whole symbol, determined as a point symbol, may be
a graphical component of symbols of successive classes.

The line symbol consists of 2 groups of graphical components: lines and patterns.
Lines have the same attributes as components of the point symbol, but the graphical
components of a line symbol have the additional feature, which is called a space, which
specifies the distance of the component to the symbol axis. Many line symbols consist
of several lines, lying apart from the symbol axis and of fillings of spaces between edge
lines, which are also lines (of appropriate thickness and lightened colours). The second
graphical component of the line symbol — the pattern — means point symbols located along
the lines symbol axis in a specified order. Therefore variables of that component will be
all features of a point symbol (lines and areas which create it). It also has additional
parameters: step, i.e. the space between successive repetitions of a point symbol, measured
along the base line (the symbol axis) and the distance between the first and the last
occurrence of a point symbol on the base line, from the starting and ending points of this
line. This allows to design such a pattern, which will consist of two occurrences of a point
symbol —located at the start and at the end of the base line section (the line symbol axis). In
a general case, a line symbol may consist of several superimposed patterns (created of
various point symbols).

The surface line may be created of 4 types of graphical components; they are: contour,
filling with colour, symbol pattern and tone pattern. The first element is a line symbols and
it consists of lines and patterns. Filling with colour is the graphical component, identical
with components of a point symbol (the same name is used) and it has identical features
(transparency and colour). As the maximum, the area symbol may consist of one edge
and one colour filling or a tone pattern; additionally a symbol pattern may occur. The
symbol pattern consists of point symbols, which are appropriately distributed inside the
symbol. The features of the pattern (besides graphical components of the point symbol)
are texture and order. Additional parameters specify the pattern density, i.e. intervals
between point elements, being the pattern elements, thus defining its rhythm. In
an extreme case one point symbol may occur inside a area symbol, e.g. a symbol
located in the centre of the area. In practice, it is possible to use several pattern
symbols at the same time — in the same symbol, but such complicated solution
is not required, since the level of complexity of an element, which creates the
pattern, may be always increased, leading to the more sophisticated pattern. The
last graphical component, which may be the element of the area symbol, is the
tone pattern, i.e. the image recorded in the raster data model, which covers the
interior of the symbol. The definition of the tone pattern is based on the pattern
of an element, which is regularly repeated (of the determined shape and colour),
recorded in the form of a raster file. Filling of the area with colour and the
tone pattern occur as alternative elements in a symbol. The list of discussed graphical
components is presented in diagrams below:
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Fig. 1. Graphical components of symbols of various geometric types

As it turns out from the above Figure, point symbols, together with additional

parameters, are used as graphical components of line and area symbols, and line symbols,
without any additional features, may be the graphical component of area symbols.
Graphical variables are assigned to the elements of topographic symbols, which have been
distinguished in such a way (following [3]), according to their natural ability to transfer
relations at various levels of surveys:

position — connected with the transfer of the object position by the symbol,
depending on its geometric features; the variable dependent of the map graphics
designer with respect to required dislocations, resulting from conflicts of symbols
and cartographic generalisation,

size — the feature identical to the feature occurring in Bertina set; for area symbols it may
be the feature of the pattern element; in the case of lines — it corresponds to its thickness,
orientation — pointing to the positions of the medium of meaning, with respect to
a defined direction (frame, the North direction); this feature also characterises a complex
variable — pattern, considering its elements; in the case of symbols which use lines as
media of meaning — this feature corresponds to the direction of elements of the line
pattern (e.g. with respect to the frame of map),

shape — the feature compliant with the Bertina shape definition; in the case of pattern this
is the property of its elements,

texture — the feature which corresponds to the Bertina texture,
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— ordering - the level of ordering of symbol elements; this variable may reach two limit
values: the highest level of ordering — the symbol is regular, and no ordering — for
a irregular symbol (e.g. the pattern),

— focus of details — the attribute which distinguishes blur and focused outlines (contour)
and areas (fillings); this feature allows to distinguish graphical elements of focused
contours and elements, which are gradually sunk into the background (or surrounding
objects).

— transparency —or the level of blur, which allows to measure the visibility of layers located
below in the hierarchical structure; this feature differentiate symbols with respect to the
level of their penetration through elements existing below in a set of layers,

— resolution — the feature is connected with the accuracy of information notation; in the
case of raster data it means the direct transfer of this image feature (spatial resolution); in
the case of vector data it is determined by the precision of its recording or readout,

— colour — the three-attribute feature of graphics (attributes of colour: brightness, colour
and saturation); it is totally perceived as a sensual impression, in which one may
distinguish variations in colour (tone or hue of colour) and colour intensity — the feature
which combines the attribute of brightness and saturation.

3. Unambiguity and separate classification of cartographic symbols

The amount of information carried by the cartographic symbol depends on the features
of the meaning medium itself, relations occurring between neighbouring symbols and
knowledge of meanings, which are transferred by the symbol interpretant. The condition of
unambiguity of perception of symbol information is the separate classification of media of
meaning. Presentation of topographic objects is influenced by the attribute of unambiguity-
ambiguity with the respect to the reality, since particular media of meaning, which occur on
a topographic map, always point to a certain class of element of the reality. One medium of
meaning presents many various real objects, classified in the database (at the stage of
modelling) as an object of the same type and defined under the same name. The condition of
separate classification of symbols requires that ranges of terms of presented beings do not
overlap and that those ranges are defined at the stage of the database design.

The system of cartographic symbols should include all symbols applied on topographic
maps for the entire scale range. Designing the form of symbols for all topographic maps,
which are to be developed in a topographic information system, is the only way to avoid
classification inconsistencies, repetition of symbols in another context and other misunder-
standings. In order to ensure the clarity of map perception it is proposed to use the same
colour palette (of various ranges of colours for various ranges of scales) for presentation of
all symbols. This recommendation is partially met by the two recent maps developed by the
Head Office of Geodesy and Cartography (GUGIK) according to the Instruction [8] and [9].
where the majority of graphical solutions are coherent with the discussed respect.

The necessity to record a double, alternative geometry of some topographic objects in
the database will appear — e.g. as a point and an area, as well as their other features, which
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simplify generation of graphical presentations. Differences in the graphical form of maps at

various scales are required due to obvious reasons, such as, the necessity of assuring the

correct transfer of information. Therefore — for the unified graphical form of symbols
marking the same objects for all scales, it is required that the following demands are met:

— high number of symbols which are interactively scaled, which will distinguish the
biggest scale maps (1:10 000 and 1:25 000) from other maps. This will result in increase
of surface covered by symbols, since objects presented by means of scalable symbols are
presented (and interpreted) identically as objects, which are presented by means of
outlines,

— utilisation of only a part of the designed colour palette for presentation at each of scales;
this will contribute to making the graphical form of maps more individual. In the case
when differences in colours occur for scale changes, it will be possible to ensure analogy
between assumed colours of the same symbols, as well as to combine those colour in
families of colours.

At the stage of classification of the topographic database content, distinguishing and
hierarchic division of attributes of topographic objects is performed. Then, relations should
be pointed (within their ontologic types), which met those features; this leads to disclosure
the scale of measurements, which may be used for measurements of values of those
attributes. Each relation, distinguished in this way, should be then assigned an individual
graphic variable, which should be referred to elements, which create the symbol (its
graphical components). For example, the graphical variables size, and colour intensity
present the relation of order, which may occur between the object features (as classification
aspects) in the best, natural way, according to the examples below:

— hierarchic division of roads (with respect to types —classes of roads) — the variable width
of a line symbol (thickness of component lines),

— classification of vegetation with respect to its height (trees, bushes, grass areas) — variable
intensity of colours.

Fig. 2. Examples of transfer of order relations in hierarchic division of roads and vegetation types

4. Clear associations and readability of meaning media

The database objects are the model notation of the geographic reality and hey consider
only selected features of real objects, which are used, first of all, for proper position of those
objects. Generalisation, which occurs as early as at the stage of generation of the first model
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of the reality, which is the database, allows not to record many features of described objects.
In most cases they are those attributes, which are called sectoral or specialist attributes. The
relation of meaning, which connects a symbol with an object, is similar. Through
interpretation a symbols points to the given external object — a being, which may be
recognised to such a level, which is allowed by the symbol meaning. Cartographic
modelling runs from the beings, through database objects, to graphical symbols, and
interpretation and analysis lead directly from symbols or database objects to beings (their
form, which is accessible by means of the map content perception and interpretation). In this
context, differences in geometric structure of symbols and corresponding database objects,
becomes an important issue.

Following the known typology of symbols, classification of their types, referred to
geometry of represented objects, may be developed (table 2).

Table 2. Geometric types of topographic objecs and corresponding symbols
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It turns out that objects recorded as areas (slices of a plane) in the database, may be — at
the stage of structural generalisation — represented by surface and point elements. Each
surface element of the geometric model may be presented on a map by means of an area
symbol (1) or a point symbol (table 2). Point symbol may represent, among others, such
surface objects of the database, which have been reduced to a point at the stage of structural
generalisation (3) or such objects, which are reduced in size at the editing stage (2). A point,
which determines the interior of an area symbol (a centrode), will point to the interior of the
area symbol, what is important when its graphical components are defined. The centrode
points to a part of the plane, being the interior or a figure, since it is not explicitly defined by
its shape or size. Symbols in a line form are always referred to line objects of the database,
which are recorded as lines in the geometric model (e.g. sections of broken or curve lines)
(4). Corresponding point symbols, similarly to the case of surface database objects,
represent the result of size reduction (5), or they are the result of structural generalisation,
where a line has been reduced to a point (6). An important parameter of a line object
— besides its position (which determines the symbol axis, called the base line) — is the
direction of that object (sense of a vector). As z result we obtain three geometric types of
cartographic symbols: points (2, 3, 5, 6, 7), lines (4) and areas (1).

The symbol, through its form — with its components, the graphical variables — is the
medium of a structure of the presented topographic object. This takes place both, in
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individual references, as well as in semantics of the entire system of symbols, when the form

of particular symbols allows to read complete structures of data. Maintaining the, so-called,

structural skeleton, which is guaranteed in geometric models by their structural correctness,
is presented by means of the following media of meaning in the case of graphical
presentations:

— utilisation of regular geometric figures as graphical components of point symbols; the
figure centre present the object position in the database,

— utilisation of a regular figure or a section of a straight line, located at the base of a point
symbol, which centre points to a proper position of the presented object,

— disclosure of a base line (an axis) of line objects, which is mostly performed by axial
placement of an entire line symbol, or (if possible) minimisation of its size (line
thickness),

— utilisation of recording centrodes of surface objects, for the needs of locating
corresponding point objects (the so-called, reduction of symbol dimensions).
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Fig. 3. Presentation of a building at successive stages of modelling: 1 — database, 2 — structural generalisation,
3 — graphical presentation

Cartographic symbols are developed with maintenance of the high geometric precision,
with consideration of the human perceptual possibilities. Important limitation of that
precision are related to technical parameters of equipment used for distribution of the final
form of the map. Three methods of map distribution should be considered (e.g. Internet),
high resolution plotters and offset printing.

Table 3. Accuracy requirements for the graphical presentation of topographic maps, based on [1,6]
and tests of graphics of contemporary maps

Feature Value [mm)]
the minimum line thickness 0.1
the minimum space between symbols of various objects 0.2
the minimum space between symbols of the same objects 03
the optimum size of symbols 2-25
the minimum size of breaking points (a side of an angular drawings) 0.6
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However, in the process of graphical forms of symbols a reference should be made to
theoretical considerations, which may be then influenced by various technical limitations.
Below the most important accuracy requirements, concerning the size of media of meaning,
which ensure their readability, are listed.

The above values have been approved with the assumption of a uniform, dark colour of
contours and fillings of symbols. In the process of setting the size of symbols, the
neighbourhood of the considered symbol: the number of details, similarity of neighbouring
symbols, background colours etc., should be considered.

5. Coherence and order inside a system of symbols

Coherence of the system of symbols is expressed by such selection of their graphical
components, which leads to a logically systematic set of meaning media, allowing for
detection of common features and combination of presented objects in groups of meanings.
The first and the most general division concerns distinguishing natural landscape elements
from man-made objects. Symbols which present topographic objects, which are natural
landscape elements, should be characterised by a relatively developed form and irregular
shape, by the low level of arrangement and by harmonised, bright colours. Symbols which
present man-made objects should have regular and symmetric shapes, they should be highly
arranged (as, for example patterns for visualisation of orchards) and they should use darker
colours comparing to colours of natural elements: brown, red, black and grey.

Table 4. Primary colours of symbols for database objects, classified in particular thematic categories

Category Primary colour Comments
Built-up areas Brown (fillings) | Contours — grey
Farm/business objects, social and culture objects Clack
Railroads and railroad installations Black
Roads and road installations Grey Outlines — red
Waters and hydrological installations Blue
Control networks and administration objects Red
Vegetation and soils Green
Terrain relief Light brown Shading — greyscale

In the case of more detailed classification —for particular categories of database objects,
visualised on maps — it is proposed to apply the primary colour of symbols, which as
a feature of the most visible element of the symbol (e.g. filling), will simplify fast
classification of a given object into the appropriate category. Proposals of primary colours
are highly compliant with the, so-called, canon of four colours: brown — the terrain relief,
green — vegetation, blue — waters; one exception concerns the proposal to brighten the
colour for planimetric features and to use the grey colour. The list of proposed primary
colours for particular categories of database objects is presented in the table below.
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The logical features of the system of symbols appears through their arranged
perception, compliant with transfer from the general view and orientation concerning
complex properties of the visualised area, to the level of details, where the user interprets
features of individual objects and relations, which occur between those objects. Such
perception is facilitated when one avoids “sharp” graphical accents, which destroy the
graphical balance of visualisation and appropriate selection of symbol size, which
guarantees their coherence and maintenance of accuracy indications (table 3). The colour,
being the graphical variable, has the dominating importance, so it is necessary to develop
the impression colour scales, which guarantee gradual variations for symbols, which are
differentiated according to scale variations and which allows to use colour of the same depth
for map content elements of the same meaning.

6. Visual method and graphical balancing of symbols

The tendency of excessive geometrisation of symbols, which were dominating in the
past, has been rejected in some recent works; however two conflicting trends in
development of a form of point symbols still exist: simplification of forms of symbols and
their development (Fig. 4). Simplification leads to a certain geometrisation of a symbol, and
development of the form — graphical improvement of a symbol, when exaggerated, leads to
decrease of the symbol transparency. Geometrisation of point symbols seems to be the most
useful in visualisation of man-made objects of symmetric, and often, regular shapes, such as
wells, cylindrical tanks, chimneys, masts etc., as well as in visualisation of control network
points, being the elements of surveying-and-cartographic constructions of maps. With
respect to natural landscape elements, visualised by means of point symbols, such as a tree,
scrubs, reeds, a stone, rocks, a spring, more developed media of meaning should be applied,
of the more developed, asymmetiic form, with the minimum utilisation of regular
geometric figures.
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Fig. 4. Examples of development and simplification of graphical forms of symbols of a Christian church

Assurance of a proper interpretation of a symbol should be supported by its visual
method [5], which is the derivative of the isomorphism of the symbol form. In the case of
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a topographic map, the visual method refers the shape and colours of symbols to
physiognomic features of a visualised object, and designing of colour fillings and patterns
of area symbols refers to the real form of those objects and their images on colour aerial
photographs. It is incorrect to set the iconic nature of a symbol (often understood as image
features) against its symbolic features, related to creation of associations of meanings. The
iconic nature of the medium of meaning should be explained by a specific and required form
generalisation, which presents a simple form of a symbol, in particular of a point symbol,
which refers to the object physiognomy.

In order to achieve the proper perception of map information, following the map
editor’s intentions, its form should consider the rules of perception of graphical forms. In
the process of image perception, the observer generalises and models information, what
allows to remember and analyse a lot of information. Forms of cartographic symbols should
be adapted to such perception of the map content. by means of visualisation —in the forms of
symbols. Therefore, a symbol is a graphic model of an object, which easily leads a map user
to realisation of that object, and — besides — to realisation of relations of that object with its
neighbouring objects.

Selection of such values of graphical variables, which will guarantee the visual balance
between all details visualised on a map, may be supported by:

— utilisation of harmonised colours for area symbols, of similar intensities (if they are not
included in relations of arrangement),

— improvement of colour fillings of area symbols with patterns; for particular objects
utilisation of tone patterns is also considered,

— minimising the number of symbols which are reproduced in black and application of
small areas filled with that colour,

— visualisation of object edges (planimetric objects) in grey and elimination of contours of
many area symbols of darker colours.

CONCLUSIONS

Independently on the final form, a map has the feature of durability of its content, which
is performed by printing on durable materials, as well as by recording on mass storage
media. Many graphical visualisations, which contain partial content of the graphical model,
may be extracted from the topographic database; they may be also edited in another way
— basing on the geometric model data or directly — on the database, with the use of
Geographic Information System tools. They are such presentations, which may be the
subject of further analyses or reproduction and which may be accessible as readouts from
the computer operating memory. Therefore they are characterised by features of
amomentary image. The topographic map, which is a complex map, is created according to
the settled rules of editing (often settled by official bodies), which include patterns of
symbols. However, many systems of topographic symbols may exist, which respect the
laws of cartographic semiotics, methodology of visualisation and which are compliant with
the proposed rules; so they should be considered correct. Automation of the map editing
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process enables simple modification of the map content, within the limits determined by the
information content of the topographic database. This allows to obtain a map in many
variations, dedicated to users of various expectations (a map for military purposes, a map
for designers, for tourists etc.). Graphical presentation, which is developed by means of
computer technology of a topographic map production, easily respects graphical changes,
and every new visualisation may have the features of durability — after recording on the
memory storage or after the process of reproduction.

The map form is always referred to cultural reality, with respect to both, temporal and
spatial aspects. The temporal reality determines the development level of methods and
technology, which may be applied for the map development; the spatial reality refers a map
in the cultural context of the given society. The map graphics, similarly to other
presentations, is a reflection of graphical culture of the society in which the map was
developed; due to the growing influence it also plays a role of cultural development.

The system of cartographic symbols, referring to a properly classified set of topographic
objects, may produce a certain added value, which is related to aesthetic impression felt by
a map reader. The graphical composition of a map is able to stress that added value and to
improve the form with a special spirit [4]. The form of topographic map symbols, as the
material form of distinguished terms, is the result of creative process of analysis and
research, as well as of utilisation of developed conventions, which respect the map
aesthetics as its non-transferable value.
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Streszczenie

Modelowanie obiektéw rzeczywistosci geograficznej, stanowiacych geokomonenty, zasadza si¢ na wy-
réznieniu trzech skladowych tych obiektéw: geometrii, atrybutéw i ich wartosci. Uporzadkowany zbiér
elementarnych obiektéw, zwanych tu topograficznymi, zawiera baza danych topograficznych, jako podstawowy
komponent fizyczny systemu informacji topograficznej. Wizualizacja kartograficzna danych moze odbywaé
si¢ na trzech poziomach, zwiazanych ze' stopniem przetworzenia graficznego obrazu — od prezentacji
danych nieprzetworzonych (szkieletowa), poprzez prezentacje uproszczona, do prezentacji pelnej, ukie-
runkowanej na spelniene wymogéw percepcji wzrokowej. Przedmiotem zainteresowania jest tu poziom
trzeci — prezentacja pelna, bedaca najdalej przetworzonym obrazem mapy, powstajacej wewnatrz systemu
informacji topograficznej, jako modelu rzeczywisto$ci. Przyjeto model znaku kartograficznego skonstruowany
jako triada: no$nik, znaczenia, przdmiot, interpretant. Wskazano na rol¢ znaczenia, pozwalajacego na
poprawne odczytanie relacji semantycznych, pomiedzy no$nikiem znaczenia a obiektem rzeczywistoSci
geograficznej. Znak kartograficzny sklada sie z dwéch zasadniczych typéw elementéw: kontur6w i wypelniefi
figur geometrycznych. W konstruowaniu znaku réZnicowaniu podlegaja atrybuty tych elementéw, ktére
okredlono jako komponenty graficzne znaku. Atrybuty te, zwane zmiennymi graficznymi, uporzadkowano
i scharakteryzowano na podstawie wyrézniedi MacEachrena.

Rozlacznos¢ nosnikéw znaczenia warunkuje jednoznaczno$¢ odbioru tre$ci mapy. Elementarnym warunkiem
poprawnej prezentacji jest wigc nie nakladanie si¢ zakreséw pojeciowych wizualizowanych obiektéw. Na etapie
klasyfikacji tresci bazy danych dokonuje si¢ wyrdznienia atrybutéw obiektéw topograficznych. Nastepnie nalezy
wskazac relacje, ktére tym cechom odpowiadaja i ujawni¢ odpowiedni poziom pomiarowy warto$ci cech. Kazdej
z tych relacji (w sensie ontologicznym) przyporzadkowuje si¢ zmienna graficzna i stosuje si¢ ja w odniesieniu do
komponentéw graficznych konkretnego znaku. Obiekty zapisane w bazie danych jako obszary (platy plaszczyzny)
moga by¢ prezentowane przez znaki powierzchniowe badZ punktowe. Redukcja wymiaréw (réwniez dla obiektow
liniowych) moze nastapi¢ na drodze uogdlnienia strukturalnego lub w koficowym etapie prezentacji kartograficz-
nej. Zestawiono wlasnosci nosnikow znaczenia, dzigki ktérym zagwarantowane bedzie zachowanie tzw. szkieletu
strukturalnego w prezentacjach graficznych. Pewien stopien uporzadkowania odbioru grafiki mapy wprowadza
pojecie barwy nadrzednej, przyporzadkowanej kategoriom tematycznym poszczegblnych geokomponentow.
W artykule zawarto propozycje tych barw, wskazujac jako najwazniejsze odejécie od prezentacji tzw. sytuacji
w barwie czarnej. W zapewnieniu prawidlowe;j interpretacji znaku pomagac tez powinna jego pogladowosé, ktéra
jest pochodna izomorfizmu postaci. Przejawia si¢ ona poprzez nawiazanie zmiennych graficznych komponentéw
znaku do fizjonomicznych cech obiektu, a takze, zwlaszcza w odniesieniu do obiektéw roslinnych, do
rzeczywistego wygladu tych obiektéw na zdjgciach lotniczych. Sformulowano tez wskazéwki zapewniajace taki
dobor zmiennych graficznych, ktéry zagwarantuje rownowage wizualna pomiedzy szczegdlami prezentowanymi
na mapie. Podreslajac trwalo§¢ zapisu obrazu graficznego, a jednoczesnie latwos¢ jego modyfikcji wskazano
kierunki automatyzacji redakcji map topograficznych. Zaznaczono, iz mapa topograficzna, poprzez poprawnie
skomponowany system znakow kartograficznych, ma poprawnie informowac ale tez ujawnia¢ swoja estetyke.
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Arnoxceti I naxcescku

MeTtoamieckne acneKkTbl NPOEKTHPOBAHHA 3HAKOB TOHOI‘PanH‘IeCKHX KapTt

PeswomMme

Mogaenuposanue 06BEKTOB reorpaduueckoil AEHCTBUTENILHOCTH, aBJISIIOLINXCSI FEOKOMIIOHEHTaMH,
OCHOBBLIBA€TCS HAa BBLIAEJIEHHH TPEX COCTABNAIOIUMX 3THX OOBEKTOB: r€OMETPHUHUH, aTpHOYTOB M HX
BEJIMYMH.  YTNOPANOYEHHOE  MHOXECTBO  3JIEMEHTapHBLIX  OOBEKTOB,  Ha3bIBAEMbIX  374€Ch
TONnorpadH4ECKOMH, COOEPXKHUT 6a3za TonorpadH4eckux OaHHLIX, KAK OCHOBHOH (PH3HYECHH KOMIOHEHT
cucTeMbl Tomorpaduyecko uHdopmaunn. Kaprorpadudeckas Bm3yanuauus OaHHBIX MOXET
NPOMCXOAUTh HAa TPEX YPOBHSX, CBA3aHHLIX CO CTENEHBIO Mpeobpa3oBaHus rpaduiecoro U300paxxeHus
— OT mnpeacpaBjieMHs HeoOpabGOTAaHHBIX OaHHBLIX (CKeJeTHas), Yepe3 YNpOILUEHHOE IMpPENCTaBCHHE,
K TOJIHOMY TNPENCTABJIEHHIO, HAaNPaBJIEHHOMY Ha BbINOJIHEHHE TPeOOBAHHH 3PUTENILHON NMEpLENUUH.
IlpeameToM 3aMHTEPECOBAHHOCTH SIBISETCA 3[€Ch TPETHH YPOBEHL — IIOJHOE MNPENCTaBIEHHUE,
ABJAKIIEels Hanbonee npeoOpa3oBaHHbLIM HM300PaXEHHEM KapThl, CO3AaBAEMOH BHYTPH CHCTEMBbI
Tonorpaduyecoit nupopMaLuH, Kak MoaeH AeicTBUTENbHOCTH. [IpuHATa Moaens kapTorpaguyeckoro
3HaKa, CKOHCTPYMPOBAaHHasl KaK TPHaJa: HOCUTE/b 3HaUEHU, IPEAMET, HHTEPIPETATOP. YKa3aHO Ha pOJlb
3HAYEHWsl, Pa3pelialOUero NnpaBUILHO YUTATh CEMATHYECHE DEJILMHM MEXIY HOCHTENSIMH 3HaYeHUs
U 06bekTaMH reorpadudeckoii AeitctButenbHocTH. Kaprorpadiaeckuit 3HaK COCTOMT M3 ABYX OCHOBHbBIX
TUIOB 3JIEMEHTOB; KOHTYPOB H 3allOJNHEHHMI reomerpuueckux ¢uryp. IIpy KOHCTpyMpoBaHMHM 3HaKa
nuddepeHIMPOBAHUIO MOANEKAT aTPpUOYTLI TEX 3JIEMEHTOB, KOTOPbIE ONpEesieHbl KaK rpaduyeckue
KOMIIOHEHTbl 3HakKa. OTH aTpuOyTbl, Ha3blBaeMble rpadUYeCKMMH NEPEMEHHLIMH, YNOPSAOYEHO
1 OXapaKTEePHU30BAHO HA OCHOBE AUCKpPUMHMHaHTOB MacEachrena.

Paccoenunenve nocureneil 3HaueHHst OOYCIAaBIMBAET OOHO3HAYHOCTL BOCHPHATHS COAEPKAHMSI
KapTbl. OJIEMEHTApPHLIM YCJIOBHEM MpPAaBUILHOTO H300paXEHHUs SBISETCS, TakuM o06pa3om, He
NEPEKPLITHE NPENENO MOHATHA BU3yaaM3MPOBaHHLIX 00bekTOB. Ha 3Tane knaccuduaumu comeprxkaHus
6a3bl JaHHBIX TPOUCXOAUT BblAeNeHHE aTpubyTOB Tonorpaduyeckux 0ObEKTOB. 3aTEM CleNyeT yKa3aTh
pENSUMH, KOTOpLIE 3THM d4epTaM (CBOMCTBaM) COOTBETCTBYIOT, U BLISIBUTL COOTBETCTBEHHBIH
M3MEDPUTENLHBIH ypOBEHb 3HaYeHUs 4epT. K kakaoi M3 3Tux pensiuuil (B OHTOJIOTMYECKOM CMBICIIE)
NOAroHsAeTCsl rpaduyecks IepeMeHHas M TPUMEHSETCS OHAa MO OTHOWIEHUIO K TrpadUYecKuM
KOMIMOHEHTaM KOHKPETHOro 3Haka. OObeKTbl, 3anKcaHHble B 6a3e NaHHBIX KaK MPOCTPAaHCTBO (4acThb
TJIOCKOCTH), MOTYT OBbITH NMPEACTABIEHDI MUIOWAAHBIMH HJIH TOYEUHBIMH 3HaKaMH. Penykuust pasmepos
(Taxe OIS JMHEHHBIX OOBETOB) MOXET NPOU3OMTH NyTEM CTPYKTYPHOro 06OOLIEHMS WU Ha
3aKIIOUMTENBHOM 3Tanmne kKaprorpaguueckoro npeancrasienus. CocTaBjeHbl CBOHCTBA HoOcHTeNeH
3HaueHus, Giarogapsi KOTOpbiM OydeT rapaHTHPOBAHO COXPAaHEHME T. H. CTPYKTYPHOIrO CKejleTa Ha
rpacduuecux n3obpaxeHusx. HekoTopyio creneHb ynopsimoyMBaHUs NpuéMa rpadHu KapTbhl BBOOHT
NOHSATHE TNABEHCTBYIOLUIEr0 LBETa, MNOMYHHEHHOrO TEMAaTHYECHM  KaTEropHsM  OTHAEJILHBIX
FEOKOMIIOHEHTOB. B cTaTbhe H3/I0XKEeHbl NPENSIOXKEHHS TaKMX LBETOB, YKa3blBas B KayeCTBE CaMOro
BaXHOr0 OTXOA OT MPEACTABJIEHHS, TakK Ha3blBAEMOH, CHTyallud B 4épHOM uBeTe. B obecneuenun
NpaBUILHOH HMHTEPNpEeTAalNy 3HaKa MOMOraTh JOJDKHA TAKKE €ro HarjsOHOCTb, KOTOpas SBISETCS
Npou3BOAHON n3omMopdusma cdopmel. [lposBnsercss oHa MyTEM NPUBSA3KU rpadUUEcKUX MEPeMEHHBIX
KOMIOHEHTOB 3HakKa K (H3MOHOMHYECKMM uYepTaM OOBEKTa, a Takke, OCOOEHHO B OTHOLIGHMH
PaCTUTENLHLIX OOBEKTOB, K IEHCTBUTENILHOMY OHIY 3THX 0OBEKTOB Ha a3pocHUMEKaX. ChopMynHpOBaHELI
ykasaHus, oOecreyuBalouue Takod noabop rpaduyecKux TNEpPEMEHHBIX, KOTOPBIE TapaHTHUPYIOT
BH3yaJIbHOE PABHOBECHE MEXIY AETATAMM, NMPEACTaBAAeMbIMH Ha KapTe. [lomuépkuBas cTabUILHOCTD
3anmucH rpadu4eckoro H3o0paxeHHs, a OJHOBPEMEHHO M JIETKOCTh €€ MOOM(MKALMH, YKa3aHbl
HAMpaBJieHHsl aBTOMATH3alMH pEeAaKTHPOBaHMs Tomorpaduueckux kapt. Ilomuépkylo, 4Tto
TonorpaHYECcKst KapTa NyTéM MCMPaBHO KOMIOHMPOBAHHOH CHCTEMDI KapTOrpauueckux 3HAKOB
[OJIKHA MPaBMUIIHO UHDOPMHPOBATDL, @ TAKKE MPOSBIATL CBOIO ICTETUKY.



