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ABSTRACT ARTICLE HISTORY
Map production is currently based on the use of digital geographic Received 11 April 2023
data and advanced software tools for their processing and Accepted 22 August 2023
visualization. The source digital geographic data requires
modification according to written and unwritten rules prior to its C >

. . . artography; cartography
use for map creation. Both written and unwritten rules then rules; generalization;
govern the actual processing of the maps. This article suggests a knowledge database;
systematization of the rules that are used in the whole ontology
technological cycle of map creation. The proposed system of
rules is processed into the design of a knowledge ontology
database intended for solving especially collapses and other
complicated situations in the creation of topographic maps. It
focuses on problems that are time-consuming to solve by manual
cartographic processing and whose automation has a great
potential to bring capacity savings in topographic map creation.

KEYWORDS

RESUME

La production de cartes repose aujourd’hui sur l'utilisation de
données géographiques numériques et d'outils logiciels
sophistiqués pour le traitement et la visualisation des données.
Les données géographiques numériques initiales doivent étre
modifiées en fonction de regles écrites et implicites avant leurs
utilisations pour la création de carte. Ce sont autant les régles
explicites que les regles implicites qui guident le processus de
conception  cartographique. Cet article propose une
systématisation des regles qui sont utilisées lors du processus
technique complet de création de cartes. Le systeme de regles
que nous proposons est transformé en conception d'une base de
données ontologique des connaissances congue pour résoudre
spécifiquement les disparitions et autres situations complexes
rencontrées lors de la conception de cartes topographiques. Ce
systtme se concentre sur des problémes qui sont longs a
résoudre lorsqu’ils sont traités de facon manuelle et pour lesquels
I'automatisation a un grand potentiel de gain lors de la création
de cartes topographiques.

Introduction

Geospatial data and information at all levels of details (LoD) are in high demand by all
types of users, from the general public to public administration and industrial applications
to scientific and research teams. One of the critical characteristics of geospatial data that is
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demanded by users is its high timeliness. Therefore, geospatial data creators and provi-
ders strive for the shortest possible update cycles, which for some feature groups can
be several days or even hours.

One of the important user groups of geospatial data are map creators themselves. On
the one hand, this group is a consumer of data and, on the other hand, it ensures that user
demand for paper or electronic visualized geospatial data is met using cartographic pro-
cedures and rules, while ensuring the requirement for high timeliness. However, carto-
graphic production is not as flexible as the updating of geospatial data models
regarding the updating of the content of the maps provided.

On one side, data of the highest accuracy and detail are required for computer appli-
cations and control systems, while on the other side, geographic data are visualized in the
form of a ‘map base’ which, in additional to accuracy and detail, is also subject to the
requirement of (visual) legibility. This is practically a combination of the three mutually
contradictory requirements of content completeness, positional accuracy and map leg-
ibility on maps scale of 1:25,000 and smaller used mainly for state government and mili-
tary purpose.

It is therefore the most essential task to set the correct procedures and parameters of
cartographic generalization and visualization in relation to the purpose and use of the
final map. However, it is always necessary to resolve the issues related to how to use
the data coming from source database and their appropriate reduction, and at the
same time how to formally define the generalization rules. The following text briefly pre-
sents one possibility how to solve the issues raised.

Generalization rules

In generally, generalization rules can be defined in many different ways, which are usually
related to both data generalization in GIS data models and generalization in the carto-
graphic sense. If only map outputs are taken into consideration, then this involves, for
example, suppressing unnecessary details to recognize important patterns, ensuring
the usability of the map for the end user, ensuring a visually balanced and pleasing pres-
entation, etc. (Mackaness & Ruas, 2007). Cartographic generalization rules are used to
create all types of maps, but their complexity and detail varies.

The most complicated cartographic generalization procedures are used for topo-
graphic maps, where on the one hand there is a requirement to maintain maximum accu-
racy and detail in the representation of the map content. On the other hand, their scales
do not allow to fully using all the properties of the original underlying digital geographic
data from the source databases that are used to create the topographic maps. In
especially, the position of features and usually their shape cannot be fully preserved, as
well as all their thematic properties cannot be preserved and display.

The definition of ‘Cartographic Rules’ (Cartographic Rules, Cartographic Conventions or
Cartographic Constraints) is currently used for defining the generalization and visualization
procedure of data sets. In the scope of map creation technology, cartographic rules are
usually used to define the procedure and control of the cartographic generalization
(Beard, 1991; Hallie, 1999, 2003; Hallie & Weibel, 2007). In general, these are rules that
define how the output of the visualization should look like, i.e. they define the target
states and relations of the map elements. For example, those watercourses are displayed
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starting from 2 cm in length, electric power lines start and end at a building or pole symbol,
etc. These rules are in fact declarative - they set a target state and are usually stated without a
description of how to achieve that target. This allows for flexible modelling, but on the other
hand often results in an inconsistent approach and the possibility of reaching even a few
dozen ‘correct’ solutions. As an example of the definition of cartographic rules:

e Cartographic rules not only specify the basic properties and superimposing of carto-
graphic symbols, but they may also define rotations, displacements and even or geo-
metry manipulations of symbols with exactly the same goal as in traditional computer-
assisted cartography (losifescu et al., 2009).

e Cartographic representation rules lead to a quality topographic map (CartouCHe,
2012).

» Cartographic rules are sets of rules have evolved regarding the selection and place-
ment of text — particularly in relation to topographic maps (ICSM, 2020).

o A set of rules for designing and building a symbol key, i.e. for creating the appearance
of a map (Vozenilek et al., 2011).

The comprehensive approach to symbolization and generalization rules can be found
in Defence Topographic Map for 1:50,000 Scale (DTM50) Data Product Specification
(DTM50 DPS) (DGIWG, 2020), where the Portrayal Catalogue is defined as ‘symbol descrip-
tions, symbol rules, labelling rules, generalization rules, finishing rules and additional
informative guidance associated with feature portrayal on hardcopy topographic maps.’

In the case where the creation of maps in digital technologies is assumed, cartographic
rules and generalization rules are usually expressed. For example, by means of numerical
indicators (usually limiting values of length, area, etc.), which are no longer related to the
specific scale of the map, but are related to the units in which the features in the data
models are geometrically determined. This then allows the application of especially selec-
tion criteria, which can be found e.g. in the Data Product Specification 1:25,000; 1:50,000
and 1:100,000 Scale MGCP Topographic Map (DPS MTM) or in the Defence Topographic
Map for 1:50,000 Scale (DPS DTM) see (DGIWG, 2020; MGCP, 2017). However, despite their
high degree of systematicity and precision in definitions and descriptions of use, includ-
ing rules for resolving element conflicts, the method of generalization, etc., they again
remain mostly declarative.

If generalizing the conclusions from the survey of the rules used, it can be stated that:

e many rules are formulated only as verbal formulations without the possibility of its sys-
tematized writing;

o the search and identification of a cartographic situation, its solution and the appli-
cation of individual cartographic rules strongly depend on the experience and pro-
fessional skill of the cartographer;

 the solution of a cartographic situation is not always a straightforward process,

o there may be several correct or acceptable solutions;

» asarule, it is a complex solution of several interrelated cartographic situations.

There is, however, a way to systematize cartographic rules in a way that minimizes their
declarativeness while also allowing them to be adapted to a higher level of automated
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map production. The aim is to prepare cartographic rules for formalized recording and
then convert them into digital form and store them in a knowledge base.

Approaches to rule systematization

In general, all cartographic rules define two basic sets of requirements:

e map readability requirements, which can be called general cartographic rules;

e map content requirements, i.e. rules linked to the specific purpose and use of the result-
ing map. These rules are specific to particular sets of map features, the size and impor-
tance of individual map features and their interrelationships (Drozda & Augustyn,
2016).

By generalizing these requirements, it is possible to propose a general definition of car-
tographic rules: ‘Cartographic rules are a set of principles for creating a map image with
the aim of producing a complete, positionally correct and, above all, easy-to-read map.’

Current maps are in most cases created from spatial data stored in data models.
Therefore, it is advisable to consider cartographic rules not only from the point of
view of the actual creation of a given type of map, but it is also necessary to consider
the rules that govern the collection of data for the source data models from which
the maps are created, or the rules used to select the data necessary for the creation
of a particular map (cartographic model) from the source databases. In the case of
such a complex approach to map creation, it is possible to work with generalization

J Real world
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Figure 1. Using rules for map creation in the process of map production.



INTERNATIONAL JOURNAL OF CARTOGRAPHY e 5

rules for map creation, whose basic technological scheme and places of application of
rules for its creation can be expressed by a diagram (Figure 1). In order to express the
completely general procedure from primary data collection to the creation of a
specific map, rules for the initial generalization of objects are included. Generalization
rules for the creation of derived data models, which may not even be the subject of car-
tographic visualization, are also included. The degree of generalization here is typically
applied according to the feature catalogue of the derived data model in which the
LoD is defined. However, when maps are created, it is necessary to work with the por-
trayal catalogue of given map type.

If an entire system of data collection and map production is considered, it is useful to
classify the generalization and cartographic rules and then create a system from them.

Criteria for the classification of cartographic rules

Collecting many available historical and current generalization rules that have been and
are contained in specifications for map production (map symbol keys, their additions,
general formulations on the approach for the production of the content of a given
map type, etc.), different forms and applications of each rule were identified. Neverthe-
less, it is possible to systematize the rules in a way, which makes them easier and more
clearly defined. This systematization can be approached, for example, according to criteria
such as the form of their recording and the purpose of their use and the purpose of their
use, which is directly linked to their application in the technological step, i.e. in which
phase of map production the rules are applied.

According to the form of their recording, they can be divided into written and unwritten,
or textual and graphical. The written rules are mainly the content of binding standards for
map production, which are part of map symbol keys or guidelines for map creation (CUZK,
2015; DGIWG, 2020; MOCR, 2008). Unwritten rules can be considered as advice and experi-
ence passed on by more staff that are experienced or even guidance from responsible
editors. These cartographic rules are very difficult to capture and process, and it is
usually up to the given cartographer to apply them. Other unwritten rules are general
known and obvious facts and relationships. For example, it is not possible to find in any
available material or in a list of map symbols, a rule that a ferryboat must be on a water-
course, but in manual processing no cartographer would ever think of moving a ferryboat
out of a watercourse. However, for automated processing, these rules must also be
described and applied in the generalization.

According to the purpose of the rules, they can be divided into feature, model and car-
tographic rules. Feature rules are mainly applied in the primary data collection for the
source data models and are used to specify the geometry of features and their attributes.
Feature rules are usually part of the guidelines for the creation of primary data models, for
example for the Multinational Geospatial Co-production Program (MGCP) (MGCP, 2012) or
for the Basic Geographic Data Base - ZABAGED (CUZK, 2020a). Rules for model generaliz-
ation are mainly defined for generalizing the content of primary data models when deriv-
ing data models with a lower LoD. Their main purpose is to define procedures for
selecting features, simplifying their geometric properties and attributes (Zhang, 2012).
Cartographic rules are then implemented to create cartographic models for a particular
map type and to symbolize these models. These rules are usually described in a
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general manner in cartography textbooks and are specifically applied in guidelines for
map creation, such as Symbol Placements Rules, Label Placement Rules or Finishing
Rules (DGIWG, 2020).

Proposal of systematic cartographic rules

Based on a detailed analysis of the content of the particular groups of rules, their impor-
tance for cartographic production and the way they are used, it is possible to define four
groups of cartographic rules:

)

()

Rules for creating the content of source databases, which define the geometric, the-
matic and topological properties of the features when created in the relevant data
models of spatial databases - Digital Landscape Models (source DLMs, primary data
model). According to these rules, the primary data model is created as an abstraction
of the modelled reality with the application of basic generalization schemes, such as
selection criteria for recording the geometry of features, classification procedures for
defining their thematic attributes and guidelines for linking features to each other
according to defined topological rules. Requirements for the accuracy of the determi-
nation of the geometry of features defined by the required resolution level of the
model being created are also provided. These rules can be described collectively as
rules for features generalization.

The rules for creating the content of derived digital models consist mainly in the appli-
cation of generalization schemes for model generalization, i.e. for reducing the geo-
metric, topological, and thematic properties of the initial features of the primary
data models in order to create a digital model according to the specified require-
ments, usually with a lower resolution level in the geometry and thematic of the
newly created features (secondary DLMs). The model generalization rules in particular
define the level of simplification provided by the target resolution level of the second-
ary digital model. The simplification can be at the level of the whole model, a group of
features or even for individual features. The actual simplification can involve both the
geometry of the features and the reclassification of the features. However, the top-
ology of the features must not be damaged during model generalization. This gener-
alization is often carried out almost automatically with minimal or no human
intervention. To its description, catalogues of operators for the given types of features
are usually elaborated, in which the parameters of the used tools are given. The rules
used are generally called model generalization rules.

Cartographic rules that ensure the readability and comprehensibility of the resulting
map and that result from the perceptual and cognitive properties of the map features
in the used map symbols and the guidelines for their interpretation. These rules are
mainly implemented in the design of the map symbols or in the design of individual
map features and their implementation is usually part of map style libraries. Together,
these rules can be referred to as map symbols design rules.

Rules of cartographic generalization, describing the approach to solving the content of
a map created in a given map symbols key in a particular space and at a particular
scale, or in a particular scale range. These rules deal in particular with simplifying
the geometry of features of cartographic models, or adjusting their position in
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conflict points with other features so that the resulting map respects the cartographic

rules. Cartographic generalization rules can be further divided into two groups:

(@) general cartographic rules applicable to the creation of a given map type. These
are mainly rules for features conflicts, selection and simplification;

(b) cartographic rules related to a specific map symbol, i.e. rules specific to individual
map symbols, the size and importance of individual map elements and their
mutual relationship.

All of these rules must be considered as a system that extends through the entire
process from the creation and updating of the source spatial databases to the final map,
and in many cases cannot be considered as separated processes. However, the rules of car-
tographic generalization are described in more detail in the following part of the article.

More than 120 situations were used in the compilation of the generalization rules,
which were identified directly during the physical production of the state topographic
maps at scales of 1:10,000 and 1:25,000 (ZM10, ZM25). All situations were processed
and described in cooperation with the production site of the state mapping agency.
For each situation, a separate card was prepared with an evaluation of the cartographic
rules used, possibly with an additional description. For each evaluated situation, the
source data model (primary data model) and the final portraying of map 1:10,000 are dis-
played as well as text description of cartographic rules used (Figure 2). All situations are
stored in database.

Situation No 2
Situation in the data model Solution on the map 1: 10 000
(o]
E [o)
i
Description of the situation Solution on the map 1: 10 000
By drawing the symbols excessively for example An alley symbol may partially mask other line
roads (yellow line), alleys (green line) and steep markers (steep terrain step) - but it must not
terrain step (blue line) it is necessary to move less disturb its guide line.
significant elements, while maintaining their order.
During the displacement, it is advisable to
In some cases, the least significant element can be | parallelize the elements to the most significant
omitted (in this case, the alley). element.) in this case road

Figure 2. Example of a processed card with evaluation of cartographic rules.
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General cartographic rules

The general cartographic rules are mainly rules intended to improve the readability and
clarity of the filled map parts, to express the characteristic map elements and to solve
conflicts between individual elements (map symbols or their footprints overlaps). The
general cartographic rules apply mainly to the creation of cartographic models from
source databases. According to them, cartographic models are generated in such a way
as to allow, as far as reasonably possible, their seamless visualization in the chosen
map style. Based on the consideration that maps of the same type, especially topographic
and geographic maps, use similar map styles (shapes and sizes of map features, definition
of their minimum dimensions, definition of their minimum spacing, etc.), it is possible to
create a set of general cartographic rules for a given map type and a given scale, or a
given scale range.

Depending on the nature of the cartographic situation, different cartographic general-
ization procedures are used, which are usually divided into six basic groups: elimination,
typification, amalgamation, enhancement, enlargement, and displacement (Forester et al.,
2009).

Table 1. Example of part of the initial arrangement of part of the conflict’s rules.

Point x point
conflict

Element with a lower weight is subject Point movement

to modification

Lower-weight element is moved so
that the symbols do not overlap
Base on the colour, the marks should
be moved to keep set of thresholds

If the point element is located inside
of the area, it must not be moved
outside this area

Point X line or
area border
conflicts

Reference point of symbol overlaps with

the footprint of the line symbol. Point
element or an element with a lower
weight is subject to modification

Replacement with a
combined symbol

Point detection

Shape edits of
symbol

Moving a point
from the line

Moving a line from
the point

Line detection

Point detection

Line masking

Shape edit symbol

Tower elements and geodetic points
are replaced by combined symbol
at the position of the geodetic
point

Point element with a lower weight is
deleted

For some elements, their symbols
can be graphically modified

Point element is moved so that its
reference point is located outside
of line footprint or boundaries

Base on the colour, the marks should
be moved to keep set of thresholds

If the point element is located inside
of the area, it must not be moved
outside this area

After moving, moved point symbol
must not be on the opposite side
of the line

Line symbol is moved so that the
reference point of the point
symbol is outside the footprint line
or boundaries

Line element with a lower weight is
deleted

Point element with a lower weight is
deleted

Point element does not conflict with
the line, it masks the line

The shape of the point symbol or
shape of line symbol are modified




INTERNATIONAL JOURNAL OF CARTOGRAPHY e 9

The general rules for the creation of cartographic models are not comprehensively
described in the professional literature; therefore, the basic activities that are or have
been carried out in analogue map creation and are practically applied in computer
map processing have been identified. In cartographic models for topographic maps,
conflicts of elements and selection of elements are most often dealt with. The shapes and
sizes of the elements and the cartographic connections between the elements are also
dealt with. For all situations that were the subject of the research, individual cartographic
rules were written and arranged in a hierarchical structure, and then the rules were stored
in a knowledge base. An example of such a description is given in the table (Table 1).

The following are two examples of general rule solutions - feature conflict and relation-
ship between features.

Feature conflict is the most common cartographic situation to be solved, when the
symbol drawings of the features to be displayed overlap, or the map symbols are in
the same colour too close and therefore are not sufficiently legible. Depending on the
scale and spatial arrangement of the entities, several map features may conflict with
each other at the same time; these conflicts are resolved according to a hierarchy of car-
tographic rules.

The most frequent case of map feature conflict is the situation when a map feature is
portrayed by a symbol disproportionately larger than the real size of the feature in the
map scale. Other cases may be caused by inaccuracy of the base or inconsistency of
the source data.

The schema of cartographic rules structure (Table 2) shows the individual cases of
conflicts, divided according to the type of element (point, line, area), and the operators
that can be used to resolve these conflicts in the processing of ZM10 and ZM25.

Table 2. The example of cartographic rules structure — feature conflicts.

Elements conflict Point x point conflict Point displacement
Substitution by combined symbol
Point symbol deletion
Shape of symbol modification
Point X line or borderline conflict Point displacement from line
Line or part of line displacement
Point symbol deletion
Line symbol deletion
Masking of part of line
Shape of line or point modification
Line x line or borderline conflict Line or part of line displacement
Line symbol deletion
Substitution by combined symbol
Lines paralleling
Lines mating
Masking of part of line
Line x area conflict Line or part of line displacement
Area displacement
Area deletion
Line or borderline paralleling
Line or borderline mating
Masking of area
Area X area conflict Area or part of area displacement
Area deletion
Borderlines paralleling
Borderlines mating
Masking of area
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In terms of meaning, it is mainly a matter of respecting the following principles:

e adjustments are usually made to a point element or an element with a lower
importance,

o the element is offset so as not to overlap the drawings of other map symbols,

» map symbols of the same colour should be offset to a specified minimum distance,

o if the point feature is located within the area, it shall not be offset outside the area.

Although the solution may not always be straightforward, these are usually simple car-
tographic tasks. Solution problems may arise in the case of the accumulation of more
overlapping features and the need to solve individual conflicts systematically.

The solution of relation between features consists in observing the topological relations
between features in the cartographic model. Breaking of topological relations of features
can be caused by ‘imperfection’ of input data, combination of different background
materials, but also by cartographer’s interventions during displacement or modification
of already displayed features. This mainly concerns the adherence to the rules of
symbol placement dependent on the position of other features (start and end of lines,
changes in the shape of a symbol or its rotation depending on another feature, placement
of symbols on lines or in areas, etc.).

This category also includes aggregation of adjacent features or features with similar
characteristics where their distinction and separate display is irrelevant for the map
(aggregation of different forest stands, unification of classification of road sections,
etc.).

The elaborated list of feature connections is not and cannot be completely exhaustive,
because some connections are defined in cartographic rules linked to specific map parts.
For ZM10 and ZM25 the following rules were identified from the supplied situations
(Table 3):

Next is given some examples of cartographic rules of connections between features:

¢ when a start and end symbol is defined for a line, the line must always start and end at
this symbol (e.g. in ZM10, a power line must always start and end at a building or power
line pole symbol),

e the width of the symbol is adjusted according to the width of the symbol of the guide
feature, e.g. adjusting the width of the symbol of bridges and culverts according to the
width of the symbol of roads or tracks,

e the symbol rotates according to the guide feature (rotation of culverts and bridges
according to the angle of the watercourse).

Table 3. Connection relation between features.

Elements relation Elements aggregation
Element’s location
Line start-end symbol
Shape editing of symbol
Symbol rotation
Area filling
Line continuation
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Cartographic rules linked to the feature symbols
The second main group of cartographic rules are rules related to the map symbols used.
These are mainly the shape, size, position and colour of the individual symbols. Then the
selection rules for individual features in relation to the purpose and use of the given map
(density and minimum size of individual features), and finally the order of display of fea-
tures and their relationships, including the properties of specific map symbols. The
emphasis here is on the elaboration of specific cartographic rules for the construction
of cartographic models of a particular map work and the design of the structure of the
knowledge base of these rules so that they can be further used in the generalization man-
agement process.

Furthermore, in order to control the behaviour of individual features in the carto-
graphic generalization process, properties have been assigned to each map feature
(Table 4).

Formalization of cartographic rules

From the complex structure of the cartographic rules, a knowledge base was created.
Mostly, this involved creating a brief notation using a few simple rules (principles) that
describe the word statements of experienced cartographers when dealing with
different cartographic situations. To write the rules, some form of formalized notation
had to be used so that the rules could be ‘machine readable.’

As an example, the verbal description of situation No. 33: Symbol placement in the area,
which is included in the DATA10 Map symbols catalogue (CUZK, 2020b). According to this
catalogue the symbol is suitably placed within the area, and in case of lack of space it can
be reduced to 1/3 of its original size (original size is in the green circle, reduced size in the
blue one) or the symbol is placed outside in a suitable location outside the area and an
arrow indicates its belonging to the area (red circle). For small areas, if there is no
space for the symbol, the symbol may be omitted in exceptional cases (purple circle). A
formalized description is shown in the figure (Figure 3).

This rule is transformed into the following formalized notation:

 areas of vegetation, surface and land use should be visualized with a symbol,

o the symbol should be placed at the reference point of the area,

« if it is not possible to place the symbol at the reference point, the symbol is placed at
the centre of gravity of the area (if the centre of gravity lies within the area),

« ifitis not possible to place the symbol in the centre of gravity, it may be suitably placed
anywhere in the area,

e the symbol should be size 1,

Table 4. Map features properties.

Element attributes Accuracy class
Element shape
Minimum size of element
Weight of element
Element colour
List of operators
List of symbols
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Figure 3. Example of the rule Symbol placement in the area — the situation No. 33.

o if there is no space for a size 1, the symbol shall be displayed at size 2,

o if there is no space for size 2, the symbol shall be displayed as size 3,

o if there is no space for size 3, the symbol is placed outside in a suitable location outside
the premises and an arrow indicates its belonging to the premises,

o if there is no space for the symbol to be placed outside the area, the symbol is omitted.

These simple rules are processed into a digital form. In addition to the description of
the cartographic rules, these rules are formalized into a suitable digital form — an ontologi-
cal knowledge base in accordance with the recommendations of the International Carto-
graphic Association - Commission on Generalization and Multiple Representation
(Mackaness et al., 2015). These rules can be subsequently used to guide the generalization
process. Their diversity is addressed by the structure of the cartographic rules database,
which is described in the following section.

Cartographic rules database

Based on the frame systemization of the rules, a knowledge database can be created
that can be used for general solutions of the entire content of the derived secondary
data model or for the creation of a cartographic model of the type of map or maps
generated in a given symbol key. The aim of the created database is to allow the
editor who creates a given map to have access to this database throughout the
process of creating a map image of a particular territory and to find in its guidelines
for dealing with most situations. The database in Czech language is made available
on-line at the following address (see http://euradin.vugtk.cz/TB04CUZK001/03_
CartographicSituations/web/).


http://euradin.vugtk.cz/TB04CUZK001/03_CartographicSituations/web/
http://euradin.vugtk.cz/TB04CUZK001/03_CartographicSituations/web/
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Ontology —> General
Cartographer’s Feature collisions
knowledge
. > Feature shape
Situation
Feature selection
Operators
Relationships
Representations > of features

SW libraries Cartographic rules

4

Atom’s properties

N Paterns
> Topology
—> Given map
Zm10
ZM25

Figure 4. Database structure.

The database clearly describes cartographic rules for individual cases of map symbols
conflicts. Structure of database is portrayed on next figure (Figure 4).

In the following part of the text, the use of the database is briefly demonstrated, (see
right situation in the Figure 2), where multiple displacement of lines has to be solved -
moving the steep terrain step and the alley from the road.

Cartographic rules (conflict line x line) are identified for the given case - line conflicts
occur when lines or parts of lines run in parallel to close or when lines are crossed at an
acute angle and a rule, a line with a lower weight is subject to adjustments.

Operators displacement of line, part of line displacement, line replacement, line repla-
cement with associated mark, line parallelization, line alignment, line masking (odsun linie,



14 (& J.DROZDAETAL.

@ L ¥ Znalosti kartograta
@ L Obecnd pravidia
© L Kolize prvkl
@ L Kolize bod x bod
@ . Kolize bod x linie ne
@ L Kolize linie x linie

Odsun finie nebo je.

2|
‘f Kolize linie x linie

| Line x line conflict

Znalosti kartografa | Obecnd pravidla | Kolize prvki | Kolize linie x linie

« ke kolizim linii dochazi pfi paralelnim préib&hu linii nebo jejich €asti nebo pfi kfizeni linii pod ostrym dhlem
« upravam podléha zpravidla linie s nizsi vahou

Vlastnost_Hodnota

Zdédéno od Typ

IOpera‘tory odsun, odsun &asti linie, vypusténi, nahrazeni

znackou, , slicovani,

linie

List

Operators: displacement, line displacement, line substitution by associated mark,

li redl | . . . . . . .
@ ) Daranku Temata|  line parallelisation, line alignment, line masking
& L Vybér prvkl Odsun likig.aaks ast
@ | Vaztahy prvkd Vypusténi linie m 5 5 "
al ki pravida druzenou znatkou| - line conflicts occur when lines or parts of lines run parallel to close
& Paralelizace .
& Topoogke e AnT or when lines are crossed at an acute angle
e M . . . . . .
e taskovans -arule, a line with a lower weight is subject to adjustments

| Operdtory

) Strukturaini vzory

_| Kartografické reprezentace
? ihovny,

EEEEE

Valdorova data

Beg

Figure 5. Example of the rule Line x line conflict - rule description.
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odsun Cdsti linie, vypusténi linie, nahrazeni linie sdruZenou znackou, paralelizace linii, slicov-
dni linii, maskovdni linie) can be used.

Note - since the database is in Czech only, the Czech terms that correspond to the
options in this database are given in brackets and some expressions are explained in
boxes directly in figures (Figure 5). This is how the options will be listed in all the following

figures.

The situation No 2 (in Figure 2) is solved by the sequential Line symbols displacement

(Figure 6).

Additional cartographic rules are defined for line displacement:

¢ the line element or part of it is moved away from a more significant feature (liniovy

prvek nebo jeho cdst je odsunuta od vyznamnéjsiho prvku);
e according to the colour, the lines should be shifted by the specified threshold (podle

barvy by znacek by linie mély byt odsunuty o stanoveny threshold);

@ L ¥ Znalosti kartografa
& ) Obecn pravidia
@ L Kolize prvkil
@ [ Kolize bod x bod
@ L Kolize bod x inie ne
@ L Kolize linie x linie

Nahrazen sdruzen
Paralelizace
Siicovani
Maskovani
@ ize li real
@ . Kolize aredl x aredl
Tvar prvk

s _ Topologicke
@ L Mapové produkty
| ¥ Sif
@ | Qperatory
@ | Strukturaini vzory

.
‘4 Odsun linie nebo jeji &asti |

Line or part of line displacement

Znalosti kartografa | Obecna pravidla | Kolize prvku | Kolize linie x linie | Odsun linie nebo jeji casti

ituace 1 - Odsun terénniho stupné od ct

e

« liniovy prvek nebo jeho ¢ast je odsunuta od vyznamnéjiho prvku
« podle barvy by znacek by linie maly byt odsunuty o stanoveny treshold
+_odsouvand linie, nebo jeji Zast je parelelizovéna s vodicim prvkem (- zvlastnim pripdadem odsunu je slicovani)

Link to situation No. 2 - Gradual

- Postupny odsun liniovych prvki

Situace 21 - Odsun potoka od silnice

Situace 32 - Odsun a paralelizace terénniho stupné s linovymi prvky.

Situace 50 - Odsun Zeleznic
Situace 53 - Odsun Zeleznic
ituace 54 - n zelezni

ituace 58 - Odsuny terénnich stupii od

Situace 67 - Postupny. odsun linii
Situace 72 -
Situace 82 - Odsun hanic lesniho priiseks

Situace 98 - Odsun el. vedeni od ikace

ajemny odsun ikaci

Situace 102 - Odsun vodniho toku od

e

Situace 109 - Odsun vletek

ituace 115 - Odsun e od dalnice

Vlastnost Hodnota
Operdtory odsun, odsun Zasti linie,

Beg

displacement of line features

a more significant feature

by the specified threshold

is the alignment)

- the line feature or part of it is moved away from
i| - according to the colour, the lines schould be shifted

- the displaced line or its part is parallelized with
the guiding element (- a special case of displacement

I“‘é"é“" 4y | Operators: displacement, diplacement of part of line

Figure 6. Example of the Line or part of line displacement rule description.

23.12.2016 11:21:31
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& L Obecnd pravidia *‘-dsituace &.2 - Postupny odsun stromoradi a zafezd od silnice
o L

Situace | Data situacil Pastunog adeip <t m fod <il

@
& L Kolze Ine xinie P | Situation No. 2 - Gradual removal of alleys and cuts from the road
Casun inenevo e Py

@ ry.
_ Kartogralické reprezentace Odsun prvikd (2_TerenniRelief_L, Z_Vegetace_) od inioveého prvku (Z_KomSilnice_) - zachovani poradi
Y. 20 Sedizany

Postupny odsun symbolizovanych liniovych prvkd stromofadi a terénni stupefi od silnice tak, aby bylo zachovano jejich poradi. Symboly jednotlivych
stromi prvku stromoradi mohou do urcité miry zasahovat do kresby sraf symbolu terénni stupen. ¥

Kresbou znacky nadmiru (komunikace, stromoradi a terénni stupe) je nutné odsunout méné vyznamné prvky, pficem? je nutné zachovat jejich
poradi. V nékterych pfipadech je mozné nejméné vyznamny prvek vypustit (v tomto pripadé stromoradi).

Znatka stromoradi miize Eastecné maskovat jiné liniové znatky (terénni stupeii- nesmi vaak narusit jeho vodici linii). V prib&hu odsunu je vhodné
prvky paralelizovat na nejvyznamnéjsi prvek. - -

Operators: displacement or part of the line
displacement

Figure 7. Description of Line displacement (source data) — situation No 2.

o the displaced line or its part is parallelized with the guiding element (- a special case of
displacement is the alignment) (odsouvand linie, nebo jeji ¢dst je s vodicim prvkem (-
zvldstnim pfipadem odsunu je slicovdn)).

Operators displacement (odsun), displacement of part of the line (odsun cdsti linie)
are defined. There is list of situations with links where line displacement was identified
too (Figure 7 for the source database or Figure 8 for cartographic representation of final
map).

Specific rules to particular sets of map features are portrayed in database and are
stored in Specific product section (Figure 9).

o 4 *F St ¢.2 - Post y od: tromoiadi a zarezi od silnice
@ . Obecnd pravidia ituace ¢. 'ostupny odsun s
@ L Kolze prvicy £ Seznam
Kolize bod x bod
s L Kol i Situace | Data situaci | Postupny. odsun stromoradi a zafezii od silnice.
S 1 G oo Ukézka | Mapy | Zabaged
Vypusién inie
Nahrazeni sdruzen:
Peatzace ZM10 2v25

pld

14

@ | Tvar prvky
@ L Vyber prvki)
@ | Vatahy prvkd

Postupny odsun symbolizovanych liniovych prvki stromoradi a terénni stupen od silnice tak, aby bylo zachovano jejich pofadi. Symboly jednotlivych
stromd prvku stromofadi mohou do urcité miry zasahovat do kresby raf symbolu terénni stupen. ¥

Kresbou znatky nadmiru (komunikace, stromofadi a terénni stupef) je nutné odsunout méné vyznamné prvky, pficem? je nutné zachovat jejich
poradi. V nakterych pripadech je mozné nejméné vyznamny prvek vypustit (v tomto pfipadé stromorad).

Znatka stromoadi milze Eastetné maskovat jiné liniové znatky (terénni stupen- nesmi véak narusit jeho vodici linii). V pribéhu odsunu je vhodné
prvky paralelizovat na nejvyznamnéjsi prvek

dsun | Linie od linie
bsh

Figure 8. Description of Line displacement (final map product ZM10 and ZM 25) - situation.



16 (&) J.DROZDAETAL.

¥ Znalosti kartografa

@ | Obecnd pravidia Y
@ L) Mapové produkty. & zM 1:10 000
@ L ZM1:10000 .
Znalosti kartografa | Mapové produkty | ZM 1:10 000
@ ) ZM 125000 o grafa | Mapové produkty |
¥ Situace Tato struktura popisuje znatkovy kli¢ ZM 10 a jeho pravidla
Operatory . = .
Strukturaini vzory Kazdy prvek nebo tfida (skupina) prvkii musi byt popsana jeho vlastnostmi
Kartografické reprezentace
SN e + cislo/eisla prvki podie znagkového klice
£ Vekinrou - « barva prvku (barva outline)
S TR « typ prvku (bod/linie/aredl)

« povolené operatory

« tida presnosti

« vaha prvku

« minimalni velikost prvku (pouze linie a arealy)

Prvky nebo tfidy mohou mit i dalsf viastnosti

Témata

Budovy a jednotlivé objekty.
Komunikace

Vodstvo

Porost a vyuziti pidy.
Hranice

Terénni reliéf

Geodetické body
Parametry

S

23.12.2016 11:21:24

Figure 9. Structure of elements (feature symbols) description.

This structure describes the ZM10 brand key and its rules. Each element or class (group)
of elements is described by its properties:

¢ tag key element number(s),

¢ element colour (outline colour),

e element type (point/line/area),

o allowed operators,

e accuracy class,

¢ element weight,

e minimum element size (lines and areas only),

o each feature or feature classes can have its oven cartographic rules and/or additional
properties (Prvky nebo tfidy mohou mit i dalsi vlastnosti).

As an example, the alley symbol is presented. The symbol (Figure 10) has defined
additional cartographic rules, specified how it can be portrayed in map:

@ - ¥ Znalosti kartograta
@ L] Obecna pravidia
© [ Mapové produkty
@ [ ZM 1:10000
@ | Budovy a jednotiivé
(@ || Komunikace
@ | Vodstvo

g
*ﬂ' Stromoradi, Gzky pruh lesa

Znalosti kartografa | Mapové produkty | ZM 1:10 000 | Porost a vyuZiti pddy | Aleje, ploty, priseky | Stromofadi, tizky pruh lesa

« stromofadi a Gzky pruh lesa je nezobrazuje v lesni plidé (406), kfovinatém porostu (408), kosodFevin&(409) a v okrasné zahrads (415)
« stromoradi maskuje pficné Earky terénniho stupné

g =] Bomsta Wit pig « musi byt zobrazeny alespofi dv& znacky

@ | Bodové prvky.

@ L] Aleje. ploty, prd Vlastnost Hodnota zdé&déno od Typ
;’!ﬂf;t:;aﬂi a2 Category line Aleje, ploty, priiseky Category
= Weight 200 Integer

@ L) Vyusiti pidy Color arey Aleje, ploty, priiseky Color

@ [ Hranice Symbols 412 List

@ | Terénni reliéf Ttida pFesnosti c Porost a vyuziti plidy Precision
@ | Geodetické body. Minim3lini velikost 100m unassigned
@ | Parametry Operdtory odsun, vyputani, vypusténi Easti List

@ [ ZM 1:25 000
@ ) ¥ Situace

@ | Operétory

[ L Strukturalni vzory

=g

i

[ | Kariografické reprezentace
@ L Softwarové knihovny

{1 __ Vekiorova cata

@ | Viastnosti atomd

Figure 10. Description of alley symbol (ZM10).
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odsun, vypusténi, paralelizace, slicovani, vypusténi casti, maskovani, zména tvaru znacky, nahrazeni e

OpStEtony sdruzenou znatkou

Bg

23.12.2016 11:21:30

Figure 11. Description of steep terrain step symbol (ZM10).

¢ the alley and narrow strip of forest do not show them in forest soil, scrub, scrub and
ornamental garden (stromofadi a tzky pruh lesa je nezobrazuje v lesni pidé, kifovinatém
porostu, kosodreviné a v okrasné zahradg);

o the alley masks the transverse lines of the steep terrain step (stromoradi maskuje pricné
Cdrky terénniho stupné);

o at least two signs must be displayed (musi byt zobrazeny alespori dvé znacky).

And, of course, category, weight, colour, symbols, precision class minimum size and
operators are defined.

Similar parameters of steep terrain step symbol are defined (Figure 11).

Cartographic rules defined for steep terrain step symbol are:

e in case of conflict of two parallel steep terrain steps with edges to each other, the
course is replaced by the sign 314a (edge distance up to 10 m), or the sign 314b
(edge distance over 10 m) pfi kolizi dvou soubéznych terénnich stupriii hranami k sobé
je pribéh nahrazen znackou 314a (vzddlenost hran do 10 m), nebo znackou 314b (vzdd-
lenost hran nad 10 m);

e steep terrain steps in the shape of a pit up to a width of 15 m are replaced by point
sign 607 (terénni stupné ve tvaru jdmy do Sitky 15 m jsou nahrazeny bodovou znackou 607);

e the crosslines of the steep terrain step may be shortened, masked or omitted, but the
line (upper edge) must not be disturbed (pficné ¢drky terénniho stupné mohou byt zkrd-
ceny, vymaskovdny nebo vypustény, nesmi vsak byt narusena linka (horni hrana));

e steep terrain level above 15 m width is shown by the sign 606 02 (terénni stuperi nad
15 m Sitky se zobrazuje znackou 606 02);

o the minimum distance of the steep terrain step from other lines is 0,2 mm (minimdini
vzddlenost terénniho stupné od ostatnich linii je 0,2 mm);

o if the distance is less than 0.2 mm or in the event of a conflict with an edge to the

element, it aligns with the boundary of use, railway, two-line road, building and park
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road, otherwise it parallelizes (pokud je vzddlenost mensi nez 0,2 mm nebo pii kolizi
hranou k prvku slicovdvd se s hranici uZivdni, Zeleznici, dvoularou komunikaci,
budovou a parkovou cestou, v opaéném pfipadé se paralelizuje);

¢ when the distance is less than 0.2 mm or parallels with other line members (pokud je
vzddlenost mensi nez 0.2 mm nebo pri kolizi s ostatnimi liniovymi prvky se s nim
paralelizuje);

¢ in the event of a conflict with a building, the steep terrain level is removed (pfi kolizi s
budovou se terénni stuper odstrani);

e when cross lines conflicts with buildings, the cross lines are masked by the building (pfi
kolizi pri¢nych &drek a budov jsou pFicné ¢drky maskovdny budovou);

« in places of conflict of cross lines with another steep terrain level, only the base is left
(transverse lines are omitted) v mistech kolize pficnych cdrek s jinym terénnim stupném je
ponechdna pouze zdkladna (pricné cdrky se vypusti);

« in places of generalization, the steep terrain level is the second element (after the alley)
to be omitted (v mistech generalizace je terénni stuperi druhym prvkem (po stromoradi),
ktery se vypousti);

¢ in the event of a conflict of steep terrain level with objects on the road (culvert, bridge,
footbridge, etc.), the steep terrain level is interrupted or shortened (pfi kolizi terénniho
stupné s objekty na komunikaci (propustek, most, Idvka apod.), terénni stuperi se prerusi
nebo zkrdti);

e steep terrain level with a focused lower edge on communication from both sides of the
bridge, its transverse lines are not shortened (terénni stuperi se zamérenou dolni hranou
na komunikaci z obou stran mostu, nezkracuji se jeho pri¢né drky);

« if the steep terrain level follows the ravine, the level is shortened and the gorge is faced
as needed (pokud terénni stuperi navazuje na rokli, stuper se zkrdti a rokle se nalicuje dle
potreby);

o if the steep terrain level with the focused lower edge follows the ordinary steep terrain
step, the length of the transverse segments smoothly passes to the basic length (pokud
terénni stupen se zamérenou dolni hranou navazuje na obycejny terénni stuper, délka
pri¢nych dilkd plynule pfechdzi na zdkladni délku);

o the mutual position of the steep terrain steps and other elements must be maintained
(vzdjemnd poloha terénnich stupriti a ostatnich prvki se zachovdvd).

All cartographic operators are stored in separate part of database (Figure 12).

Operators are divided according main cartographic tasks — classification and symboli-
zation (klasifikace a symbolizace), Collapse (kolaps), Displacement (odsun), Deleting (vypus-
téni), Highlighting (zvyraznéni), Enhancement (vylepseni), Simpification (zjednoduseni),
Aggregation (agregace) and Typification (typizace). Every group is described and typical
situations are portrayed (Figure 13).

An example of line displacement used on situation No 2 is on figure (Figure 14). There
is list of situations where line x line displacement is used. The same was created for all
operators.

All parts of database are mutually linked so user can go thru all stored knowledge. All
items of database are stored as separate xml part and it is easy to create and link new item
(knowledge, rule, operator, map symbol and/or situation). All database parts are ready to
by computer reading.
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@ L Obecnd pravidia g‘: -
@ L Mapové produkty Operatory
@ | ZM 1:10 000
@ ZM125000 SRet
@ vsi Operétory jsou zakladnim stavebnim kamenem generalizace. Jedna se o Einnosti, kterymi fesime jednotliivé generalizacni situace. Napfiklad operator
@ L] Operdtory Vylepseni (refinement) méze byt provedem operaci (postupem) ztotozneni lemovky lesa se okrajovou Carou naspu. To je poté v digitalni podobé

provedeno pomoci algoritmu ztotozneni, implementovaného napfiklad v knihovné WebGen.

Operdtor je tedy mechanismus transformace skupiny ( 0..n) kartografickych objektdi na jinou skupinu kartografickych objekt (0..m). Operatorem
miize byt i zména pouzitého symbolu

Operatory generalizace jsou postupy, pomoci kterych kartograf fesi problémové situace, které vznikly pri vykresleni obsahu mapy v urcitém méfitku.
Pouziti operator{i neni pevné dané, zavisi na konkrétni situaci a kartograf se snazi zvolit tu nejvhodnéjsi variantu. Zatimco pfi rucni praci kartograf
vyuziva pouze znalosti jednotlivych operatord, pfi automatizované generalizaci je poteba operdtory implementovat na konkrétni platformé.
Napriklad pfi pouZiti operatoru odsunu na budovu kartograf odsune celou jeji kresbu, aniz by zménil jeji tvar, orientaci &i velikost, tzn. provede
posun vdech vrchold. V pfipadé odsunu okraje lesa posune dostatecné vrcholy které koliduji a postupné i dal3i vrcholy v okoli, tak aby graficky
vzhled odpovidal pozadavkiim na mapové dilo.

V automatizované generalizaci tyto operatory realizujeme pomoci algoritmii operatord, respektive jejich jednotiivych implementaci a strukturalnich
vzoril, které urcuji situace (context) kdy je mozné & nutné naktery z nich pouzit.
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Figure 12. Operators in database.

The database of rules for map compilation and generalization was one of the key com-
ponents of the generalization management. Its creation and pilot implementation were
also one of the results of the project called Research and development of methods for

| ¥ Znslosti kartograta
3 Y
&S odsun

Operstory | Odsun

Detekovani konfiiktd mezi prvky a nésledné presunuti méné dilefitjch prvkd, pfipadné pfizpisobeni rozméru prvkd za Gielem spinéni dosaZeni
uréité meze viditelné vzdalenosti mezi prvky nebo jinych kartografickych parametrd.

Situace k tématu

Odsun|Linie od linie

Qdsun|Linie od aresly
Qdsun|Linie ve steiné vrstvé

S oy

Figure 13. Example of displacement in database.
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Figure 14. Example of operator displacement line X line (for situation No 2).

cartographic generalization of medium-scale state maps (project code TB04CUZKO001)
(Drozda & Augustyn, 2016).

Discussion of the results achieved

In the required length of the article, it was not possible to describe all the details that were
addressed in the scope of the mentioned project. However, one of the possibilities has
been presented how to systematize the cartographic rules used in current digital
mapping technologies. The whole system of rules that govern not only the cartographic
creation itself, but also the definition of the source data model features and their
implementation was described.

In addition, a method of formalizing the notation of cartographic rules was presented
so that they can be entered into an ontological knowledge base as a source of information
on how to resolve, in particular, conflict situations during the actual map creation. The
ontological database was created as an open database with the possibility of additions
and is ready for dynamic processing of various, especially conflict situations.

The proposed solution was primarily intended for the creation of topographic
maps in the Czech State Administration of Land Surveying and Cadastre (CUZK).
However, this solution is universal and applicable to basically all map works. With
minor modifications for topographic maps created from other source databases
and in other map symbols keys, for example for Defence Topographic Maps
created within the NATO alliance. Then, with major modifications, for geographic
maps.

Since the database was created within the framework of the project for the CUZK, it
was created only in the Czech language and with regard to the state map work of the
Czech Republic. As the solution of the project was completed and its further funding
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was not ensured, the further development of the ontological database of cartographic
rules was temporarily terminated.
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