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Abstract
The article describes the design of a methodology for creating special cartographic symbols for thematic maps. Three
main aspects were highlighted in the proposal: 1. readability of symbols when displayed under different scales; 2.
maximum possible a lot of information contained in the symbol; and 3. respecting of cartographic rules. After a series
of experiments, it was found that the optimal format for representing point symbols is the EMF vector format. The
methodology was developed for 2 classes of cartographic symbols: point and line symbols. Line symbols have been
developed to transform them from ArcGIS desktop to ArcGIS Online. The authors have created a series of symbols for
thematic maps representing the Moravian Wine Cycle Trails in ArcGIS Online. In case of point features were created
for categories: winery, refreshments, services, accommodation, points of interest, institutions. In the line features
category were created symbols primarily for communications. From these symbols it is possible to determine the type of
communication, the type of surface and its difficulty in terms of cycling. Different categories (difficulty, type of surface,
etc.) can be combined. The final application is available at [14].
Keywords: cartographic symbols, thematic maps, ArcGIS Online

INTRODUCTION
South Moravia is becoming an increasingly popular tourist destination not only for our but for foreign tourists as well.
An integral part of the stay in South Moravia is the visits to wine cellars, vineyards, and various wine events. A very
important place in wine tourism is obtained by the Moravian wine trails which were chosen for the years 2014-2019 by
CzechTourism Agency as one of three top products of the Czech Republic in the field of active tourism. In 2013 the
renowned travel guide Lonely Planet indicated South Moravia and its wine trails in the list of 10 most interesting
regions of Europe.
It should be noted that tourism development should not be just an economic benefit to the region's development, but
should also contribute to the protection of natural and cultural heritage, which in South Moravia is double truth.
Tourists who plan to stay in South Moravia should have a valuable source of information from which he could draw not
only about the route information and interesting places of the stay, but also the information about possible refreshments,
accommodation and related services. Currently, it is expected that the Internet could be the main source of information,
especially the specialized mapping portal. Furthermore, it can be assumed that a large proportion of tourists already has
a qualitive mobile device or tablet with an internet connection available, so it is possible to have the necessary data in a
suitable form and on-line right on the cycle tracks.
Currently, there are 10 wine trails in South Moravia; their names are derived from the names of wine regions. These 10
trails are then con-nected to the backbone Moravian Wine Trail, which is 280 km long. The total length of trails reaches
1200 km. The trails are marked with different colors and the logo of Moravian Wine Trails on each direction and
information board. The color of the logo determines the location of a tourist on one of the trails. Routes are marked
separately and in combination with other cycle tracks. The summary of the trails is in Figure 1.
The following contribution deals with the methodology of creating of cartographic symbols for special maps in wine
cycling tourism and theirs correct visualization in web application. A similar problemacy the authors solved in the
publication [1].
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Figure 1. Moravian Wine Trails

RELATED WORKS
The creation of cartographic symbols is devoted to a number of publications, of which we select only those that have an
immediate relation to our article.
Paper [2] describes experiences in some countries in our environment, as well as use of modern GIS architecture and
production of cartographic symbol keys in the Web Map Server environment. It is a new approach and adapting to
software platforms and it means display and visualisation of geospatial reality of increased quality.
Proportional symbol maps are a cartographic tool that employs scaled symbols to represent data associated with specific
locations. In [3] the symbols are considered as opaque disks, which may be partially covered by other overlapping
disks. The problem is focused on creating a suitable drawing of the disks that maximizes one of two quality metrics: the
total and the minimum visible length of disk boundaries. The authors study three variants of this problem, two of which
are known to be NP-hard and another whose complexity is open. A novel integer programming formulations for each
problem variant and test them on real-world instances with a branch-and-cut algorithm was proposed. When compared
with state-of-the-art models from the literature, these models significantly reduce computation times for most instances.
The quality of dynamic map symbols plays an important role in the representation of spatial-temporal changes. The
paper [4] reports an investigation into the quality of dynamic symbols. To assess the quality of such symbols, a set of
traffic flow data is used for the production of different kinds of dynamic maps, with focus on four variables, i.e. size,
color, frame rate and display format. Two quantitative measures are used for analysis, i.e. deviation and response time.
A set of traffic data is used for the production of dynamic maps for evaluation. The experimental results show that the
size is more efficient and more effective than color for dynamic maps with the same frame rate and display format. The
most efficient and effective color class number is 10 on the large format display such as 1024 x 768 pixels. And the
most efficient and effective size class number is 15 on large format display such as 1024 x 768 pixels. The effective
frame rate for dynamic map animation is smaller than that of the general animation on the Internet or Quick Time and
AVI format video. The most efficient and most effective frame rate is 3 frames per second in the color expression and 6
frames per second in the size expression. In sum, the effective and efficient value of color, size and frame rate on large
format display is less than the value on the small format display. These results suggest the frame rate should be reduced
on the small format display. It is hoped that the results from this study will be of help in the design of effective and
efficient dynamic map symbols for geographical information visualization.
Landmarks are intuitively used in navigational processes as conspicuous points for orientation [5]. Graphical guidelines
that ensure a quick visual encoding and easy mental representation in maps do not exist. To breach this gap, an
experiment is conducted on three study groups to test whether landmarks are most effectively displayed as vignettes,
icons or text symbols in abstract maps. Eye tracking techniques and interviews are carried out with 21 participants to
identify the symbol class offering the quickest visual recognition and a detailed mental representation in cognitive
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maps. The results show that the fixation duration had little variation when the three symbol classes were shown. The
landmark symbol class achieving the highest average memory score was the text symbol.
On the basis of initial studies devoted to a better understanding of how the public user (a pedestrian in the city)
perceives cartographic symbols in the mobile augmented reality system, in [6] was present an attempt to determine the
threshold values of differentiation for three visual variables. The variables of size, transparency, and focus were
implemented into image point symbols representing five types of objects. The set of symbols was designed in
accordance with the rules of cartographic design taking into consideration an analysis of 19 professional tourist works.
The symbols were presented on the screen of a mobile device in a system imitating the augmented reality system
against four different backgrounds: white, a wall, and two typical urban landscapes. The results of an internet survey
conducted using a tablet at four locations in Poznan (Poland) allowed us to determine the following: threshold
differentiation values for the analysed variables, indication of the dependence on the type of background displayed on
the mobile device in augmented reality, and the advantage of using a combination of visual variables.
The paper [7] presents the performance of an experimental cartographic study towards the examination of the minimum
duration threshold required for the detection by the central vision of a moving point symbol on cartographic
backgrounds. The examined threshold is investigated using backgrounds with discriminant levels of information. The
experimental process is based on the collection (under free viewing conditions) and the analysis of eye movement
recordings. The computation of fixation derived statistical metrics allows the calculation of the examined threshold as
well as the study of the general visual reaction of map users. The critical duration threshold calculated within the
present study corresponds to a time span around 400 msec. The results of the analysis indicate meaningful evidences
about these issues while the suggested approach can be applied towards the examination of perception thresholds
related to changes occurred on dynamic stimuli.
The article [8] addresses the measurement and assessment of response times and error rates in map-reading tasks
relative to various modes of linear feature visualization. In a between-subject design study, participants completed a set
of map-reading tasks generated by approaches to a traffic problem. These entailed quick and correct decoding of
graphically represented quantitative and qualitative spatial information. The tasks first involved the decoding of one
graphic variable, then of two variables simultaneously. While alternative representations of qualitative information
included colour hue and symbol shape, the quantitative information was communicated either through symbol size or
colour value. In bivariate tasks, quantitative and qualitative graphical elements were combined in a single display.
Individual differences were also examined. The concept of cognitive style partially explains the variability in people's
perception and thinking, describing individual preferences in object representation and problem-solving strategies. The
data obtained in the experiment suggest that alternative forms of visualization may have different impacts on
performance in map-reading tasks: colour hue and size proved more efficient in communicating information than shape
and colour value. Apart from this, it was shown that individual facets of cognitive style may affect task performance,
depending on the type of visualization employed.
Proportional symbol maps are a cartographic tool to assist in the visualization and analysis of quantitative data
associated with specific locations (earthquake magnitudes, oil well production, temperature at weather stations, etc.).
Symbol sizes are proportional to the magnitude of the quantities that they represent. Paper [9] presents a novel integer
programming model to draw opaque disks on a map with the objective of maximizing the total visible border of all
disks (an established measure of quality). The authors focus on drawings obtained by layering symbols on top of each
other, known as stacking drawings. They introduce decomposition techniques, and several new families of facetdefining inequalities, which are implemented in a cut-and-branch algorithm. They assess the effectiveness of theirs
approach through a series of computational experiments using real demographic and geophysical data.
The paper [10] deals with problem related areas of cloud cartography. In its long history, cartography has always been
at the forefront of adapting to new tools. The computer, first introduced 60 years ago, has represented perhaps the
greatest change in how maps are made. The further combination of computers and communication technology changed
how maps are distributed - and how they are used. Maps became more interactive and animated. The cloud, the nexus of
computers and communication technology, is the most recent symbol of this change. While often simply defined as
using the processing and storage capacity of data centres, the cloud is interpreted here as representing a workspace for
the continued development of maps as a form of both analysis and communication. Examined are the development and
formation of the cloud, the distribution of multi-scale pan-able (MSP) maps, and other related areas of cloud
cartography.
Based on the set-theoretic approach, a formal model is proposed for the synthesized screen image of a dynamic situation
in areas of monitoring mobile objects in publication [11]. The essence of the model lies in varying the description of
sets of aggregated static and dynamic objects that form the information filling of an adaptive dynamic scene with
allowance made for the context of a given object domain. An algorithm is developed for layerwise visualization of the
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contextual cartographical background with the use of the types of cartographical objects that are singled out in the
model. The model is implemented in a web-oriented geoinformation system of monitoring mobile objects that operates
according to the MVC concept and has a client-server architecture. To implement it, the following complex of modern
web technologies is used: PHP and MySQL on the server side and AJAX and jQuery on the client side. The module of
addition/elimination of information on moving objects in a dynamic scene interacts with Google Maps Web Services
without creating critical loads on the server side of the system.
The legend is an important map component. Legend design is one aspect of map design, which forms an important topic
in cartography. From the literature, it is found that only one study was dedicated to the building of cartographic rules for
effective legend design, and no systematic investigations into the building of grouping rules for proper determination of
the grouping of legend features (symbols + text descriptions) had been carried out. The study [12] is therefore devoted
to the building of grouping rules based on Gestalt laws. An experimental evaluation of these developed rules was
designed and conducted. The results indicate that a legend designed by considering these new rules is significantly more
efficient than others violating these rules.
Image maps have become very popular and frequently produced cartographical outputs during recent years. However,
the unambiguous terminology, definitions, content and appearance specification have not been widely researched. The
paper [13] deals with the new definition of image map, its components delineation, and basic classification. The authors
understand the image map as a special map portraying geographic space in a particular cartographical projection and
map scale, where its content consists of two basic components - image and symbol components. Image component is
represented by remote sensing image(s), while symbol component is represented by cartographical symbols. An image
map has to have three essential attributes: cartographical projection, map scale and symbol component by means of map
language. The authors also present aspects of topographic and thematic image maps.

MATERIALS AND METHODS
The goal of the article is to design special cartographic symbols for use in cycling. The authors focused on the following
features:
1. point and
2. line elements.
In case of point symbols it was necessary to divide the phenomena into classes (categories) - see Tab. 1. For each of
these categories, an uniform character has been created, whose internal content (drawing) specified the individual
phenomenon of the given category. Affiliation to a given category is expressed in contour or fill color, or by combining
of these attributes - see Figure 4.
Additionally, it was necessary to resolve display compatibility in ArcGIS Desktop and ArcGIS Online. After a series of
attempts, the universal *.EMF format was selected. The procedure is based on the vectorization of the raster character see Figure 2.

Figure 2. Transform of point symbols into *.EMF format
Line elements of the cycle tracks are primarily divided into two types: Main and Secondary (alternative trails). For both
variants the data on the type of roads, type of the appropriate bicycle, difficulty and surface are collected. The main trail
is then divided into sections of about 10 km, which contain information about the route profile. Each category of the
trail is distinguished by the colour, thickness and the type of lines, so that the user in any combination of layers turned
on got clear and well aranged information.
According to on the type of road line elements are divided into roads of the categories I., II., III., local and tertiary
roads, cycle tracks and lanes.
According to the type of bicycle they are devided into road, mountain and trekking ones.
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According to the difficulty the trails are divided into the easiest, medium and the most difficult ones.
According to the surface type asphalt, paving, clay, gravel and other surfaces are distinguished.
As a special linear element the lines of cellar lanes are kept, which form the complementary information to the point
element of cellar lanes and only show the spatial configuration of the streets’ network.
Each of line element then contains a combination of the above attributes - see Figure 6.

Table 1. Categories for cartographic symbols for special maps in wine cycling tourism
It was also necessary to solve the display of characters depending on the current scale (zoom). After a series of
experiments, this strategy was chosen: Due to the readability of the line elements, four sets of linear element sizes were
created. Boundary scales are: 1: 10,000 (ZM 10), 1: 25,000 (ZM 25), 1: 50,000 (ZM 50). For point elements, 2
character sets have been created with gradual imaging according to importance. The boundary scale is 1: 25,000. The
point elements are displayed according to the following rules:
•

vine, refreshment – displayed for all scales

•

shops and others – displayed from scale 1 : 40 000

•

accomodation – displayed from scale 1 : 25 000

•

points of interest – displayed from scale 1 : 15 000

•

Institutions, train stations, cycle points – displayed from scale 1 : 10 000

The concept of the proposed cartographic characters was stored in ESRI personal geo-database - see Figure 3.
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Figure 3. ESRI Personal Geo-database

EXPERIMENTAL RESULTS
According to the methodology described in the previous chapter, point cartographic symbols were proposed. They were
divided into 4 groups and their overview is shown in Figure 4.

Figure 4. Design of point cartographic symbols
Automatic switching of map layers in ZM 10, ZM 25 and ZM 50 scales is shown in Figure 5. The other maps data
(orthophoto, Open Street Map etc.) are activated by the user himself.
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Figure 5. Automatic visualization of cartographic symbols in various scales
The design of the line elements is shown in Figure 6. The design includes the attributes of these categories: the type of
communication, the type of surface and the difficulty of driving. The final form of the line character is in Figure 6d.
a) Type:
• road of I. class
• road of II. class
• road of III. class
• local road
• tertiary road
• cycle tracks
• cycle lanes
c) Difficulty:
• easiest
• medium
• the most difficult

b) Surface:
• asphalt
• paved
• concrete
panel
• gravel
• clay
• other

d) Example: cycle trail on road of I. class, asphalt
surface, easiest difficulty

Figure 6 Visual form of line cartographic symbols
The proposed cartographic symbols were used in the GIS information system of cycle touristic Moravian wine trails.
The application was created in ArcGIS and published to the ArcGIS Online module - see Figure 7.

Figure 7. Application in ArcGIS Online
The application contains all the necessary information for cyclists. In addition to routes and important points of interest,
you can view photos and attribute tables of selected objects - see Figure 8.
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Figure 8. Application in ArcGIS Online with the next information of the selected objects
Another important user information is to display the profile of the selected track - see Figure 9.

Obr. 9. Publication v ArcGIS Online – displaying of the profile of the selected route

CONCLUSIONS
In the article, point and line cartographic symbols were proposed for use in the purpose of the maps for cycling in the
area of Moravian wine trails. Point elements have been divided into several categories (vineyards, shops and other
services, accommodation, refreshments, places of interest, institutions and cycle point elements). The categories are
uniquely color-coded, and the specific phenomenon is specified by the internal drawing in the character. Linear
characters have been designed to provide information on these parameters: communication class, surface and difficulty.
The specific line element is displayed as a union of all of the listed attributes. The characters were implemented in the
GIS information system of cycling trails in Moravian wine-trails. The application was created in ArcGIS and published
into the ArcGIS Online module. The *.EMF format was used to support the point-to-point character compatibility
between ArcMap and ArcGIS On-line. The ArcGIS Online application allows you to view additional information
(attribute table, photo, etc.) for selected objects. It also solves the dynamic display of point and line characters with
respect to the current map scale. The user can also view the profile of the selected track. The application is available at:
[14].

871

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

ACKNOWLEDGEMENTS
This paper was elaborated by theoretical support Brno University of Technology specific research projects FAST-S-174746 with the name “Development of methods of qualitative assessment of data collected by modern measurement
technologies by support of GIS tools” and theoretical support with specific research projects FAST-S-18-5324
Investigation of the real behavior of building structures in operating conditions via geodetic methods and worked out
under the project No. LO1408 "AdMaS UP - Advanced Materials, Structures and Technologies", supported by Ministry
of Education, Youth and Sports under the „National Sustainability Programme I".

REFERENCES
[1] Bartonek, D.; Jezek, J.; Vackova, E.: Design of the Line Symbols on the Map of Cycling Paths by GIS Support. ADVANCED
SCIENCE LETTERS, Volume: 21, Issue: 11, pp.: 3515-3520, 2015.
[2] Borisov, M.; Trifkovic, M.; Nestorovic, Z.; et al.: Creating the digital key of topographic-cartographic symbols in arcGIS and
web map server environments. TECHNICS TECHNOLOGIES EDUCATION MANAGEMENT-TTEM, Volume: 7, Issue: 4, pp.:
1575-1579, 2012.
[3] Cano, R., G.; de Souza, C., C.; de Rezende, P., J.; et al.: Arc-based integer programming formulations for three variants of
proportional symbol maps. DISCRETE OPTIMIZATION, Volume: 18, pp.: 87-110, 2015.
[4] Dong, W.; Ran, J.; Wang, J. Effectiveness and Efficiency of Map Symbols for Dynamic Geographic Information Visualization.
CARTOGRAPHY AND GEOGRAPHIC INFORMATION SCIENCE, Volume: 39, Issue: 2, pp.: 98-106, 2012.
[5] Franke, C.; Schweikart, J.: Mental representation of landmarks on maps: Investigating cartographic visualization methods with
eye tracking technology. SPATIAL COGNITION AND COMPUTATION, Volume: 17, Issue: 1-2, pp.: 20-38, 2017.
[6] Halik, L.; Medynska-Gulij, B.: The Differentiation of Point Symbols using Selected Visual Variables in the Mobile Augmented
Reality System. CARTOGRAPHIC JOURNAL, Volume: 54, Issue: 2, pp.: 147-156, 2017.
[7] Krassanakis, V.; Filippakopoulou, V.; Nakos, B.: Detection of moving point symbols on cartographic backgrounds. JOURNAL
OF EYE MOVEMENT RESEARCH, Volume: 9, Issue: 2, Article Number: 2, 2016.
[8] Kubicek, P.; Sasinka, C.; Stachon, Z.; et al.: Cartographic Design and Usability of Visual Variables for Linear Features.
CARTOGRAPHIC JOURNAL, Volume: 54, Issue: 1, pp.: 91-102, 2017.
[9] Kunigami, G.; de Rezende, P., J.; de Souza, C., C.; et al.: Optimizing the Layout of Proportional Symbol Maps. Edited by:
Murgante, B; Gervasi, O; Iglesias, A; et al. COMPUTATIONAL SCIENCE AND ITS APPLICATIONS - ICCSA 2011, PT III,
Book Series: Lecture Notes in Computer Science, Volume: 6784, pp.: 1-16, 2011.
[10] Peterson, M., P.: Maps and the Meaning of the Cloud. CARTOGRAPHICA, Volume: 50, Issue: 4, pp.: 238-247, 2015.
[11] Qasem, A. M.: FORMAL MODEL OF THE SYNTHESIZED SCREEN IMAGE OF A DYNAMIC SITUATION IN AREAS
OF MONITORING MOBILE OBJECTS AND ITS IMPLEMENTATION IN A WEB-ORIENTED GEOINFORMATION
SYSTEM. CYBERNETICS AND SYSTEMS ANALYSIS, Volume: 53, Issue: 1, pp.: 125-137, 2017.
[12] Qin, Z.; Li, Z.: Grouping Rules for Effective Legend Design. CARTOGRAPHIC JOURNAL, Volume: 54, Issue: 1, pp.: 36-47,
2017.
[13] Vozenilek, V.; Belka, L.: THE CARTOGRAPHIC CONCEPT OF THE IMAGE MAP. Edited by: Halounova, L; Safar, V;
Jiang, J; et al. XXIII ISPRS Congress, Commission IV, Book Series: International Archives of the Photogrammetry Remote Sensing
and Spatial Information Sciences, Volume: 41, Issue: B4, pp.: 605-610, 2016.
[14] https://but-fce.maps.arcgis.com/apps/View/index.html?appid=27b8483f6fa1449bb8d18ca4b21706f2.

872

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

BIBLIOGRAPHY
About authors:

Assoc. Prof. Dalibor Bartoněk
Graduated from Faculty of Electrical Engineering, Brno University of Technology, specialization Electronic computers,
is currently an assoc. prof. at the Institute of Geodesy, Faculty of Civil Engineering. He deals with computer graphics,
databases, programming and GIS.

Ing. Jiří Ježek
Graduated in 1989 at Brno University of Technology under the Faculty of Civil Engineering. He deals with geodesy and
its applications, computer graphics and GIS.

Ing. Jiří Bureš, Ph.D.
Graduated in 1994 and Ph.D. in 2005 at Brno University of Technology under the Faculty of Civil Engineering. Since
1997 he has been lecturing at Brno University of Technology, Institute of Geodesy. He is working as private surveyor
specialist. Member of the Czech Union of Surveyors and Cartographers. His interests are engineering and industry
geodesy, satellite geodesy and GIS in civil engineering.

Ing. Eva Vacková

Graduated in 2012 at Brno University of Technology under the Faculty of Civil Engineering She deals with geodesy
and its applications and GIS in cartography.

873

