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Abstract
The new technologies allow cartography to change itself in order to meet the demands of new generations of
mapmakers and map users. As a science and practice of making maps, now cartography is more close to everybody
giving chance for tree-dimensional (3D) representation of the real word. The modern techniques allow map-makers to
design photo-realistic maps which are understandable for non professional users. The aim of the paper is to describe
some of cartographical aspects in designing of 3D maps: definition, classification, colour system, symbol system,
legend, projection, scale/ levels of detail, orientation and others. The answer of question what is the difference between
3D model of the real environment and 3D map is done. A 3D map is determined as a digital, mathematical defined,
three-dimensional virtual representation of the Earth, surfaces (e.g. luminous body's), objects and phenomena in nature
and society. Represented objects and phenomena are classified, designed and visualised according to a particular
purpose. On the base of this definition, the theory of symbol system for 3D maps is build and the design and usage of
3D symbols is demonstrated. An example of 3D mapping for needs of sport is presented. The steps which a
cartographer has to go through are presented, as well as the problems he/she meets and needs to solve in creating an
easy-to-use 3D map. The main principles of 3D modeling and its mapping application are touched by describing in
detail the steps of creating the contents of a 3D map and the various applications. There is a brief overview of the wide
range of applications of 3D maps that are becoming more and more popular in the modern world.
Keywords: 3D maps, Photorealistic maps, 3D symbol system, 3D cartography

INTRODUCTION
One of the main roles of cartography is its function of communication. Cartographers should deliver geo-information to
users – specialist, teachers, students, governmental institutions, desision makers and many others by the best way of
understanding and usability. Nowadays, we, cartographers have very big potential using the new technologies to
provide this spatial geo-information by 3D maps, animated maps, mobil maps, virtually represented cartographical
products. Augmented reality and digital globes are also in the area of 3D mapping (Jedlicka K. et al, 2012).
To design 3D maps is still big challenges to cartographers. One of weak aspect in this topic is not well developed
theoretical aspects and lack of standardisation. Haeberling (2002) try to explain why the term “3D maps” is not often
found in the letarature – using perspective 3D view in 2D media. Any way, cartographers need to make every new
cartographical product better than previous one and in the same time to create these still new theoretical acpects of 3D
maps.
This paper try to define and find theoretical base for 3D maps and cartography and using all cartographial aspects to
present a 3D map for needs of sport. The example shows a sport complex in Plovdiv city in Bulgaria.

3D MAPS AND USERS
Definition
The term “3D map” is defined several times by different scientists coming from their point of view:
• “A 3D map is determined as a digital, mathematical defined, three-dimensional virtual representation of the
Earth, surfaces, objects and phenomena in nature and society. Represented objects and phenomena are
classified, designed and visualized according to a particular purpose”, (Bandrova 2001);
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•

“Perspective view representations (as opposed to orthogonal view), are more commonly known as threedimensional or 3D maps, are one such product that can be created, using varied 3D modelling platforms and
software to manage and transform spatial data, to display standard location information and adding the extra
dimension of height (Petrovic, 2003).”
•
“3D map - modern computer-generated perspective view with cartographic content”, (Haeberling 2005);
• The term "3D maps" is used as a computer-generated perspective view of a three-dimensional geo-data model
with cartographic content presented on a two-dimensional media such as a computer display or a paper sheet
(Haeberling 2005).
• “3D map - a generalised representation of a specific area using symbolization to illustrate physical features”,
(Heaberling 2008).
The most of definition used a term “perspective view” of map presentation. We design a 3D map (see Fig. 1a,b) and
show that the view could not be only perspective but also in isometric projection and this one is better when we input a
scale bar in a 3D map. We need special analises and beter definition giving to our users, taking in account all necessary
data for their needs.

Users
Looking at the above mentioned definitions, 3D maps are a special type of maps, portraying 3D data. 3D map, it is
commonly understand a map containing Digital Terrain Model (DTM), 2D data draped on terrain, 3D models of objects
and 3D symbols. The most common use of 3D map is a map of urban areas. Such a map then usually consists of
medium and large scale layers. The 3D models shown at these maps have a lot of different purposes and ways of use.
The 3D models can be used for various 3D analyses, spatial planning, 3D cadaster, Crisis Management and so on, not
only to be presented in a form of 3D map.
A wider range of users, from young students to highly skilled specialists in various sciences and practices have better
understanding due to the realism displayed in 3D mapping (Bandrova, T., 2005). When geographic information is
delivered in 3D in a perspective point of view, it can enhance the users understanding of the spatial relationships
between features by being a more realistic view and more similar to natural landscapes, simplifying the information and
creating a less abstract view of the world than a traditional map (Haeberling, 2004). Also, height information no longer
needs to be derived from contour lines or shading, so there is less confusion for the user trying to decipher the heights
(Buchroithner, 2002 as cited in (Cartwright, W. et al., 2007). Symbols are what differentiate a map from a model,
providing the user with the required information, and according to a survey of 15 Bulgarian firms in the fields of GIS,
geodesy and cartography, are a very important cartographic issue (Zlatanova, S. and Bandrova, T., 1998). This
observation and the lack of formally defined 3D symbol systems lead Bandrova to develop theory for creation of a
symbol system that would standardize similar objects (e.g. street light) across a town, country, region or globally into a
generic 3D cartographic symbol representation (Bandrova, T., 2005).

Classification
3D maps can be done in several different ways, and each way creates a different representation of the landscape, nature
and build areas. 3D maps can be photorealistic, where the landscape is created to match the exact landscape, using
techniques of overlaying ortho-photography over a 3D model and phototexturing of the buildings, or can be
“symbolistic”, where the maps are generalized and symbols are designed to show object locations and information
(Dave Pegg, 2012).
According to data representation, 3D maps can be classified on:
- The real 3D maps are built on a real three-dimensional model. They have the ability for interactive
applications, real-time motion, animations, and more;
- Pseudodimensional 3D maps are perspective deformed two-dimensional maps with mapped images;
- Panoramic Drawings - Artistic Perspective Models. They are beautiful and attractive, but they do not have
mathematical precision and cartographic value. Artistic interpretations are characteristic of them.
According translocation aspect, 3D maps can be classified on:
- Animated 3D maps - based on a real 3D models and 3D maps and static 3D maps.
Animated mapping is the application of animation to the map, adding a time component showing change in some
dimensions. Most often, the change is displayed over time on a highly changed scale (or much faster than real time or
much slower). As animation mapping progresses, the development of guidelines for creating animated maps comes
along. Visual variables such as distance, lightness and shape used for static maps also can be applied here.
However, in 1991, David Di Biase and colleagues developed visual variables unique to the animated maps: duration,
pace of change and order. Duration is a time unit. A frame or scene is displayed that affects the smoothness of the
animation. The shorter one shot, the smoother the animation. The smoothness of the animation is also a function of the
speed of change (Slocum T. et al. 2005). Alan MacEachren adds these visual variables in 1998, including a date (the
time at which the change is initiated), frequency and synchronization (correspondence of 2 or more time series). The
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user can witness changes presented over time while manipulating the view direction, pace, or map parameters
(MacEachren, 1998).
Types of animated maps could be devided on:
• Time maps - show changes over time. Time maps are especially useful for looking at changes occurring at
each stage and analyzing progress gradually over time.There are many spheres in which time animation is
used: display and analysis of geographic models, weather events, climate, prediction of natural disasters and
their results, and other multidimensional data. There are specialized software products to predict natural
disasters, to show through animations in 3D environment the causes and consequences of the disaster.
Animations simulating a disaster for a given area and ways of safe evacuation are done.
• Non-time maps - show changes to other variables other than time. The variable can be a place, a position, a
level of generalization, and so on. It is also used when needed to display two datasets before and after the
transformation that is applied.

Color system
Haeberling (2002) describes colour and brightness of every object in 3D maps with thousands of variations. This is
correct and more over in the past we used only RGB (Red Green Blue) color system for screen presentation of 3D
Maps. Now we can describe also CMYK (Cyan Magenta Yellow Key) color system in case of 3D printing of maps.
More important question is standardisation of colors in specific 3D maps: in case of sport or other topic. There are some
attemts for color standardisations for 3D maps on early warning and crises management. Standardization in coloring for
3D maps is a long process and it could continue in many directions. Every defined color system could be improved to
be more clear and readable for users. The human vision also could be researched in the direction of how people react of
different colors in emergency situations (Konecny M. and Bandrova T., 2006).

Projections
The choice of the projection method is essential for the generation process of 3D maps.
All characteristics and mathematical procedures of the central projection, including parallel projection (cavalier
perspective, isometric view) or intermediary projections (e.g., progressive central perspective), must be considered.
With the choice of the perspective, the computer methods are mostly given. In 3D computer graphics the most
commonly used projections are two types: parallel (axonometric) and perspective (central). When projecting into an
axonometric projection of a 3D object, its individual points are projected onto the plane by a beam of parallel projection
rays and, when projected into a central projection, by beam rays extending from a point corresponding to the position of
the observer's eyes. „The word axonometry means axial measurement. To obtain an axonometric projection of an
object, we attach to the object a spatial, most often rectangular coordinate system. We design the object on the three
coordinate planes. Then we project on the projection plane (in this case the screen) both the object and its projections on
the coordinate planes and the axis of the coordinate system. Thereby we get an axonometric projection of the object”
(Galev, L, 1971).
In the axonometric projections, the horizontal and vertical dimensions are plotted in true length, but deformations exist
in the dimensions that characterize the "depth" of the object. Central projections show deformations in all dimensions of
the object. "The projection method in which an object makes almost the same impression on the eye as the object itself
is the perspective - a special central projection (Galev, L, 1971).
The photo shots that are used in the texture palette for designing the 3D maps are also in central projections. The image
that occurs on the retina of the eye when observing an object in reality is also in a central projection. In perspective
projection, the image makes the same impression on the observer as the object itself if the object is placed so that the
projection plane is between it and the design center (Figure. 1a). But isometric projection is more suitable in
cartographic presentation, showing scale bar in true dementions (Figure. 1b).

Figure 1 a, b. Part of 3D map in perspective projection (a) and isometric projection (b)
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Coordinate systems
The correct choice of coordinates in three-dimensional space is the key to the high precision that can be offered through
each user's 3D map. This is especially important for the exact location of 3D objects and contingency signs to which a
reference point or point of attachment to the map is to be defined. The objects and symbols may be attached to a local
rectangular spatial coordinate system.
In addition to this coordinate system, three-dimensional modeling enables us to use:
• Window coordinate system - In the active window with orthogonal projection, a screen coordinate system is
used, and in an active window with a central projection or perspective a global coordinate system is possible;
• On-Screen Coordinate System - Local Coordinate System in Active Projection Window. Unlike the window,
this system is also found in windows with non-orthogonal projection. Upon activation of some of the
projection windows, the orientation of the coordinate axes in all other windows is changed to match the axis
orientation in the active window of the design direction in each window;
• Parent coordinate system - a local coordinate system using the axis of another individual object associated with
it;
• Network coordinate system - the coordinate system of the active object is a network. If an active network
system is not available, the output coordinate network is used. This network coordinate system, referred to as
the "network", allows for easy orientation in the three dimensional space;
• Selective Coordinate System - System coordinates of any object that is separated on the screen after selecting a
given triad of coordinates.
The results of any transformation of any object or conditional sign depend on what coordinate system will be
implemented, what constraints will be placed on the axes, and what conversion center will be chosen.
Most common symbols in 3D maps are located in a local spatial coordinate system (called by some authors a model
coordinate system). We can assume that the Z axis of this system points vertically upward and corresponds to the notion
of altitude, the X-axis on the right corresponds to the concept of width, and the Y-axis to the observer corresponds to
the term length or depth of the map. When attaching an object, the second type - an intra-local coordinate system can be
used. The origin of this coordinate system is a reference point that can be the geometric center of an object or its
container (the parallelepiped surrounding a given complex object), or lie in the geometric center of the object. The axis
of the coordinate system is parallel to the sides of the container of the object. This type of local coordinate system is
used when an arbitrary space-oriented object has to be moved or rotated around one of its own axes.

Levels of detail
3D maps can be created in several different ways and depending on the levels of detail, this will cause an inconsistent
image, and problems with generalization and symbology can occur. This is made more difficult due to the continuously
changing scale (Bandrova, 2005).
The levels of detail in cartography often reflect not only the enhancement of the detail of the objects, but also the
inclusion of visualization of an entirely new type of data. Due to the complexity of cartographic visualization and the
relativity expressed by differences in consumer needs, a precise level of detail model can not be built, working equally
well for different territories. For example, when creating a three-dimensional model of cartographic terrain, the level of
detail required would be radically different from the urban environment. The levels of detail may also vary depending
on what the map is for.
The levels of detail in 3D mapping should contain information about all significant elements of the medium. Examples
are urban maps that are mostly used for orientation and navigation, meaning that elements facilitating spatial orientation
are also of great importance. Issues that can affect the usefulness of a 3D map are different levels of detail and
abstraction, depth perception and a constantly changing scale. 3D maps can be created in several different ways and
depending on the level of detail, this will cause an inconsistent image, and problems with generalization and symbology
can occur. This is made more difficult due to the continuously changing scale (Bandrova, 2005). Symbols are what
differentiate a map from a model, providing the user with the required information (Zlatanova, S. and Bandrova, T.,
1998).

Generalization
Traditional cartographic generalization does not explore all aspects of generalization in computer graphics, which is a
powerful tool in creating this new kind of cartographic model - 3D maps.
Traditional cartography generalization can be added to:
• automatic generalization;
• dynamic generalization;
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• interactive generalization.
The automatic generalization, as Berlyant writes, appears in the formalized selection, smoothing and filtration of the
image in accordance with certain formal criteria. Smoothing can be used to simplify curved contours when creating
contingency signs or on highly dissected surfaces. The process of automatic generalization is well manageable, but it is
difficult to introduce informal assessments, parameters with content value (Berlyant, А. М., 1996).
We have a dynamic generalization when we use 3D maps to build an animation movie for a given territory, or to track
the evolution of a given space and time phenomenon. Then the image is exalted, we observe the main, time-stable,
typical and long-term tendencies for phenomenon development by introducing velocity as a norm of generalization.
"The principles of generalization are determined by the rate of shifts that have not yet been studied. The difference
between the usual and the fast-moving movie demos is quite different: from 24 to several thousand frames per second"
(Berlyant, 1996). This generalization introduces the time effect into 3D maps or creates 4D maps as many scientists call
them.
Interactive generalization combines traditional mapping generalization with automatic and time generalization.
Interactive intervention again subjectivises the process of overall generalization on 3D maps.
It is clear that the geometric shape of the objects depicted by conditional signs, the representation of their quantitative
and qualitative characteristics as well as the newly introduced dynamic aspects through time or dynamic generalization
will determine the content of each 3D map. Many other autors point attention as well in Web 3D presentation and
visualization (Zlatanova and Tempfli, 2000).

Symbol system
Conditional characters are created to resemble their real equivalents as much as possible. They must be depicted in a
way that makes it easier for the user to read the map and helps him / her to get the information he wants.
The marking system selection must be done carefully so that the symbols can stand out and do not fuse with the main
contents of the map, nor should it mislead the user. Ealrier in 1998, Zlatanova and Bandrova conducted their own
research on the use of symbols in 3D models, determining that symbology was required to add guiding information such
as place names, landmarks and public information (Bandrova, T., 2001). Below are the steps that Bandrova developed.
1) The symbols should be similar to the real objects, which are represented in 3D map.
2) Minimum polygons should be used when a new symbol is built.
3) The symbols should be created in their real dimensions.
4) The symbols are designed for different purposes depending on user's needs.
The steps in creating symbols for 3D maps are distinguished as follows:
1) gathering information about an object (quality and quantity characteristics, images, textures);
2) analyzing information and collecting data about each object;
3) designing symbols by visual and metric analysis and then applying computer graphics techniques;
4) visualizing symbols in the virtual environment;
5) obtaining synthesized information for an object.

Legend
In creating 3D cartographic products, the visualization of objects is of particular importance because they need to be
readily perceived and recognized. Legend in 3D maps is unnecessary because at first sight the user associates the
content and does not need any further clarification. Only when it comes to presenting quantitative information through
3D mapping is the existence of a legend necessary. The scales used for data visualization must be on the map so that
users can read the required information correctly.

Scale
Scale is an extremely important element in any map. It represents the relation of a segment of the map to its actual size.
Increasingly, the 1:1 scale is associated with 3D models and maps. In them the objects are depicted with their real
dimensions so that their appearance and size can be easily changed. By "zoom in" and "zoom out" the user can change
the viewpoint and how remote and small the mapped objects are, which sometimes hinders normal perception because it
is impossible to understand the size of the object at the exact moment of visualization, if it is not marked anywhere.
From a different point of view, displaying objects in their real size and lack of visualization constraints make it easy for
users to easily switch from one scale to another and use the map or model for different applications without the risk of
deterioration in product quality. Haeberling (2002) proposes graphical scale bar or using subtle measuring tools for
scale presentation.
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Zoom in and out on the 3D map
The range of a large image that can be generated in a 3D map is enormous. With the largest increase of a section of the
map or conditional sign, real size details can be seen. However, this can be useful in extremely small cases, e.g. for
more accurate positioning. The screen of the computer will limit us to the dimensions of the map we will handle.
In this case, not only the dimensions of the objects, but also the distances from their reference or reference points to the
center of the scale. In another case, each individual object or symbol can be scaled to its own reference point. Then the
distances between the reference or reference points of the objects and the contingency signs remain unchanged. A third
volume zoom with the same properties may be used in relation to the start of a given coordinate system.
Flat Scale
The principles of this type of scaling are the same as for the bulk. The geometric dimensions of the objects and the
distances between their reference and reference points and the scaling centers are changed but only in directions parallel
to two of the coordinate axes (eg XY, YZ, ZX, etc.). In the third direction, perpendicular to the plane defined by the two
coordinate axes, the dimensions do not change. Such a zoom is convenient when working with one of the plane
visualizations of 3D maps or when designing contingency signs.

Accuracy
The accuracy of the 3D map is not less than that of the source material - 0.2.S mm (Scale) for paper maps, and for
digital models is equal to the accuracy of the measurements. The development of 3D maps and models has been
developing more and more in recent years. There are a number of elements that are fully elucidated in the 2D mapping,
but the corresponding three-dimensional standard has not yet been established. With the addition of a third dimension in
cartographic products, readability is greatly enhanced by the proximity to the natural perception of man and the amount
of rapidly perceived information is increasing.
Accuracy of display of objects and contingency symbols
Designing a 3D Map can subtract the accuracy of output data obtained from digitization, direct measurements, and
satellite imagery. The accuracy of referral of an object may reach 0.1 mm, which accuracy would satisfy users of this
type of map. Attaching objects or contingencies to a 3D map is done by X, Y, Z coordinates in a local coordinate
system, or relative local coordinates x, y, z, relative to a predefined starting point.
The accuracy of using a 3D mapping system can be seen in 3 aspects:
• positional accuracy (referrer accuracy);
• thematic accuracy;
• semantic accuracy.
Positional accuracy is one that refers to the actual location of the object on the ground. It is influenced by:
• accuracy of measurement and data collection;
• 2D map output scale;
• hardware and method of processing the output data;
The accuracy of the thematic information to be displayed on the map depends on: the data used (e.g., statistical data
quality, collection and processing methods), and data transformation (selecting, classifying, and referencing data to
other data).
"The way the map data is symbolized and visualized is part of the thematic accuracy. Data can be displayed on the map
as a basic structure, such as a map showing the population density by area. In reality, however, the calculated density
can be attributed to a part of that area, while another portion does not have the same density" (Sijmons, K., 1995).
Semantic accuracy is the accuracy with which characters define objects. Depending on the purpose and use of the map,
contingency signs must be designed in a way that the user can visualize the objects as they are in reality. The problem
with the semantic accuracy of 2D maps is overcome by 3D modeling methods, which provide an extremely high-level
photorealistic visualization of real-world objects.

3D MAP OR 3D MODEL
It is true that each map is a model of the reality of certain real objects or phenomena, but not every model is a map. The
question of exactly which 3D model is a map should be clearly clarified. The answer to this question lies in the history
of contemporary cartography (Bandrova, 2001a).
3D topographic mapping marks the beginning of this new section of cartography used primarily for military purposes.
K. Temfield has defined it as retrieving information about topographical images of objects or their digital representation
in the form of geometric, semantic and radiometric properties of these objects. Geometry gives shape, dimensions,
location and topology. The location is defined in a three-dimensional cartesian coordinate system (e.g., a top-center).
Topology is described through spatial relationships between objects and their components (Tempfli, K., 1998).
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Professor Michael Goodchild writes about the paradox of modern cartography, exemplifying the flat 2D view of the
world and the deformations that we need to supplement through the perspective views shown in the latest versions of
Microsoft's Atcast Encarta. He notes that the "average" user will work with the digital globe more comfortably and
easily understandable than the digital Mercator projection, "and kids understand this globe more easily than its earlier
projection version" (Goodchild, M. F., 1999).
In the definitions of Professor Berlyant, we find the modern vision of cartography and map and when they are worldrenowned, there will be no point in looking at the 3D map as some kind of new type of cartographic model, as well as
its separate definition. He writes, "cartography is seen as a science of systematic information cartography modeling and
exploration of geosystems, and the map - as a form-signified geo-information model of reality" (Berlyant А. М., 2000).
Here, it can be summed up that the 3D map must be considered as a cartographic model of real reality. The concept of a
3D model only gives guidance in the large classification order of cartographic works about their dimensionality, but
does not define the nature of the map. The real-world 3D model will become a 3D map when it is applied to all
elements of 3D mapping: map accuracy, generalization, symbolization or sign-building, texture, lighting, animation
when needed, etc (Bandrova, 2001a).
With 3D maps, the user can change the properties and purpose of the model in different ways: visualizing with different
character groups, selecting elements and objects to be visualized, zooming, spatial transformations, removing or adding
data, simulating motion in real time, positioning of new objects on the terrain, dynamic analyzes of phenomena and
others. Individual tables of specification, attributes, topologies, photos, sounds can be added to individual objects. The
data need not be equally precise. There is no limit to the size or range of the model, with the only limit being the
hardware resource.This is one of the main disadvantages of 3D maps - the need for a great hardware resource for its
creation. Other drawbacks of the 3D map are great preparatory work in designing and controlling the mutual position of
objects and symbols. Our challenge is to work on standartization of 3D maps similar as some works of standards for 3D
models, e.g. comperative standards for different file formats can be found in Zlatanova et al, 2018.

3D MAP FOR SPORT NEEDS
Technology for designing 3D maps
The technical process of making a 3D map is of utmost importance, as the data entry at all affects the final vision of the
map. All steps are done interactively. In the process of making each cartographic product, users' needs must be taken
into account. Knowledge, experience, and cause of product use (e.g. goals, place, and time) should be considered. At
this stage, the understanding of future users, their needs and the topics that interest them indirectly influence the choice
of the type of the map (Boyanova К. and Bandrova Т., 2013).
A modified version of the technology “From Paper to Virtual Map” (Bandrova, 2001a) is used to create a 3D map of the
Sports Complex "Recreation and Culture", located in the city of Plovdiv, Bulgaria (see Figure 6). The used technology
can be summarized in the following steps given in Figure 2.

Figure 2. Technology for designing 3D maps
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1. Sources and ways of collecting data
Data, depending on its specific content, can be considered as spatial or attribute. Spatial data are in turn vector and
raster.
• Vector data
The set of vector data includes points, lines, and polygons depicting objects on the map. Most often, points are
used to describe specific locations on the ground. Lines are used in linear objects such as roads or boundaries,
while polygons characterize areas such as farmland and lakes. The vector data and vector models differ in that
the component H (height) is present in the models, which gives a three-dimensional image.
• Raster data
The raster is a data structure that is generally a rectangular matrix of individual cells (pixels), i.e., each cell in
the image has a numeric value that contains information. The position pixels occupy in a given array can be
determined by the column number and row. By definition, each cell is a homogeneous unit in terms to its
attributes.
• Attribute data
Attribute data is the aggregate of data that can be used to reflect spatial characteristics of objects. They can be
two types - quantitative and qualitative, quantitative data being used in different statistical analyzes. These data
can be represented visually in graphs and diagrams.
Sources for creating a 3D map can include cadastral maps, other existing plans and maps for the site, geodetic field
measurements, topographic maps, raster images, and more. Three-dimensional modeling is required for site layout both
in plan and elevation (X, Y, Z coordinates). The most commonly used data collection methods are: geodetic,
photogrammetric, space, digitization, scanning and vectoring. The processes involved in converting analogue data into
digital form are performed with different technical means, resulting in the resulting numerical data being different in
terms of mathematical basis, composition, format, encoding, etc. The end result, irrespective of the methods used, is the
spatial position of objects from the Earth's surface.

2. Data processing - Include third coordinates
3. Creating a digital terrain model (DTM)
The existing altitude points on the map are used to reconstruct the surface terrain. It can be visualized in a hypsometric
way or in a photorealistic way.

4. Creating the main content
Main content consists of objects or phenomena that are essential for users. These are large topographic or landscape
objects such as relief forms, also roads, bridges and buildings. Relief is an essential part of 3D maps. An example of
basic content in a sports map are stadiums, halls, playgrounds, stands, comb, medical centers, roads, parking. Objects of
the main content must be visible and clearly distinguishable.

5. Creating the secondary content
Secondary content, which carries the basic information. For example in sport maps – objects such as football goal,
basketball hoop, information signs, trees, etc are represented by symbols (Figure 3). Some objects in rural or urban
environment are more useful to different users. But they are“small objects” and their realistic representation in a 3D
map is very expensive. Though users need toknow that these objects are presented and where they are located.
Therefore, such objects can be represented by symbols. They should be as simple as possible and easily visualized.
Symbol creation is explained in more detail in the next section.
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Figure 3. 3D Symbols used in 3D maps to display secondary content

6. Creating additional content – Preparation of phototextures
The additional content provides qualitative and quantitative information about objects in relation to each of the objects
or the map as a whole. These are all additional annotations and features of objects from the main content such as
textures, written text, etc. (Figure 4). Preparation of the photo-textures is a costly procedure, but it gives 3D maps a
highly realistic representation.

Figure 4.
Different textures used in 3D maps to display additional content

Layout and visualization
•

Matching all elements

•

Selection of projection, scale, scene and range

•

Additional effects (lighting, atmosphere)

•

Rendering

•

Additional treatment of the map with inscriptions, symbols, etc

•

Final product

Symbol system for 3D maps
As for 3D symbol, they are expected to portray real objects and phenomena to navigate and direct the user into the 3D
model as in the real world (Zlatanova S. и Bandrova Т., 1998).

Steps to create a 3D symbol
In the design of symbol system and the classification and systematization of objects, a number of conditions are taken
into account when compiling the maps is considered. These are content, purpose, nature of use, peculiarities of visual
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perception, aesthetic requirements, hardware and software capabilities. Based on these prerequisites, the following
model of the stages of creating a 3D conditional sign for a topographic object can be created (Bandrova Т., 2001):
The steps in creating symbols for 3D maps are shown on Figure 5 and distinguished as follows:
1. gathering information about an object (quality and quantity characteristics, images, textures);
2. analyzing information and collecting data about each object;
3. designing symbols by visual and metric analysis and then applying computer graphics techniques;
4. visualizing symbols in the virtual environment;
5. obtaining synthesized information for an object.

Requirements for the 3D Symbol system
The symbol system must have precise and concise definitions to read and perceive easily. They must be recognizable in
3D maps without legend. They represent much more accurately the real objects or phenomena than that 2D. 3D
characters help users navigate and navigate the 3D model (Bandrova Т., Zlatanova S., Коnecny M., 2012).
The following requirements are complied with when creating the symbol system in the present work:
• The symbols resemble the real objects that are depicted in the 3D map. In the event that objects of the same
species are represented in the real world in different ways, the conditional sign resembles the most common
type or mode;
• The symbols are constructed with the actual dimensions of the objects represented. This is done to ensure the
correct proportion in the visualization of the various map elements;
• Minimum polygons are used when a new symbol is built;
• The symbols are designed for different purposes depending on user's needs.

Figure 6. 3D map of the Sports Complex "Recreation and Culture", located in the city of Plovdiv, Bulgaria

Applications of 3D maps for needs of sport
The created 3D map can be used in many aspects and here we describe several users’ applications. Some of them need
futher development of the map according specific sport needs.
• For a realistic view of the complex;
• For architectural purposes;
• Planning for reconstruction;
• The basis for the elaboration of a disaster evacuation plan;
• Basis of visualization of the distribution of different types of pollutants;
• Can be used in education in schools and universities - multimedia education;
• To attract investors in the area;
• To organize a World Rowing Championship;
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•
•
•
•
•
•
•
•
•
•

To organize a Athletics Championship;
To organize aFootball Championship for children and adolescents;
Planning an Olympic Village to organize the Olympic Games;
Basis of sports simulation;
The basis for planning concerts and festivals in the area of the complex;
The basis of computer games;
The basis of a film project;
As the basis of telecommunication companies;
To Simulate Urban Traffic;
For hiking.

CONCLUSIONS
Making a 3D map is an extremely complex and labor-intensive process. The application of 3D mapping to the needs of
sport gives great results and benefits. The final cartographic product has a rich application and can be of benefit to many
different users. Information is available to specialists, such as engineers and architects, as well as other unqualified
users - the assignors or potential buyers and tenants. The interactivity and real dimensions of the 3D map objects make
the information clear and accessible, close to the natural perceptions of the reality.
The challanges to make 3D maps for sport is still not only gathering data, modeling, design and visualization but to
make them more appropriate and userfunctions for sport needs. In our future works we aim to find more applications for
sport needs using new mwthods of data visualization. But the biggest question will be about standardisation of all
cartographic elements in 3D map.
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