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ABSTRACT: 

 

This article focuses on the content and processing of the prepared dissertation thesis, which deals with the possibilities of using new 

technologies and software tools such as procedural generation of 3D models, game engines, rendering programs, virtual and augmented 

reality, eye tracking and BIM in cartographic processing and 3D landscape visualization. The dissertation focuses on the 

interconnection of these technologies, on new methods of processing and on the combination of the use of modern software equipment 

with already existing methods of processing into one complete process. For these purposes, the possibilities of using, among other 

things, software development kits (SDK), plugins and extensions of existing programs will be explored. Great emphasis will be placed 

on the Unity game engine and the ability to use its individual parts (rendering engine, physics engine, scripting, simulation, and AI) to 

create new workflows and new types of processing / outputs. The main goal of this dissertation is to find and document the possibilities 

of interconnection of individual technologies, especially those that are not commonly used or can be considered new (no scientific 

articles were found that would use these methods of interconnection). The result of the dissertation will be new working procedures 

and more realistic visualizations of 3D models and scenes corresponding to the technologies available today. An equally important 

part of the dissertation will be the creation of sample projects for individual programs, test data, work procedures and general teaching 

materials to simplify the use of these technologies in teaching and in departmental projects. 

 

 

1. INTRODUCTION 

Due to the rapid development of technologies, especially in the 

field of working with 3D data, it is increasingly difficult to 

orientate in these technologies and effectively integrate them into 

existing workflows. Another problem is then trying to effectively 

combine these new technologies.  

 

For these reasons, this work focuses on mapping new 

technologies and software tools and their possibilities of 

interconnection and interconnection with existing processing 

methods, both theoretically in the form of technology 

interconnection diagrams, determination of possible inputs and 

outputs, research of necessary hardware and software, and 

practically in the form of tutorials, lists of required plugins, 

extensions and file formats needed to link these technologies. 

 

The aim of this work is to raise awareness of new technologies 

that are not yet widespread in the field of cartography, facilitate 

the use of these new technologies and software and facilitate their 

integration and integration into existing workflows, departmental 

projects, student theses and teaching in general. 

 

Due to the scope and concept of the work, it is necessary to draw 

information from many sources that focus on the use of these new 

technologies in cartography and in general when working with 

3D data. One of the basic resources are scientific articles and 

conference papers, but in addition to them, other resources will 

be used, which are focused on specific user experiences and 

problem solving, such as discussion forums, technical support for 

individual software, documentation, etc., 

 

Selected research technologies include procedural model 

generation, game engines, rendering software, virtual and 

augmented reality, and eye tracking. This list may be 

supplemented by other technologies during processing. 

 

 

2. TECHNOLOGIES 

The next chapter deals with individual technologies and their use 

in cartography with a focus on connecting / combining 

technologies to create more complex outputs. 

 

 
Figure 1. Overview of technologies and their software solutions 

 

 

2.1 Procedural 3D modeling 

The first of the examined technologies is the procedural modeling 

of 3D models. It is an algorithmic method of 3D modeling 

according to the so-called “rule file” (Müller & Wonka, 2006) 

and (Watson & Muller, 2008).  

 

This technology is most often used in the visualization of 

historical data, based on map data (Janovský, Janata, Cajthaml, 

2020), (Arnold, Lafreniere, 2018), plans, photographs, and other 

documents (Kitsakis, Tsiliakou, 2017). It is also used as a method 
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for generating models in the vicinity of areas of interest, which 

no longer need to be processed in such high detail and serves as 

a complement to the visualization of the environment. 

 

Most scientific papers with procedural generation have one thing 

in common, that they do not only use outputs from procedural 

generation, but also use outputs from other technologies such as 

GIS (Janovský, Janata, Cajthaml, 2020), (Arnold, Lafreniere, 

2018), and that procedural modeling results are often used for 

further processing by other technologies such as game engines 

(Mueller, 2018 and 2020). 

 

An interesting phenomenon are ESRI's products, namely ArcGIS 

Pro (GIS software), City Engine (software primarily focused on 

procedural modeling) and ArcGIS Online (online publishing and 

visualization platform), where individual technologies are 

connected directly within ESRI products. Furthermore, 

conference presentations and papers dealing with the 

interconnection of CityEngine with game engines (Unity and 

Unreal) regularly appear at official ESRI conferences (Esri 

Developer Summit) focusing on improving scene visualizations 

and VR utilization (Mueller, 2018 and 2020). 

 

 

2.2 Game Engines 

Another of the researched technologies are game engines and 

their use in the processing of 3D models and GIS data with a 

focus on visualization of results (Mat, 2014). The game engine is 

a software framework primarily designed for video game 

development and generally includes relevant libraries and 

supporting programs, which may include a rendering engine for 

2D or 3D graphics, physics engine, collision detection, sound, 

scripting, animation, artificial intelligence, networking, 

streaming, memory management, threads management, 

localization support, scene graphs, and video support for 

cinematography (Unity, Unreal Engine, 2022). Due to the large 

number of processing options, game engines are increasingly 

used for data management (Ma, 2021).  

 

Two of the most used game engines have a function for importing 

GIS data (Unreal uses the so-called “Datasmith Importer”, Unity 

requires a paid PiXYZ plugin). In cartography, one of the most 

frequently used functions of game engines is the creation of VR 

applications (Mueller, 2020). 

 

 

2.3 Virtual reality 

Virtual reality that can be created in game engines is generally a 

virtual environment with which we can interact using a VR set, 

ie VR glasses that allow us to see and experience virtual reality 

and controllers used to interact and move in the virtual world. 

 

VR is used primarily as a form of visualization of 3D models and 

scenes (Lütjens, Kersten, Dorschel, 2019), but it can also be used 

for the purpose of optimizing work activities where knowledge 

from virtual reality is evaluated and the results are then reflected 

in the real world (Muhammad, Yıtmen, Alızadehsalehı, 2020). 

Quite often a 3D model or scene is first created using laser 

scanning or other technology capturing real world data, then 

imported into a game engine where a VR application is created 

(Büyüksalih, Kan, Özkan, 2020).  

 

 

2.4 Eye-Tracking 

One of the new technologies is also Eye-Tracking, which takes 

several forms: static and mobile (Pentus, Ploom, Mehine, 2020), 

and the latest eye-tracking in VR (Clay, P. König, S. U. König, 

2019). The principle of eye-tracking is to monitor and record eye 

movement, this data is then stored and statistically processed. 

During the processing, the length and frequency of fixation of the 

view of the objects of interest are evaluated, from which 

conclusions are drawn related to the observed phenomenon 

(Niehorster, Santini, Hessels, 2020). 

 

In cartography, eye-tracking is used mainly to evaluate 

cartographic works in terms of readability and understanding, 

which is mainly addressed by RNDr. Stanislav Popelka, Ph.D. 

(Popelka, 2012, 2013, 2018). 

 

 

2.5 Rendering software 

Another large group of technologies is rendering software, which 

focus on creating a so-called "render". Render is a photorealistic 

representation of images, scenes and models by working with 

materials (textures), lighting, shading, filters and other attributes 

that are applied to the original data by a computer process (Shum, 

Kang, 2000) (Botsch, Kobbelt, 2003). Game engines that contain 

their own rendering engine can also be freely included in the 

category of rendering software (Baek, Ji, Jin, Yun, 2019). Many 

different rendering software are used in practice. Freely available 

Blender or paid Lumion (Ramdhaniati, 2021) are often used in 

cartography. 

 

 

2.6 Other technologies 

Other technologies such as 3D printing for the creation of 

physical models (Oswald, 2019), BIM and machine learning will 

be gradually incorporated into this work during its course. 

 

 

3. METHOD 

The whole work consists of three parts: 

 

The first part deals with the theory of individual technologies, the 

possibilities of their use in the visualization of 3D models and 

scenes, the possibilities of interconnection with other 

technologies, input and output formats, hardware and licensing 

requirements for use in teaching, and comparison of software 

solutions. 

 

The second part deals with theoretical and practical possibilities 

of interconnecting technologies with a focus on variables that 

may affect this process (file formats, data size, data type, 

software used, planned further processing, selected plugins and 

extensions, etc.) 

 

The third part consists of the creation of teaching materials to 

connect and work with individual technologies and software. For 

the purposes of the dissertation, however, it will rather serve only 

as an example of possible results and work processes arising from 

the interconnection of technologies and solving the problems that 

have arisen. 
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3.1 Solution procedure 

To facilitate the solution of the use and interconnection of 

technologies, individual steps have been set according to which 

the examination of these technologies will proceed. The 

following points will be tested for each technology and its 

software solution: 

 

1) analyze possible uses for cartographic visualization 

2) find the best way to import different types of data 

3) analyze the suitability for processing large amounts of 

data (both in size and quantity) 

4) process test data 

5) compare processing and results with other programs 

with the same functionality 

6) find other technologies that could follow the 

processing to obtain new or improved results  

7) document the whole process 

8) create teaching materials / test projects 

9) find / design / process new workflows / outputs 

10) graphical display of points 1-9 in the form of 

flowcharts 

 

 

3.2 Survey of individual technologies 

The first part of the work focuses on the research of various 

technologies that can be used in the processing of 3D models and 

scenes. These technologies and software examine the types and 

formats of inputs and outputs, the theoretical possibilities of 

interconnection with other technologies, the necessary hardware 

and software for the use of individual technologies and, if 

possible, the use of multiple software or hardware solutions by 

comparing them.  

 

During the literature search and preparatory work in the research 

of individual technologies, various research goals for individual 

technologies were found and set. 

 

• Focus on technical issues associated with 

interconnecting of technologies, such as the 

interconnection of CityEngine (procedural modeling) 

and game engines, where file formats play a major role, 

such as the appropriateness of using specific 

technologies and software for big data processing. 

 

• Explore the possibilities of using plugins, extensions 

and software development kits (SDK) of existing 

programs, selecting the appropriate engine, comparing 

functionalities with other technologies, such as 

comparing model rendering and creating VR 

applications in game engines and rendering software 

such as Blender or Lumion, which also have these 

features.  

 

• Great emphasis will be placed on the Unity game 

engine and the ability to use its individual parts 

(rendering engine, physics engine, scripting, 

simulation, and AI) to create new workflows and new 

types of processing / outputs 

 

• In virtual reality, explore the choice of software, 

optimization of data, models and scenes that will be 

used as a basis for virtual reality and the possibilities 

of linking virtual reality with eye-tracking, which will 

allow the acquisition of visual data in VR. 

 

• Compare the functionality and outputs of rendering 

software and game engines and determine when and 

how to choose between these technologies / software 

with respect to input data variables. 

 

• Focus on the applied use of eye-tracking for better 

creation of cartographic 3D visualizations, specifically 

to explore the possibilities of connecting eye-tracking 

with the process of creating 3D models and scenes. 

Using eye-tracking data processing results as input data 

for creating and editing 3D models and scenes. 

 

• Use mobile eye tracking to improve the quality of 3D 

printed models and generally examine the adjustments 

to the model and input data required for physical 3D 

printing. 

 

 

3.3 Technology interconnection 

Diagrams showing the possibilities of processing, individual 

outputs, possibilities of visualization of outputs and possibilities 

of using outputs by other technologies (programs) are first 

created for individual technologies. These diagrams are created 

iteratively, as with each new technology the diagrams of other 

technologies are extended by the possibility of interconnection or 

new processing possibilities (optimization of processing for 

further use by another technology, etc.). 

 

 
Figure 2. Example of a diagram for procedural modeling 

 

 

An example of a flowchart is shown in Figure 2, which shows 

that procedural modeling involves creating a 3D model that we 

can optimize for VR (since we look at the model in VR from a 

different perspective and some parts of the model are visible) and 

the results can be exported in formats suitable for import into 

game engines. Furthermore, we can increase the quality (detail) 

of models in areas of interest and reduce the quality in other areas, 

while data on these sites can be obtained from statistical data 

obtained from the processing of data from Eye-Tracking. All 

these steps are optional, and it only makes sense to perform them 

if we want to link procedural modeling with these other 

technologies, and according to our choice and needs, the whole 

next workflow will change. 
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After compiling the diagrams of individual technologies, the 

second step occurs - Interconnection of technologies. This step 

specifically examines how to connect the various technologies, 

from simple data export and import to using user experience to 

select appropriate plugins, extensions, and the most appropriate 

file formats for data import. When using several software 

solutions, it is further investigated which software to use and 

why. 

 

 
Figure 3. Scheme of importing GIS data into game engines 

 

 

As with the survey of individual technologies, flowcharts are 

created here as well. These diagrams show the possibilities of 

interconnecting technologies. Due to the influence of input data 

on the possibilities of processing and interconnection of 

technologies, several versions of these diagrams will be created, 

which will represent different input data (size, type, format, etc.). 

 

 
Figure 4. Example of a diagram for technology interconnection 

 

 

Figure 4 shows a diagram with theoretical possibilities of 

interconnection of individual technologies. What is missing here, 

however, are the specific steps needed to link them, which are 

often much more complicated than they might seem and vary 

depending on many factors. 

 

As an example, there is a figure 3, which shows the procedure of 

importing GIS data into the two most used game engines (Unity 

and Unreal). In this case, the CityEngine program is used as an 

intermediary for import, as there are generally problems with 

importing GIS data (most often in FBX format), even in cases 

where this option is directly built into the game engine (Unreal). 

The second of the engines (Unity) supports the import of GIS 

data only using plugins such as paid PiXYZ. 

 

To prevent these problems, CityEngine is used, in which it is 

possible to create a scene with data that is imported much easier 

and without major problems. In this example, it is clear how 

much depends on specific other software solutions, data format, 

and variables that significantly affect the interconnection of 

individual technologies. 

 

 

3.4 Processing test data 

During the whole work, it is necessary to practically test 

individual work procedures and ideas about working with 

individual technologies and their interconnection. Although the 

practical part of this work is not intended as a case study for the 

processing of specific data, but as a general study whose results 

should be applicable in general, one of the results should be 

teaching materials demonstrating findings and specific 

procedures on specific data. 

 

These teaching materials are used to introduce the various 

technologies and software associated with them, and their main 

task is to facilitate the use of these technologies in professional 

projects and in teaching. 

 

Teaching materials will take the form of training projects and 

data, video tutorials, links to the necessary software, extensions, 

plugins, etc. 

 

Content of teaching materials: 

• Pre-prepared test data and projects 

• Documentation of the possibilities of using individual 

technologies / software 

• Documentation of basic functions usable for data 

processing 

• Specific procedures for data import / export 

• Solving common problems 

• Specific procedures for interconnection of individual 

technologies 

• Documentation of possibilities of further processing 

and visualization of results 

 

 

4. RESULTS 

The main goal of this dissertation is to find and document the 

possibilities of interconnection of individual technologies, 

especially those that are not commonly used or can be considered 

new (no scientific articles were found that would use these 

methods of interconnection). 

 

The result of the dissertation will be new working procedures and 

more realistic visualizations of 3D models and scenes 

corresponding to the technologies available today. An equally 

important part of the dissertation will be the creation of sample 

projects for individual programs, test data, work procedures and 

general teaching materials to simplify the use of these 

technologies in teaching and in departmental projects.  
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The expected results of this work are described in several points 

below 

 

• Overview of available technologies working with 3D 

data 

• Comparison of software within individual technologies 

• Flowcharts of 3D data processing / visualization 

• Practical solution for connecting individual 

technologies 

• Flowcharts of interconnection of individual 

technologies 

• Teaching materials to connect and use individual 

technologies 

 

   

5. CONCLUSION 

This study serves to present the planned content of the prepared 

dissertation. The study includes a literature search on individual 

technologies and their use and interconnection when working 

with 3D data. Most of the published works concerning the use of 

new technologies in cartographic processing and visualization of 

3D data deal with a specific problem and use specific 

technologies to solve it. The combination of technologies is much 

less common, especially in the cartographic processing of 3D 

visualizations. 

 

This planned dissertation deals with the use of many technologies 

at once and instead of a specific problem addresses the general 

possibilities of interconnection and use of technologies and 

examines the possible results resulting from the combination of 

these technologies. 

 

The dissertation will map the processes of working with 3D 

visualizations using new technologies, which will be presented, 

among other things, in the form of flowcharts. These processes 

will be analyzed in detail with a focus on the impact of input data, 

problematic places of processing will be found and described, 

and methodological solutions to specific processing problems 

will be developed. 

 

The main benefit of this work will be a broader methodological 

view of the whole issue of using and connecting new 

technologies in the creation and processing of 3D models and 

scenes in cartographic processing and 3D landscape 

visualization. This broader view should make it easier and better 

to use new technologies and should provide a "guide" to 

combining technologies and creating better landscape 

visualizations. 
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