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Abstract
The paper starts with some basic definitions related to virtual reality (VR) and continues with an overview on the
market size and diversification of VR applications. This is extended with a research on the role of computer simulations
and gamification in modern education, how these improve teaching results, what are the strengths and the problems. In
addition, it is studied how this technology is currently implemented in engineering and geospatial sciences and
workflows in particular and how this could be developed in future.
A newly established VR geospatial laboratory (VR geolab) is presented. It is tracked the whole process from field
measurements through data processing to visualization in virtual environment. As the VR geolab has already been
presented on several events, it is made also an overview on different audiences’ adoption of VR technologies and the
shared VR experience in particular.
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INTRODUCTION
Virtual Reality (VR) is a term traditionally associated with video games. These days however it is gaining wider
popularity regarding to its potential for application in a variety of different fields. As this kind of technologies claims to
bring real-life experience indoors, they seem suitable for educational purposes. There are examples of teaching with VR
in many different disciplines, including medicine, physics, astronomy, chemistry, archaeology, etc., and geosciences are
not an exception.
During the last decade in academic researches is visible a clear interest on virtual education, and a large part of them
focus on the pedagogical aspect of this approach. Some of the benefits are obvious, but there are also disadvantages to
bear in mind. While an overview like this is mandatory when considering such implementation, this paper focuses on
the technological integration of VR in the classroom.
It is presented a virtual reality geoscience laboratory - VR Geolab, established in University of Mining and Geology
“St. Ivan Rilski” (UMG), Sofia, Bulgaria in 2019 for educational and scientific purposes. It is made a brief overview on
the currently available solutions, its first products and the audience feedback.
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BASIC DEFINITIONS
Nowadays, the term “reality” is not limited to the world we live in. The real environment is just the tiny point to the left
on the reality-virtuality (RV) continuum (Fig. 1) which spills into the augmented reality (AR), transforming into the
augmented virtuality (AV), and eventually immerse into the virtual environment, or VR, to the right [13]. Between the
real environment and VR stand the wide field of applications provided by the mixed reality.

Figure 1. RV continuum
Regarding to some basic definitions by different authors, given in Boton’s study [2], VR represents: “computers, headmounted displays, headphones, and motion-sensing gloves” and “electronic simulations of environments experienced
via head-mounted eye goggles and wired clothing enabling the end user to interact in realistic three-dimensional
situations”. Neither of these device-oriented definitions however seems acceptable to convey the complexity of the
concept.
Others try to avoid any “reference to a particular hardware system”. Regarding to some authors, the key features of VR
are the so-called “3 Is”: immersion, interaction and imagination [6], and for the others there are four basic elements: the
virtual world, immersion, sensory feedback, and interactivity [2]. While they slightly differ, both of them include
“immersion” and “interactivity” which are the essential features of a VR system.
Both gained wide popularity in the past years, VR and AR are often mentioned together. They however bring different
opportunities. AR is technology that gives great advantage when used in the field to “augment” the visible environment
with additional information. The strength of VR is to fully immerse the user in the virtual world, and of interest for the
current paper is exactly the fully immersive environment that could “bring” the real-world experience inside the
classroom.

VR IN GEOSPATIAL EDUCATION
Global Trends in VR Applications
Currently, videogames take the largest part on the market of VR/AR technologies. In the next five years this trend will
keep [12]. In top 10 of applications are also fields like healthcare, real estate, retail, military, but of greatest importance
is the presence of both engineering (3rd place) and education (9th place) which have relations to the current topic (Fig.
2).

Educational Aspects
Regarding [13] two main division outlined in the usage of modern technologies for teaching – virtual and remote
laboratories. The first group refers to computer simulation with typically high visualization and interaction capabilities,
whereas the second one represents computer programs that provide a graphical user interface to interact with real
hardware performing the experiment [3]. They can be developed solely or together, but in terms of this paper focus falls
only on virtual laboratories (VL).
The term “virtual laboratory” first appeared in the early 1990s [13], but the large interest on it among universities and
educational institutions raised later, in the 2000s, and especially in the 2010s. Studies evaluates the high potential of

396

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

virtual learning tools, but don’t miss to mention some disadvantages, too. Regarding a number of studies ([7], [8], [9],
[110], summarized in [13], the pros and cons are represented in Table 1.
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Figure 2. Forecast global market size of VR/AR (in billions of dollars) by segments [5]
Table 1. Advantages and Disadvantages of VR Education
Advantages

Disadvantages

Safe environment

Extensive planning and time for preparation

Adding experience in the classroom

Dependence on computer tools

Control of the experience

Possible lack of seriousness

Making the “unseen” seen

Possible need of final stage of training through actual
hands-on experience

Custom design regarding to individual learners
Easily reproduced experiments
Damage resistance
Setting a greater variety of simulations than
practical experiments
Providing experimental situations not observable in
reality
Not so complex and/or expensive as actual
experiments
Cost effectiveness
Better understanding of the covered topics
Learning is not dependent on specific time and
place
Learning materials adapted in the learning
environment to the learner’s needs
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Game design principles and gamification theories can be found underlying in the development of VR [10]. Regarding
different studies conducted in the past decade and summarized in [4], game-based learning environments have
significant potential to challenge and involve students in an active learning process, and it is proven that this interactive
engagement improves students’ understanding, motivation and learning outcomes [3].

Spatial Applications
According to Berg and Vance’s study [1] on the industry use of VR, the technology is usable in industries such as
architecture, engineering and construction. In comparison with traditional CAD tools, giving an outside-in view, VR
visualizations allows user to explore information from the inside-out.
The use of computer games and game engines in environmental applications and planning is increasing due to their
advanced performance and interactivity capabilities [11]. The concept of VRGIS – a combination of VR and GIS,
initially appeared the beginning of 1990s, but it took some time to mature and eventually turned into a hot topic at the
end of the 2010s. Regarding [13] VRGIS represents VR technology as a front-end interface with users and support of
spatial GIS data in areas related to modern cities and urban management, such as transport and traffic, e-business and egovernment, ocean and island management, scenic area management, virtual community and geography education. It is
also a good tool to involve audience in the process of spatial decision-making relying on their experience of viewing
and occupying space. Roaming in virtual cities has become a substitute for traditional maps, and utilizing GIS data in an
immersive environment allows decision-makers, designers, engineers and public to easily see the effect of different
scenarios.

VR GEOLAB
VR laboratories are convenient and cost-effective way of improving education which usually doesn’t require additional
payments after the initial investment [13]. The main difficulties are related to the hardware and especially software
expertise on building VR environment and planning learning scenarios.
The following lines refer to a VR Geoscience Laboratory – VR Geolab, established in the UMG. The chosen equipment
is presented, as well as the first products as a results of the lab’s activity and how they were produced.

Equipment
The research and choice of equipment were extensively presented in [13]. The main factors to bear in mind included
pricing, functionality, robustness and processing power requirements. These eventually led to the purchase of two
systems – HTC Vive, which is a PC-based solution, and Oculus Go, which is an autonomous one. The essential part
which serves immersive VR experience for the user is the head-mounted display (HMD) complemented by two hand
controllers in each of them.
The necessary funding of 1750 € was provided through a dedicated university project, funded by the Ministry of
Education and Science of Bulgaria though the “Ordinance #3 on the terms and procedure for evaluation, planning,
distribution and spending of the state budget to finance scientific or artistic activity in state higher schools.”

Products
Mining and Construction Sites
Virtual reality lab requires both the necessary hardware and software components set in an appropriate room and also
the acquisition of specific content to be presented through them.
In this regard, the possibilities of visualization of virtual environments representing real construction and mining sites
both on the surface and underground are presented. They were selected to be interesting, diverse and accessible, and in
that case more likely to be useful in educational programs for different students, professors and professionals from the
university. The list of sites includes a section of a new metro line during its construction, a road tunnel, a mine gallery, a
stockpile and an open pit.
Modern technologies like laser scanning and digital photogrammetry are the most suitable methods for making the
measurements to generate geometrically accurate and realistic models of the desired objects. They provide good
precision to solve various engineering problems and achieve high level of realism of the virtual environment, thus
bringing it closer to the far right end of the reality-virtual continuum. The nature of the two types of technology is
different, distinguishing their strengths and weaknesses, thus allowing them to complement each other. Both
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technological methods require additional measurements of ground control points to ensure the necessary relative and
absolute accuracy of the captured objects. These measurements were made with conventional instruments and
technologies - GNSS and total station. All the measurements were made so that they do not interfere with the day-today activities of the sites.
The selected technologies for acquisition geospatial information are characterized by a common parameter - the
presence of a digital camera, which provides the ability to generate photorealistic color of the final models.
The laser scanner - STONEX X300 was used. It is characterized by high precision and range, as well as the presence of
two integrated digital cameras, each with 5MPx resolution. The major advantages of this type of technology are the
relatively fast scanning performance and its easy operation - via a smartphone. In order to perform maximum full
scanning of a particular site, sequential placement of separate scanning stations is required, which in turn requires time
and a specific predetermined execution layout. The purpose is to minimize the undistributed sections of the site. This
statement and the limited sensor resolution of the scanner's cameras lead to the presence of negative features of the
technology due to static measurement, which affects the color quality of the points. In this case terrestrial and airborne
photogrammetry with a digital camera was used. An unmanned aircraft - a DJI Phantom 4 Advanced drone, features a
20MPx resolution of the camera sensor and about 25 minutes of useful flight took the measurements for the open and
some of the inaccessible parts of the sites. The underground shots were made via handheld digital camera with a 24MPx
sensor.
VR visualization of the mining and construction sites mentioned above, was made using Unreal Engine and HTC VIVE
glasses. The first stage was visualization of the point clouds via specific plug-in. This enables a light and easy to
implement virtual environment of the raw data measurements. The second stage was the creation and visualization of
surface meshes merging the two types of measurements - laser scanning and digital photogrammetry. This was done
with the RealityCapture software product. In this way, the highest quality of spatial accuracy was achieved due to laser
scanning measurements and the most realistic view was gained due to the better quality of digital photogrammetry
images.

b)

a)
c)
Figure 3. The process of laser scanning (a), VR modelling (b) and experience (c)
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Antarctic Chapel
The chapel “St. Ivan Rilski” lies within the premises of the Bulgarian Antarctic Station on Livingston Island, and is one
of the first orthodox buildings established there. Its interior is elaborately pained with icons, created in situ by the
painter Ganka Pavlova. Due to the remote location of this chapel, except scientist and station logistics crew outsiders
rarely visit it. This was the main driver for a 3D building digitalization project, organized during the 25th Bulgarian
Antarctic Expedition. A team from the University of Mining and Geology “St. Ivan Rilski” (Bulgaria) and Istanbul
Technical University (ITU) performed the required field operations. All data is collected via terrestrial 3D laser
scanning. A Stonex x300 instrument is used at maximum resolution (16000 hor. x 4000 vert. points per scan) with
photo capturing plus external dual-frequency GNSS for georeferencing. The chapel’s interior and exterior is composed
of 10 colored point clouds, co-registered and meshed together using the Stonex 3D Reconstructor software. Noise
filtering and edge smoothing techniques was applied. All point clouds are decimated at 30% for optimal meshing and
virtualization.

a)

b)

Figure 4. Outside view of the chapels exterior and surrounding environment (a) amd point cloud view of the chapel’s
interior from the outside environment (b)
The meshing was performed by using interpolative technique, with size of each triangle at 16 pixels plus vertex
coloring. If the approximation error was too high, the triangle was subdivided in smaller pieces. The 3D model is
created by minimization of the sum of squared distances between the interpolated surface and the data points. A
weighting strategy is applied by using less triangles on planar regions, satisfying an approximation error threshold. The
10 mesh models are subsequently exported separately in Virtual Reality Modeling Language format (.wrl) for further
processing.

Figure 5 .Mesh model view from the chapel door. Ceiling, floor, icon color and other textures are well preserved
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The mesh models, transformed in vector graphics appropriate for VR modelling, are first imported inside the AutoDesk
3DS Max software. Further cleaning, hole filling and triangle editing is performed. The models are then combined and
exported as a single model in Filmbox (.fbx) format. This model, containing faces (triangle) and coloured vertices is
then imported in the 3DS Max Interactive application for final VR visualization. This platform allows connection to a
number of external VR devices. For the project a Vive Pro headset, equipped with wireless adapter was utilized. Lights,
cameras, materials, ambient music and other required elements are incorporated in to the VR model for optimal
experience. The model is available for demonstration within the university VR lab.

Figure 6. VR view – start point, cameras and lights, directed at the main altar

Audience Approval
Since the beginning of the project dedicated to the VR Geolab in March 2019, it was demonstrated on many events
(Fig. 7), most of which held in Sofia, Bulgaria:
•

The Doors Open Day of UMG (April 2019) – an event dedicated to students

•

The European Researchers’ Night (September 2019) – a scientific event dedicated to non-scientists

•

XXIX International Symposium on “Modern Technologies, Education and Professional Practice in Geodesy
and Related Fields” (November 2019, Istanbul, Turkey) – an academic event dedicated to academics in
geodesy

•

Global GIS Day (November 2019) – both business and academic event dedicated to geospatial professionals

•

November Talks of VR Lab BG (November 2019) – a monthly VR event dedicated to VR enthusiasts

•

Entrepreneurs in Science (December 2019) – a pitching contest dedicated to scientists.

These events were not only a stage to present the VR Geolab but also a chance to study the audience approval. The
overall positive feedback was more precisely studied through two questionnaires. The number of participants in the first
questionnaire is 43 people, and in the second – 20, and the results are respectively presented in Fig. 8 and Fig. 9. They
confirmed the overall impression of positive attitude to VR technologies and the VR Geolab in particular. The small
number of negative answers could be given to older participants, technophobes or people who eventually dislike VR
technology. A relatively small number stated their opinion as “neutral” or “may be”. They could be given to lack of
information on the VR technology and have the chance to turn into positive in the future.

CONCLUDING REMARKS
During the past decade the application of VR technology in education became a hot topic. Its benefits for the learning
process and geosciences in particular laid as a base of a new VR laboratory dedicated to education and researches
geosciences – the so-called VR Geolab, of the University of Mining and Geology. Its establishment in 2019 were
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marked with the purchase of appropriate equipment, and since then were taken the first steps in the modelling VR
environment.
The achieved results were demonstrated to different audiences, including both professionals and non-professionals in
geosciences, VR enthusiasts, business and academics, and children, as well. The overall feedback is very positive -

Figure 7. The VR Geolab is of interested for a variety of audiences – from students (upper right) and academic society
(lower left) to media (upper left) and investors (lower right).
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What's your opinion on integration
of VR in educational/working
process?

Would you use VR in your
educational/working process?
Yes
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Strongly positive
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Figure 8. Results of the questionnaire on the European Researchers’ Night 2019 in Sofia, Bulgaria
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Figure 9. Results from the questionnaire during the presentation of the VR Geolab on the Global GIS Day 2019 in
Sofia, Bulagria
people enjoy using VR technology and would like to have it implemented in the educational/working process. It is
exactly the education they want to see in the future development in the VR Geolab, but are also interested in the
application of VR for analytical and planning purposes.
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