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Abstract
In conjunction with the current trends in the socialization of the cultural heritage, the role of information
and communication technologies is increasing, which creates new opportunities for access to cultural
values in the context of national policy in a priority area for the European Union. This policy is part of
the global doctrine of sustainable development, which is based on the following basic principles:
economic development, social balance, sustainability and environmental protection, incl. cultural
heritage. As a result of the investments made for the socialization of the cultural heritage, the
development of the regions is stimulated through economic activities related to the use of cultural
resources for cultural tourism, the improvement of the territory and the human resource. In this sense,
cultural heritage plays an increasingly important role in the current and the future regional development
of the world.
In this paper, we present the current trends in the theories, methods, and technologies used in the
development of computer games. Here we provide a brief overview of existing literature in this
professional field. We present the strengths and weaknesses of different methods and technologies in
the creation of games and their application in education.
We demonstrate the capabilities of photogrammetry – 3D modeling using realistic photographic images.
We also show the use of this technology in creating complex 3D primitives and incorporating them into
complex objects. Last but not least, we demonstrate different algorithms and software technologies for
creating computer models of selected cultural heritage samples through the Unreal engine program.
With the help of a lot of thread programming we show the possibility of building a virtual system that can
be used by different users in real time. It can be either a virtual room or, for example, a virtual museum.
By presenting licensing agreements, we pay special attention to the fact that practically this type of
technology is free of charge for universities. The paper concludes with a synthesis of the results of a
scientific debate about whether it is possible to create virtual realities with this type of technologies and
to what extent we can engage young people in their realization.
Keywords: Game engine, 3D, mixed reality.

1

INTRODUCTION

It was in 2013 -2014 when the US Academic Affairs Committee recommended the American Pharmacy
Colleges Association to include serious games in the educational process, which could be used in
education. This approach can encourage teachers’ and students’ innovations in the process of designing
and application of the gaming approach for the training of future staff. Its implementation can be useful
in raising the quality of education. In addition, the committees suggest that school management should
urge teachers and students to use serious games for studying and professional development, if
appropriate [1,2].
The serious game can be defined as the use of game principles for the purposes of training as well as
acquisition of skills and knowledge. According to Cain and Peggy [2] the first military service
organizations and emergency services did adopt and implement this educational strategy. They were
aware of the benefits of games and the possibility that they can create a virtually real learning
environment in which the consequences of mistakes are minimized.
In 1999, The American Armed Forces established the MOVES Institute. It conducted significant and
applied research in modeling, computer simulations and mixed reality. Understanding that modern
computers provide real-life training opportunities, the Army funded the Southern California Institute for
Creative Technologies. It creates a collaboration between entertainment software, military simulation,
training, operations and research. The result of this collaboration is an online game called America’s
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Army1. It was developed as an army recruitment tool and as a simulated rehearsal environment for
military training and operations. So far, the US military have not published any research on these studies
[2], [3], [4].
Orts [4] presents interesting examples of applications for computer games in higher education. The
University of Pennsylvania's Wharton School of Business and Economics have adopted a similar
approach to its students. This is a game called Tragedy of the Commons. The objective of the game is
to learn to preserve the value of resources for the future. Essentially, the task of resource allocation is
solved. The solution method is by using dynamic optimization and the Bellman principle. The
mathematical description is through recurrent equations. In general, it is difficult for all students to learn
this specific teaching material, but when presented in the form of a game, this process becomes much
easier and more understandable.
Each individual student or group of students has a specific food resource for each individual country
that is tuna fish in the game. It can be changed at the request of the player. Each player determines the
size and strategy with which they compete to feed the core population. The group have to make the
necessary decisions, the game calculates the catch, costs and checks and adjusts the global population.
The simulations are on the Harvard Business Publishing for Educators website2.
In Entrepreneurial Simulation: in the Startup Game, students play the role of founders, investors, and
early employees of new companies. This creates concepts related to the success of startup companies
and allows students to experience the uncertainty of starting a new company.
The application of computer games in healthcare education has been studies by Graaﬂand M, et al. [6].
Their research shows that the use of the gaming approach in medicine has a future. The aim is to
increase the involvement of health professionals in incentive training and to improve antimicrobial
behavior [5], [6], [7], [8].
Published research in this area is still scarce, but several new studies are being conducted on serious
games in the context of the application of games in the educational process.
Cultural and Historical Heritage (CHH) training is a complex and multidirectional process that requires
interdisciplinary approaches to achieve in-depth knowledge of existing knowledge and at the same time
create the capacity to discover, explore, preserve and promote new discoveries. Promoting CHH
through information technologies is an extremely working formula for the proper use of technology in
the process of perceiving and learning about Bulgarian cultural heritage. The opportunities offered by
state-of-the-art technologies allow for a more attractive and correct way of enriching the options for
access to elements of CHH.
Drawing on our previous experience, as stated above, within the framework of the project “Application
of Mixed Reality in the Education and Promotion of Cultural and Historical Heritage in a University
Information Environment”, we present our experience in the application of computer games to the
teaching and promotion of CHH at the University of library Studies and Information Technologies in
Sofia, Bulgaria [5], [8].

2

METHODOLOGY

Improvements in the acquisition and presentation of spatial data along with computer technology have
taken computer graphics to a new level with engineers and users looking to be free from the limitations
of analog cards, following the trend of creating and using maps in the digital world. There is a need for
3D models to create more realistic environments for users and even more realistic ones by using
photorealistic 3D models [10], [11], [12], [13].
There are two basic technologies for generating three-dimensional information – photo panoramas and
three-dimensional virtual models. The first approach can only be performed on real objects, while the
second one can be applied to non-existent objects.
One of the project objectives is to expand the learning opportunities of the students by creating virtual
sites of cultural and historical heritage. As part of the project, we are currently creating a real 3D model
of the ancient city of Skaptopara, located in southwestern Bulgaria.
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The ‘recreation’ of an ancient city approach includes a library of procedural rules that generate the basic
typologies of modeling Greek and Roman city buildings [12].
In the course of the realization of this 3D model, a workflow emerged, which is at the heart of the Roman
graphic schedule [10]. The main challenge of this workflow is to integrate empirical data with procedural
methods. For example, applying a summary description of a Roman temple to a temple site actually
excavated in the Roman Forum shows trends where such generalizations are insufficient. Therefore,
procedural rules rarely exist in a static state for a long time and are constantly rewritten as new
parameters are required. This process of writing and rewriting the rules of procedure is likely to lead to
the identification of elements that could be unexpectedly linked and therefore systematized [11], [12],
[13].
This in itself is a self-fulfilling exercise, which is a research process that helps us create structural
hypotheses to fill the gaps left by incomplete remains, while allowing us to distinguish ourselves with the
specifics of the particularities and context, plausible alternatives. Therefore, this workflow is an
‘integrated’ approach to procedural modeling, since it aims at the complete rendering of architectural
data, including geographic databases, published documentation, 3D models, semantic descriptive rules,
and interactive displays [14], [15], [16].
This approach is intended to become a basic method of elucidating the logic of architecture, as well as
an effective means of creating fully feasible data models for ancient cities. The sections that follow
describe the steps that build up this workflow and the technology to create the specific procedural rules.

3

RESULTS

Vector graphics create complex primitives through geometric and structural models. Different
modifications can be made to them, both linear and non-linear. Effects and even images can be applied
to produce the desired result. The end product can be a decent bitmap [5], [15], [17].
The creation of a complex 3-dimensional scene involves three sequential steps (Fig. 1.):
- 3D modeling;
- Rendering;
- Visualization.

3D modeling

Rendering

Visualization
Figure 1. Steps in synthesizing a 3D model

The key to 3D modeling is the creation of the three-dimensional objects that make up the scene. They
are complemented by the information needed to synthesize a realistic image such as a lighting model,
cameras, materials, etc. In its essence, it is an explicit description of the 3D model of the scene submitted
as input to the process of model transformation [18], [19].
The 3D model consists of four types of data: a vector description of the object itself, material, light
sources, and a virtual camera [10], [20].
The modeling process itself can be performed in three stages (Fig. 2 – Fig. 4):
- Creating an object in a modeling program such as Blender, Maya, 3Ds max;
- Creating through mathematical formulas;
- Photogrammetry.
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Figure 2. Figures created only through mathematical formulas without any manual processing

Figure 3. Model of a Roman temple, copy of https://www.turbosquid.com

The graphic model constructed by a set of vectors is called a vector model. The space of models is
called world space. Building a 3D figure is generally 70% of all the work. This is done through polygons
or curves, and a combined approach can also be used. Many of the figures can be found freely on the
Internet, as evidenced by the previous two figures that we have quoted. The advantage of modern 3D
programs is that they support different file formats. Objects created in Blender can be easily opened in
Maya [11].
Another method of object creation is photogrammetry. This is the method of creating or describing a 3D
object in its photographs. The programs we mainly work with are Meshroom and Colmap. The
advantages of the former are that the finished object can be used immediately by a 3D program.
In our seminars and lectures, the software we use is mainly Autodesk. It has a policy of granting a free
three-year license to its selected products – for example, Maya, 3Ds Max, Revit, etc. Blender software
is also a good choice. It is free and very flexible. Maya and Blender’s scripting language is Python. The
two programs can be installed on different operating systems such as Windows, Linux, Unix, etc.
Once we have created the primitives, they must be merged and visualized. This may be realized with
both previous programs, but they have limitations that have been avoided by the Unreal Engine program
developed by Epic.
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Figure. 4. Creating a model of relay column through photogrammetry and the meshroom program,
copy of https://msd-makerspaces.gitbook.io

This software is provided free of charge for academic purposes, if a commercial product is developed a
fee is charged. The embedded language in it is C ++. It is an object oriented language and allows
programming at both high and low levels.

Figure 5. Marine light in the program Unreal engine

This software is one of the basic ones for developing computer games for entertainment. Over the last
five years, the company has invested heavily in it. Except for games it can be used to develop Models
in mixed reality.
One of the program's features is the creation of virtual museums in which many people can view different
cultural and historical sites. The technology of creating server games in which there are many PC users
with ID and password who either play or browse a museum, for instance, is the same. This technology
is called multi-threading programing (Fig. 6).
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Figure 6. Scheme of work for many users, a copy of https://www.unrealengine.com

The advantage of the program is that we are platform independent i.e. we can develop mobile, server
applications or our own applications. The ‘communication’ between Unreal engine and Maya is at a very
good level. It is possible for both programs to work simultaneously i.e. you make changes to the model
in Maya, and they are reflected in Unreal.
Another advantage of Maya is the possibility for the developed models to be published in the social
network called Second Life.

4

CONCLUSIONS

Using different approaches to create 3D models for CHH is an example of good practice. But objectoriented programing provides unlimited opportunities for the promotion of cultural and historical sites.
One of the trends that part of the project team is working on is creating a visual environment that can
change itself.
Our main development is related to heuristic approaches or the use of artificial neural networks. The
artificial intelligence approach is quite difficult to implement, while the probabilistic approach can be
easily implemented through virtual classes and polymorphism.
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