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Abstract
The University of Forestry has many years of educational experience in the use and application of GIS technologies for
resolving issues in the fields of natural sciences and the different sectors of economy, social and public life. That result
stems from the fact that technologies based on the use of georeferenced data have a high level of interdisciplinarity,
which makes them suitable for utilization in education in a wide range of specialties at the university, such as forestry,
landscape architecture, ecology, business management, alternative tourism and others. Combining GIS with the
opportunities provided by augmented reality and virtual reality is a relatively new field for computer technology
integration which allows users to benefit from the connection between GIS and the ever-widening market for mobile
devices using contemporary GPS technology and at the same time allowing the development of computer applications
for a wide range of fields. The present paper analyzes the opportunities for the application of augmented reality in
different stages of the educational process, application within disciplines that are directly connected with teaching GIS,
such as cartography, creation of databases, the cataloguing of different plant species and tools for their online use, as
well as usage in the context of disciplines incorporating different informational technologies or within their
corresponding sections. An overview has been made on the use of specialized products for environmental modeling and
the implementing of their content in GIS software, and opportinuties for the use of digital models from GIS environment
in an environment of augmented reality. Results from these studies can be used as a basis for the transitioning towards
interactive education based on technologies incorporating virtual reality or for the development of specialized products
and mobile applications.
Keywords: GIS, augmented reality, education, mobile technology

INTRODUCTION
The modern world is characterized by turbulent dynamics of the processes of development in all socio-economic
spheres. This is observed mainly in the sphere of ICT, which neccessitates in a big change of the techical-economic
paradigm, connected with innovations. The influence and impact of digital technologies on all sectors leads to
rethinking of the traditional models and the creation of great numbers of new products and innovations. In order to
preserve competetiveness and to cope with the transition to intelligent economy, the digitalisation of all sectors is
necessary. These changes involve the educational process as well, where traditional forms of education are being
increasingly supplemented and boosted by mobile and other computer based technologies. In recent years the market for
mobile devices marks a progressive growth. In the last 10 years the number of sold smartphones to end consumers has
increased with more than 1200% 1 and this is accompanied by an extensive development in terms of their functionality
and effectiveness. This, in combination with the ubiquitous usage of computers leads to the evolution of the teaching
environment into an inseparable part of real life, characterised with availability from any point in the world and
anytime, and interactiveness in the form of synchronised or asynchronised communication. The aquisition of new skills
and knowledge by the students, associated with finding the right information, in the right format and layout
1
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corresponding to contemporary standards, is of cruical importance for the basic aims of the teaching process to be met –
the improvement of quality and effectiveness. The usage of inovative technologies like augmented and virtual reality, in
addtion to currently used methods in teaching, could be employed as an instrument for speeding the access to
informational resources. At the same time they would help in expanding the opportunities for the introduced
informational channels, including communication-wise, as per the environment capabilities, in which applications for
sense improvement work.
The University of Forestry prepares students in the following specialties: “Forestry”, “Ecology”, “Agronomy”,
“Landscape architecture”, “Business management” and “Alternative tourism”. At this stage an introduction is intended
for all of them with the technologies based on the use of georeferenced data that possesses a high level of
interdisciplinarity, which makes them suitable for application in the educational process of a wide range of disciplines
at the university. The benefits from the usage of GIS technologies are mainly in two directions: on one hand, with their
usage as an effective approach in data collection and execution of different spatial analyses that give an opportunity of
the obtaining of more punctual results from different planned activities; on the other hand, with their usage as a tool for
the presentation of the results themselves [1]. GIS could find practical application in almost all spheres of human
activity, as they serve as an efficient instrument for the solution of both problems with global impact and specific tasks
in a specific field such as the deciphering of tree species and age groups by aerial color orthophotoimages [2].
Augmented reality on the other hand, in the terms of being a system, that gives opportunity for the implementation of
virtual three-dimensional dynamic or static objects in a real environment, and affilitated digital data, can be used as an
addition to GIS-created models of the environment, with which a slow transition from reality to virtuality can be made.
The current study aims to aid the educational process through analysis of the opportunities for application of augmented
reality to the different stages of training process: in disciplines concerned with the teaching of GIS, connected with
cartography, database creation, plant species cataloguing and the development of an instrumentarium for their online
use; in the context of other disciplines, connected with different informational technologies or their corresponding
sections; for the usage of digital models from a GIS environment to an augmented reality environment. The realised
results will be used in the next stage of implementing technologies of virtual reality in the teaching process.

AUGMENTED REALITY AND GIS IN THE EDUCATIONAL PROCESS
1. Augmented reality
The usage of technologies, connected with augmented reality, dates back to the 60’s of the 20th century. But just now, in
recent years they gain popularity among society and become increasingly applicable [3]. Augmented reality, in the
context of other technologies related to it, is viewed as a mixed reality – the merging of both real and virtual worlds in
one and continuum of mixed reality, that serves as a taxonomy of the different ways, through which „virtual“ and „real“
elements could be combined together [4].
A range of different approaches for classification of augmented reality from a more contemporary time define it from a
point of the taxonomy of its own environment, based on a specific functional aim [5]; through taxonomy, based on the
idea that every AR system can be comprised of six under-systems containing image aquisition, virtual model generator,
undersystem for reality mixing, display, real manipulator and a tracking undersystem, all of which can be defined
through the help of already existing taxonomies [6]; through taxonomy, based on 4 axes – compulsory tracking, type of
enlargement, content, visualised through the AR application, and non-visual ways of presentation [7]. One of the most
common definitions for augmented reality describes it as a system, which allows for real and virtual objects to exist
within the same space, in which they can interact in real time [8]. Augmented reality, regardless of whether being
executed on the basis of location, markers, or images, allows the consumer, with the proper tools, to enhance the current
reality through virtual three-dimensional objects with the option for their manipulation or granting of additional
information related to them, in digital format. When realized based on location the information is shown on the display
through a combination of data based on the physical location, aquired through the device‘s GPS and the direction,
towards which it is oriented. Markers in the form of asymmetrical graphics, containing a unique geometrical
combination are the second way of realizing augmented reality. They are used for software recognition, during which an
object is generated in advance with the aid of different products for three-dimensional modelling (Figure 1), while the
object corresponds to the marker and is shown on the display. The third approach is based on a georeferenced location
of the consumer, with the localisation of which, from a previously generated database with images, related to the object
or its surrounding environment, the respective content is submitted. Based on a sensible interface operating with
physical objects, the applications using this technology grant an opportunity for the aquisition of interactive experience,
through the manipulation of virtual information connected with them.
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Figure 1. Augmented reality for information purposes related to University of Forestry
The dynamic layering of information, the different opportunities for virtual interpretation in a specific context transform
AR into a valuable instrument in the field of education, which leads to a great change in the traditionally known
learning process. The option for layering a great variety of multi-media information over real world objects and their
manipulation, through different mobile devices connected to the Internet, means that this informtion could be accessed
by students in the exact time and place. The variety of available data on the Web gives a chance for not only the
physical parameters of objects of the surrounding environment be understood, but also the visual properties, related to
them. The fuctionality and effectiveness in the use of AR are defined by specific geospatial information, connected with
the necessity for a combination between data and the specific coordinates and the dimensional connections between the
camera and the surrounding environment.

2. Geographic information systems
In recent years the usage of GIS in the learning process far exceeds the scope of specialised education targeted mainly
towards the field of geography and it is already a basic part of the general training of specialists in many other science
fields. The different geobrowsers bring to the front a different kind of GIS, making the geospatial data in our time
accessible for a wider range of people. Their use does not require a high level of spatial literacy because they are based
mainly on the technical part of usage, and not so much on the specific needs of society [9]. Regardless, these
technologies are still mainly connected with the concept for spatial thinking aimed towards the development of spatial
capabilities, through their use as an instrument shaping perception [10]. With the granting of an opportunity for
combining databases with spatial information about the objects, GIS platforms are being further established as a basic
module, which allows for the developmnet of business instruments and the automatisation of different processes.
Geospatial data and affilitated analyses become more widely used due to the constant exceeding development of the
geographical informational technologies and technologies giving opportunity for science research and for the assistance
in decision-making in a variety of fileds including engineering and social sciences [11,12]. GIS incorporate highly
technological methods with the option for an intuitive interface for communication and are especially suitable for
accomplishing the process of merging of both the physical world and the related three-dimensional computer
georeferenced information. The presence of GIS applications with the option for operation through mobile devices
makes access possible from anywhere and anytime, which in turn makes them a powerful tool that is symbiotically
conncted with the application of technologies like augmented and virtual reality. On the one hand, that symbiosis leads
to an easier understanding of the specific geospatial information, related to the objects, through the granting of an
additional multimedia content, and on the other hand, through the opportunities for the export of data in different
formats from GIS applications, an accurate geolocalised information for the needs of AR could be acuired.

APPLICATION OF AUGMENTED REALITY IN THE PROCESS OF GIS TRAINING IN THE
UNIVERSITY OF FORESTRY
The blending of GIS with the potential of AR and VR is a relatively new field for integrating computer technologies,
which allows consumers to take advantage of the connection between GIS and the evermore-expanding mobile devices
market, which use contemporary GPS technologies and allow for the development of a vast selection of computer
applications that could find use in different areas. This article examines the opportunities for application of augmented
reality in the different steps of the teaching process, as in disciplines concerned with the teaching of GIS, connected
with cartography, database creation, plant species cataloguing and the development of an instrumentarium for their
online use, as well as in other disciplines, connected with different informational technologies or their corresponding
sections. Examined is the starting stage of a project targeted towards research of the opportunities for the
implementation of the created informational databases in the teaching process of students in different disciplines, in an
innovative way of teaching and learning the matter, through the use of technologies for augmented reality.
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Subsequently, this will be used as a basis for the transition towards a teaching based on the use of virtual reality. For the
aims of the project it is intended for the surrounding park area and the university's dendrarium to be used, which serve
as an educational environmet for all students. The catalogued plant species of that territory include 59 different types,
12 of which are gymnosperms, 24 are angiosperm trees and 23 angiosperm shrubs. Along with that, the zone provides
an opportunity for modelling the terrain and different computer simulations, because of that it is included in the
teaching process of disciplines, related to the study of GIS and Landscape architecture of an environment. The aim is,
through the use of mobile applications with the corresponding fuctional capabilities, an opportunity be provided for the
information gathered so far to be added in the form of integrated multimedia content to a part of specific tree species,
which will serve as pilot units in the introduction of the project (Figure 2).

Figure 2. Layering an additional information via mobile devices to specific tree species

1. Selection of GIS software for the aims of the project
The University of Forestry has a long-standing experience in the use and application of universal software platforms
for GIS, both as a part of the teaching process for Bachelor‘s degree and Master‘s degree for the disciplines „Forestry“,
„Landscape architecture“, „Business Administration“, „Alternative tourism“, „Ecology“ and „Agronomy“, and also as a
part of wide-ranging reaserch, conducted by representatives of the different faculties. In the period of 2015-2017, the
University of Forestry has bought licenses for Pitney bowes – Mapinfo ProTM 15.2 and has updated the versions of the
software products of ESRI - ArcGIS™ 10.4, which has dramatically improved the capabilities and scope of teaching in
the field of GIS. In previous years the university has used earlier versions of the product AutoCAD®Map 3D as part of
the family of products by AutoDesk. In addition, as part of the teaching process and scientific research purposes opensource universal software solutions for GIS have been applied, like GRASS, QGIS, gvSIG and MapWindow GIS. The
main characteristic of the researched software platforms are shown in Table 1.
Table 1. Research of software platforms for project purposes

ArcGis

Current
version
10.4

Type of
Software
commercial

Type of
Product
Desktop

MapInfo

15.2

commercial

Desktop http://www.pitneybowes.com/us/location-

AutoCad
Map 3D
QGIS

2016

commercial

Desktop http://www.autodesk.com/products/autocad-map-3d/ovwerview

2.14.1

FOSS

Desktop http://www.qgis.org/en/site/index.html

gvSIG

2.2

FOSS

Desktop http://www.gvsig.com/en

Mapwindows
GIS
GRASS

4.8.8

FOSS

Desktop http://mapwindow4.codeplex.com/releases/view/11024

7.1

FOSS

Desktop https;//grass.osgeo.org/

MapWinGis

4.9.3

FOSS

Library

http://mapwings.codeplex.com/

DotSpatial

1.8

FOSS

Library

http://dotspatial.codeplex.com/

Product

Internet Address
http://www.esri.com/software/arcgis
intelligence/geographic-information-systems/mapinfo-pro.html
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After conducting the analysis, the most suitable for the aims of the project is determined to be ArcGis 10.4. Apart from
the great number of resources, created on an earlier stage, related with the use of the product for the longest time in the
university, the choice is also influenced from the opportunities for using its affilitaded application with a direction
towards augmented reality „AuGeo“ 2. It is free for ArcGis users, available for download in the iTunes and Google Play
stores and allows an easy import of data from already existing point layers of ArcGIS products to a mobile application
for AR.

Figure 3. Example of using AuGeo application
Used primarily as a time-saving tool for people to find what they are looking for, through more intuitive presentation of
hidden objects using mobile camera lenses (Figure 3), “AuGeo” can be successfully used for project purposes for which
tree species are implemented as a point layer. The pilot study includes four plant species from the park area and the
university's dendrarium (Figure 4).

Figure 4. Territory of park area and dendrarium of the University of Forestry

2. Specialised products for Landscape modelling of the environment
2

https://www.esri.com/arcgis-blog/products/apps/3d-gis/ar-for-your-gis/
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From the point of specificity, of all the applied specialised software products in the teaching process with a focus on
landscape modeling of the environment, the most suitable for use in the current research are 3D Nature 3 and
Vectorworks 4. The first one is focused on the needs of GIS, foresters, agronomers, ecologists, landshaft architects and
others in the field of Nature resources. It allows the execution of mathematical modelling, computer simulation and
animating of nature and man-made phenomena in the environment, regardless of the scope and complexity in full
photorealism. It is suitable for use, due to the opportunity it provides for the import of realized approaches through the
use of GIS software in the form of „.shp“ files. The other software product in the form of a module provides a platform
for the designing of landshaft and city areas, offering a rich variety of solutions for the rationalisation of everyday tasks
with leading instruments of the industry. The built-in objects, the supported databases and the opportunity for an
effective sharing of projects and the flexible functions for documentation allow for the optimisation of the work process
and facilitated modelling of the surrounding environment. Their combined use will give rise to the opportunity for the
import of already existing overlays, developed with GIS software, in their environments with the aim for better
modelling. For research purposes related to the development of 3D models, it is appropriate to use the Unity 5 software
product in terms of both the free licenses granted to students as well as the possibility of compatibility and integration
of the created three-dimensional objects in virtual reality technologies.

3. Methods for implementing augmented reality.
Thе addition of interactive multimedia content can be realised through every one of the methods described above –
based on an image, markers, or location. If an approach for realisation based on an image is accepted then thе
implementation of additional information can be realised through an instrument allowing an opportunity for a new
vision, in which through augmented reality an additional layer to the surrounding environment can be created in the
form of an informational landscape, which will be then directly and successively added to the vision in a very accessible
way [13]. The realisation through markers can be done through the embedding of QR codes into the information plates
of tree species, with the scanning of which, information can be started in the form of augmented reality. For a
realisation through location georeferenced data about tree species inputted in advance could be used in an application
realised with GIS software, through which the GPS coordinates of tree species and photos of the surrounding
environment could start the presentation of the inputted in advance information, related to the specific object.

CONCLUSION
The use of innovative solutions in the field of education is neccessary due to the quickly changing requirements of the
surrounding environment. The use of the technology of augmented reality as an addition to the teaching process,
realised through standard methods and tools could give an opportunity for the transitioning towards a new stage –
teaching with the option of realisation outside laboratories and into the real world, which in turn will lead to the better
learning of the taught material. The developed models of the surrounding environment, described in this article can later
be used as interactive models for teaching through the methods of virtual reality. The future directions for work on the
project intend for 360° videos to be made, which are distinguished by a new approach in filming and post-production.
The used video technology which constitutes of rigs of different numbers of independent cameras with several sensors.
The positioning of the camera and lightning is vastly different from those in the filming process of a standard video, and
in addition, for the specific needs of the project, spherical sound, as well as telemetrics for the collection of data, such as
distance, speed etc. Such video footage requires recording in high resolution and high frame speed, which may vary
depending on whether the video is viewed panoramically (on a monitor or smartphone) or through VR glasses
(headset). An additional step in post-production is the so-called „stitching“ of the raw material, which is comprised of
connecting all the separate videos into a single 360° picture. The last stages include montage, color corrections and
compositing. That, in combination with augmented reality technologies will make possible the realisation of the
transition from reality to virtuality in the teaching process.

3

https://3dnature.com/
http://www.vectorworks.net/
5
https://unity3d.com/
4

200

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

REFERENCES
1.GUAN, HAI-LING., WU, LIANG-QIANG., LUO, YONG-PENG.: A GIS-based approach for information management in
ecotourism region”, Procedia Engineering CEIS 2011, Volume 15, Pages 1988–1992
2.Asenova, M. 2012. Deshifrirane na darvesni vidove i vazrastovi grupi po tsvetni vazdushni ortofotoizobrazheniya, Sp. „Geodeziya,
kartografiya, zemeustroystvo“, SGZB-FNTS, god. LI, Sofiya, Br. 3-4 /2012, s. 17-27. (ISSN 0324-1610)
3. Johnson, L., Smith, R., Levine, A., & Haywood, K. (2010). The 2010 Horizon report: Australia – New Zealand ed. Austin, TX:
T.N.M. Consortium, ISBN 978-0-9825334-8-2
4. Milgram Paul, Fumio Kishino, A Taxonomy of Mixed Reality Visual Displays, SCIEICE TRANS. INF. & SYST., VOL. E77-D,
NO. 12 DECEMBER 1994, p. 1321-1329
5. Hugues Olivier, Philippe Fuchs, and Olivier Nannipieri, New Augmented Reality Taxonomy:Technologies and Features of
Augmented, Handbook of Augmented Reality, 2011, ISBN 978-1-4614-0063-9, p.47-63
6. José M. Braz M. Pereira João , TARCAST: Taxonomy for Augmented Reality CASTing with Web Support, The International
Journal of Virtual Reality, 2008, 7(4):47-56
7. Normand Jean-Marie, Myriam Servières, Guillaume Moreau, A new typology of augmented reality applications, AH '12
Proceedings of the 3rd Augmented Human International Conference Article No. 18
8.Azuma, R. (1997). A survey of Augmented reality. Presence, 6, 355–385
9. Goodchild M.F. , The use cases of digital earth, International Journal of Digital Earth Vol. 1, No. 1, March 2008, 31- 42
10. Madsen, Møller, Camilla Rump, Considerations of How to Study Learning Processes when Students use GIS as an Instrument for
Developing Spatial Thinking Skills, Journal of Geography in Higher Education,Vol. 36, No. 1, 97–116, February 2012
11.Wright Dj, Wang S., “The emergence of spatial cyberinfrastructure”, Proc.Natl Acad Sci (2011) ;108(14):5488-91
12.Wang S., Hu H, Lin T, Liu Y, Padmanabhan A, Soltani K., “CyberGIS for data-intensive knowledge discivery”, ACM
SIGSPATIAL Newslett (2014); 6(2):26-33
13.Gilles Clément, Le jardin planétaire. Reconcilier l'homme et la nature (Paris: Albin Michel, 1999)

BIOGRAPHY
Associate Professor, Galin Milchev, PhD is a lecturer at the Department of Computer
Systems and Informatics at the Faculty of Business Management at the University of
Forestry in Sofia where he conducts research related to the application of information and
communication technologies in the economy. He has worked in a team on projects,
including "Analysis and Evaluation of Systems, Methods and Mechanisms for Corporate
and In-house Company Management","Exploring the possibilities of applying methods of
modeling and virtual reality in priority research areas ", "Development of a Center for
Electronic Forms of Distance Learning at the University of Forestry". The main areas of
scientific interest are related to the areas of Information Economics, CAD/CAM/CAE
systems, GIS and Databases.

Associate Professor, PhD, Radoslav Miltchev is a lecturer and head of the Department of
Computer Systems and Informatics at the Faculty of Business Management at the
University of Forestry in Sofia where he conducts research related to the application of
information and communication technologies in different areas including the economy. He
has led or has been a member of a team and has worked on more than 30 scientific and
infrastructure projects with both national and European funding. He has more than 120
scientific publications. The main areas of scientific interest are related to e-business, cyber
security, computer networks, IoT, CAD/CAM/CAE systems.

201

