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Abstract
During the recent years, mapping of mountain areas has become one of the most discussed topics in cartography.
People are increasingly oriented towards a healthy lifestyle and a direct connection to nature. The desire to conquer
peaks in mountain areas, mountaineering and tourism is increasing. A large number of tourists use mountain markings,
indicated by specialized teams, to help them navigate. The tourist marking provides accessibility to the existing natural
landmarks and nature protected areas. In the high parts of the mountains and where the summer and winter paths do
not coincide, summer and winter markings should be made. The Augmented Reality (AR) is the inclusion of virtual
elements in the vision of the real physical environment for real-time mixed reality creation. Тhe presented content may
include 2D or 3D images and models, video and sounds, among others. The virtual objects can be used to display
additional information about the real world that are not directly perceived. This paper describes the technology and the
steps which a cartographer has to go through for creating AR map of mouintain area. The additional information is in
form of a 3D model of the area of Vihren peak, navigation dots on the landscape showing the optimal route from the hut
to the peak and identification signs of Vihren hut and of Vihren peak (2914 m) which are one of the most popular tourist
destinations in Pirin Mountain. The aim of the project is to provide mountaineers with additional information about the
navigation to key points and tourist routes using this kind of new technology.
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INTRODUCTION
Mountains are one of the most important natural resource of every country. Their ecological and tourist meaning
stimulates the development of the new management plans, containing steps for preservation of the natural resources and
maximum usage of their potential. A part of the management of these territories is the process of collecting and
managing cartographic data and mountain mapping for different purposes - scientific or tourist.
Very often the mountain territories are not friendly for unprepared tourist. An acquaintance with the specific
characteristics of a tourist route like difficulty, obstacles, landmarks or help centers, is important part of the preparation
for everyone who is going to spend time in the mountain. Orientation involves complex of abilities like estimating slope
and passability, calculating time of travel (Savova, Bandrova, 2014).
Mapping of mountain areas is attended by a set of studies by specialists (cartographers, scientists), which can be divided
into the following stages:
•

Description of the location/area;

•

Source data and materials;

•

Mapping methods;

•

Results and conclusions.
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Mountain maps in traditional paper form are very usable and will still be used for several years in the future. But,
technology development like multimedia and interactivity give a chance to find new cartographic representation of
mountain regions which would become a very usable products in the future (Petrovic, 2001).
Visualization of planned areas has been developed by classical, static, modern, flexible, presenting methods, which are
increasingly more than 3D and 4D visualization (Buckley et al, 2004). In the near future people will use more
interactive and dynamic visualization of mountain processes and environments. Topics such as interactivity, virtual
reality, augmented reality, GIS and database availability, applying logic in cartographic communication and geographic
visualization, dominate current research approaches.
The following chapters describe the study area, one of the magnificent peaks in the Pirin Mountains, the created 3D
map with specialized software, with data provided by the Directorate of “Pirin National Park” and augmented reality as
a method and additional tool for mapping mountain areas and navigation.

OBJECT DESCRIPTION
Pirin National Park (Figure 1) is located in the Pirin Mountain, Southwestern Bulgaria. It's a territory, lying between the
"Predel" and "Todorova polyana" territories. It covers 40356 ha and it includes two reserves - "Bayuvi dupki Dzhindzhiritsa" and "Ulen". The altitude ranges from 1000 m up to 2900 m. More than 50 granite and marble peaks rise
with altitude over 2500 m and among them is the highest - Vihren - 2914 m above sea level. Pirin National Park is
known for its 35 circuses in which lie about 170 glacial lakes. It was included in the Convention for the Protection of
World Cultural and Natural Heritage of UNESCO in 1983.

Figure 1. Pirin National Park (https://naturalworldheritagesites.org/sites/pirin-national-park)
Vihren peak (Figure 2) is the highest in the Pirin Mountains. With its 2914 m, it is the second highest peak in Bulgaria
and the Balkans' third, after Musala and Mytikas. It is located in the northern part of Pirin on the main ridge between
Kutelo peak (northwest) and Hvoynati peak (southeast). The saddles Premkata (2610 m) to the north and Kabata (2535
m) to the south connect it with these two peaks. Until 1942, the peak was called Eltepe (peak of storms). Nowadays, this
name bears a small shelter at the foot of Vihren. The Eltepe shelter is located next to a permanent snowfield, along the
study of which the shelter itself was built. Viewed from Bansko city, Vihren looks like a truncated pyramid, and from
the south - a four-walled pyramid. It is characteristic of this peak that it looks very different from different directions.
The rocks that make up Vihren are marbles that do not retain water, which is why there are no rivers or lakes in the
entire area of the peak. The nearest lakes are the Vlachs in the southwest. The vegetation on the slopes of Vihren is poor
- grass and lichens, while the fauna is richer - there are birds, small rodents, but mostly wild goats that inhabit the Kazan
at the foot of the peak. The edelweiss flower is abundant on the rocky edge of Jamdzhievi rocks.
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Figure 2. Vihren Peak – 2914 m (https://commons.wikimedia.org/wiki/File:Pirin_-_Vihren_peak.JPG)

3D MAP OF THE AREA OF VIHREN PEAK
In the last decades 3D maps became a very useful tool of cartography. They give cartographers more possibilities to
represent thematic and special information in a way that is understandable to map users (Bandrova & Bonchev, 2010).
3D modeling can be defined as creation of a spatial model using special computer software. The built-in 3D model can
be viewed from all sides and also be located in one or another environment. There are several steps in processing the
information to reach the original 3D model: collecting primary data, preparation in points, polylines, or polygons, and
finally creating a 3D model, typically consisting of triangulated network. A data source is any source of information
that can be used on the map.
For the creating of the 3D map of the area of Vihren peak the Directorate of “Pirin National Park” provided the
following data: contours in vector form (vectorized in 50 m, with sufficient precision for the next steps of working);
peak with altitude; rivers; tourist paths and hiking trails (Figure 3). Data processing is a complex process. It requires
reconciliation of different types of information presented in its formats.

Figure 3. Input data from the Directorate of “Pirin National Park”

A 3D map of the area of Vihren peak was created (Figure 4). The basic map represents: terrain relief; hydrography;
tourist routes; chalet. The additional content of the map depicts: annotation for the north and scale.The chalet Vihren is
located in the research area. Designing a chalet as a virtual object, it is intended to be close to the real object. It was
made with measurements, using electronic roulette.Volume scaling is used, which is a simultaneous increase or
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decrease of object dimensions on the three axes of a local rectangular coordinate system. One scale section corresponds
to 20 m. A north-arrow sign is placed on the northwest side of the map.

Figure 4. 3D map of the area of Vihren peak
The purpose of the map is to help users practicing mountaineering and hiking with the introduction of areas and
choosing the optimal tourist paths. There The 3D dimension of the map makes orientation easily in the research area.
There are several tourist paths which lead to Vihren peak (Figure 5). Most of the tourists start their ascend from Vihren
hut - a mountain hut built at altitude of 1950 metres in the valley of the Banderitsa river, several kilometres away from
the town. Once you get to the hut, there is marked trail (white-red-white) that starts from the cark park and leads to the
eastern slope of peak Vihren. The ascend from this side of the mountain is not technically difficult thought the
cumulative gain is more than one thousand metres and the last section of the trail crosses many loose rocks while
climbing the steep marble slope before the top. If one keep a good steady pace, taking the distance from the hut to the
highest point of the mountain usually takes 3-4 hours or so. For the research area is used the optimal tourist path which
start from Vihren hut.

Figure 5. Tourists paths, which lead to Vihren peak (http://gowhere.bg/en/places/mountains/vihren-peak/)
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AUGMENTED REALITY
Definitions
Augmented Reality (AR) is a technology that augments reality with either two or three-dimensional computer generated
imagery (CGI), objects and/or information, and allows users to interact with them (Azuma 1997; Carmigniani et al.
2011).
AR can be interpreted “as a view of a physical, real world environment whose elements are integrated with computergenerated sensory input” (Freina & Ott, 2015). The objective is to “see and experience the real world mixed with
various virtual objects, without losing the sense of reality” (Persefoni & Tsinakos, 2015).
In 1994, Paul Milgram and Fumio Kishino defined the continuum of Augmented Reality (AR) and Virtual Reality (VR)
(Figure 6).

Figure 6: Milgram’s Augmented Reality Continuum, (Azuma, 2001)
AR lies between the real and virtual environment and the state within the two environments is called "mixed reality”. A
mixed reality integrates digital information into the real environment. According to Azuma (1997), AR merges both
types of objects either in 2D or 3D, leading to an interaction in real time which reflects the mixed reality in Milgram’s
AR continuum. Users will begin to experience a virtual surround environment as the point moves to the right leading to
the virtual environment. Real objects are added to the virtual ones within the virtual environment to complement the
background. Unlike the point on the left side, AR offers a range of digital objects such as audios, videos, haptic touch,
and/or images; which can be overlaid onto a real environment.

Types of Augmented Reality
Marker-based AR (Image recognition)
It requires a special visual object like a printed Quick Response (QR) code or any other special signs and images.
Marker based applications use a camera on the device to distinguish a marker from any other real world object and it
overlays information on top of this marker (Figure 7). Simple patterns (such as a QR code) are used as the markers,
because they can be easily recognized and do not require a lot of processing power to read. The AR device also
calculates the position and orientation of a marker to position the content.

Figure 7: Marker-based AR
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Location-based (Markerless AR)
It uses the mobile device’s GPS, compass, gyroscope, and accelerometer to provide data based on user’s location. This
data then determines what AR content you find or get in a certain area (Figure 8). The wide availability of smartphones
and location detection features they provide is in essential significance for the markerless augmented reality technology.
It is most commonly used for mapping directions, finding nearby info, and other location-centric mobile applications.

Figure 8: Location-based AR

Projection-based AR
It works by projecting artificial light onto real world surfaces. Projection based augmented reality applications allows
human interaction by sending light onto a surface from the real world and then sensing the human interaction of that
projected light. Detecting the user’s interaction is done by dissociating between an expected projection and the altered
projection caused by the user’s interaction. An example of this is The AR Sandbox. This real-time integrated augmented
reality system can physically create topography models by shaping real "kinetic" sand (Bandrova, 2015). The relief in
the sandbox is recalculating according to the depth data, sensed by the camera and processed by the software in every
moment (Figure 9). After that it is rendered from the data projector over the sandbox, depicting perfectly matched
virtual relief over the sand landscape (Figure 10) (Savova, 2016).

Figure 9. The AR Sandbox system
construction, (Savova, 2016)

Figure 10. Virtual topography projected
directly over the sand, (Savova, 2016)

Superimposition-based AR
It partially or fully replaces the original view of an object with a newly augmented view of that same object. In
superimposition-based augmented reality, object recognition plays a vital role because the application cannot replace
the original view with an augmented one if it cannot determine what the object is. An example of this AR is the IKEA
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augmented reality furniture catalogue. By downloading their app and scanning selected pages in their catalogue, users
can place virtual IKEA furniture in their own home with the help of AR.

Technology of creating and adding Augmented Reality
The steps which a cartographer has to go through and that we went through to create and add Augmented Reality are
summarized and presented in Figure 11.

Figure 11. Creating and adding Augmented Reality technology

Sources and ways of collecting data
There are unlimited sources for creating an AR like topographic maps, raster images, videos, 3D models, coordinates
from geodetic field measurements and more. A 3D model of the area of Vihren peak is created and used as the
additional information that is displayed with the AR app (Figure 12).

Figure 12. 3D model of the area of Vihren peak

Choosing a type of Augmented Reality
Location-based AR is the most suitable type of AR for mountain navigation. As mentioned above this type of AR is
based on the camera, GPS, accelerometers and other sensors to define the location of the user on the go and all
surrounding objects and to display additional information on certain location.
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Choosing tools for creating AR
According to Dodero (2017) AR tools can be classified into three categories.
1. Low-level libraries - these tools provide only integration with computer vision algorithms, so require strong
programming skills to be able to use them.
2. High-level programming environments - these tools simplify the development process by providing a
supporting environment for building applications.
3. Graphical user interfaces (GUI) based development tools - they are in the reach of non-programmers.
GUI-based development tools are very appropriate because they do not require previous knowledge of programming
and are generally easier to use and they allow showing 2D, 3D models, photos and videos. But for more elaborate 3D
models, animations and simulations in the augmented reality most convenient are Low-level libraries.

Creating the main content
The main content is the overlay information. In this project is used а combination of Marker-based AR and Locationbased AR to create a mobile app in help of the mountaineers to provide them with additional information about the
navigation to key points and tourist routes. As mentioned above Marker-based AR use image recognition capabilities to
recognize images and overlay information on top of this image. Markers are labels that contain a colored or black and
white pattern that is recognized by the AR application through the camera of the device. In this project the created 3D
map is used as marker to display the created 3D models as additional information (Figure 13).

Figure 13. Creating the marker-based AR content
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The vector data provided from the Directorate of “Pirin National Park” and the detailed 3D model ared used to
determine the exact location of each dot of the optimal route from the hut to the Vihren peak. These navigation dots and
identification signs of Vihren hut and of Vihren peak are the main content of the location-based AR. The dots are
displayed on the landscape through the whole route and the identification signs are displayed above the hut and the
peak, with the exact elevation and the distance to each of them measured in walking time (Figure 14 and Figure 15).

Figure 14 and Figure 15.Displaying the location-based AR information – navigation dots and identification signs of the
Vihren hut and Vihren peak (concept)

Layout and visualization
•
•
•
•
•

Matching all elements
Selection of projection, scale, scene and range
Additional effects and animations
Rendering
Final product – AR mobile app

In this project the navigation app is created using Unity3D in combination with Vuforia for the Marker-based AR and in
combination with AR+GPS Location for the Location-based AR part of the app.

FUTURE WORK
In near future a research with volunteers mountainers and with students from University of Architecture, Civil
Engineering and Geodesy in Sofia will be conducted to explore the perception of the new technology. During a period
of a week, several analyses will be made and different tasks will be solved by the students with the help of nonwearable devices – smartphones and tablets. Several variables such as the time to reach the final destination, easier
orienteering and perceiving will be measured. The specific focus will be the potential use of AR for mountain
navigation.
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CONCLUSIONS
Making an AR app is an extremely complex and labour-intensive process. AR has a rich application and can be of
benefit to many different users. The challenges of creating and adding Augmented Reality App for mountain navigation
are still not only gathering data, modelling, design and visualization but to use AR in more useful way, to become a
strong tool for navigation. With this work we proposed a method of using AR as a kind of new technology in
cartography and show a way how we can provide mountaineers with additional information about the navigation to key
points and tourist routes.
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