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ABSTRACT. This paper describes the field campaign and data processing activities for a virtual 
model (VR) development of the orthodox chapel “St. Ivan Rilski”, located within the Bulgarian 
Antarctic research station on Livingston Island. Both the exterior and the interior (icons, altar) of 
the chapel were completely digitized. Terrestrial Laser Scanning (TLS) is used for point cloud data 
collection, complemented with GNSS observations. The data processing is performed using cloud-
to-cloud co-registration, noise removal and filtering, mesh modelling, cad processing and virtual 
reality design. The virtual model comprises several billions of colored vertexes and is available for 
display using a dedicated VR headset. It may be used to promote the Bulgarian polar research 
activities and as an example of digitalization of cultural heritage in extreme environment. 
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ПРИЛОЖЕНИЕ НА ГЕОДЕЗИЧЕСКИ ТЕХНОЛОГИИ ПРИ 
СЪЗДАВАНЕ НА ВИРТУАЛЕН МОДЕЛ НА ПАРАКЛИС „СВ. 
ИВАН РИЛСКИ“, ОСТРОВ ЛИВИНГСТЪН, АНТАРКТИКА  

РЕЗЮМЕ. Настоящият доклад описва теренната работа и обработката на данни по 
разработване на виртуален модел (VR) на православния параклис „Св. Иван Рилски”, 
разположен в Българската изследователска база на о-в Ливингстън, Антарктика. Обект на 
заснемането са както фасадата, така и вътрешността (икони, олтар) на параклиса. Чрез 
наземно лазерно сканиране са регистрирани поредица облаци от точки, допълнени с ГНСС 
наблюдения. Обработката на данни е извършена с помощта на съвместна регистрация облак-
в-облак, премахване на шума и филтриране, създаване на полигонови (мрежови) модели, 
CAD обработка и дизайн в среда на виртуална реалност. Виртуалният модел и изграден от 
няколко милиарда оцветени точки и е достъпен за показване с помощта на специални VR 
очила. Моделът може да се използва за популяризиране на българските полярни 
изследователски дейности и като пример за дигитализация на културното наследство в 
екстремна среда. 

КЛЮЧОВИ ДУМИ: ЛАЗЕРНО СКАНИРАНЕ, АНТАРКТИКА, ВИРТУАЛНА 
РЕАЛНОСТ

1. INTRODUCTION 

The orthodox chapel “St. Ivan Rilski” lies within the premises of the Bulgarian Antarctic Station 
“St. Kliment Ohridski” on Livingston Island. Located at -62° 38' 30.138" N; -60° 21' 54.652" E, it 
is one of the southernmost orthodox religious buildings in the world. The chapel was established in 
2012 on a rock above the main station buildings. During four consecutive expeditions (2013-2017), 
a dedicated artist (Mrs. Ganka Pavlova) painted the chapel "St. Ivan Rilski" on site. Several groups 
of icons were painted – the iconostasis, which is comprised by five images, and a number of side 
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icons.  

The remote location of the chapel, which makes it difficult for ordinary visitation, and the dangers 
caused by the extreme environment on the island (severe snowfalls, strong winter winds, humidity) 
were some of the main drivers for a geodetic project, aimed at digitalization and preservation of this 
cultural heritage. The project comprises three main stages – terrestrial laser scanning, point cloud 
data processing and virtual model development. It is organized as a joint collaboration between the 
University of Mining and Geology “St. Ivan Rilski” (Bulgaria), the Istanbul Technical University 
(Turkey), with financial and logistic support by the Bulgarian Antarctic Institute. Terrestrial laser 
scanning is a widely used technology for digitalization of cultural heritage, as described e.g. in [6] 
for the Cathedral in Cologne, [2] for analysis of geometric anomalies for ancient structures, and 
other research papers [1, 3, 8]. The performance of the pulse laser scanner, used in the current 
project, was analyzed [5] in comparison with phase laser scanner and deemed appropriate for the 
chosen objective. That is why it was chosen as the primary technology for that project.  

2. TERRESTRIAL LASER SCANNING 

This stage took place during the 25th Bulgarian Antarctic Expedition (2016/2017). The following 
geodetic equipment was transported by airplane and ship to the island - terrestrial laser scanner 
Stonex X300, a pair of survey-grade GNSS receivers (Trimble R4-2 and Stonex S8+), a Zeiss Elta 
total station, a tripod and other accessories. The scanning was performed at maximum resolution 
(~16000x4000 points per scan), resulting in over 63 mln. points. 10 scans were obtained – 4 of the 
exteriors, 1 at the chapel entrance, and 5 of the interiors. Inside the chapel, several LED lamps were 
used to collect proper color photos from the icons. Accurate georeferencing of the model was 
obtained through relative GNSS measurements. The reference GNSS station was established on a 
permanent survey marker (named KOH2), where Trimble R4 receiver was deployed, while the 
Stonex S8+ provided 10-minute static measurement at the top of the barrels under the chapel floor. 
The data was processed with the software Trimble Business Center, with reference station 
coordinates provided in ITRF2008 from processing, performed by the Military Geographic Service 
of Bulgaria. All laser scanning and GNSS data was transferred on a daily basis to a laptop for initial 
in situ QC checks. Some stages of the 3D scanning were filmed by a documentary team of Nova 
TV, and were subsequently broadcasted and released online (Fig. 1).  

 

Fig. 1. Preparing the 3D laser scanner in front of the chapel - still shot from a documentary by journalist Zhivko 
Konstantinov, produced and broadcasted by Nova TV, Bulgaria. Source: 

https://www.vbox7.com/play:a13ffbda4e&start=658 
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3. DATA PROCESSING 

After the end of the expedition, the data was processed independently at the Istanbul Technical 
University using Leica Cyclone software, as described in [4], and at the University of Mining and 
Geology, using Stonex 3D Reconstructor and Autodesk 3DS Max software products. The latter 
processing is the subject of this paper. The data processing was performed in several phases. 

3.1. Pre-processing 

All clouds were pre-processed via two noise removal filters: a median filter and range/reflectance 
gate filter. The median filter was set to use square mask border (seven pixels each side), centered at 
the current pixel. The range filter kept only signals within the limit 0.1 – 330 m, and the reflectance 
gate discarded all reflections with reflectance coefficient outside the limit 0.01-0.9999.  

After the noise removal process, normals were computed at each point using local plane fitting 
algorithm: a local surface tangent plane for each point was determined, based on a neighborhood of 
16 pixels, centered on that point. 

Manual cleaning of unnecessary points were performed via selection and cropping. Finally, a 
confidence coefficient (the measure for the reliability of the given range measurement) was 
calculated, taking the incident angle between the laser beam and the tangent plane of the target into 
account, the distance to the target and the material of the object and therefore the intensity of the 
reflected signal have been calculated by the software.  

3.2. Registration 

The point clouds were co-registered manually via identical points. The average error is at the order 
of 2-3 cm RMS. First all four exterior scans were registered, followed by the five interior scans. 
Then, the interior and exterior were co-registered via the entrance area scans.  

  

Fig. 2. (left) Colored point cloud view of the iconostasis. Fig 4. (right) Fig. 4. Poisson mesh reconstruction of the 
iconostasis 

3.3. Camera calibration on a grid  

The registered scans were subsequently colored from the photos, taken with the internal camera of 
the scanner (Fig. 3). Due to possible slight movements of the scanner while at operation (vibrations, 
wind), some photos were not correctly projected. Some of the faces on the icons were offset at 
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several cm, or cut in half. This required manual camera recalibration, using at least 11 identical 
points from each point cloud and each combined photo image. This operation yielded better-
combined images with more adequate representation of the real chapel environment. However, 
some slight misalignments persist, possibly due to poor lighting inside the chapel corners.  

3.4. Mesh modeling 

Three types of mesh models were developed: 

3.4.1. Poisson reconstruction 

This reconstruction technique is approximate: it creates a triangulation that approximates the 
surface described by the points. The final reconstructed surface contains 8 of the 10 scans, with 
19865020 triangles (9950446 vertexes). Most of the small to medium holes were filled during this 
process; however, a complete watertight model was not possible to be reconstructed because some 
sectors of the chapel was not possible to be scanned. Nevertheless, the Poisson reconstruction 
approach proved the best solution with the available data, and a balanced (in terms of volume and 
quality) model was developed (Fig. 4 and 5). 

 

Fig. 5. Poisson reconstruction of the whole chapel 

3.4.2. Delaunay triangulation 

This meshing technique is interpolative: each point of the input cloud is considered as vertex of the 
output mesh. It is generally slower than the approximate ones (e.g. the Poisson reconstruction), and 
produces heavier meshes. However, it always produced watertight meshes (Fig. 7). Heavy meshes 
or meshes with wrong shapes can be simplified and edited in the mesh editor of the Stonex 
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Reconstructor software; however too much editing was needed so this approach was abandoned 
(Fig. 6). 

  

Fig. 6. (left) Delaunay triangulation resulted in many distortions and needed substantial additional editing.  
Fig. 7. (right) Watertight Delaunay mesh model of the iconostasis 

3.4.3. Multi-resolution meshing 

A lighter triangulation for the range surface was created by using less triangles on planar regions, 
satisfying an approximation error threshold. This method does not provide watertight models, but 
the meshed are appropriate for quality evaluation of the data and testing in VR environment because 
of the smaller quantity of the produced triangles.  

3.5. Export to VR environment  

The three types of mesh models (Poisson, Delaunay and multiresolution) were subsequently 
exported from Stonex Reconstructor in VRML (Virtual Reality Modeling Language) format. 
VRML is a text file format where all vertices of the mesh models are specified along with the 
surface color, mapped textures and other features. The files was then imported separately inside the 
Autodesk 3DS Max software. The import of VRML was very slow, e.g. for the Poisson model 
which comprise 8 scans the process took approx. 48 hours. The mesh models were then re-edited 
and optimized for VR visualization. Leftover noise (outlying triangles) were deleted to a 
satisfactory degree (Fig. 8). Finally, the models were exported in Autodesk .fbx format for further 
VR processing. 

 

Fig. 8. The multiresolution mesh model imported into the 3DS Max software (view from the front). The white 
color outlines the wireframe (triangular network) of the selected sub-mesh. 
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3.6. VR Engine 

The virtual reality environment was developed in the Autodesk 3DS Max Interactive platform, 
version 2.4.0.0. 3DS Max Interactive is a VR engine that extends the power of 3DS Max to create 
immersive and interactive architectural visualizations based on Autodesk Stingray for design 
visualization specialists. It can be used in a number of different contexts but its focus is on helping 
to simplify the process of turning animations, such as architectural visualizations, into stunning 
virtual reality experiences. The structure of this platform is organized in various levels, which may 
contain different assets (models, cameras, light, audio and others). The general workflow for the VR 
development of the chapel is: 
 Creation of project. A new project was created, using the system template Basic project. This 

template is preconfigured with models (called units) in VR world (e.g. sun emitting light, wall, 
floor, and character/viewer).  

 Creation of level. A new level was created, where the chapel models were imported in .fbx 
format, as multiresolution mesh (Fig. 9-12) and as Poison reconstructed mesh (Fig. 13, 14). The 
former preserved the original colored texture, obtained from the photos inside the chapel, while 
the latter is imported without texture. Both models were then scaled and placed in the middle of 
the VR world.  

 Deployment of camera and lights. One camera was placed in front of the entrance, and a 
number of lights were deployed close to the icons for better illumination. A start place for the 
character was chosen in the middle of the chapel, facing the iconostasis (Fig. 9).  
 

 

Fig. 9. VR model of the multiresolution mesh with user starting position (in green), three light, oriented towards 
the iconostasis, and test objects (white boxes), removed from the model at a later stage. 

 VR visualization. The chapel model can be visualized using the Steam VR application and a 
HTC Vive headset (Fig. 10) with a pair of base stations, controllers and optional wireless 
adapter. Steam VR is a desktop interface app that enables VR equipment for gaming, 
entertainment and other applications. The headset is typically plugged in a desktop machine via 
cables, but may also run with the wireless setup (however requiring more powerful resources, 
especially video card parameters). The room setup, where the viewer can physically move by 
walking) is digitally fenced with approx. size of 4 sq. m. (2x2 m). The controllers are with 
activated teleport function - a feature that enables rapid transportation (jump) to any section of 
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the model without physical movement. (Fig. 11-12). The VR visualization may be 
demonstrated in the newly equipped VR lab in the Department of Mine Surveying and Geodesy 
at the University of Mining and Geology “St. Ivan Rilski” [7]. 

 

 

Fig. 10. HTC Vive headset kit, available at the University of Mining and Geology “St. Ivan Rilski” 

 

Fig. 11. Example scene of the viewer movement using Steam environment – the green trajectory points to a place 
that the viewer will instantly teleport to, while the blue line is the pointer. 
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Fig. 12. Scene of the multiresolution mesh in the VR world, developed in the 3DS Max Interactive engine 

 

 

Fig. 13. Scene with the Poisson mesh model, placed in the center of the VR world 
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Fig. 14. Poisson mesh model run in the VR test engine 

Despite that the Poisson reconstruction provides watertight (closed gaps) model, it is rather heavy 
and needs subsampling, as well as more powerful desktop machines to run it properly. 

4. CONCLUSION 

The VR model developed for the “St. Ivan Rilski” chapel on Livingston Island, Antarctica, is the 
first attempt for digitalization and conservation of this important national heritage there using 
terrestrial laser scanning. The related geodetic activities were performed in extreme environment, 
taking into account the low temperatures and high humidity, the lack of regular lighting in the 
interior, the electric regime in the Bulgarian Antarctic Station and many other unpredicted factors. 
A visualization of point clouds rather than combined mesh model is also planned for testing, either 
in 3DS Max Interactive, or using open source products like Unreal Engine. A video walkthrough 
from the model in Stonex Reconstructor is available at the following link: 

https://vimeo.com/432382337 

Many of the problems in the laser data collection occurred due to the small scale of the chapel 
interior, as the laser scanner used is not capable to register reflections shorter than 1.6 m. 
Consequently, there are some visible holes and gaps within the model structure. This is why in the 
future the chapel model may be complemented with data from close-range photogrammetry. 
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