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Abstract. Bulgaria has been known for its rich history since ancient times. Within its current
territory, the country encompasses a variety of cultures that bear their specific specificity and
identity. The present study aims at the digitization of models of national and historical value,
applying modern technological means. To achieve the goal, a methodical process is used to
optimize the interaction of the different working steps.
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1 Introduction

Digitization by photogrammetric measurements and calculations makes it possible to store the
data of three-dimensional geometry of models with particular national and historical significance
(Georgieva 1. (1993), Tachev M. (2012)). This is important both for the preservation of the
characteristic geometric features and for the overall storage of the visual parametric data in suitable
file formats, which allow restoration, reproduction, re-design and other activities.

The present work is aimed at the study of typical metallic models — belt-buckles, which have
an ancient character and are used in the traditional Bulgarian costume and nowadays (Stoeva G o.s.,
Koleva T. (2014) o.s.). The buckles are characterized by their rich details, the variety of shapes and
plots (Magazine “Bulgarka” (2015), NarodniNosii (2018)). They impress with elegance and beauty
(Sirakov N., Demirev V., llieva D., Ivanov 1. (2014), Uchiteli (2016)—o.s., Topalova R.-o.s., lliev L.,
Kazakova R., Genova M. (2014)-o.s.). This gives grounds to take the necessary action to preserve the
patterns as a national treasure guiding its roots from the very earliest times. The buckles are versatile
in terms of their visual characteristics, sizes and materials. Different types of buckles are shown in
fig.1.
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Fig. 1. Traditional Bulgarian belt buckles: (a) With a cross symbol (Uchiteli (2016)—o.s.,); (b) Silver alloy with
gold plating with double-headed eagle (Sirakov N., Demirev V., Ilieva D., Ivanov 1. (2014)); (c) Brass, round,
pointed at one end. With plant motifs and double-headed eagle (Topalova R.-0.s); (d) Silver belt buckles with

horn beds, XIX century (Iliev 1., Kazakova R., Genova M. (2014)-0.s.)).

One of the appropriate methods for digitizing such models is photogrammetry (Guidi G. *,
Gonizzi S., Micoli L.L (2014), Lobanov A. N. (1984), Nazarov A. S. (2006), Obiralov A. 1.,
Limonov A. N., Gavrilova L. A. (2002), Schenk T. (2005), Waas M., Zell D. (2014)). It involves a
specific technological process (Dovramadjiev T. (2017), Laakso A. (2016)), where real models by
means of capturing apparatus (Kaufman J., Rennie A., Clement M. (2015)). and special software
applications (Autodesk MeshMixer — o.s., Autodesk ReCap o.s.), recreate in the virtual space a three
dimensional geometry similar to the real. Fig. 2 (Photogrammetry - Metrology process) and fig. 3
(Photogrammetry - Triangulation process) show the conventional principles of realizing the
digitalisation of a three-dimensional real model in a virtual one by photogrammetry (Geodetic
Systems —o.s, IQLaser —o.s).
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Fig. 2. Photogrammetry — Metrology process.  Fig. 3. Photogrammetry — Triangulation process.

The quality of the samples and patterns obtained depends on many factors including the
choice of a suitable room and / or environment, a working scene, shooting equipment, precision in the
setting of parameters and operator definitions, individual work in a design process in computer 3D
modeling.

Choosing the photogrammetry has the following advantages over conventional 3D scanning
in terms of 3D restoration and recovery of models that have already disappeared and / or destroyed,
but there are enough documentary photo materials or videos that can be handled as individual images
using specialized software applications that retrieve frames in raster file formats). This is especially
important when working with artifacts, objects, and other objects of an ancient character. Considering
the ancient character of the buckles (referring to those that were made decades ago and centuries ago),
the application of an optimized photogrammetric methodology is a necessity.
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2 Materials and Methods

Similar to the models of Figure 1, there are models of belt buckles to be digitized in the
present work (Figure 4: (a) Model 1; (b) Model 2 and (c) Model 3).

(@ (b) (©)
Fig. 4. Real models of Belt-buckles: (a) Model 1, (b) Model 2 and (c) Model 3.

The performance of the photogrammetric process includes a sequence of stages that are
specific in their functionality and conform to the standards set forth in figures 2 and 3. There are used:
shooting equipment, professional program for photogrammetric measurements and calculations, data
processing, conversion and storage in suitable file formats. An optimized methodology used in this
study is shown in fig. 5

3D real models of belt Stage and lighting Photographing with
buckles preparation photographic equipment

Fig. 5. Optimized photogrammetric methodology.
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Model 1

In the first model of the belt buckles predominate floral ornaments. The shooting of the real
model is done on a white canvas, and in the lens of the camera additional details of the environment,
which would affect the received images are avoided 47 photos have been taken and processed in
photogrammetric software Autodesk ReCAP (fig. 6).

(a) (b)
Fig. 6. Model 1 - Digital model of a belt buckle: (a) In an environment of Autodesk ReCAP with wireframe and
texture; (b) Export to file OBJ.

The resulting three-dimensional model can be exported to (* .OBJ or * .STL) for additional
processing with specialized sculpting tools in AutoDesk MeshMixer software. These are some of the
most used file formats in 3D Rapid Prototyping and 3D Software 3D Modeling. In this case, the OBJ

file format is used. The final result due to manual processing of the meshof the model in Autodesk
MeshMixer is shown in fig. 7.

(@) (b)
Fig. 7. Obtained result for model 1. Digital model of the belt buckle in Autodesk MeshMixer environment: (a)
with texture; (b) with wireframe and texture.

Model 2

The second model has floral elements and in the center a figure that resembles a two-headed
dragon. The result of Autodesk ReCAP photogrammetry process is shown in fig. 8.
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(a) (b)
Fig. 8. Model 2 - Digital model of a belt-buckle in Autodesk ReCAP environment: (a) with texture; (b) with
wireframe and texture.

The resulting model in Autodesk ReCAP is exported in a similar way to model 1 and handled
with sculpting tools in Autodesk MeshMixer (fig. 9).
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Fig. 9. Result for model 2. Digital model of the belt buckle in Autodesk MeshMixer environment: (a) with
texture; (b) with wireframe and texture.

Model3

The third model of the belt buckle is in a disc-like shape with floral ornaments. The result of
Autodesk ReCAP photogrammetry process is shown in fig. 10.

Sl
(2) (b)
Fig. 10. Model 3 - Digital model of a belt buckle in Autodesk ReCAP environment: (a) with texture; (b)with
wireframe and texture.
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The resulting model in Autodesk ReCAP is exported in a similar way to model 1and model 2
and handled with sculpting tools in Autodesk MeshMixer (fig. 11).
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Fig. 11. Obtained result for model 3. Digital model of a belt buckle in Autodesk MeshMixer environment: (a)
with texture; (b) with wireframe and texture.

After optimizing the geometry of the models, they have the following mesh parameters (table 1).

Table 1. Mesh parameters of the models

Vertices Triangles

Model 1 78478 157641
Model 2 44842 88427
Model 3 96323 191148

3 Conclusion

As a result of obtaining the original geometric data in a digital format, the models were
processed with specialized technical means and results were obtained that have an optimized
geometry with respect to the external geometry of the mesh. The final variants are brought into the
necessary digital form, which in future processes are used for different forms and activities. Some of
them are:

- Creating interactive multimedia presentations;

- Interactive platforms and applications;

- Internet sites;

- Virtual museums;

- Materialisation of real samples through 3D printing;
- Others.

This paper presents a successful process of digitization of models of particular national and
historical value, using modern technical means.

Acknowledgments. The described work is a part of project NP -17 2018 / TUV “Study of design
possibilities and optimization of computer calculation processes in industrial design practice”.
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