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Abstract: This study presents a framework for the digital profiling and online representation of traditional Bulgarian belt buckles (pafti) 

through the integration of structured cultural data and accessible 3D visualization approaches. The research is positioned within the context 

of Industry 4.0, where digital transformation, data-driven methodologies, and virtual representation increasingly influence the preservation 

and interpretation of cultural heritage. Traditional ethnographic artifacts are often documented through fragmented textual descriptions and 

static photographs, limiting their accessibility and analytical potential in digital environments. The proposed approach combines 

ethnographic documentation with data structuring and digital visualization techniques. Cultural attributes such as regional affiliation, 

ornamentation, material composition, decorative elements, and object form are organized into a structured descriptive model suitable for 

digital analysis and presentation. In parallel, the study applies a low-cost photogrammetry workflow for creating a digital representation of 

selected artifacts, supported by online visualization through a web-based environment and QR-based access. The results demonstrate how 

traditional cultural objects can be transformed into structured digital entities that support visualization, accessibility, and interactive 

exploration. The study highlights the potential of combining cultural heritage research with digital technologies in order to create accessible 

models for the preservation and presentation of ethnographic artifacts within contemporary digital ecosystems. 
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1. Introduction 

The rapid development of digital technologies has significantly 

transformed the ways in which cultural heritage is documented, 

preserved, and presented. Within the broader context of Industry 

4.0, concepts such as digital transformation, data-driven 

methodologies, virtualization, and interactive access increasingly 

extend beyond industrial applications and find relevance in the 

fields of humanities, cultural heritage studies, and digital 

humanities. As a result, traditional cultural artifacts are gradually 

becoming part of new digital ecosystems that enable their structured 

representation, visualization, and long-term preservation. 

In recent years, museums, researchers, and cultural institutions 

have increasingly explored digital approaches for documenting and 

presenting ethnographic objects through virtual collections, 

interactive platforms, and 3D visualization technologies [1]. Despite 

these developments, many traditional artifacts continue to exist 

primarily as static photographs or descriptive museum records, 

often lacking structured metadata and digital analytical 

representation. This limits both their accessibility and their potential 

integration into contemporary digital cultural environments. 

Traditional Bulgarian belt buckles, known as pafti, represent an 

important element of women’s traditional costume and material 

culture. Beyond their decorative function, they reflect regional 

identity, craftsmanship traditions, symbolic ornamentation, and 

cultural continuity across generations [2]. Due to their visual 

complexity and ethnographic significance, pafti provide a suitable 

case for exploring the possibilities of digital representation and 

structured cultural data organization. 

The present study proposes a framework for the digital profiling 

and online representation of traditional Bulgarian belt buckles 

through the integration of structured descriptive attributes, 

photographic documentation, photogrammetry, and web-based 

visualization [3]. The research aims to demonstrate how accessible 

digital technologies and data-oriented approaches can support the 

preservation, accessibility, and interpretation of ethnographic 

artifacts within the technological paradigm of Industry 4.0. 

The study is guided by the following research question: 

How can structured cultural data, photogrammetry, and web-

based visualization technologies be integrated into a digital 

framework for the representation and accessibility of traditional 

ethnographic artifacts? 

2. Problem discussion 

The digital representation of cultural heritage has become an 

increasingly important research direction within contemporary 

digital humanities and cultural preservation initiatives. Despite the 

growing use of digital technologies in museums, archives, and 

virtual heritage platforms, many ethnographic artifacts continue to 

be documented primarily through static photographs, descriptive 

inventories, and fragmented textual records. In many cases, this 

information remains unstructured and dispersed across museum 

catalogues, private collections, printed publications, and local 

historical archives, limiting the possibilities for systematic digital 

analysis and interactive representation. 

Traditional ethnographic objects often contain complex visual, 

symbolic, and regional characteristics that are difficult to organize 

within conventional descriptive approaches. This is particularly 

evident in the case of traditional Bulgarian belt buckles (pafti), 

where variations in ornamentation, material composition, shape, 

decorative motifs, and regional stylistic features create a rich but 

highly heterogeneous body of cultural information. Although such 

artifacts possess significant ethnographic and historical value, they 

are rarely approached as structured cultural data objects suitable for 

integration into digital environments. 

 

Fig. 1 Traditional embroidered belt from Central Northern Bulgaria 
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Figure 1 presents a traditional embroidered belt from Central 

Northern Bulgaria used as part of the ethnographic material 

examined in the present study. The artifact combines textile 

craftsmanship, decorative bead ornamentation, and leather structural 

elements characteristic of regional traditional costume accessories. 

The visual complexity and ornamental composition of the belt 

demonstrate the diversity of ethnographic objects that can be 

documented and represented through structured digital approaches. 

 

Fig. 2 Traditional Gabrovo-style pafti from a private ethnographic 

collection 

 

Figure 2 illustrates traditional Bulgarian pafti of Gabrovo style 

distinguished by detailed metallic ornamentation and sculptural 

decorative forms [4]. As representative elements of women’s 

traditional costume, pafti contain significant visual and symbolic 

characteristics that make them suitable objects for digital profiling 

and online cultural representation. Their structural complexity and 

decorative richness provide an appropriate basis for the application 

of photogrammetry and digital visualization techniques within 

contemporary cultural heritage environments. 

The selected artifacts illustrate the diversity and visual 

complexity of traditional Bulgarian ethnographic objects. Their 

combination of textile craftsmanship, metallic ornamentation, 

symbolic decorative motifs, and regional stylistic characteristics 

demonstrates the rich informational potential embedded within 

traditional material culture. At the same time, such artifacts present 

significant challenges for digital documentation and representation 

due to the coexistence of visual, structural, and cultural attributes 

that are often difficult to organize within conventional descriptive 

models. 

Another important challenge is the limited accessibility of many 

ethnographic artifacts outside museum exhibitions and private 

collections. Traditional forms of documentation are typically based 

on static photographs and descriptive records, providing restricted 

opportunities for interactive exploration and digital engagement. As 

a result, valuable cultural objects often remain insufficiently 

integrated into contemporary digital heritage environments and 

online cultural ecosystems [5]. 

Within the context of Industry 4.0, concepts such as digital 

transformation, virtualization, structured data processing, and online 

accessibility create new possibilities for the preservation and 

presentation of cultural heritage. In this regard, accessible digital 

workflows based on photogrammetry, structured cultural metadata, 

and web-based visualization technologies offer practical 

opportunities for transforming traditional ethnographic artifacts into 

interactive digital cultural objects. Such approaches support both 

the preservation and the broader accessibility of cultural heritage 

through contemporary digital platforms and mobile environments 

[3, 6]. 

3. Objective and research methodologies 

The main objective of this study is to develop a framework for 

the digital profiling and online representation of traditional 

Bulgarian belt buckles (pafti) through the integration of structured 

cultural data, photographic documentation, photogrammetry, and 

web-based visualization technologies. The proposed approach aims 

to transform traditional ethnographic artifacts into structured digital 

entities suitable for visualization, accessibility, and future 

integration into virtual cultural heritage environments. 

The research methodology follows a structured multi-stage 

process that combines ethnographic documentation with digital 

technologies and data-oriented approaches (see Fig. 3). The 

workflow includes artifact documentation, cultural data structuring, 

digital representation, and online accessibility through interactive 

web-based environments. 

 

Fig. 3 Methodological framework for the digital profiling and online 
representation of traditional Bulgarian pafti 

 

The proposed methodological framework illustrates the 

sequential process used for the digital profiling and representation 

of the selected ethnographic artifacts. The workflow begins with the 

documentation of the physical object through photographic 

acquisition, followed by the structuring of cultural and descriptive 

metadata. The collected visual and descriptive information is 

subsequently used within a photogrammetry-based workflow for 

generating a digital representation of the artifacts. The final stage 

focuses on online accessibility through web-based visualization and 

QR-supported access, allowing users to explore the digital 

representation in an interactive environment. Each stage of the 

framework contributes to the transformation of traditional cultural 

objects into accessible digital cultural entities suitable for 

visualization and future digital preservation initiatives. 

3.1 Data Collection 

The study is based on the documentation of selected traditional 

Bulgarian belt buckles and belt elements originating from private 

ethnographic collections. The artifacts were photographed from 

multiple perspectives in order to capture their overall form, 

decorative structure, and visual characteristics. Additional 

ethnographic observations related to ornamentation, material 

appearance, stylistic features, and regional characteristics were also 

included during the documentation process. 

The photographic documentation served both as a visual 

archival source and as the basis for the subsequent photogrammetry 

workflow used for digital representation. Particular attention was 

given to the visibility of decorative details and structural elements 

characteristic of traditional pafti craftsmanship. 
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3.2 Data Structuring and Profiling 

Following the documentation process, the collected information 

was organized into a structured cultural dataset describing the main 

characteristics of the artifacts. The profiling approach includes 

descriptive attributes such as object type, regional affiliation, 

material composition, ornamentation, decorative motifs, shape, and 

estimated historical period. The structured organization of cultural 

data allows the transformation of traditional ethnographic objects 

into digital entities suitable for classification, comparison, 

visualization, and future integration into digital cultural archives. 

This approach also supports the development of metadata-oriented 

models for cultural heritage representation and improves the 

accessibility and interpretability of ethnographic information [7]. 

The selected profiling attributes were defined in accordance 

with the visual, structural, and ethnographic characteristics of the 

examined artifacts. The attribute selection process aimed to include 

both descriptive and culturally significant elements that support 

digital identification, classification, and comparative analysis. 

Particular attention was given to attributes related to regional 

affiliation, material composition, ornamentation, decorative motifs, 

and object form, as these characteristics play a central role in the 

interpretation and representation of traditional ethnographic objects 

within digital cultural heritage environments. 

Table 1: Comparative structured cultural attributes of the selected 

ethnographic artifacts 

Attribute Embroidered Belt Belt Buckles 

Object type 
Traditional 

embroidered belt 
Traditional belt buckles 

Regional origin 
Central Northern 

Bulgaria 
Gabrovo region 

Material Textile, leather, beads Metal alloy 

Historical period 
Late 19th – early 20th 

century 
Late 19th century 

Ornamentation 
Embroidery and bead 

decoration 

Relief metallic 

ornamentation 

Shape Elongated textile form Oval 

Decorative motifs Floral motifs Floral and animal motifs 

Cultural function Costume accessory 
Women’s costume 

accessory 

Documentation 

methods 

Photographic 

documentation 

Photographic 

documentation 

Digital processing 
Photogrammetry 

workflow 

Photogrammetry 

workflow 

Digital 

accessibility 

Web-based 
visualization and QR 

access 

Web-based visualization 

and QR access 

 

Table 1 presents a comparative overview of the structured 

cultural attributes used for profiling the selected ethnographic 

artifacts. The organization of the data into clearly defined 

descriptive categories supports consistent digital representation, 

comparative analysis, and future integration into digital cultural 

heritage environments. The profiling model also demonstrates the 

applicability of metadata-oriented approaches for the documentation 

and accessibility of traditional ethnographic objects. 

3.3 Digital Representation and Online Accessibility 

The digital representation process combines photogrammetry 

techniques with accessible online visualization technologies. A low-

cost and accessible workflow based on photographic image 

processing was applied in order to generate a digital representation 

of the selected artifacts. The resulting visualization was integrated 

into a web-based environment developed for online presentation 

and interactive access. 

In addition to static visual documentation, the study 

incorporates QR-based accessibility, enabling users to access the 

digital representation directly through mobile devices. This 

approach supports broader accessibility and demonstrates how 

traditional ethnographic artifacts can be integrated into 

contemporary digital cultural ecosystems through practical and 

accessible technological solutions [6]. 

4. Results and visualization 

The application of the proposed framework resulted in the 

creation of structured digital representations of the selected 

ethnographic artifacts. The implemented workflow combined 

photographic documentation, cultural data profiling, 

photogrammetry processing, and web-based visualization in order 

to provide accessible digital presentation of traditional Bulgarian 

cultural objects. 

The digital processing stage enabled the transformation of the 

documented artifacts into interactive visual representations suitable 

for online exploration and future integration into digital cultural 

heritage platforms. Particular attention was given to preserving the 

visibility of decorative details, structural characteristics, and 

ornamental composition during the visualization process. The 

resulting digital representations retain the distinctive visual features 

of both the embroidered belt and the Gabrovo-style pafti while 

supporting accessibility through contemporary digital environments. 

4.1 Technology Stack and Implementation Environment 

The implementation of the proposed framework was based on a 

combination of accessible hardware and software technologies 

intended to support low-cost digital cultural heritage representation. 

The photographic acquisition process was performed using a 

smartphone camera, allowing multi-angle image capture of the 

selected ethnographic artifacts. The captured photographs were 

subsequently processed through a photogrammetry workflow for 

generating digital object representations. 

The digital visualization environment was developed through a 

web-based platform supporting online presentation and mobile 

accessibility. QR code integration was additionally implemented in 

order to facilitate direct access to the digital representation from 

mobile devices. The selected technological workflow emphasizes 

accessibility, practical applicability, and the possibility for future 

adaptation within small museum collections, educational projects, 

and independent cultural heritage initiatives. 

Table 2: Technology stack used in the digital representation workflow 

Component Technology Purpose 

Image acquisition Smartphone camera Artifact photography 

Photogrammetry 
Photogrammetry 

software 
Digital object generation 

Data structuring Metadata profiling 
Cultural data 

organization 

Web visualization 
Canva-based 

environment 
Online presentation 

QR integration QR code generation Mobile accessibility 

 

Table 2 presents the main technological components integrated 

within the proposed digital representation workflow. The selected 

tools and technologies support the creation of accessible digital 

cultural environments through low-cost and widely available 

solutions suitable for independent cultural heritage initiatives and 

small-scale ethnographic digitization projects. 

4.2 Digital Representation Results 

Figure 4 presents the digital representation generated through 

the photogrammetry workflow applied in the present study. The 

visualization demonstrates the possibility of creating accessible 

digital cultural objects through low-cost and widely available 

technologies, without the necessity of specialized museum 

digitization infrastructure. 
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Fig. 4 Digital representation generated through photogrammetry processing 

The generated digital representation preserves the main visual 

and structural characteristics of the examined ethnographic artifacts, 

including decorative motifs, ornamentation, and object form. The 

resulting visualization demonstrates the applicability of 

photogrammetry-based approaches for the digital preservation and 

presentation of traditional cultural objects within contemporary 

digital environments. 

4.3 Web-based Visualization and QR Accessibility 

The resulting digital object was subsequently integrated into a 

web-based visualization environment designed for interactive 

presentation and mobile accessibility. In addition to static visual 

documentation, the developed environment allows users to access 

the digital representation through QR-supported interaction, 

facilitating direct access from mobile devices and supporting 

broader public accessibility. Figure 5 illustrates the web-based 

visualization environment used for presenting the generated digital 

representation. The integration of QR access extends the 

accessibility of the artifacts beyond conventional museum 

documentation and creates opportunities for interactive digital 

engagement with ethnographic cultural heritage. 

 
Fig. 5 Web-based visualization environment with QR-supported access 

The presented results demonstrate that structured cultural 

profiling combined with accessible digital technologies can support 

the transformation of traditional ethnographic artifacts into 

interactive digital cultural entities. The proposed approach 

contributes to the broader integration of cultural heritage within 

contemporary digital ecosystems and illustrates the applicability of 

Industry 4.0 concepts in the field of ethnographic documentation 

and digital heritage representation. 

5. Key findings and discussion 

The results of the present study demonstrate that traditional 

ethnographic artifacts can be successfully transformed into 

structured digital cultural entities through the integration of cultural 

data profiling, photogrammetry, and web-based visualization 

technologies. The proposed framework illustrates how accessible 

digital workflows can support both the preservation and the online 

presentation of traditional Bulgarian cultural heritage within 

contemporary digital environments. 

One of the main findings of the study is the applicability of 

structured metadata approaches in the organization and 

interpretation of ethnographic information. The use of descriptive 

attributes related to regional affiliation, material composition, 

ornamentation, decorative motifs, and object form allows the 

creation of consistent digital cultural datasets suitable for 

classification, comparison, and future expansion within larger 

digital heritage collections. This demonstrates the potential of data-

oriented methodologies for improving the accessibility and 

interpretability of ethnographic artifacts. Another important 

outcome is the implementation of a low-cost digitization workflow 

based on accessible technologies. The study demonstrates that 

smartphone photography, photogrammetry, web-based 

visualization, and QR-supported access can support the digital 

transformation and broader accessibility of cultural heritage objects 

within small-scale projects and independent ethnographic research. 

Within the broader context of Industry 4.0, the proposed framework 

demonstrates how concepts such as digital transformation, 

virtualization, structured data processing, and online accessibility 

can be applied in the field of ethnographic documentation and 

digital heritage representation.  

The study highlights the role of interdisciplinary approaches 

combining ethnographic knowledge and digital technologies for 

supporting cultural heritage preservation and accessibility. The full 

digital cultural heritage environment is available online at: 

https://shevitsa.my.canva.site/digitalculturalheritage  

6. Conclusion 

The present study proposed a framework for the digital profiling 

and online representation of traditional Bulgarian ethnographic 

artifacts through the integration of structured cultural data, 

photogrammetry, and web-based visualization technologies. The 

research demonstrated how accessible digital workflows can 

transform traditional cultural objects into interactive digital entities 

suitable for visualization, accessibility, and future integration into 

digital cultural heritage environments. The implemented approach 

highlights the applicability of metadata-oriented profiling models 

and low-cost digital technologies, including smartphone 

photography, photogrammetry, web-based visualization, and QR-

supported access. The study also demonstrates the relevance of 

Industry 4.0 concepts such as digital transformation, virtualization, 

and structured data processing within the field of cultural heritage 

preservation. Future research may expand the proposed framework 

through the inclusion of additional ethnographic artifacts and more 

advanced digital visualization environments suitable for integration 

into virtual museums and educational platforms. 

7. References 

1. P. Champion, Journal on Computing and Cultural Heritage 

14, 1–19 (2021)  

2. А. Примовски, Българска етнология 1, 19–30 (1977)  

3. F. Remondino, Remote Sensing 3, 1104–1138 (2011)  

4. Исторически музей – Дряново, Накити и шевици от 

Дряновско (Фабер, Велико Търново, 2020), p. 115  

5. M. De Fino, R.A. Galantucci, F. Fatiguso, Heritage 6, 

7031–7066 (2023)  

6. R. Fascia, F. Barbieri, F. Gaspari, F. Ioli, L. Pinto, Int. 

Arch. Photogramm. Remote Sens. Spatial Inf. Sci. 

XLVIII-2/W4-2024, 205–212 (2024)  

7. S.J. Miller, Metadata for Digital Collections: A How-To-

Do-It Manual (ALA Neal-Schuman, 2022) 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

153 YEAR XI, ISSUE 3, P.P. 150-153 (2026)

https://shevitsa.my.canva.site/digitalculturalheritage

	40_Kuric I4
	06_Mateev I4
	20_Paseva I4
	41_Turmanidze
	08_Mrzljak I4
	11_Hristov_I-4
	26_Йорданов I4
	27_Lee I4
	15_Đelović I4
	13_Jankelová I4
	10_Пенчева I4



