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EEL G EN TR SR Three-dimensional modeling and documentation of immovable
cultural heritage, especially in the fields of conservation, restoration, and sustainable

management of these assets, play a significant role in preserving the historical and cultural
identity of communities. This approach not only enables precise and comprehensive
recording of the physical and spatial characteristics of historical buildings and sites but also
provides a scientific basis for comparative analyses, defining heritage boundaries, damage
assessment, and designing restoration programs. Utilizing technologies such as drone-based
photogrammetry, as a non-destructive, accurate, and rapid method, allows for
comprehensive data acquisition of historical and natural structures with minimal human
intervention, facilitating documentation, analysis, and conservation/restoration planning
processes. One of the notable advantages of this method is the significant reduction in costs
and execution time compared to other surveying and documentation techniques, making it a
cost-effective and efficient option.

The importance of this method increases in areas with challenging geographical conditions,
including mountainous, inaccessible, or restricted-access regions, as it enables precise data
collection without the need for prolonged onsite presence. Therefore, drone-based
photogrammetry can be considered an innovative and practical solution for recording,
conserving, and optimizing planning in projects related to cultural heritage.

This research was conducted in three stages: library, field, and office. In the library

stage, basic information regarding the historical background, geographical location, and
condition of the studied site was collected. In the field stage, ground control points were first
surveyed using a dual-frequency satellite positioning receiver, and their precise coordinates
were recorded to enable data georeferencing. Then, to capture accurate data of the target
area, a DJI Mavic Mini 2 drone was used for aerial photography. During several planned flights,
the drone captured a series of high-resolution aerial images from different angles of the castle
and its surrounding environment. The images were acquired with appropriate overlap (80%
longitudinal and 50% lateral) to enable accurate three-dimensional modeling.
m Following the completion of field data collection and office-based processing, a set
of high-accuracy and high-quality digital products was generated, serving the objectives of
the research in documentation, restoration, and conservation of cultural heritage. These
products included a precise 3D model of the castle structure, a digital elevation model (DEM)
representing surface topography, a high-resolution Ortho mosaic map with geometric
corrections, and a 2D plan illustrating the dimensions and spatial layout of architectural
elements. The accuracy assessment of the 3D model, conducted using ground control points
(GCPs) measured around the study site, revealed planimetric and vertical errors of 2.4 cm and
1.9 cm, respectively, indicating a high level of precision in the final results. Additionally, a
topographic map featuring contour lines and a comprehensive site map encompassing all
natural and man-made features within the study area were produced. These data provide a
solid foundation for environmental analyses, boundary delineation, and risk assessments,
effectively supporting processes related to the conservation, restoration, and sustainable
management of cultural heritage.
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The use of drone-based photogrammetry in the documentation and three-
dimensional modeling of cultural heritage, as a non-destructive, accurate, and cost-effective
method, has brought a remarkable transformation in the approaches to recording and
conserving historical sites. This technology, utilizing high-resolution aerial images and image
processing techniques, enables the production of precise three-dimensional models of
buildings, sites, and cultural structures. The resulting data not only provides a realistic digital
representation of the current condition of the heritage assets but also serves as a reliable
basis for specialized analyses, conservation and restoration planning, and legal
documentation. One of the key applications of these data is the preparation of a three-
dimensional cadastral system for cultural heritage; a process in which spatial, descriptive, and
ownership information of historical assets is organized in an integrated and digital format.
The 3D cadaster, relying on accurate models generated by photogrammetry, facilitates
advanced spatial management, precise delineation of heritage boundaries, monitoring of
changes, and prevention of encroachments or environmental damages. Particularly in areas
with dense historical fabric or complex topographic conditions, this information can play a
central role in managerial and legal decision-making.
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Fig. 1: Structure of 3D modeling and documentation of the targeted archaeological site.
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Tablel: A summary of selected previous studies conducted by researchers in the field of UAV-based photogrammetry and 3D modeling of cultural heritage.
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In this study, 3D modeling of Dolatabad Castle was carried out for the purpose of

documentation and restoration. Ultimately, using the obtained results, this site
was registered on the National Heritage List[1].
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In this study, the effectiveness of photogrammetry as a non-destructive and
precise method for documenting and preserving cultural heritage has been
examined [2].
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In this study, 3D modeling of Haj Seyed Mohammad Bridge, a registered national
heritage site in Zanjan, was carried out using drone-based photogrammetry,
highlighting the method's effective role in the preservation, reconstruction, and
restoration of cultural heritage [12].

Gyl 598 5l solatul b (oS 50 (glpmsly )5 (gamans (g5l s cpl o

20 Gy Ol GVL (gaseilys saima L sdeliamsdy gl g ol plaxil olugy (e

TNl (6 lons Sl o 51 somtn sloJoe s
In this study, 3D modeling of Dirgachin Caravanserai was carried out using drone-

based photogrammetry, and the results demonstrated the high capability of this
method in producing 3D models of architectural heritage[8].
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This study examines the role and effectiveness of geomatics engineering
methods, including photogrammetry and remote sensing, in the processes of
documentation, restoration, and preservation of cultural heritage, emphasizing
aspects such as accuracy, time, cost, and standardization of these methods[13].
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3D modeling for documentation, restoration, and boundary
determination of Dolatabad Castle in Qom using drone imagery.
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Introduction of the non-destructive photogrammetry

method in the study and surveying of historical buildings.
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Application of drone-based photogrammetry in 3D modeling of
archaeological sites.
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3D modeling of architectural heritage using drone
photogrammetry; Case study: Dirgachin Caravanserai.
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Investigation of the role of geomatics engineering in cultural
heritage, archaeology, and architectural applications.
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This study utilizes terrestrial laser scanning and drone photogrammetry

techniques for the documentation of cultural heritage, comparing the accuracy,
cost, and technical characteristics of each method [17].
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This study, by evaluating the accuracy of drone photogrammetry in 3D modeling
of the Pegulingan Temple stupa, demonstrates that this method is a highly
accurate and reliable tool for the documentation and protective management of
cultural heritage [26].
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In this study, drone photogrammetry was used for the precise monitoring and
documentation of the historic walls of Bergamo, a UNESCO World Heritage site,
providing a basis for effective protection and maintenance against environmental
and human-induced damage [27].
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In this study, drone-based photogrammetry was used for the documentation and
realistic 3D modeling of Gedik Ahmet Pasha Mosque; the results demonstrate the
high efficiency of this method in the preservation and recording of cultural
heritage [28].
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3D modeling using drone photogrammetry technique for the
digital documentation of cultural heritage buildings.
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Drone photogrammetry for cultural heritage preservation:
modeling and surveying the Venetian walls of Bergamo, Italy.
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Realistic 3D modeling using drones: Gedik Ahmet Pasha Mosque
in Afyonkarahisar, Turkey.
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Fig. 2: Aerial view of the archaeological site of Shirghaleh Shahmirzad.
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Fig. 3: Measurement and recording of ground control points (GCPs) around the castle using a positioning receiver
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Fig. 4: DJI Mavic Mini 2 UAV used in the aerial imaging operations of the project
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Table2: Technical specifications of the UAV and the corresponding sensor [32].

Sensor specifications

Drone specifications

CMOS (Complementary Metal—

Sensor type Oxide—Semiconductor)
Resolution 12 MP
Pixel size 1.55 um

Image size (maximum) 4000 x 3000 px (aspect ratio 4:3)

Electronic shutter speed 1/4 to 1/8000 s

24 mm equivalent focal length, 83°
FOV, /2.8 aperture
Camera stabilization

Lens

3-axis (Tilt, Roll, Pan)

Weight 249g

56 x 289 x 245 mm
16 m/s (approximately 57.6 km/h)
Up to 31 minutes (in no-wind
conditions)
OcuSync 2.0 (transmission range up
to 10 km in ideal conditions)

Dimensions (unfolded)
Maximum horizontal speed

Maximum flight time
Video transmission system

Flight battery 2250 mAh, 7.7 V, Li-Po

Supported memory microSD up to 256 GB
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Fig. 5: 3D model of Shirghaleh, Shahmirzad with realistic texture.
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Fig. 7: Orthomosaic image of the study area.
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Fig. 8: Topographic map of the study area generated in Autodesk Civil 3D software.
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Fig. 9: Two-dimensional plan of the Shirghaleh archaeological site in Shahmirzad, drawn using Autodesk Civil 3D software.
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Fig. 10: Documentation of information in the form of a final map of the historical site of Shirghaleh in Shahmirzad, including natural features, man-made elements, and
topographic data of the area.
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