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This study presents a comprehensive exploration of the application of terrestrial laser scanning (TLS) technology for
the 3D documentation of cultural heritage, focusing on the iconic Clock Tower of Tirana as a case study. Terrestrial
laser scanning has emerged as a powerful tool in the field of cultural heritage preservation, offering a non-intrusive
and highly accurate method for capturing the intricate details of historical structures. The research employs state-of-
the-art TLS equipment to create a detailed 3D model of the Clock Tower, a prominent cultural landmark in Tirana,
Albania. The methodology involves scanning the exterior of the tower, capturing its architectural features, ornate
decorations, and historical elements. The high precision of TLS facilitates the generation of a point cloud, enabling
the creation of an accurate digital replica that serves as a valuable resource for conservation, research, and
education. The study also explores the challenges and benefits associated with TLS technology in the context of
cultural heritage documentation. Issues such as data processing, registration, and integration of multiple scans are
addressed, emphasizing the importance of a meticulous approach to ensure the reliability of the 3D model.
Additionally, the research highlights the potential of the digital model in supporting conservation efforts, risk
assessment, and virtual tourism, promoting accessibility and understanding of cultural heritage for a wider audience.
The findings of this study contribute to the growing body of knowledge on 3D documentation techniques for cultural
heritage preservation and provide insights into the specific application of terrestrial laser scanning in the context of
the Clock Tower of Tirana. The results underscore the significance of leveraging advanced technologies to safeguard
and promote the rich cultural heritage embedded in historical structures, fostering a deeper appreciation for the past
while ensuring its preservation for future generations
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1 INTRODUCTION

Cultural heritage, an integral part of our shared human history, stands as a testament to the evolution of societies,
civilizations, and artistic achievements. As the custodians of our cultural legacy, it is imperative to employ cutting-
edge technologies to document and preserve these irreplaceable artifacts, structures, and landscapes [1,2].

Among the myriad tools available for this purpose, terrestrial laser scanning (TLS) has emerged as a transformative
methodology, revolutionizing the way we capture and analyze the intricate details of historical sites [3].

The convergence of heritage preservation and technological innovation has given rise to a new era in archaeological
and architectural documentation, where the three-dimensional (3D) representation of cultural heritage plays a pivotal
role. Terrestrial laser scanning, a non-contact and non-destructive surveying technique, has proven to be an
invaluable asset in capturing highly accurate and detailed spatial information of heritage sites. This technique utilizes
laser beams emitted from a scanner to measure the distance to objects, creating a dense point cloud that accurately
represents the surfaces and geometry of the scanned environment.

The advantages of terrestrial laser scanning in cultural heritage documentation are manifold. Unlike traditional
methods that may be invasive, time-consuming, and prone to errors, TLS allows for rapid and precise data acquisition
with minimal impact on the physical integrity of the site. It facilitates the creation of high-resolution 3D models that
capture not only the external structures but also intricate details, textures, and architectural nuances that might
otherwise be overlooked [4,5].

The utilization of TLS technology extends beyond mere documentation; it opens avenues for advanced research,
conservation, public engagement, and educational initiatives. By creating accurate 3D representations of cultural
heritage sites, we not only safeguard their physical integrity but also provide a digital platform for researchers,
conservators, and enthusiasts to explore and study these treasures in unprecedented detail [6].

In the subsequent sections, this paper will navigate through the methodologies employed in the 3D documentation

process, the challenges encountered, and the implications of leveraging TLS in the context of cultural heritage
preservation [7,8]. And so on...

1.1 Case study

The area selected for this study is the "Clock Tower" in Tirana, an important historical and architectural object. The
Clock Tower is in the center of the city and represents an important symbol of Tirana's identity. The study area
includes the tower itself and the buildings around it, where relatively many tall buildings have been built in recent
years, as well as in the vicinity of this building located in the center of the city near it.
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The clock tower was constructed in the Islamic architecture by the Ottoman Turks, and it only had a bell from Venice
that would ring once each hour. The lower floor serves as its square base, and the clock mechanism is located
upstairs. There is just one gate leading inside the clock tower. Thick stone walls that supported wooden staircases
that led to the tower's summit were constructed in the lower section. Narrow windows let in plenty of light. Remodeled
in 1928 to house and safeguard an actual clock's mechanisms, the highest part of the tower bears these changes.

The object's cultural and historical significance makes this area crucial to research, and it's also necessary to evaluate
how accurate the laser scanning technique was in producing a comprehensive 3D model of the tower.

The Clock Tower is one of the most popular and attractive objects of Tirana, and its study offers a unique opportunity
to compare and analyse the measurement method with Laser Scanner in creating an accurate and detailed 3D model
of this the object. The choice of the Clock Tower of Tirana brings an important contribution to the field of geodetic
measurements and 3D modelling, since through these detailed measurements with Laser Scanner. Apart from the
significance of evaluating the accuracy of this approach, this research will also provide a unique contribution to the
conservation of cultural assets.

Fig. 1. The clock tower of Tirana location (Google Maps)

2 METHODS
2.1 Laser scanner target markers

RAD (Ringed Automatically Detected) marks are a type of artificial target required for registration scans. Each Mark
is unique, this means that when a unique mark is found in two scans, the software registration can tell that the center
point of the mark in each scan corresponds diagonally. The size of RAD mark should be done by looking at a certain
distance to distinguish the referred brand the resolution we have chosen [9].

During this experiment, RAD marks were also placed on the facades of other buildings.

Fig. 2. RAD mark placed on the facade of the object

2.2 terrestrial laser scanning

Faro M 70 Laser Scanner was used to perform Laser scanning measurements. The FARO Laser Scanner Focus M
70 is a powerful 3D laser scanner specifically designed for both indoor and outdoor applications that require scanning
up to 70 meters. FARO Focus M70 With its genuine mobility, user-friendliness, and professional-grade scanning
technology combined, the new device provides real-time views of recorded data together with dependability and
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flexibility. All widely used software programs for industrial manufacturing, forensics, accident reconstruction, and
architecture and construction may readily import the 3D scan data [10].

Fig. 3. Laser scanner Faro M 70 [16]

After scanning the control points, the scanning of the object begins using the laser beam. The laser scanning device
sends laser beams towards the object and receives the information of the beams that return after reflection from the
surface of the object. This is done by scanning the object from different angles to capture points on all sides of the
object in order to achieve complete coverage of the object [11,12].

To ensure good coverage of the object in the scan, it is important that the scan points are sufficient and accurately
represent the surface of the object. This can be accomplished by using a distance that is appropriate for the subject
and the beam you are using, as well as by scanning the subject from different angles to capture as much detail as
possible. Also, the technique of "sub observation" can be used, which involves scanning the object in different layers
to capture information in hard-to-reach areas [13].

After placing the scanner in the right place for scanning the object with full coverage. We ensure that the device is
placed in a stable and precisely leveled position to minimize the possibility of damage.

To achieve high accuracy during the laser scanning process, it is important to configure the correct parameters. Here
are some parameters we need to consider achieving a high accuracy:

1) Scan Resolution: Scan resolution determines the distance between scan points. A higher resolution will
yield more scan points and result in a higher level of detail in the 3D model. However, a higher resolution
requires more time to complete the scan. Determining the resolution of the scan is based on the level of
detail we wish to include in the 3D model and on the time, we have available for the scan [14].

2) Laser Beam Intensity: The intensity of the laser beam affects the ability of the device to capture details in
the object. In brightly lit environments, it may be necessary to increase the intensity of the laser beam to
ensure clear and appropriate results. In dimly lit environments, the intensity of the laser beams can be
reduced to avoid the effects of excessive illumination.

3) Unit of Measurement: Define the unit of measurement that will be used to display the scan results.
Generally, metric units (such as the meter) are used to display results in coordinate systems.

4) Color Matching: Some laser scanning devices offer the ability to define the level of color matching.
Specifying an appropriate level of color matching helps create a 3D model with accurate and clear colors.

5) Scan Distance: In our position, we need to set the right distance for scanning the object of the Clock
Tower. The scan distance affects the scan field, which is the cross between the object distance and the
point scan. We set the scanning distance according to the size and complexity of the object we are
scanning.

Accurate determination of the above parameters will help ensure high accuracy during the laser scanning process
and the creation of a complete and detailed 3D model for the Clock Tower in Tirana.

3 RESULTS
3.1 Terrestrial laser scanning data processing

Faro Scene was used for the processing of terrestrial laser scanning data. Faro SCENE is a complete tool for handling
and managing detailed 3D point data for professional users. It is intended only for the viewing, organizing, and
manipulation of 3D scan data from high-resolution 3D laser scanners, including the FARO Focus Laser Scanner.
With a multitude of features and tools, including filtering, automatic object recognition, scan registration, and
automatic scanner coloring, SCENE swiftly and simply processes and handles scan data. Once the scan data from
SCENE has been processed, you can get right to the evaluation and additional processing. It provides features
ranging from straightforward measurements to 3D visualization and the ability to export your scan data in many forms,
including CAD formats, for the purpose of adding new points or point clusters.

For the processing of the terrestrial laser scanning data, the connection of the clusters with each other was first
performed, identifying the same RAD marks that were found simultaneously in the successive scans. In the Import
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menu, we entered the scans into the program. Each scan was equipped with its own serial number, which made the
process of connecting the scans to each other easier. In the Processing menu, select the two scanners that we will
connect to as a start [15].
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Fig. 4. TLS Point Cloud generated in Faro Scene
3.2 Accuracy assessment of terrestrial laser scanning

Initially, to determine the accuracy of the terrestrial laser scanning, we measured the markers placed on the facade
with a total station, giving them coordinates with high accuracy. The coordinates of these marks were used to
calculate the root mean square error and to derive the accuracy of the use of this technique in the selected object.

To evaluate the accuracy of terrestrial laser scanning, the root mean square error (RMSE) was used as a standard
measure. The RMSE measures the difference between the marks that were surveyed and the locations of those
same points in TLS point cloud.

RMSE, = J% * Y0 (X — Xs)? =0.012m =12 cm (1)
RMSE, = % Y (Y —Ys)? =0.014m =1.4cm )
RMSE, = \/% * Y (Hy — Hg)? =0.017m =17 cm A3)
RMSEy = \/RMSE? + RMSEZ + RMSE% = 0.0251 = 2.51 cm (4)
Table 1. RMSE values
RMSEy RMSEy RMSEx RMSE
0.012m 0.014 0.017 0.025

4 CONCLUSIONS

In conclusion, the use of Terrestrial Laser Scanning-based documentation is an effective method for documenting,
monitoring, and analyzing cultural heritage places. Further, the study found that TLS can enhance the efficiency and
accuracy of cultural heritage site documentation and can aid in detecting and managing potential risks and threats.

The findings of the study have important implications for future terrestrial laser scanning documentation and
preservation efforts, as they demonstrate the potential of laser scanners to enhance cultural heritage preservation
efforts.

Based on the presented research and results, the Terrestrial Laser Scanning offers the documentation of cultural
heritage areas. The accuracy obtained from Terrestrial Laser scanning method was 2.5 cm.

Terrestrial Laser Scanning has higher positional accuracy than photogrammetry and shows high data acquisition rate
in the perpendicular direction.

Terrestrial laser scanning consistently delivers higher spatial accuracy due to direct point measurements. This makes
it the preferred choice when precise dimensional information is critical, such as for intricate architectural elements.

Although some accuracy assessments and further studies have been conducted, terrestrial laser scanning seems to
be more powerful than UAV photogrammetry for the 3D documentation of the heritage sites.
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