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1. Introduction

Abstract

Cultural heritage buildings have values that provide a connection from past to present. The
first stage of ensuring that these values are preserved and transferred to future generations
is the documentation and diagnosis studies. The digital acquisition of the documentation
data of historical buildings by digitizing, the creation of 2D drawings and 3D models with
numerical data, provides an accurate analysis of the current situation of cultural heritage
buildings and allows the evaluation of damage status of the building in the process after the
documentation works. Although current studies in the literature mostly focus on the use of
a certain method, device or software, it has been determined that there is no study that
examines digital documentation methods in detail and systematically addresses the current
technologies, programs and tools used in this process. Based on this gap in the literature, in
this study, firstly, the documentation of cultural heritage and its importance are mentioned,
the components of documentation are explained, and the methods, tools, applications and
software programs that could be used in the documentation, recording and data processing
of cultural heritage structures were systematically brought together. By comparing the data
obtained as a result of this research study, in which the qualitative research method was
used, with the documentation methods, it points out that digital documentation of cultural
heritage structures allows for a more precise assessment by increasing the accuracy of data
collection and analysis studies. The study also highlights the importance of the use of digital
technologies, which makes it easier to store, share and manage the data at hand.

well as environmental factors such as unconsciousness,
wrong intervention and use, and climate change. As a

Cultural heritage is a formation that reflects the
unity of societies and strengthens society by keeping it
together. Preserving the savings obtained from the past
to the present is very important for the formation of
future generations. Among the important resources we
have learned about the cultural, social, religious and
economic values of societies are immovable cultural
heritage structures. The traces of these structures, which
have been carried from the past to the present, are
important memory elements that hold societies together
as well as historical document values. The protection of
immovable cultural heritage structures, which are
important in establishing the connection between today
and the past, is an important issue that requires
interdisciplinary effort and work [1]. Works of cultural
and historical value are damaged or even destroyed by
natural disasters such as floods, fires, earthquakes, as

result of the erosion and destruction of cultural heritage
structures over time, the most important way to protect
the structure in the most accurate way and to transfer it
to future generations is restoration and conservation
activities, and the first and most important step to guide
these activities is documentation studies [2].

Cultural heritage constitutes the first stage of the
conservation process of buildings and the stage of
identification and documentation. Determination and
documentation studies include determining the current
status of the structure and obtaining the necessary data
for other stages [1]. Expressing the current state of the
structure in accordance with the drawing technique is
defined as a survey. In this context, survey studies are the
most important preliminary data of the documentation
stage and guide other stages of the conservation process

[3].

* Corresponding Author

*(fzehra.cakici@atauni.edu.tr) ORCID ID 0000-0002-4117-2058
(rabia.kacdi16@ogr.atauni.edu.tr) ORCID ID 0009-0005-0692-1067

Cite this article (APA);

Cakicy, F. Z,, & Kagdi, R. (2023). Systematic analysis of the digital technologies used in the
documentation of historical buildings. Cultural Heritage and Science, 4(2), 69-77


https://orcid.org/0000-0002-4117-2058
https://orcid.org/0009-0005-0692-1067
https://dergipark.org.tr/en/pub/cuhes
https://dergipark.org.tr/en/pub/cuhes
https://orcid.org/0000-0002-4117-2058
https://orcid.org/0009-0005-0692-1067
https://dergipark.org.tr/en/pub/cuhes/issue/80682/1344379

Cultural Heritage and Science - 2023, 4(2), 69-77

There are various methods used for survey taking in
documentation studies. The methods to be used vary
depending on the condition of the cultural heritage
structure. The development of methods used in the
process of documenting and diagnosing cultural and
historical heritage is important both for the conservation
practices to be carried out and in terms of archaeology,
art history and architectural history [4]. The methods
used in the documentation of cultural heritage structures
and the analysis of data are gradually developing, and the
traditional methods used in the diagnosis of the current
state of their historical structures and in the preparation
of survey projects are replaced by digital and advanced
technical documentation methods with the developing
technology [5-6].

Considering the degree of destruction, geometric
structure and accessibility of the structure in the studies
conducted with traditional documentation methods,
these methods are often insufficient and the data
obtained are limited to 2D drawings such as plans,
sections and elevations. Digital methods allow 3D models
and detailed visuals of the current state of the structure
to be prepared with precise measurements [7]. Today,
digital archiving of cultural heritage structures and 3D
models are more preferred than traditional
documentation methods. With the development of
technology, many data collection tools are used in
documentation studies [8]. Data collection devices such
as digital aerial cameras, thermal cameras, panoramic
cameras, digital cameras, satellite images, model
helicopters are used instead of commonly used
instruments such as tape measure, laser meter, nivo,
theodolite. Today, photogrammetry (terrestrial
photogrammetry and UAV photogrammetry) and the use
of terrestrial laser scanning are among the digital
documentation methods that have started to be used
with the developing technology. The data obtained with
these documentation methods enable the creation of 3D
point clouds of cultural heritage structures [9]. It is seen
that these methods are advantageous in terms of
measurement accuracy, precision and time compared to
traditional methods [10]. The tools to be used in order to
make the most accurate data to be collected for the
documentation studies of the historical structure should
be selected correctly. In the methods to be used for
documentation and diagnosis, features such as easy
access to equipment, low rate/probability of making
mistakes, technological data production, low cost are
taken into consideration. Considering the condition and
characteristics of the structure, it should be ensured that
the most accurate equipment, application and the
methods to be selected are compatible.

1.1. Conceptual Framework

It is very important to carry out documentation
studies in the protection of cultural and historical
heritage. Developing technology has brought along the
digitalization of documentation methods. In this part of
the study, it is aimed to evaluate the studies for the
documentation of cultural heritage, the documentation
methods used in the documentation of cultural heritage
structures and the digital documentation methods.

Giile¢ Korumaz et al. [11] examined documentation,
the importance of documentation, the components of
documentation, the methods of documentation and
digital documentation methods. Pakben [12] explained
the traditional and advanced techniques used to
document cultural heritage structures and applied them
with examples. Letellier et al. [13] addressed the issues
of documentation, recording and information
management in the conservation of historical buildings.
In this study, the documentation process, traditional and
digital documentation methods were evaluated.
Hamamcioglu Turan [14] discussed the architectural
photogrammetry method, one of the contemporary
documentation techniques, made examinations through
sample photographs using film and digital cameras,
scanners and image evaluation software, and discussed
the advantages of the applications. Duran & Toz [7]
discussed photogrammetry, one of the methods of
documenting cultural heritage values, and focused on the
3Dization of the obtained data with photomodeler
software and the compatibility of the obtained digital
data with Autocad and 3DS max programs. In this way, he
stated that the data obtained for documentation studies,
which is an interdisciplinary field, is an environment that
can be accessed directly or indirectly by people. Yakar et
al. [6] obtained data with photogrammetry techniques by
measuring with total station for the documentation of
Emir Saltuk Tomb and obtained 2D and 3D drawings of
the work by transferring the obtained data to the
photomodeler program. Ulvi et al. [15] mentioned the
methods of documentation and created the 3D model by
producing the point cloud with the photogrammetric
techniques of the Aksaray Red Church (using UAV).
Tekinoz & Sagiroglu [1] evaluated the use of different
phone applications used for survey studies of immovable
cultural heritage buildings in documentation studies.
Kaya & Yigit [16] studied to obtain a 3D model of the
building from the photos obtained with digital cameras.
In this context, it was emphasized in the study that digital
handheld cameras were insufficient for inaccessible
parts of the structure and precise detail measurements
and the necessity of UAV technology. Yakar et al. [17]
used Faro Scene, JRC 3D Reconstructor and Autodesk
Recap software programs to 3D the data obtained in the
documentation studies and made comparisons over the
Obelisk sample.

Over time, developments have been made about the
protection of cultural heritage structures, and in this
direction, the concept of documentation has gained
importance and new methods have been developed.
During the literature review, it is seen that studies on the
subject of digital documentation have increased in recent
years and the subject remains up-to-date and important.
In addition, in the studies examined in the literature, it
has been determined that the documentation methods
used to analyze historical buildings differ and develop
with the development of technology. However, it has
been determined that there is no study that examines
digital documentation methods in detail and
systematically addresses the current technologies,
programs and tools used in this process while focusing
more on the use of a certain method, device or software.
Based on this gap in the literature, in this study, first of
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all, the documentation of cultural heritage and its
importance were mentioned, the components of the
documentation were mentioned, and it was aimed to
systematically address the methods, tools, software and
application programs that can be used in the
documentation, recording and data processing of
cultural heritage structures.

1.2. Cultural Heritage and Conservation

Culture is a characteristic formation that contains all
the values of a society materially and spiritually. There
are many studies in the literature on the definition of the
concept of "culture". The concept of culture in the
dictionary is defined as "all the material and spiritual
values created in the historical and social development
process and the whole of the tools, hars, crops used in
creating them and communicating them to the next
generations, showing the extent of the sovereignty of
man over his natural and social environment". The
concept of heritage is defined as "what a generation
leaves to the next generation". When both definitions are
considered, cultural heritage can be considered as all of
the material and spiritual values that societies leave for
the next generations and it can be stated that societies
assume the role of a bridge by keeping their past values
alive in the present and future.

The concept of cultural heritage is a universal issue
rather than nationality. Within the scope of the legal
legislation on the protection of cultural heritage and its
protection in a universal context, "Venice Regulation"”,
"Convention on the Protection of the World Natural and
Cultural Heritage", "ICOMOS", "ICOM", "Convention on
the Protection of the European Architectural Heritage"
and "European Convention on the Protection of the
Archaeological Heritage" are some of them. According to
the Turkish Law No. 2863 on the Protection of Cultural
and Natural Heritage, "Cultural assets are all movable
and immovable assets that are related to science, culture,
religion and fine arts of prehistoric and historical periods
or that have been the subject of social life in prehistoric
or historical periods and have original scientific and
cultural value above ground, underground or under
water" (2863, article 3) [18]. Within the scope of this
article, the main features of the works that are accepted
as cultural assets and need to be protected are stated.

Cultural heritage buildings carry various values
belonging to the period they were built and ensure that
the values of the society in which they occur are kept
alive. These are historical, social, cultural and
architectural values. Cultural heritage are important
values that enable the correct establishment of the
knowledge transition between the past, present and
future of the experiences and cultures of the people of the
past throughout their lives. In this context, cultural
heritage should be protected because it plays arole in the
transfer of knowledge between generations, the
protection and survival of cultural values, and adds
historical depth to our perspective on life and guides us.
Cultural heritage buildings that are already standing
should be preserved, and besides, documentation studies
should be carried out by investigating the structures that
have lost or will lose their chance of preservation [19].

1.3. Documentation

Documentation, which is the first stage of cultural
heritage conservation studies, is the physical definition
of the current state of the structure in its most general
definition [11]. Documentation is the recording and
archiving of data obtained from cultural heritage works
by various methods in order to ensure the transfer of
information between generations. It is necessary for the
preservation, survival, maintenance and control of the
current work [20].

The documentation process of cultural heritage
structures includes collaborative work of people who
have knowledge/profession in different
fields/disciplines [21]. Documentation studies starting
with survey taking and visual studies are followed by
damage analysis of the structure, material analysis and
period analysis studies within the scope of analytical
survey. The survey is the expression of the current state
of the structure in accordance with the drawing
technique. In this context, the survey is defined as
"drawing documents that are prepared to describe the
current situation of the whole or part of the structure or
group of structures at certain scales and do not contain
any comments or evaluations" [22]. Survey studies are
the most important preliminary data of the
documentation process and constitute a basis for damage
analysis, restitution and restoration projects [4]. Survey
drawings include layout plan, floor plans, ceiling plans,
sections and elevation drawings, damage analysis,
material analysis and 3D model of the structure. With the
analytical survey studies, the work is examined in more
detail and conservation decisions are taken in this
direction [23].

The documentation process consists of two stages.
These are the registration process and the
documentation process. The registration process, which
is the first stage, is the process of investigating what is
necessary for the documentation of the cultural heritage
work and the known information about the work. The
second stage is the documentation process, which
includes studies involving the recording of the data
obtained in the registration process with the
documentation methods selected in accordance with the
work (Figure 1).

1.3.1. Importance of Documentation

With the documentation of a cultural heritage
structure;

¢ The current status of the structure is recorded and
defined.

e The current damage status of the structure is
determined.

¢ By documenting the current state of the structure, a
new function can be defined for use.

e Documentation studies, which constitute the first
stage of conservation activities, form the basis for other
stages (restitution, restoration) [3].

e Documentation studies are carried out in the digital
environment and the data of the structure can be used by
different disciplines and it sets an example for people
who want to work [25].
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o It carries the message of cultural heritage and itself
from the past to the future and ensures that it is

» Onsite observation

I

* Measuring and 3D
Laser Scanning

lad

* Photo and Video
Shooting

Register Process

I

* Oral History Studies

transferred to future generations in a sustainable way
[23].

* Plot 2D

i

= Plot 3D

i

* Graphic Design

i

* Website and social
media

Figure 1. Registration and documentation process [24].

Components of
Documentation

For the systematic progress of documentation studies the components need to be sufficient.

1. Research

It is the stage of obtaining
information about the structure
1 which the lustorical,
structural, chemieal, structural
properties, material. etc. of the
building are examined.

2. Technique

It is the stage where the data
obtained about the structure

analyzed and evaluated for the

technique.

during the research process are

structure in accordance with the

Documentation studies are

‘ . ‘ 4. Appropriate
3. Cooperation Method Selection

The method to be used should be
selected according to the size.
complexity, sensitivity and
accessibility of the structure.

a process that requires
mterdisciplinary
cooperation.

Figure 2. Components of documentation [12].

1.3.2. Components of Documentation

More than one component plays a role in the process
of performing documentation studies (Figure 2). The fact
that all components are complete and that studies are
carried out with the right method will increase the
accuracy and value of documentation studies.

2. Method

As a research method, a conceptual framework was
created within the scope of the research, and a literature
review was conducted on cultural heritage,
documentation and documentation methods, and
qualitative research method was adopted in the study. In
the light of the data obtained, traditional and digital
documentation methods have been evaluated and the
methods, tools, software and application programs that
can be used in the documentation, recording and data
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processing of cultural heritage structures have been
systematically brought together.

3. Results
3.1. Methods used in documentation

In order to carry out documentation studies, it is
necessary to obtain a large number of data and to process
the obtained data. Conducting these studies requires
interdisciplinary cooperation and technical work. In this
context, the workflow consisting of survey, restitution
and restoration stages should be planned and proceeded
in the most accurate way.

There are different methods for survey studies,
which form the basis of documentation and are the first
stage of the process (Figure 3). Methods used for
obtaining data in documentation can be classified as;

1. Oral-written documentation
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2. Visual documentation

3. Documentation by measurement techniques
4. Documentation based on scanning

5. Software and application programs

Written Documents

Digital Handheld Cameras

Various software and application programs are also
used to process the obtained data, transfer it to digital
media, create 2D and 3D drawing documents and make
interdisciplinary sharing.

The global measurement -Faro (Scene)

Traditional Digital .
Drawing Documents C M M coordinate system -Topcon (Scan master)
ameras e::lsu:"er:ent eh:su;er:en: (Nivo -Lieca (Geosystem hds
Graphic Documentation Smartphone Apps ethods ethods Theodolite cyclone)
(with drawing) Tape Laser meter Total station -Riegl (Riscan)
Information forms Photogrammetry Measure 3D laser scanner -Netfab (Flexscan 3d)
Jal Smartphone Terrestrial laser scanning) -Minolta (Polygon)
Aerial Terrestrial alon -surphaser (Geomagic
Apps Airborne Laser Scannin ure gl
Photogrammetry | Photogrammetry Water -Easy (LIDAR) € surph view, inventor
(Balloon, balance measure autodesk)
Airplane, Model _Laser type Underground Radar “Trimble (LEM ve
i Plumb P -
Airplane, Model (laser ruler) (Geo-radar scanning) realwork )
Helicopter) Waterspout -Cam (Ground-penetrating radar -Z+F imager (LFM) -
GPR
Measuring measure (GPR)) St;nex (:&ec;n st;uc:?r}
plug -Tape Bathymetric (Submarine) | ~Maptek (I-Site Studio
measure Software)
-Ruler phone - Polywork
- Photo ruler -Point Cab
ABC -JRC 3D Reconstructor
-My measures - Autodesk Recap
-Magic plan -Photomodeler

program
-PiX4D program
-Agisoft program
-3D Reshaper program
-HBIM (BIM for
Heritage)

Figure 3. Documentation Methods.

3.2. Technological/Digital documentation process

Recent technological developments have brought
along the development of methods used in the
documentation and diagnosis of cultural heritage
structures. Traditional documentation methods are
being replaced by digital documentation methods along
with technological developments and are progressing
rapidly. Digital methods have more advantages than
traditional methods. It enables easier and more precise
measurements to be made in determining and
documenting the current state of the structure, enabling
more accurate data to be obtained and is advantageous
in terms of time.

In digital documentation methods, studies are
carried out by choosing the most appropriate method for
the current situation of the structure. The digital
documentation process starts with the definition of the

Parametric Object
Library of the
Structure

Description of the

Structure

3D Design-

Mode:

structure, the parametric object library of the structure
is created and continued, and documentation work is
carried out by creating 2D drawings and 3D models
(Figure 4).

3.2.1. Registration process: Visual and/or numerical
documentation methods

The first stage of the documentation process is to
obtain data using visual and numerical documentation
methods. In this process, interior places and exterior of
the structure is visually documented with the help of
smartphone cameras, digital handheld cameras and
cameras as well as advanced technical methods of
photogrammetry enhancing more professional ways of
taking photographs of the structure (Figure 5).

. 3D Documents
ling

Figure 4. Digital documentation process.
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Visual and/or

numerical
documentation
methods
| ) 1 \
Commonly used Advanced
technical
methods
methods

[ I ., I

Smartphone
cameras

Digital handheld
cameras

Cameras

-

Photogrammetry

| o |
Aerial Photogrammetry .
. . Terrestrial
(Balloon, Airplane, Model Airplane, Photogrammetry

Model Helicopter)

. 4 N

Figure 5. Visual/Numerical documentation methods.

3.2.2. Recording process: Methods of measurement

The second step of the documentation process
consists of obtaining information about the structure and
the data of its current status. In this context, this stage
focusses on surveying process of the structure with the
help of measurement studies. Traditional measurement
methods include traditional instruments like tape

measure, jalon, water balance, plumb, measuring plug
etc. On the other hand, there are increasing number of
technological/digital measurement methods ranging
from laser meter and smartphone applications to the
global measurement coordinate system, airborne laser
scanning, underground radar, bathymetric measurement
methods (Figure 6).

Methods of
Measurement
| )
I - 1
Traditional . o
measurement Technological/Digital
methods measurement methods
R : )
—_— I B T S T - e B
Tape Measure Laser meter Smartphone The global Airborne Underground Radar
Jalon apps measurement laser Geomeadar scasning Bathymetric
Water Balance coordinate scanning ] Subsmari
—l— system Ground-penetrating (Submarine)
Plumb P N~ J (LIDAR) radar (GPR)
Waterspout Easy measure _,-—]—-\ - g SN
Measuring plug Lase type Nivo
— Cam measure Theodolite
Tape measure Total station
Ruler Phone 3D laser
Photo ruler scanner
ABC Terrestrial laser

Magic plan scanning

o J .

Figure 6. Methods of measurement.

3.2.3. Documentation process:
methods/programs

Data processing

The data processing stage in which the data obtained
during the survey process is digitized constitutes the
final stage of the documentation studies. Data sources
may be damaged during the digitization process of the
obtained data. In this context, hardware and software
programs are needed for the transfer and availability of
digital documents to future generations [26]. The
programs used in digitization differ according to the

methods used to obtain the data and the documents
required for the work. Photomodels, Faro Scene,
Autodesk Recap, JRC 3D Reconstructor, 3D Reshaper,
HBIM are commonly used software in the processing of
the obtained data. Each software works with different
methods, but the working method of all of them is the
processing of photogrammetric research data.
Photomodels software provides 3D data and images from
photos and videos, while Autodesk Recap, JRC 3D
Reconstructor are photogrammetric software that create
3D models that work with laser scanners that scan
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photos and videos as well as 3D. In addition, the Faro
Scene software has been developed for Faro Focus and
3D laser scanning devices. HBIM software covers not
only the documentation of the current status of the
cultural heritage structure, but also the deterioration of

the structure over time and the evaluation of the
interventions to be made to the structure. In this context,
the data processing methods and programs actively used
today are summarized in Figure 7.

DATA PROCESSING METHODS/PROGRAMS
(Applications used for digitization of the obtained data)

-Faro ( Scene)

-Topcon ( Scan Master)

-Lieca (Geosystem hdscyclone)
-Riegl (Riscan)

-Netfab (Flexscan 3d)

-Minolta (Polygon)

-Surphaser

-Trimble

-ZFF imager

-Maptek

\\

-Polywork

-Point Cab

-JRC 3D reconstructor
-Autodesk Recap
-Photomodeler program
-PIX4D program
-Agisoft program

-3D Reshaper program
-HBIM (BIM for Heritage)

program

Figure 7. Data Processing Methods/Programs.

4. Discussion and Conclusion

The data obtained by using traditional methods in
the documentation studies of cultural heritage structures
allow the creation of more 2D documents of the
structure. However, traditional methods are not always
sufficient in documenting cultural heritage structures
and obtaining all the data of the structure in survey
measurements. Using traditional documentation
methods in the documentation of large-scale cultural
heritage buildings, which are difficult to reach, located on
narrow streets, have a high level of destruction, and are
composed of complex geometric shapes, causes
problems in terms of time and workforce. Traditional
methods used can make data consistency difficult,
increase the error rate in the evaluation results and cause
errors in the process of making decisions for restoration.

Digital documentation of cultural heritage
structures allows for a more precise assessment study by
increasing the accuracy of data collection and analysis
studies. The use of digital technologies also makes it
easier to store, share and manage the data at hand.
Measurements of geometric shapes such as domes,
arches, etc. encountered in the historical structure with
digital documentation techniques can be made in a short
time by giving more accurate measurement results in the
regions that are difficult to reach in the structure and
need to be measured by installing a scaffold. With digital
documentation methods such as photogrammetry to be
used, in a short time, the documentation data of the
structure can be obtained with studies with less
workforce, and by creating 3D models with software
programs, the damages that occur in the structure and
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will occur over time can be determined and the
appropriate intervention method can be selected [27].
As a result of the digital documentation process
consisting of various stages, architectural model of the
building in virtual reality and animation videos with
virtual tour are obtained. With the use of virtual models
and virtual tours, access to the information of the
structures with limited access will be facilitated,
interdisciplinary information exchange could be given an
opportunity and the structures could be analyzed [28].
The digital documentation methods used
(photogrammetry, 3D laser scanning, software
programs) can work in harmony with each other and the
data obtained can be easily shared by different
occupational disciplines. With digital technologies such
as laser scanners and UAV technology, point clouds of the
structure are obtained. In this way, orthophotos and
panoramic images of the structure are obtained and a
connection is established between 2D and 3D data [29].
Digital methods are used not only in building scale but
also in documenting complex structures and
archaeological sites. Periodic analyses can be made by
obtaining drawings and models of the layers of
structures and archaeological areas containing different
periods in 2D and 3D [30].

Accuracy is one of the most important factors in
documenting the current status of the work. The
accuracy of the 3D documents to be created for the
artifact is important for the preservation of the historical
structure to be transferred to future generations. The
software used in the data processing process following
the data acquisition stage, which is the first stage of
documentation, should ensure the sensitive processing



Cultural Heritage and Science - 2023, 4(2), 69-77

of the scan data. Software programs covering the
creation of the 3D model, restitution and restoration
works may differ according to the structure and required
documents. Photomodels, Faro Scene, Autodesk Recap,
JRC 3D Reconstructor, 3D Reshaper, HBIM are the most
preferred software programs today.

Digital systems based on today's technology are also
widely used in modern building production and every
stage of the construction process can be calculated in
advance. It is even seen that, thanks to digital systems,
building production is done using 3D printers. In this
context, it is thought that the use of digital systems will
provide important usage opportunities for data
collection, modeling and analysis of historical buildings
in different scenarios [31].

As a result, with the development of technology, the
emergence of different methods, tools, applications and
software allows the use of alternative methods in
documentation studies. Choosing the appropriate
methods for the needs and requirements of the structure
will be important in the accuracy of the resulting
products. Adapting to the developing technology in the
field of documentation and following the increasing
number and types of digital technologies and
developments are among the primary tasks of the actors
involved in the process, especially architects.
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