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Abstract

Cultural heritage is an invaluable asset to human beings that reflects their achievements over the
centuries. The need to identify and protect cultural heritage is well understood, and experts strive to
use every means possible to achieve this goal. Preservation and restoration of cultural heritage include
conservation of historic buildings using all new technologies that are as effective as possible in
maintaining the original condition. They are often associated with geometric surveying, surveillance,
and heritage documentation. This article introduces the science of photogrammetry, types, tools, and
techniques by reviewing and analyzing 20 reputable publications articles in the last five years. This
article demonstrates the efficiency of this technology in the conservation, restoration, and
documentation of cultural heritage by introducing some comparative examples in the present era.
Documenting monuments is the first step to any intervention and planning. Architectural heritage
photogrammetry is a helpful and standard process for obtaining accurate 3D data for documentation
and virtualizing historical monuments. It is also one of the most recommended non-invasive
methods, consisting of techniques for interpreting, measuring, and modeling objects by the basis of
images obtained from them. According to studies, the science of photogrammetry is one of the most
widely used, cheapest, and most available non-destructive technologies in restoration science and
with the advancement of science, newer and more efficient tools and methods in this field are
presented.
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Introduction

When monuments are abandoned, their inspection and monitoring are essential steps for proper
planning of conservation and restoration [1]. Documenting monuments is the first step to any
intervention and planning. Cultural heritage is threatened by a variety of factors, including natural
hazards, urban development, and erosion, and is likely to be eradicated at any time. Therefore, we
must ensure that they are well documented, that if they are lost, we can pass the documents on to
future generations or, if necessary, use them for reconstruction purposes [2]. Before starting the
documentation, it is necessary to analyze the existing documents. Any new research should
complement the existing review. Documentation should be planned based on the available data and
the purpose of the project. Documentation generally considers the geometric properties of the
building, compromise, building structure, construction period, and even pathology. These studies
enable the correct identification and comprehensive knowledge of the building, which is the basis of
the restoration project. Documentation in restoration work can be integrated in all stages of project
implementation. Numerous findings are provided in implementation that require ongoing review to
record, interpret, and justify any changes to the project. In many cases, the investigation should
continue even after the intervention [3]. Thanks to technological advances, more methods and tools
can be used to document cultural heritage. The documentary methods available today can often lead
to excellent results in terms of accuracy, speed, completeness, and realism. This paper seeks to identify
a suitable method for realizing three-dimensional models of complex structures in an easy and fast
way. To achieve this goal, the first step is to build a three-dimensional model using photogrammetric
modeling. Photogrammetric study of architectural cultural heritage is a very useful and standard
process in order to obtain accurate three-dimensional data for documenting and visualizing historical
monuments [1]. Today, photogrammetry has become very popular for research purposes due to the
high performance and low cost of new digital cameras.

Discussion

Cultural heritage is increasingly using digital technologies. New 3D digital tools offer unique benefits
for informing, educating and preserving historical monuments and sites. Using these tools, museums
and historical sites can provide not only greater access for the general public, but also remote
researchers [5]. Methods of creating three-dimensional models can be classified into two main
categories based on 1) level of automation and 2) input techniques. In the first group, automatic,
semi-automatic and manual methods can be mentioned, while in the second group, photogrammetric
and LiDAR techniques can be mentioned [6]. Whereas the study of monuments must respect
international norms of intervention in the architectural heritage; Photogrammetry is one of the most
recommended surveying methods as a non-Destructive method [3,7], which consists of techniques
for interpreting, measuring and modeling objects based on images [2].

Types of photogrammetry

Photogrammetry is divided into two categories:

* Interpretive photogrammetry: identifying and determining the type of objects based on photo
interpretation and obtaining thematic and descriptive information. In this type of photogrammetry,
color photographs are used to identify and qualitatively determine the effects.

* Metric photogrammetry: measures accurately from a photograph that produces a map [10].

Types of photogrammetry in terms of camera station (in terms of distance to the object):

* Ground photogrammetry (short range): The camera is mounted on a tripod and its distance from
the object is from 1 to 200 meters.

* Aerial photogrammetry: The camera is mounted on an airplane and produces topographic maps.

* Space Photogrammetry: Carries a satellite or space camera (such as a shuttle space station) [6,8].

The various methods of digital terrestrial photogrammetry used in conservation projects and works
are:

* Single-image photogrammetry (or 2D photogrammetry)

* Stereo photogrammetry (two images obtained with axes parallel to each other)

* Multi-image photogrammetry (convergence or monoscopic photogrammetry).
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To obtain a three-dimensional model, the last two methods are used [3,7].

Photogrammetric techniques

» Structure from Motion (SfM), which specifies the directions and positions in which each image is
taken.

* Scale-Invariant Feature Transform (SIFT), which can identify potential features for image matching
[6].

* Compact stereo adaptation (DSM) (Digital Surface Model) [8§].

Conclusion

Preservation and restoration of cultural heritage includes the protection of historic buildings using all
new technologies that are as effective as possible in maintaining the original condition. Cultural
heritage is increasingly using digital technologies in its techniques and methods. New 3D digital tools
offer unique benefits for informing, educating and preserving monuments and sites. Photogrammetry
is one of the techniques developed for three-dimensional digitization at various scales. However,
unlike traditional scanners, photogrammetry is relatively inexpensive - both monetary and
experimental. Photogrammetry makes digitization accessible to everyone compared to other
techniques. Today, photogrammetry plays a significant role in documenting historical monuments in
Iran and has greatly increased the work of archaeologists and restorers in its ease and accuracy. Due
to the availability and cheapness of this method and the ability to combine it with other methods, it
is predicted that in the future all the work of documenting and collecting cultural heritage, including
historical buildings, monuments, archeological sites and others will be done by using this non-
destructive technology in Iran. The results of the study indicate that the science of photogrammetry
will work better in combination with other methods such as laser scanner, GPR, Lidar and other
technologies.
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Fig. 1: Schematic diagram for constructing a three-dimensional model of a building
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Fig. 2: Use a light drone for a three-dimensional survey, which is used to obtain a view of the building.
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Table 1: Cost, advantages, and disadvantages of common SfM platforms [19]
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Cost, good for detail work (characterize
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more efficient for ou tcrop scale work
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Sy b gt

~$50-250, depending on pole
height. Can purchase kits online,
but building your own is often
more economical.
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Cost, case of use/ease to set up, good
for certain kinds of features (slope
underneath an overhang, for example)
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comparison to UAV

9> Sl 4l 3529 pg))
eyl S hs codgamePole
0y b duglie y3 20,56

290 3 pdicalan

Balloon
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~$300-5000 — building your own
inexpensive,  but
systems on the market can be
expensive
because they can include video
systems to view what the camera
is viewing. A weather balloon is
approx. $100, the picavet mount
is approx. $50, kite line ~$20, and
~$180 for an

system  is

significantly — more

helium
appropriately sized tank
Yo beee Y.

Cost (unless you purchase a commercial
version), simplicity, camera orientation
(can shoot straight down, unlike many
pole setups), height. Balloons are a good
option for topographic mapping
applications. Tether provided by the line
removes legal complications associated
with UAVs
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Cost depends on the weight of
the camera mount system. Kites
can be used with v.

lightweight cameras and cost
around $50; kites made for aerial
photography can cost $100-400.
For both options, you will need to
purchase or build a picavet for

$50.
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Cost, height, camera orientation (can
shoot straight down, unlike many pole
setups), similar range to a balloon but no
helium! Well suited to topographic
mapping applications. Tether provided
by the line removes legal complications
associated with UAVs
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way of photographs, kite must
be large/have good “lift”
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Cost is highly variable; a

motorized glider is around $200-

UAV —motorized | 300 + cost of picavet;

glider, multi-rotor | quadcopters can range from
copter (quad-, $400$5000 or more depending
hexa- or octa-) | on their capabilities.
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Height, camera position may be

controlled and survey flightlines can be

pre-planned and

automated, GNSS

integration for efficiency
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Cost, requires a skilled
operator, length of survey
depends on the charge of, may
require light camera setup.
Potentially ~ dangerous  if
improperly operated. Legal
landscape for use of UAVSs for
anything more than recreation
is unclear, and users should
consult legal counsel before
operation.
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