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Abstract 
The paper investigates the potential of an economically available method of reconstruction of three-dimensional shape 
of the object in the digital environment, based on cross-sectional photogrammetry from the perspective of registration 
of movable cultural property. It first places the method under investigation in the context of current and historical 
methods of recording movable cultural property. It then briefly describes the principles of its operation and compares it 
with the highly accurate method of documentation in the form of laser scanning. The comparison is based on the 
evaluation of volume differences and shows that in terms of accuracy, the SfM method has its place among the methods 
of documenting the shape of the object of interest. The study concludes by discussing the limitations of the method, 
especially for shape-complex and/or non-contrasting objects. 
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INTRODUCTION 

The aim of the paper is to investigate in detail the potential of an economically available method of reconstruction of 
three-dimensional shape of the object in the digital environment, based on cross-sectional photogrammetry from the 
perspective of documentation and registration of movable cultural property.  

The documentation of movable cultural property is undoubtedly of fundamental importance both for cultural and 
historical research and for preserving information about objects of interest for future generations. Modern technologies 
have enabled a shift from written descriptions of the object and analogue documentation to its electronic form, but still 
in a two-dimensional form of capturing the shape and appearance of the documented object, i.e. drawings, sections or 
photographs. The dimensions and shapes of the objects of interest were mainly obtained using analogue measuring 
instruments, however, even when using computer technologies for the creation of two- and three-dimensional drawings 
of objects, it was in the vast majority of their manual creation. Moreover, the presentation of culturally valuable objects 
in the form of two-dimensional drawings may not lead to increased attractiveness and interest in cultural heritage as a 
field. Therefore, in this article we want to focus on the presentation of selected methods that allow the creation of 
relatively fast, but sufficiently high-quality three-dimensional documentation of movable cultural property of interest, 
along with an attractive form of its virtual 3D model, taking into account the time and financial complexity of using 
such methods.  

To create a virtual 3D model, it is necessary to obtain data on the size and shape of the documented object. This paper 
will discuss two methods of data collection allowing both the measurement of the object and the software-controlled 
creation of its 3D model based on the measured data. These are the laser scanning method and the photogrammetric 
method of data collection with a measuring camera using Structure from Motion (SfM) technology. The aim of this 
article is to present the possibility of making 3D documentation of movable objects, which is relatively simple and 
cheap, but nevertheless provides sufficient quality results when other, more sophisticated methods are not available at 
the moment. In order to achieve this goal, the method is first placed in the context of existing methods for the 
documentation of objects of heritage value, and then an experiment is designed, described, implemented and evaluated 
to determine the accuracy of the volume calculation of the object under study. 
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HISTORY OF MOVABLE CULTURAL PROPERTY IN THE CZECH REPUBLIC 

The origins of cultural heritage care in the sense we understand it today date back to the 18th century, when 
Enlightenment absolutism created a platform for the establishment of generally binding rules for heritage care at that 
time. The Austrian-Hungarian monuments institutions were the most modern in Europe at the time, as evidenced by the 
fact that the so-called Central Commission for the Protection and Preservation of Building Monuments was established 
by a supreme decision of 31 December 1850 at the Ministry of Trade, Industry and Public Works. However, it was not 
until 1872 that its remit was extended to movable monuments. 

In 1918, the newly established Czechoslovakia adopted the standards of the Austrian-Hungarian monarchy and 
supplemented the monument regulations with the National Committee Decree No 13/1918 Coll. on the prohibition of 
the export of artistic and historical monuments. After the end of the Second World War, Decrees of the President of the 
Republic (the so-called Beneš Decrees) No 108 and especially No 12 were of fundamental importance for conservation 
and its subsequent regulation.  

Technically, therefore, the first funds were taken into the administration of the state after 1918 when the property was 
confiscated from members of the Habsburg family, the objects were designated as movable property or inventory. They 
were used to equip government offices, foreign embassies, and some items were transferred to the collections of public 
institutions. After the Second World War, the National Cultural Commissions took over the most important castles and 
chateaus as state cultural property and participated in the sorting of cultural furnishings in the buildings that had passed 
into state ownership.  

The term 'furniture fund' itself first appeared in the Instruction on the Management of Cultural Monuments Intended for 
Cultural and Educational Use, issued by the Ministry of Culture in January 1974. The Instruction introduced the Basic 
Register of the Mobile Fund, which consisted of basic and intermediate records. The records included an inventory 
book, which consisted of record sheets of movable cultural monuments - bound in a hardcover, as well as a card 
catalogue of inventory sheets and a location catalogue. Ongoing records were kept by keeping records of loans and 
borrowings. 

The records also included the so-called black books – original inventory books acquired by the National Cultural 
Commission in the post-war period, containing an inventory of the furnishings or library of the historic building. There 
was no pictorial documentation in these black books or in previous inventories. Pictorial documentation appears for the 
first time in the Basic Register of the Furniture Collection in the form of a 6 × 6 cm black and white photograph, where 
both photographs and their negatives are archived.  

In 1989, the records of the mobile collections were transferred to the MobSys software system, which was deployed as 
the only recording tool in the field of management of state heritage objects. In 1991, the mobile collections were 
declared cultural monuments by the Ministry of Culture as a whole, as were the individual library collections at the 
monuments. In 1992, through a research task at the state-managed monuments, documentation of individual objects was 
made on colour film slides, which were subsequently digitised.  

A further improvement of the image documentation – still only visualisation – was the so-called virtual movement, 
where the object was scanned in twelve shots according to a selected axis, and using a software tool these shots were 
combined into a continuous cylinder, allowing the object to be viewed continuously from all sides, with photographic 
quality image output possible at each point. This procedure was first implemented in 2006 during the inventory of the 
furnishings of the state Chateau Kozel. 

In 2010, the 3D documentation of a mobile object was experimentally tested and incorporated into the registration tool 
for movable cultural property called CastIS [1] (which was a follow-up to MobSys in the second half of the 1990s). 3D 
capture of individual mobile objects allows – unlike previous methods of image documentation or mere visualization – 
complete documentation of the object in space and the creation of a possible replica of the object in case of loss or 
destruction. In the practical presentation of movable cultural property in exhibitions of accessible monuments, the data 
acquired by the 3D documentation method can be used to print replicas as souvenirs and thus use this documentation for 
commercial purposes. 
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SELECTED DATA COLLECTION METHODS FOR 3D DOCUMENTATION OF MOVABLE 
CULTURAL PROPERTY 

The suitability of three-dimensional documentation of movable and immovable cultural property has been further 
explored in a number of literary sources, which are cited in this thesis in turn. The authors agree that the use of 3D 
documentation has its advantages but also its limitations. It is not only the preservation and accessibility of cultural 
property that is at stake, but the cost of any documentation is a crucial aspect of its acquisition. [1, 2] 

There are a number of methods for 3D documentation of assets of interest, ranging from stereophotogrammetry, 
holography to manual model creation. However, this paper focuses on a comparison of a method already quite widely 
used for digitizing cultural property, namely laser scanning, with a method of obtaining a three-dimensional model of an 
object based on a photogrammetric method that uses image correlation, called Structure from Motion (SfM, also 
referred to as Image-Based Modeling and Rendering IBMR). The principles of both of these methods are described in 
the National Heritage Institute’s methodology [2], but its authors focused on immovable cultural property. This article, 
on the other hand, turns its attention to movable assets and compares the two methods not only from the financial point 
of view, but above all from the point of view of the accuracy of both methods, which it demonstrates with a practical 
study, and also from the point of view of concrete applicability.  

The two methods chosen have much in common. They are non-contact, providing a large number of detailed points for 
creating the most detailed 3D representation of objects. As mentioned above, the SfM method has the advantage of 
significantly lower hardware and software costs. The method is fairly well accepted, but mostly only on the basis of the 
visual fidelity of the result, not on the basis of the accuracy of the capture of the master [3, 4, 5]. In this paper, we 
therefore focus on verifying the latter quality. We capture one particular object using both the laser scanning method 
and the SfM method, and then compare the two methods with each other and with the analytically computed shape of 
the master. 

Data acquisition by terrestrial laser scanning 

From a range of laser scanning methods [2], we select short-range ground systems using a laser scanner. A laser scanner 
consists of a laser rangefinder and a scanning mechanism.  The rangefinder incorporates a pulsed laser that emits flashes 
of infrared light. The beam emitted by the rangefinder is reflected from the surface of the object to be scanned and 
returned. The sensor is used to record the time of flight converted into laser-object distance (time of flight) or to 
determine the phase shift of the transmitted beam. Phase scanners are up to an order of magnitude more accurate and are 
suitable for scanning objects, such as sculptures, where details need to be documented.  

The point cloud thus obtained represents the shape of the object to be measured and is successfully combined with 
a photographic record of the object to be measured, which allows RGB values, i.e. colour, to be assigned to the 
individual points of the cloud, thus providing a colourful three-dimensional point representation of the object. 

For a complete 3D model of a movable object, it is usually necessary to scan from multiple positions around the object 
to be measured. By combining the overlapping individual scans, a complete 3D model of the object of interest is 
subsequently created in the appropriate program. An example of an object orientation can be the diagram (Figure 1), 
where the object to be scanned (purple needle), the positions from which the scan of the object was taken (tripods with a 
total station equipped with a laser scanner) and two reflecting prisms (points TPS0001 and TPS0002) defining the line 
to which the measurement from each position was related are in the middle. This method is typical of the chosen 
multistation apparatus. In laser scanning using (auto)correlation of scans, no additional aids are needed or spherical 
signals are used to automatically connect the scans, positioned around the object and acting as insertion points [6]. 

 

Figure 1. Example of a site configuration for ground-based laser scanning data collection (adopted from [7]). 
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Non-measurement camera data acquisition using SfM technology 

During the actual data collection, i.e. the imaging, several principles must be followed. Firstly, it is necessary to take 
pictures under suitable lighting conditions with diffused light, i.e. avoid direct sunlight or artificial light, so that the 
object is not overexposed or shadowed, which would have an undesirable effect not only on the reconstruction of the 
3D model itself, but also on its resulting texture. It is also advisable to limit the appearance of unwanted foreground and 
moving objects within the scene. It is important to use the same focal length setting to take the images of the object, as 
changing it also changes the internal orientation elements of the camera used. The actual imaging should be done 
systematically, around the subject at approximately the same distance and from different levels, so as to create a kind of 
sphere around the subject (Figure 2).  

In general, the more images we take, the better. They should be composed so that the desired object occupies as much 
of the image as possible. In case there is a situation where it is not possible to capture the whole object, the missing 
parts can be recorded in the next frame. For example, when capturing images of a dimensionally large object, not only 
overview images of the whole or part of the object are recorded, but also individual parts of the object where the 
captured images overlap each other, so that it is possible to find the same parts of the object in at least two of them and 
to create a complete three-dimensional model of the object from the images captured in this way. 

In order to reconstruct the actual size of the object at a later stage, it is necessary to take a length standard together with 
the object or to measure the distances between well identifiable points on the object. This can give the emerging model 
a scale. [7] 

 

Figure 2. Imaging scheme in the case of an isolated movable (adopted from [7]). 

COMPARISON OF SELECTED METHODS FOR DATA COLLECTION TO CREATE 3D 
DOCUMENTATION OF THE OBJECT OF INTEREST 

This chapter focuses on the experimental verification of the accuracy of selected methods for the same object, carried 
out in 2016 at the Faculty of Applied Sciences of the University of West Bohemia in Pilsen by [7]. This object was 
selected so that its actual volume could be analytically calculated and at the same time it contained the necessary 
texture. Thanks to this, it will be possible to verify not only the visual satisfaction but also the accuracy of both 
methods. Therefore, a not quite typical representative of movable cultural objects, a transport box for a theodolite 
(Figure 3) in the shape of a conical needle, was chosen for the purpose of the experiment. Its dimensions were 
determined by repeatedly measuring the lengths of all sides and averaging them. In future studies, which will advance 
the verification further, it would be advisable to focus also on objects with more complex shapes, as the surface texture 
and texture of objects of movable cultural property may affect the fidelity of the representation of the resulting 3D 
model.  
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Figure 3. Object of data collection - transport box for theodolite. 

A detailed description of the creation of a virtual 3D model using the selected software not only from the point of view 
of the processing of the acquired data is available in the manufacturer's manual [8], in the following subsections the 
procedures for targeting the selected object by both methods mentioned above will be presented with examples of the 
resulting virtual 3D models. The last subchapter then compares the 3D models based on their volumes. 

Measuring an object with a terrestrial laser scanner 

To acquire the point cloud by terrestrial laser scanning, a Leica Nova MS50 MultiStation (Figure 4) was used, which 
combines the function of a total station (a geodetic instrument for digital measurement of angles and lengths) with a 3D 
laser scanner. With a maximum range of 300 m and a scanning speed of 1000 points/s, the 3D scanner shows the 
following parameters according to the manufacturer's information: the noise in the measured length data under ideal 
conditions (overcast sky, shadowed object, direct visibility, static target object) is 1 mm per 50 m. The absolute 
positional accuracy of scanning up to 500 m is, according to the manufacturer, 2 mm + 2 ppm [9].  The first step in data 
acquisition was to design a suitable configuration of the instrument sites. The stations should be at least two, but better 
certainly three, at a minimum distance of about 1.5 m from the object to be scanned (the specific spacing value is given 
in the manual of the instrument used) and spaced so that the entire object of interest is scanned.  

 

Figure 4. Leica Nova MS50 MultiStation, subject of data acquisition and display of scans on the instrument display 
(adopted from [7]). 

After preparing the instrument at the first station, setting up a new order in the instrument and orienting the 
measurement to a straight line, the actual scanning setup was proceeded with. The advantage of this instrument is the 
possibility to define an irregular area of the scanned grid. This fact facilitated the work of processing the scanned point 
cloud, since the laser beam moves only in the area defined by us, thus reducing the redundant number of points in the 
cloud (Figure 5). Once the scanned area is defined, an image of it is taken, from which the colours are assigned to the 
individual point clouds after scanning the object. 
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Figure 5. The definition of the scanned area shown on the display of the instrument used (adopted from [7]). 

The next step was to define the scan resolution, either based on length or angle. In our case, the option of defining the 
spacing of the cloud points based on length was chosen. The spacing between registered points, i.e. points representing 
the whole scanned cloud combined from measurements at all sites, was set to 0.005 m in both horizontal and vertical 
directions to obtain a dense cloud of points. With this setup, a number of more than 16,000 points from a single position 
was achieved. 

Measuring an object with a non-measurement camera 

When selecting a camera for taking pictures, the main priority was its availability (both in terms of hardware and price) 
and also the current situation regarding the already owned suitable hardware, and therefore one that is part of mobile 
phones was selected. The choice of the mobile phone depended on compliance with the recommended camera 
parameters specified in the user manual of the PhotoScan Pro software, where the stated conditions for the camera used 
are its minimum resolution of 5 MPix and a lens focal length ranging from 20-80 mm [10]. The mobile phone used for 
imaging was an Apple iPhone 4, which has a camera with a resolution of 5 MPix and a lens focal length converted to a 
full-frame equivalent of approximately 30 mm. Cameras of this type are generally available in mobile phones and it can 
be assumed that their quality will continue to improve. They can be counted on for use in model making. 

As far as a benchmark for determining the size of the resulting model is concerned, a tiled floor was photographed 
together with the transport box on a theodolite and its dimensions were measured after the images were taken. 

In order to obtain a sufficient number of images, imaging was carried out from 3 horizontal planes, at a height of 
approximately 20 cm, 40 cm and 100 cm from the floor, without using digital or optical zoom, to keep the same 
chamber parameters. A total of 86 JPEG images were obtained in this way. The Agisoft PhotoScan software, now called 
Metashape, can only work with the original images, which have not been modified in any way (cropping, geometric 
adjustment of the photographs - especially rotation). If this were to happen, it could lead to inaccurate results in the 
subsequent creation of the 3D model, or the images could not be processed at all. 

COMPARISON OF THE RESULTING 3D MODELS BASED ON THEIR VOLUMES 

In this part of the paper, we focus on the comparison of volumes and surface deviations of the selected movable object. 
These are representative and comparable properties of the created 3D models. From our point of view, it is the volume 
of the models that is crucial for the correct representation of the investigated object in 3D. 

To compare the experimental results, the volume of the modeled object was first calculated analytically1, assuming that 
it is a comoving needle, the formula for calculating the volume of a comoving needle is given in (1):  

 (1) 

The next step was to calculate the volumes of the created 3D models in the programs Meshlab (using data from laser 
scanning, i.e. point cloud) and Agisoft Metashape (using a set of photos taken with any digital camera to create a 3D 
model). The resulting model created from the laser scanning is shown in Figure 6 on the left, the model created from the 
photographs is shown in the same figure on the right. 

 
1 The measurement of the lengths needed for the volume calculation was performed by a graduated surveyor, each edge was determined five times, 
for a detailed description of the procedure and the determined values see [7] Table 6.1. 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

169



 

Figure 6. Resulting 3D model with assigned texture from Meshlab (left) and Agisoft Metashape (right) (adopted from 
[7]). 

In order to obtain the most reliable results, it was necessary to remove the points that made the model jagged during the 
data processing in Meshlab and Agisoft Metashape. An example are the points representing the handles of the 
theodolite box or the clips for its closure (see the yellow marked parts of the object of interest in Figure 7), which were 
not taken into account in the analytical calculation. Thus, the aim was to obtain only the general shape of the object, 
whose volume was calculated analytically from the gauge lengths.  

 

Figure 7. Parts of the modelled object highlighted in yellowthat had to be removed from the data. 

The two software programs in which the virtual 3D models of the object of interest were created have the function of 
calculating the volume of the models, and their results, together with the analytical calculation of the volume of the 
comole needle and the calculation of the volume from the raw point cloud obtained during the scanning, are shown in 
Table 1. The compared models were composed of on the order of 4 × 103 points for the laser scanning model and on the 
order of 5 × 103 points for the non-laser camera model, respectively. The number of these points from which the models 
are constructed and on the basis of which their volumes were calculated and compared are of the same order of 
magnitude and can be compared in this way. The detail of the resulting model depends primarily on the chosen 
accuracy of the measurements and the quality of the resulting product, especially in terms of the number of points or, 
finally, triangles representing the object. It is advisable to keep the physical conditions constant throughout the 
measurement and to follow certain geometric rules (orientation of control lengths, appropriate configuration of the 
locations from which the images are taken – defining the overlay, taking a record of the whole object, etc.). 
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Table 1. Resulting comparison based on volumes for selected methods of volume calculation (adopted from [7]). 

 Analytical 
calculation 

Laser scanning 
SfM with a non-

measurement 
camera 

Point cloud calculated 
directly in MS50 

3D model 
Meshlab 

3D model Agisoft 
PhotoScan 
Metashape 

Volume [m3] 0,08750 0,08763 0,08664 0,08650 

Absolute deviation from analytically 
calculated volume [m3] 0 0,00013 0,00086 0,00100 

Relative deviation from analytically 
calculated volume [%] 0 0,15 - 0,98 - 1,14 

 

For the purpose of comparing individual volumes, the analytical calculation was chosen as the reference (see calculation 
method described above). From the above table it can be seen that the analytical calculation is very close to the volume 
from the laser measurement calculated directly in the instrument after obtaining the scanned point cloud. The deviation 
of the volume obtained from the SfM in Metashape software is an order of magnitude worse: 0.001 m3.  

DISCUSSION 

During the acquisition of data with a mobile phone using the SfM method and processing of the images in Agisoft 
Metashape, surface deviations between the resulting 3D model and the pure point cloud were detected. In our opinion, 
the percentage deviation of 1.14% (0.001 m3) from the analytically calculated volume was due to the fact that the 
modelled object did not have a very rich texture in some places, and the quality of the camera and the distortion of the 
lens certainly played a role. Comparing the volume from the SfM with the volume from the laser scanning determined 
directly by the instrument, we find that the volume determined by the SfM method is an order of magnitude less 
accurate. On the other hand, the advantage of the technique of collecting data with a non-measurement camera using 
SfM technology is undoubtedly the affordability, speed of data collection, automation and simplicity in processing the 
acquired images. In addition, it allows to take pictures of even small movable objects, because with a mobile phone it is 
possible to take pictures from a short distance. Another advantage is the highly realistic appearance of the 3D model, as 
the resulting texture is taken from the captured images (a suitable surface texture is a prerequisite, which not all objects 
have, e.g. plaster busts, glass or metal objects, etc.). This can on the other hand be counterbalanced by the potentially 
lower accuracy of the resulting 3D model and the required computational requirements, which entails longer processing 
times. In our case, the hardware used had the following parameters – 1.8 GHz CPU, 2 GB GPU, 6 GB RAM and the 
processing of 86 captured images took approximately 4 hours. 

This inexpensive method has recently been widely used in the field of management, care, and especially presentation of 
cultural monuments. For example, a three-dimensional model of the sculpture of Spejbl and Hurvínek in Pilsen obtained 
using three different mobile applications or technologies: Google Tango, Matterport Scenes and Open Constructor 
(from left in Figure 8) was used in Hana Kubíčková's paper at the Geomatics in Projects conference [11], a replica of 
Michelangelo's Head of David in publication [12], or various 3D models of cultural and historical objects ranging from 
small seals, clocks, dresses, statues to models of horse carriages in the 3D Collections project [13]. 

 

Figure 8. 3D model of the sculpture of Spejbl and Hurvínek in Pilsen (adopted from [11]). 
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As for the second method, static terrestrial laser scanning, its advantage is undoubtedly the accuracy of the data taken 
over a relatively long distance, as the laser beam has a range of up to 1000 m. The disadvantages of this data collection 
technique compared to non-survey camera scanning using the SfM method are primarily the cost of the laser scanner, 
the necessary degree of erudition of the meter and the fact that it is not suitable for scanning very close or small objects, 
as the minimum distance of the device from the scanned object is 1.5 m. Such a minimum distance may also pose a 
problem when scanning in small spaces. Furthermore, in the case of 3D shape reconstruction of excessively rugged or 
richly textured movable objects, the visual quality of the resulting 3D model generated from data obtained by laser 
scanning alone cannot be found to be sufficient. This is due to the fact that the texture color of the resulting 3D model is 
taken from the acquired point cloud and subsequently assigned to the individual polygons forming the model surface, 
which may lead to visual ambiguity of the model surface. Furthermore, unlike the SfM method, laser scanning is not 
suitable for small movable objects where the potential number of points scanned from a minimum distance of the 
instrument from the object would be too low to obtain a representative 3D model of the object of interest. 

Therefore, the aforementioned disadvantages of laser scanning suggest cases in which laser scanning could be replaced 
by a data acquisition technique using commonly available hardware using the SfM method. This means in cases where, 
due to the small space in which the object of data acquisition is located, it is not possible to keep the minimum distance 
of the laser scanner from the scanned object at 1,5 m. Furthermore, in cases where it is not possible to use a laser 
scanner due to the possibility of damage to the object by the laser beam, and finally in cases where we require excellent 
visual quality of the resulting 3D model. 

CONCLUSSIONS 

The purpose of this paper was to conduct our own experiment regarding the suitability of the selected methods of 
collecting and processing 3D documentation of movable cultural property based on the comparison of volumes and 
surface deviations of the selected movable object, as one of the representative and comparable properties of the created 
3D models. From our point of view, it is the volume of the models that is crucial for the correct representation of the 
object under study in 3D; another possible property to be compared could be the colour fidelity or the fidelity of texture 
capture, but this was not the subject of investigation in this paper. 

After an introductory section dealing with the history of movable cultural property registration in the Czech Republic, 
the methods chosen for this experiment and their results were described. The methods chosen for collecting data 
suitable for the creation of a virtual 3D model of the object of interest were laser scanning using a ground-based laser 
scanner (using a total station with laser scanning) and the Structure from Motion (SfM) method using a non-
dimensional camera (smartphone). By comparing these two methods based on the detection of deviations between the 
volume and the surface of the created virtual 3D model, a clear table depicting the difference of the compared values 
was produced. Subsequently, a discussion of the suitability and limits of the two chosen methods for the processing of 
3D documentation of movable cultural property was carried out. 

Based on the evaluation of both techniques and the cited sources, it can be concluded that laser scanning could be 
replaced by data collection with commonly available hardware using the SfM method in cases where the object of data 
collection is located in too small spaces and also in cases where we require excellent visual quality of the resulting 3D 
model. We are aware that there are scanning devices that are suitable for scanning even smaller objects.  

The suitability of a commercially available phone was deliberately investigated, as it is often available at times when 
other options for acquiring a 3D model of the object of interest are not available, and to experimentally demonstrate the 
accuracy of the resulting model for documentation purposes. 
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