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PHOTOGRAMMETRY IN ARCHAEOLOGY:
MODERN TECHNOLOGIES OF DOCUMENTATION
AND RECONSTRUCTION

The article explores the utilization of technology, specifically photogrammetry, for precise
documentation of objects of varying sizes and the subsequent analysis of the digital replicas
produced. In the realm of archaeology, modern digital tools offer enhanced accuracy and
versatility in studying artifacts, providing not only detailed but comprehensive insights into
the objects under examination. While photogrammetry has become a staple in archaeological
research, its effectiveness is hindered by challenges such as the requirement for costly
equipment and specialized expertise.

By focusing on three distinct objects — the 2022 excavation at the Ust-Teplaya monument
in the Charyshsky district of the Altai Territory, a Turkic sculpture from the Biysk Museum
of Local Lore, and a fragment of a mirror from the same museum — the article illustrates the
practical application of this technology. The quality and precision of the final 3D model hinge
primarily on the resolution of the photos capturing the object, necessitating a high level of
pixel detail. Particularly with smaller objects containing intricate details, there is a heightened
risk of relative distortions, demanding meticulous calibration of the camera and correction of
any errors in distortion during the photography process.

The article briefly touches upon the diverse applications of the generated 3D model,
including orthogonal computer visualizations devoid of perspective distortions and the
enhancement of subtle embossed patterns. It concludes by underscoring the promising future
of photogrammetry in archaeology, highlighting its potential to revolutionize the methods of
researching and conserving archaeological artifacts. The article also considers various avenues
for further development in this field, hinting at the transformative impact this technology
could have on archaeological practices.

Keywords: photogrammetry, 3D-modeling, computer modeling, archaeological collections,
archaeological site
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POTONPAMMETPUA B APXEOAOTUNU: COBPEMEHHbIE
TEXHOAOIMn AOKYMEHTUPOBAHUA U PEKOHCTPYKL NN

B crarbe paccMaTpyuBaeTcs BOIPOC TEXHOJIOTMY MaKCUMaTIbHO TOYHOM (ukcanym o6b-
€KTOB pa3HOT0 TUIIOpasMepa C IOMOLIbI0 GOTOrPaMMETPIH, & TAK)Ke BO3MOXKHOCTH pabOoThI
¢ oy4eHHo 1y poBoli Komueit 06beKTa. CoBpeMeHHbIe I1M(POBbIE TEXHOIOT M O3B0
10T IIPOBOJUTD H0JIee TOUHYIO (PUKCALIMIO U PA3HOCTOPOHHEE U3yYeHNe, TOy4asi P 9TOM
He TOJIBKO 60JIee leTa/IbHYI0, HO 1 60siee IONMHYI0 MHGOpMaIio 06 06beKTe UCCTIefOBaHMUA.
[TpumeHeHue GoTOrpaMMeTpPUM B APXEOTIOTMN YXKe CTAI0 HeOTheM/IeMOJl JacTbIO MCCIIefo-
BaHUI1, HO, HECMOTPsI Ha CBOIO 3G ()EKTUBHOCTD, OHA CTAJIKMBAETCS C TAKMMM IPO6IeMami,
KaK HeoOXO[MMOCTDb HaJIM4YUs OTHOCUTEIBHO SOPOrOCTOAILLEr0 0O0PY/IOBAHMSA U CIIELU-
a/IbHBIX 3HaHMIL. B cTaThe pacCMOTPEHO IpUMEHEHME TAKON TEXHOIOTUY Ha IIPUMEPE TPeX
00'BEKTOB PAa3HOTO THUIIA U pasMepa — packor 2022 r. Ha mamsiTHrKe Ycrb-Termas B Yapsi-
CKOM paiioHe A/ITaiiCKOro Kpasi, TIOPKCKOTO U3BassHNUA 13 BUIICKOro KpaeBeg4ecKoro Mysest
uM. buanku u ¢pparmenra sepkana us buiickoro kpaeBegueckoro Myses. B pesynbrare npo-
BeJIeHHBIX pabOT BBIABJICHO, YTO Ka4eCTBO M TOYHOCTh KOHEYHOI MOJIENN 3aBUCAT B Iep-
BYIO ouepelib OT paspeleHus ¢ororpadun Ha JaHHOM y4acTKe 00beKTa, KOTopas HO/DKHA
cofiep>kaTh HeOOXOMMBII YPOBEHDb IUKCENbHON fleTanusanyn. OTMedeHo, 4T, 4eM MEHb-
1Ie IpefMeT 1 YeM OOJIblile OH COfEPXKUT MENKMX JieTasell, TeM 60blile BO3MOXKHBIX reoMe-
TPUYECKUX UCKaXeHMIT 3D-Mofent, 109ToMy HeoOXomuMo 60jiee CKPYIyIEé3HO MOAXOAUTD
K IIPOLIeCCY CheMKI, KambpoBKe KaMepbl ¥ KOppeKiyu oun6oK. OTHebHO PacCMOTPEHbI
BO3MO>KHOCTb OPTOTOH/IbHBIX KOMIIBIOTEPHBIX BU3ya/Tu3aliuii 6e3 IepCcreKTYBHbIX MCKaXKe-
HUIT 11 BbIJle/IleHe BBIOMTBIX PUCYHKOB, B TOM 4NC/Ie Ma/l03aMeTHbIX. B pesynbraTe cienan
BBIBOJ] O TOM, 4TO (POTOrpaMMeTPHsI B APXEO/IOr NN uMeeT OOIbIIINe [IePCIIeKTUBbI, KOTOPbIe
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MOTYT CYLI€CTBEHHO BMEHUTD CII0CO0bI MCCIEA0BAHNA I COXPAaHEHNA apXeOIOTMIECKUX
HaXOJI0K, a TAKJ)K€ paCCMOTPEHbI HEKOTOPDIE 113 ITIOTEHIIMA/IbHbIX HaHpaB}IeHI/If/l €€ pa3BUTNA.

KnroueBbie crioBa: (bOTOFpaMMeTpI/IH, TpexXMepHasa Q)MKcaHI/IH, KOMIIbBIOTEPHOE MOJENN -
PpoOBaHNE, apX€ONIOTMYECKIME KO/IJIEKII N, apXQOTIOI‘I/ILIeCKI/[ﬁ[ packKoIl

s nuTupoBaHu:

Bonoapenxo C. IO., Ipywun C.I1., ponos 4. A., Mepy, V. B. DotorpammeTpusi B apxeono-
TUI: COBpEMEeHHbIe TEXHOIOIMM JOKYMEHTUPOBaHNA U peKOHCTpyKuuy (mpoexter HOI]
QITAaUCTUKY U TIopKomorun «bonpuioit Anraii») // Hapopst u penuruu EBpasun. 2024.

T. 29, No. 2. C. 31-46. DOI 10.14258/nreur(2024)2-02

Bondarenko Sergey Yuryevich, Candidate of Technical Sciences, Associate Professor,
Director of the Information Technology Center of the Altai State Agricultural University,
Barnaul (Russia). Contact address: bonsu@yandex.ru; https://orcid.org/ 0000-0003-4295-
4120;

Grushin Sergey Petrovich, Doctor of Historical Sciences, Professor of the Department

of Archaeology, Ethnography and Museology, Altai State University, Barnaul (Russia).
Contact address: gspl42@mail.ru; https://orcid.org/0000-0002-5404-6632;

Frolov Yaroslav Vladimirovich, Candidate of Historical Sciences, Director of the Museum
of Archeology and Ethnography of Altai, of the Altai State University, Barnaul (Russia).
Contact address: frolov_jar@mail.ru; https://orcid.org/ 0000-0001-7259-2840;

Merts Ilya Viktorovich, Candidate of Historical Sciences, Researcher, Joint Research Center
for Archeological Studies named after A. Kh. Margulan, Toraighyrov University, Pavlodar
(Kazakhstan). Contact address: barnaulkz@mail.ru; https://orcid.org/0000-0001-9066-
9629

Boupapenko Cepreit FOpbeBrY, KaHANAAT TEXHNYECKIX HAYK, JOLEHT, AUPEKTOP LIeHTpa
MH(OPMALMOHHBIX TEXHOIOTHIT AJITaliCKOrO TOCYLAPCTBEHHOTO arPapHOro YHUBEPCHTe-
ta, baprayn (Poccus). Agpec mina KoHTaKToB: bonsu@yandex.ru; https://orcid.org/ 0000—
0003-4295-4120;

Ipymnn Cepreii IleTpoBud, JOKTOpP UCTOPUYECKUX HAyK, Tpodeccop Kadeapsl apxeono-
Uy, 3THOrpadum 1 Myseonoruu AnTaiickoro rocyilapCTBEHHOTO YHUBepcuTeTa, bapHa-
yn (Poccust). Axpec mis KOHTaKToB: gspl42@mail.ru; https://orcid.org/0000-0002-5404-
6632;

®ponos Apocnas BragumupoBud, KaHAUAAT ICTOPUYECKUX HAyK, fupeKTop Myses ap-
XeoJIoruy ¥ 3THorpadyu Antast ANTaicCKoro rocyfapcTBeHHOIO YHUBEPCUTeTa, bapHayi
(Poccus). Ampec ps kouTakToB: frolov_jar@mail.ru; https://orcid.org/ 0000-0001-7259-
2840;

Mepu Vnbsa BUKTOpOBUY, KaHANAAT UCTOPUIECKUX HAYK, HAYIHBI cCOTpyRHUK O6benn-
HEHHOTO apXeOoJIOrNIeCcKOro Hay4HO-JICCIe0BaTeNbCKOro IieHTpa M. A. X. MaprynaHa,
TopaiireipoB yuusepcutera, [TaBnopap (Kasaxcran). Agpec misa koHTakroB: barnaulkz@
mail.ru; https://orcid.org/0000-0001-9066-9629.

CawnT xypHana: http://journal.asu.ru/wv « Journal homepage: http://journal.asu.ru/wv



34 Hapogpl 1 penvrum EBpasum » 2024 Tom 29, Ne2. C. 31-46.

Introduction

One of the main tasks of archaeological excavations is to record all the details and stages
of the study of objects as accurately as possible. Fixation methods and tools are constantly
being improved. One of such tools, which has become widespread in field archaeology over
the last decade, is the photogrammetry method [Grushin, Sosnovsky, 2018]. Photogrammetry
is a method of obtaining geometric information about objects and surfaces based on their
photographs. In archaeology, this technique has already become an integral part of research,
allowing you to create accurate three-dimensional models of both small archaeological finds
and entire settlements.

Photogrammetry in archaeology begins with carefully shooting an object from various
angles using a high-resolution digital camera or drone. These photos contain key information
about the shape and structure of the object. Then special programs are used that analyze these
photos, determine the position of each point of the object in three-dimensional space and
build an accurate three-dimensional model of the object. This process allows you to create
digital copies of archaeological sites with the highest degree of detail and clear advantages
over classical methods.

The main advantages of using such technology are that photogrammetric methods allow
you to achieve a high degree of compliance when creating three-dimensional models, which
is important for accurate reconstruction of archaeological finds, they are highly efficient,
allowing you to relatively quickly obtain data using modern cameras and drones and effectively
document even large areas. The created three-dimensional models can serve as digital
archives, storing information about the state of archaeological sites at a specific time and allow
archaeologists to virtually explore and analyze finds without physical impact on them and, as
a result, without the risk of damage or loss.

The study of the obtained 3D models allows us to obtain objective data on the geometry
of archaeological artifacts of complex configuration — to make precise cuts in different planes,
to make measurements, including curved surfaces, which is very difficult or impossible
to do accurately enough when studying a real object, as well as to represent the object in
an archaeological drawing. This problem of full-scale study of artifacts with curved profiles
is acute when they are quantitatively processed using statistical methods [Kolobova et al., 2020:
242-244; Bondarenko, Kiryushin, Frolov, 2023: 133].

The next problem that 3D models can solve is the study of embossing and other traces
of processing on stone sculptures and rock carvings with different depths of study of relief
details and a high degree of surface destruction. In full-scale study, the fall of light from
different angles and directions creates a certain play of shadows, in which the interpretation
by visual methods of individual details of images consecrated in different ways is often
subjective. The use of computer vision with subsequent processing and rendering, analysis
of microrelief by digital intelligent methods, including using machine learning algorithms,
allows us to obtain objective data on the features of such images [Kolobova et al., 2020:
242; Tishkin et al., 2020; Svoiskiy et al., 2021; Tishkin, Svoiskiy, Ziganshina, 2022; Tishkin,
Bondarenko, 2023].

Another area of use of such digital copies is the possibility of computer reconstruction
of individual artifacts with lost parts or deformed shapes, as well as large archaeological sites.
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Reconstructions based on digital models have a greater degree of objectivity, since they are
based on mathematical calculations to determine the shape and restore the missing parts
of the artifact [Kolobova et al. 2020: 242, 243; Bondarenko S. Yu. 2023: 9-22].

Excavation photogrammetry, as a method of fixing, including the stages of the process,
is increasingly trying to displace established methods in the form of hand sketches and
photographs that do not meet modern requirements for accuracy and detail [Danilov, Fedorov,
Bezvershenko, 2019; Starovoitov, Chernova, 2020].

The ongoing work on the creation of digital models of objects of various shapes and scales
requires solving constantly emerging problems of both a technical and methodological nature,
adapting the methodology and methodology of archaeological research to photogrammetry
technologies. This publication presents an analysis of the issues that arise during the creation
of digital copies of archaeological objects and artifacts and examines a number of approaches
used to solve them.

Representation of archaeological sites and object in their area

Despite its effectiveness, photogrammetry in archaeology faces challenges such as the need
for high-tech equipment and specialized knowledge. The correct conduct of photogrammetric
studies requires a lot of experience and consideration of a large number of factors. As examples,
we can consider photogrammetry objects of different scales. The first object to consider is
a digital copy of the 2022 excavation of the archaeological expedition of the Altai and
Kemerovo State Universities at the Ust-Teplaya memorial in the Charyshsky district of the Altai
Territory [Grushin, Stepanova, Fribus, 2023]. In the excavation measuring 22 by 14 meters,
mounds of the Pazyryk culture of the Early Iron Age (V-III centuries BC) and Afanasiev
mounds of the Eneolithic era (XXXII-XXVIII centuries BC) were recorded. One mound was
recorded at the stage of clearing the embankment, two — cleaning the burial.

Unfortunately, the printed format does not allow you to visually show all the possibilities
of using a digital copy, for example — rotation, approximation, cross-sections, sizing any
elements, determining heights, due to the dynamism of these functions. But Figures 1 and 2
show one of the functions of the drawing feature — the creation of various texture maps that
preserve the colors and details of the surface of the finds. This provides additional features
and is another separate type of data. A similar drawing (Fig. 2) it is obtained in fully automatic
mode, without the human factor, allowing you to see the objective contours of objects,
including very small ones.

However, such a resolution, as indicated on the render, is often not enough, the researcher
needs more detailed information. Therefore, at the beginning of the work, the specialist must
draw up a plan for photogrammetry, which allows to achieve the necessary detail of each site.

The quality of the final model and the factor of photogrammetry accuracy depends
primarily on the quality of the shooting. The photos used must be of high quality and contain
the necessary level of detail of the object. The clearer and more detailed the images, the
more accurate the results will be. Also, the number of shooting points plays a role. The more
of them there are, the easier it is for photogrammetry algorithms to accurately determine
the three-dimensional structure of an object. This is especially important when shooting
complex objects. Using control points — places or objects whose coordinates are known —
also helps to link the virtual model to real coordinates, improving overall accuracy.
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Fig. 1. Rendering of the top view of the excavation site
Puc. 1. PeHpep Buaa cBepxy Ha packor

Fig. 2. Automatic drawing of the top view of the excavation site
Puc. 2. ABTomatnyeckas MpoprcoBKa BUAA CBEPXY Ha packor
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During the photogrammetry of this excavation, a Canon EOS 5D Mark IV camera with
a high-power 35 mm lens was used. First, photographs of the entire excavation were taken,
after which the burials themselves were photographed in more detail, which made it possible
to increase their detail (Fig. 3).

Fig. 3. Rendering of the top view of the burial (texture rendering and autodrawing)
Puc. 3. PeHzaep Buaa cBepxy 3axopoHeHus (TeKCTypHbIV peHIep v aBTorMpopUcoBka)

And after that, photogrammetry was performed inside the grave itself, in order to show
the skeleton itself and the jug with the detail necessary for remote study (Fig. 4). The final
model contained about 150 million polygons per 1 m? of surface, which allows you to clearly
see objects about 1 mm in size.

Fig. 4. Rendering of the grave combined with drawing
Puc. 4. PeHaep Morusibl, COBMELLEHHBIV C POPUCOBKOM
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Creating a digital copy of the sculptures

The second object that we would like to consider is a Turkic sculpture from the Biysk
Museum of Local Lore named after V. V. Bianchi (BKM OF 73). The object was brought to
the museum in 1926 by M. D. Kopytov. The documentation contains a description of the
sculpture from the monograph by V. D. Kubarev. It says that the sculpture originates from the
area “Kansk steppe” (Ust-Kansky district, Altai Republic) [Kubarev, 1984: 107, Table II.-18;
Kubarev, 1997. P. 154-155; Leonov, 2021: 46].

The sculpture is made of a four-sided slab of coarse-grained gray granodiorite [Kubarev,
1984: 107]. The images are present on the front and back sides of the monolith. The upper
edge of the head is slightly pointed and possibly imitates a pointed headdress. The head
is separated from the body by a curved sharp-angled narrow groove, which models the
neckline of the garment, and the neck and outlines of a narrow wedge-shaped beard are
emphasized by it. The nose, eyebrows, eyes, and mustache are convex due to the deepening
of the background around them. The eyes are almond-shaped. The indentations around
the nose emphasize the wide cheekbones. Narrow and shallow grooves show highly raised
arched eyebrows. Long narrow moustaches with raised tips are outlined with faintly relief
narrow grooves. The mouth is highlighted by an arcuate notch. The part of the statue
below the chest has not been preserved. Due to weathering, it is difficult to talk about the
elaboration and arrangement of hands on the sculpture [Kubarev, 1984: 107, Table II.-18;
1997. P. 154-155]. On the reverse side of the sculpture there is a curved sharp-angled narrow
recess — a groove that repeats the outlines of a similar stripe on the front of the product. This
element is not typical for the design of sculptures of the Turkic period. It probably appeared
as a result of several stages of work on the sculpture. Perhaps the master started working on
the reverse side first, and only then chose a more even opposite surface. It should be noted
that in the descriptions of the sculpture given by V.D. Kubarev, the relief on the reverse
side is not specified. The possibilities of studying 3D-models of this sculpture allowed us
to clarify additional details.

It should be noted that this approach to the publication of stone sculptures of the Turkic
period is the most promising — based on 3D models, it is possible to compile catalog
descriptions and make illustrations without serious distortions in different planes.

The experience of photogrammetry of stone sculptures is quite extensive [Tishkin et al,,
2020; Svoysky et al., 2021; Tishkin, Svoysky, Ziganshina, 2022; Tishkin, Bondarenko, 2023;
etc.] and the process of developing more and more optimal algorithms continues.

The process of creating a digital copy of the described sculpture from the Biysk Museum of
Local Lore required a slightly different approach. Since the sculpture itself is small compared
to the excavation and contains smaller details, any loss of the removed surface, incorrect
angles, will result in a sharp drop in the quality and reliability of the digital copy. Therefore,
the photogrammetry process required the creation of about 300 photographs of the object
from different points and from different angles, as well as detailed frames to highlight smaller
features. I would like to note that one of the possibilities of working with a digital copy is the
ability to make orthogonal renderings of an object, without perspective distortions that are
inevitable when photographing (Fig. 5).
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Fig. 5. Rendering of orthogonal views of the statue
Puc. 5. PeHpaep opToroHasnbHbIX BUAOB U3BasiHUS
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Also, computer modeling can help to highlight embossed drawings on a stone, even those
that are barely noticeable or noticeable only at a certain angle or in the right light (Fig. 6).
However, such a task requires a special approach and the smaller the estimated size, the more
qualified the specialist should be.
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Fig. 6. Rendering of views with selected embossed contours
Puc. 6. PeHnep BU[OB C BblAENEHHbIMM BbIOUTbIMI KOHTYPaMu

Photogrammetry of archaeological objects

If we consider relatively small objects, an example is a fragment of a mirror from the
collections of the Biysk Museum of Local Lore named after V. V. Bianchi (BKM A881, old
inventory number). According to T. Masumoto, the object was discovered in sand dunes near
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Biysk in the 1930-s [Masumoto, 1993: 251]. According to BKM employee L.I. Chagodaeva,
the mirror could have been found in the vicinity of the village of Malougrenevo in the Biysk
district of the Altai Territory.

The object is a fragment of a bronze mirror (about a quarter of it). On its reverse ornamented
side, a part of the figure of a fantastic creature is visible — a winged sphinx, the remaining field
is filled with a floral ornament. There is an Arabic benevolent inscription on the edge of the
mirror. There is a hemispherical projection with a longitudinal hole in the center. Initially, the
mirror had a diameter of 10.5 cm; the maximum thickness of the outer rim was 2.7 mm,; the
height of the protrusion-loop in the center was 8 mm. Entire copies of such mirrors depict two
sphinxes placed in a heraldic pose with their backs facing each other (Fig. 7). The mirror from
the Biysk Museum of Local Lore differs from the bulk of such products by a rather narrow outer
border, where an Arabic inscription is placed and qualitatively elaborated details of the images.

Fig. 7. A fragment of a mirror from the Biysk Museum of Local Lore superimposed
on a drawing of a mirror from the Tekeli mine [according to Baypakov K. M., Ternovaya G. A.,
Goryacheva V.D., 2007, fig. 221]
Puc. 7. ®parmeHT 3epkana 13 bUcKoro KpaeBenqyeckoro My3es, HalloXeHHbIV Ha PUCYHOK 3epKana
n3 pyaHvka Tekenu [bavinakos, TepHoBasi, lopsyeBa, 2007: puc. 221]

This type of mirror is found throughout the vast expanse of the Eurasian Steppe belt
and in adjacent territories. Iran and Central Asia are considered as distribution centers for
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such products. In these territories, similar mirrors have been appearing since the end of the
XI — beginning of the XII centuries. [Bogomolov, 2012: 163-164; Pugachenkova, 1961: 154].
In the western part of the Eurasian steppe belt, mirrors with paired sphinxes mostly date back
to the XIII-XIV centuries. [Kvitnitskiy et al., 2019: 282; Pyankov, Raev, 2004: 244; Rudenko,
Oborin, 2017: 147].

The product found in the vicinity of Biysk replenishes the eastern distribution zone
of such mirrors. Even further east, similar objects were found in the Minusinsk basin and the
Krasnoyarsk region [Lubo-Lesnichenko, 1975: 105, cat. 288, fig. 100; Borodovsky, 2023: 10-
11, Fig. 1; Rudenko, Oborin, 2017: 146].

A large series of similar mirrors allows you to compare them with each other and trace
the relative chronology, comparing the features of the casting of products and the details
of the images. As a result, it is possible to trace in more detail the ways and chronology of
their distribution. T. Masumoto also spoke about this when describing a mirror from Biysk
[Masumoto, 1993: 251]. Unfortunately, the available publications do not allow for “remote”
comparison of small details of products. But the high-quality publication of their 3D-models
provides the basis for such a study. Presented on the Internet is a 3D-model of this mirror
from Biysk will allow you to start this work (https://bolshoy-altay.asu.ru/museum/artifacts/
zerkalo-fragment.html).

In order to carry out the correct photogrammetry of a mirror fragment from the collections
of the Biysk Museum of Local Lore and obtain a relevant digital copy, it must be borne in mind
that distortions unnoticeable in a larger object will inevitably lead to a noticeable distortion
of this and therefore it is necessary to approach camera calibration and correction of distortion
errors very scrupulously. Accurate calibration of a digital camera is an extremely necessary step.
This includes determining the camera's internal parameters, such as focal length and radial
distortion, which helps to correctly convert 2D-images to 3D-coordinates. When correcting
errors, photogrammetry programs usually include algorithms for correcting distortions such
as radial and tangential distortions, which helps to improve the accuracy of the result. And
only the combination of these factors will allow us to achieve high accuracy in creating three-
dimensional models with high accuracy of correspondence (Fig. 8).

0° 90° 180°

Fig. 8. Rendering of mirror views
Puc. 8. PeHpep BuvaoB 3epkana
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Conclusion

Photogrammetry, despite its long history and relative prevalence, is still a multifactorial
technology with a well-known general technique, but fuzzy logic and the absence of an
unambiguous set of rules by which good results could be achieved in any application for
fixing both archaeological objects and artifacts of any size and geometry. Each object requires
a separate approach with its own version of the technique for obtaining good fixation quality
in an optimal way. Therefore, it requires special knowledge and experience, both in photo
fixation and in processing the received data.

In general, the quality and accuracy of a digital copy depend on the level of photographic
detail of the object, the number of shooting points and the use of control points. However,
for large objects, if it is necessary to approach and examine parts of the object, for example,
burial, it is necessary to photograph each element separately, creating a tiling model. For
medium-sized objects, such as sculptures, photogrammetry from a single distance is
required, as well as detailed shots of the knockout sites and small geometry features. For
small objects, such as a bronze mirror, the first place is taken into account distortions,
without which it is impossible to create a relevant digital copy. It should be noted that the
study of the bronze mirror from the Biysk Museum of Local Lore named after V. V. Bianchi,
once again showed that the creation of common databases of digital copies of archaeological
artifacts is already an urgent need. You can start this work by organizing a single (unified)
register of information about 3D models created by different researchers, their storage
locations and access opportunities to them.

As a conclusion, it should be noted that photogrammetry in archaeology has great prospects
that can significantly change the ways of researching and preserving archaeological finds. Some
of the potential areas of development that are already being applied, although they have not
found wide application, are the use of artificial intelligence, the integration of which methods
into photogrammetry algorithms can speed up data processing, improve the accuracy of
results and automate analysis processes, which will make photogrammetry even more effective.
Continued advances in drone technology will allow archaeologists to capture images from more
complex and hard-to-reach locations, expanding research opportunities. Photogrammetry can
also become a key element in creating virtual and augmented archaeological environments
that allow researchers and society as a whole to interact with reconstructed objects in virtual
space. The use of cloud technologies allows for more efficient processing of large amounts
of data, and collective processing can speed up the process of creating three-dimensional
models and expand access to photogrammetry methods. The development of standards for
photogrammetric data will allow for more efficient information exchange between researchers
and scientists, which will support the collective development of the field. Taking into account
these trends, photogrammetry will continue to evolve, providing archaeologists with new
tools and opportunities for a deeper and more accurate study of the archaeological heritage.
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