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Abstract. The relevance of this study is determined by the need to preserve and
meaningfully develop Kazakhstan’s national architecture in the context of the digital
transformation of architectural practice. Contemporary methods of documenting and
analyzing architectural objects require tools capable of capturing not only geometric
accuracy, but also the compositional, spatial, and visual characteristics of the
architectural environment. The aim of the article is to substantiate photogrammetry
as a tool for the preservation and development of Kazakhstan'’s national architecture
through its application in the compositional analysis of architectural objects, the
evaluation of the spatial context of open areas, and the enhancement of the visual and
spatial interpretability of interior spaces. The research methodology is based on
photographic and video recording of architectural objects and spatial environments
using unmanned aerial vehicles and mobile devices, followed by data processing in
the 3D Zephyr software environment to generate 3D models and spatial scenes. The
results of the study demonstrate that photogrammetry enables architects to analyze
proportional and compositional relationships between architectural objects, their
interaction with the surrounding landscape and built environment, and to obtain
clear visual data for the analysis of both interior and open spaces. The potential of
photogrammetry for digital documentation and analytical interpretation of
architectural heritage is demonstrated through case studies of the Kozy Korpesh-
Bayan Sulu Mausoleum and the Joshy Khan Mausoleum. In the author’s architectural
project of the Mukagali Makataev Monument, the technology was applied at the
compositional design stage to analyze the proportional relationship between the
sculptural form and the architectural solution of the pedestal. The obtained results
confirm the scientific and practical significance of photogrammetry as a universal
tool that contributes to the preservation of architectural heritage, the development of
national architectural identity, and the integration of traditional architectural values
into contemporary design practice in Kazakhstan.

Keywords: photogrammetry, national architecture, architectural heritage,
compositional analysis, 3D Zephyr.

*Corresponding author
Askar Kussainov, e-mail: ackap89@gmail.com

https://doi.org/10.51488/1680-080X/2025.4-05
Received 23 October 2025; Revised 24 November 2025; Accepted 28 December 2025

80


mailto:ackap89@gmail.com
https://doi.org/10.51488/1680-080X/2025.4-05
https://doi.org/10.51488/1680-080X/2025.4-05
https://orcid.org/0009-0009-8161-8294
https://orcid.org/0000-0002-5848-3100
https://orcid.org/0000-0003-0931-7285

QazBSQA Xaoapmsicsl. Ned (98), 2025. CoyJier

90X 72.021

FTAMP 67.07.11
I'bIJIbIMHN MAKAJIA
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AngaTna. 3epmmeydiy eo3exminiei cayiem NPAKMUKACHIHBIY — YUDPIbIK
mpaHcghopmayuacel rHcagoauvinoa Kazakcmannoly ynmmuolk cayiemin caxmay sHcoue
OHbl caHanel mypoe oOamvlmy Kaxcemminicimern oOainanvicmol. Kasipei caynem
HBICAHOAPbIH MipKey JHcoHe manoay a0icmepi mek 2eoMempusivlK napamempiepoi
2aHa emec, COHbIMEH Kamap CcayiemmiK Opmaubvly KOMHOUYUSILIK, KeHICMIKMIK
JHCOHEe KOPIHIC Cunammamanapvli KamMmumelH 3aManayu yugpavlk Kypaioapovl
manan emedi. Maxananvly maxcamol - Gomozpammempuansvl Kazaxcmannwiy
YAMmMbIK CaYIemin cakmay MeH oamvimyea O0agblmmanean muimoi Kypai peminoe
Hezi30ey, OHbl CaYNem HbICAHOAPLIHLIY ~KOMHO3UYUALBIK MAN0AYbIHOA, AUUbIK
Keyicmixmepoiy KeHiCmIKmMIK KOHMeKCMmIH 6azanayoa J#coHe uHmepbepiepoiy
KOpIHiC-KeHICMIKMIK aKknapammslibl2blH apmmulpyoa Koi0any. 3epmmey aodicmemeci
JUWKbIUICHIZ YULYy annapammapsl MeH MoOUNb0i KYPuLIbLIap apKblibl HCYpPi3iieeH
Gomo- dncone Oetinemycipinimee, anvinzan oepekmepdi 3D Zephyr b6azdapramanviy
opmacwvlHoa eHoey Heli3iHoe yuonuemoi Mooeiboep MeH KeHICMIKMIK CYeHaiap
Kypyea  cylieHedi. 3epmmey  Homudicenepi  (homocpammempusiHoly — CIylem
HbICAHOAPBIHLIY  NPONOPYUSTLIK HCIHE KOMNOSUYUANILIK 03apa OalilaHbiCIApbIH,
onapovly JnaHowlagmnen Jcame KOPWIARAH CIYIemmiK OpmameH OaulaHblCbIH
manoayea MyMKiHOIik bepeminin kepcemmi. Kosvl Kepnew-basan cyny scone Kowol
Xawu Keceuenepi MblCanblHOA CIYIem MYPAacbld YUDPIbIK mipKey MeH aHATUMUKAIbIK
3epoeneyoeci pomoepammempusinvly aneyemi aukbinOanovl. CoublMeH Kamap,
Myxazanu Makamaeexa apuanean eckepmxiimiy, a8mopavlK HcodacblHOa MYyCiH MeH
MY2ulpoblly  NPONOPYUANLIK — APAKAMBIHACLIH — AHLIKMAY0d — (Pomozpammempus,
KOJOQHLLIObL.  ANbiHean Hamudicenep omoespamMmempusHoly —Cayiem MYPAcCblH
cakmay, yummelK —Ccaylemmixk — Oipeceunikmi  oamvlmy  JcoHe  0acmypepoi
Kazaxcmannwviy 3amanayu scobanay npakmukacvlHa UHmMepayusiay mypeblCblHAH
EbLIbLMU HCIHE NPAKMUKATILIK MAHBI3bIH PACMALObL.

Tyliin ce3naep: Gomocpammempus, yYimmolK cayiem, Ccayiem MYpacel,
Komnozuyusivlx manoay, 3D Zephyr.

* ABTOP-KOPPECNOHACHT
Ackap Kycaunos, e-mail: ackap89@gmail.com

https://doi.org/10.51488/1680-080X/2025.4-05

Aneraaet 23 kazan 2025; Kaiita kapanas! 24 kapama 2025; Ka6suimanasr 28 sxentokcan 2025

81


mailto:ackap89@gmail.com
https://doi.org/10.51488/1680-080X/2025.4-05
https://orcid.org/0009-0009-8161-8294
https://orcid.org/0000-0002-5848-3100
https://orcid.org/0000-0003-0931-7285

QazBSQA Xaoapmsicsl. Ned (98), 2025. CoyJier

YK 72.021

MPHTH 67.07.11
HAYYHAA CTATBA

OOTOT'PAMMETPHUSA KAK CPEACTBO COXPAHEHUS "
PA3BBUTUS HALIUOHAJIBHOM APXUTEKTYPbBI KABAXCTAHA

A.M. Kycaunos** ® | M.B. Dnaynnosa'?® | 0.J1. Banueposa’ ®

"Mesxmynaponnas obpasoBarensHas kopropauus, 050043, Anmarel, Kazaxcran

?Kazaxckas rojloBHas apXMTEKTYpHO-CTpouTenbHas akagemus, 050043, Anmarel, Kasaxcran

SHarmonansHbIH HCce0BaTeIbCKuii MOCKOBCKHI T OCYIapCTBEHHBIN CTPOUTEIBHBIN
yauBepcutet, 129337, Mocksa, Poccus

AHHOTAUUSA. AKMYATbHOCMb UCCIE008AHUS ONpedensemcs HeodX0OUMOCMbIO
COXPAHEHUsL U OCMbICIEHHO20 PA36UMUs HAYUOHATbHOU apxumekmypel Kaszaxcmana
8 ycnosusax yugposou mpancgopmayuu apxumexmypuot npaxmuku. CoepemenHule
mMemoobl  ¢pukcayuu U aHAIU3a  APXUMEKMYPHbIX — 00beKmos  mpedyiom
UHCMPYMEHMO8, ~ CNOCOOHbIX — nepedasambv He MONbKO — 2e0OMempuio, HO U
KOMNO3UYUOHHblE, — NPOCMPAHCMEEHHble U GU3VATbHbIE  XAPAKMEPUCMUKU
apxumexkmypHou cpeowl. Llenvto cmamou s61semcsa 0bocnHoganue ghomozpammempuu
KaK —UHCMPYMEHMA COXPAHEHUs U pa3eumusi HAYUOHANbHOU apXUMeEKmypol
Kazaxcmana 3a cuém eé npumenenus 6 KOMNO3UYUOHHOM AHANU3ZE APXUMEKMYPHbIX
00veKmos, oyeHnke NpoCMpPAHCMBEHHO20 KOHMEKCMA OMKPLIMbIX Meppumopuil u
NOBbIUEHUU — BU3YATbHO-NPOCMPAHCINEEHHOU — UHDOPMAMUBHOCU — UHMEPbLEPOS.
Memoodonoeus uccredosanus 0CHOBaAHA HA GOMO- U BUOEOCLEMKE APXUMEKINYPHBIX
00beKmMo8 U NPOCMPAHCME C UCNOAb308AHUEM OECNUIOMHBIX  JIeMAmeIbHbIX
annapamos u MoOUTbHBIX YCMPOUCMS, ¢ nociedyloujel. 0o6pabomkol OaHHLIX 8
npoepammuol cpede 3D Zephyr ona nocmpoenuss mpéxmepHvlx Mmooenell U
NPOCMPAHCMBEHHBIX CcyeH. B pesynbmame ucciredoeanus yCcmanogieHO, YMO
pomozpammempus nO360a5€M APXUMEKMOPY AHATUIUPOBAMb NPONOPYUOHATbHBIE U
KOMNO3UYUOHHbBIE 83AUMOCEA3U 00BLEKMOo8, UX 3aumoolelicmeue ¢ 1aHouapmom u
OKpydtcalowjell  3aCmpouKol, a Mmakxce NOAYYAMb  HASIAOHYIO  BU3YATLHYIO
uHgopmayulo 01 pabomsl ¢ UHMEPbEPAMU U OMKPLIMbIMU npocmpancmeamu. Ha
npumepe magzonees Kosvi Kopnew-baan Cyny u ’Kowwl xana npodemoncmpuposanvl
BO3MOJCHOCIU ~ (pomocpamMmempuy 6 KoOHmeKkcme yu@poeou  Quxcayuu u
AHATUMUYLECKO20 OCMBICICHUS ApXUMEKmYypHo20 Hacleous. B asmopckom npoexme
namamnuka Mykaecanu Maxamaegy mexHONO02UA NPUMEHANACL Ol AHANU3A
NPONOPYUOHATLHO2O COOMHOWIEHUSL CKYIbNMYPbl U APXUMEKMYPHO20 PeuleHus]
nocmamenma Ha cmaouu paspabomxu komnozuyuu. Ilonyuennvie pesynvbmamol
HOOMBEPHCOAIom HAYUHYIO U NPAKMUYECKVIO 3HAYUMOCMb (Pomozpammempuu Kax
VHUBEPCANbHO20 UHCMPYMEHMA, CHOCOOCMEYIOuje20 COXPAHEHUIO apXUMeKmypHo2o
Hacneous, pa3eumuio HAYUOHAIbHOU apXUMeKmypHOU UOEHMUYHOCIU U UHMe2payuu
mpaouyuii 6 COpeMeHHyI0 npoekmuyto npakmuxy Kazaxcmana.

KnrwueBble cioBa: Qomocpammempus, HAYUOHANbHAS — apXumekmypa,
apxumekmypHoe Hacieoue, KOMno3uyuoHHbL ananus, 3D Zephyr.
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AJIFBIC / KAPXKBIJIAH/IBIPY KO3I1
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1 INTRODUCTION

In the context of accelerated urbanization, transformation of historic urban fabric, and the
physical deterioration of architectural monuments, the task of preserving and meaningfully
developing Kazakhstan’s national architecture has become particularly urgent. A significant number
of architectural heritage objects are undergoing the loss of their authentic spatial and compositional
characteristics as a result of reconstructions, fragmentary restoration interventions, and the absence
of comprehensive digital documentation of their original state. Under these conditions, traditional
methods of architectural analysis and manual surveying prove insufficient for preserving a holistic
perception of architectural form, context, and visual-spatial relationships inherent in heritage
objects.

Contemporary digital technologies, and photogrammetry in particular, are shaping new
approaches to the study, interpretation, and preservation of architectural heritage. Unlike
conventional measurement-based methods, photogrammetry enables the creation of spatially rich
3D models that convey not only geometric accuracy but also compositional, scale-related, and
visual characteristics of architectural objects, their surroundings, and interior spaces. International
research demonstrates the high effectiveness of photogrammetric methods in the digital
documentation of cultural heritage, the development of 3D archives, HBIM models, and visual-
analytical platforms for restoration practice and academic research.

In international practice, photogrammetry is widely applied to the analysis of architectural
ensembles, open spaces, and historic interiors, providing a comprehensive understanding of spatial
context and compositional patterns of the built environment. At the same time, within Kazakhstani
architectural research, the potential of photogrammetry is predominantly addressed in a fragmented
manner - as an auxiliary documentation tool - without a systematic interpretation of its role in the
preservation and development of national architectural identity. This situation defines the scientific
problem of the present study, which lies in the insufficient development of methodological
approaches to the use of photogrammetry for architectural and compositional analysis and for the
digital conservation of Kazakhstan’s national architectural heritage.

The aim of this study is to substantiate photogrammetry as a tool for the preservation and
development of Kazakhstan’s national architecture through its application in the analysis of
architectural forms, spatial context, and visual-compositional characteristics of heritage objects and
contemporary architectural solutions. To achieve this aim, the following objectives are addressed:

- analysis of contemporary international experience in the application of photogrammetry and
digital documentation of architectural heritage;

- identification of the potential of photogrammetry for the compositional analysis of architectural
objects, open spaces, and interior environments;

- testing of photogrammetric methods using case studies of architectural heritage objects and the
author’s architectural projects;

- evaluation of the practical significance of photogrammetry for integrating national architectural
forms into contemporary design practice.

The scientific novelty of the research lies in reinterpreting photogrammetry not merely as a
measurement-based tool, but as a method of visual-spatial and compositional analysis that
contributes to the preservation of architectural identity and the development of national architecture
in the context of digitalization. The practical significance of the study is determined by the
applicability of the obtained results in architectural design, restoration, reconstruction, and the
formation of digital archives of cultural heritage objects in Kazakhstan, in accordance with
contemporary international approaches to sustainable development and heritage conservation.

2 LITERATURE REVIEW

Over the past decade, the digitalisation of architectural and construction processes has become
one of the key directions in the development of global architectural practice. A central role in this
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transformation is played by Building Information Modelling (BIM), which integrates design,
engineering, and management data into a unified digital environment and is widely applied at the
design and construction stages. At the same time, academic literature indicates that the dominance
of the BIM-based approach in architectural design is accompanied by a number of methodological
limitations. The extensive use of parametric templates and standardised component libraries often
reduces the role of empirical analysis of the real architectural environment, leading to the
formalisation of architectural solutions and a weakening of the project’s connection with the
historical, cultural, and spatial context of the site (Aitbayeva, 2020). This issue becomes
particularly significant when working with architectural heritage and national architecture, where
compositional and contextual characteristics play a decisive role.

Domestic studies emphasise that digital technologies in architecture should be regarded not
only as tools for optimising design processes, but also as instruments for sustainable development,
heritage preservation, and the interpretation of cultural identity (Nabiyev et al., 2024; Baitenov,
2023). In this context, there is a growing interest in digital documentation methods oriented towards
the analysis of the actual physical condition of architectural objects and their environments.

In international research, photogrammetry is considered one of the most accessible and
mobile methods for 3D documentation of architectural objects. It has been demonstrated that the
processing of overlapping photographic datasets using Structure from Motion and Multi-View
Stereo algorithms enables the generation of spatial models that preserve both geometric accuracy
and visual characteristics of objects while requiring minimal specialised equipment (Dabove et al.,
2019; Shan et al., 2023). These properties justify the application of photogrammetry at the pre-
design and conceptual design stages, which directly corresponds to the methodological framework
adopted in the present study.

A number of studies confirm that data acquired using cameras embedded in mobile devices
are comparable in quality to results obtained with specialised photographic equipment, thereby
expanding the possibilities for the application of photogrammetry in architectural practice and
educational processes (Saif et al., 2022; Paukkonen et al., 2023). This aspect substantiates the use
of photographic data collected without specialised surveying equipment or unmanned aerial
vehicles in the present research, reflecting the practical conditions of everyday architectural
practice.

In the field of architectural heritage preservation, photogrammetry has developed primarily as
a method of digital documentation and the creation of 3D archives of heritage objects. In
international practice, photogrammetric data are frequently integrated into Historic Building
Information Modelling (HBIM) environments, which enable structured information management
for conservation and restoration purposes (Murphy et al., 2009). At the same time, it is noted that
HBIM models based on parametric generalisations of geometry provide a limited representation of
the actual condition of heritage objects, including deformations and surface-level visual features.

Within this context, photogrammetry is increasingly regarded as a more appropriate tool for
primary documentation of architectural heritage, as it is based on existing geometry and visual data
without prior parametric abstraction. This allows the resulting models to be used not only for
documentation purposes, but also for architectural and compositional analysis, including the study
of proportions, visual relationships, and the interaction of architectural objects with their spatial
context (Kesik et al., 2022; Milosz et al., 2020). This approach is directly implemented in the
methodology of the present study in both the analysis of architectural heritage objects and the
author’s architectural project of a monument.

Regional studies of Kazakhstan’s architectural environment highlight the necessity of
documenting and analysing the actual condition of historic buildings in the context of rapid
urbanisation and the loss of authentic architectural appearance (Abdrassilova et al., 2021;
Aukhadiyeva et al., 2021; Abdrassilova et al., 2024; Baitenov et al., 2024). These findings
correlate with the objectives of the present research, which focuses on the use of photogrammetry
for the documentation and interpretation of architectural forms within the framework of national
architecture.
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The relevance of applying digital methods in work with architectural heritage objects is also
established at the regulatory and legal level. The Law of the Republic of Kazakhstan “On the
Protection and Use of Historical and Cultural Heritage Objects” provides for the documentation,
registration, and preservation of sites of historical and cultural significance, as well as for the
implementation of modern technologies for their study and public dissemination. These provisions
form the legal framework for the use of photogrammetry as a tool for digital documentation,
analysis, and preservation of architectural heritage within architectural practice in Kazakhstan.

Despite the substantial body of existing research, photogrammetry in most studies is
predominantly treated as a tool for measurement and documentation. Its potential as a method of
architectural and compositional analysis and as a means of supporting creative design processes
remains insufficiently explored, particularly in the context of Kazakhstan’s national architecture.
This identified research gap determines the methodological focus of the present study, which is
oriented towards the use of photogrammetric models for analysing proportions, visual relationships,
and design decisions at the conceptual design stage.

3 MATERIALS AND METHODS

The methodological framework of the study is based on a photogrammetric approach to the
digital documentation and analysis of architectural objects, aimed at identifying their spatial,
compositional, and proportional characteristics. The application of this method is determined by the
objectives of the research, which focus on the preservation and development of Kazakhstan’s
national architecture, where working with the actual physical condition of an object, its visual
perception, and its spatial context is of fundamental importance, rather than relying solely on
abstract parametric geometry.

Within the author’s research, the 3D Zephyr software was used as the primary tool for
photogrammetric modelling. The selection of this software was oOycnoBnena the practical
conditions under which the applied part of the study was conducted, specifically during the
development of the Mukagali Makataev Monument project in 2020. At that time, 3D Zephyr was
one of the few accessible and functionally comprehensive solutions that provided the possibility of
free 3D model generation based on the processing of up to 50 photographs, including point cloud
generation, mesh construction, and texture mapping.

Table 1
Comparative Analysis of Photogrammetry Software (2020)
Feature RealityCapture (2020) Agisoft Metashape (2020) 3DF Zephyr (2020)
Pricing Model PPI (Pay-Per-Input) credits or ~ Perpetual License (one-time Perpetual License (one-time
high-cost license payment) payment)
Cost (approx.) ~$19 for credits or €15,000 $179 (Standard) / $3,499 Free (50 photo limit) / €149
(Full Enterprise) (Professional) (Lite) / €3,900 (Pro)
Processing Speed Extremely Fast (Market Moderate Slow (compared to others)
Leader)
GPU NVIDIA ONLY (CUDA) NVIDIA / AMD (OpenCL Any GPU (NVIDIA
Requirements support) preferred)
User Interface Complex / Professional Clean / Standard Windows- Most User-Friendly (Wizard-
style based)
Best For High-end VFX and Game Geodesy, Mapping, and Hobbyists and Small Objects
Dev General Use

Alternative solutions, such as RealityCapture and Agisoft Metashape, were predominantly
distributed on a commercial basis during the specified period and were characterised by high
licensing costs and a more complex user interface. These factors significantly limited their
application in individual architectural practice and author-driven design research. The choice of 3D
Zephyr corresponded both to the technical capabilities available at the time and to the research
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objectives, which were oriented towards the practical implementation of photogrammetry in
architectural design. It should be noted that as of 2025, the RealityCapture software has become
available for non-commercial use, creating a basis for the further expansion and comparative
analysis of photogrammetric methodologies in future studies (Table 1).

The acquisition of source data for the author’s project of the Mukagali Makataev Monument
was carried out through terrestrial photographic survey using a mobile device camera. Image
capture was performed along a circular trajectory with a uniform step, ensuring sufficient image
overlap and reliable spatial reconstruction. Unmanned aerial vehicles were not employed in this
project. References to aerial photography and UAV-based data acquisition in this article relate to
general photogrammetric practice and are presented through case studies of the Kozy Korpesh-
Bayan Sulu Mausoleum and the Jochi Khan Mausoleum, without direct association with a specific
software environment.

Photographic data processing in the 3D Zephyr environment included automatic camera
calibration, estimation of camera positions, and the generation of sparse and dense point clouds
based on Structure from Motion algorithms. This was followed by the construction of a polygonal
mesh and texture mapping, resulting in a visually reliable 3D representation of the object that
preserves its actual proportions and surface characteristics.

The resulting photogrammetric model was exported in a universal file format (OBJ) and
integrated into the SketchUp software environment, which was used at the conceptual and
compositional design stages. The 3D model served as a spatial reference for analysing the
proportional relationship between the sculptural form and the architectural design of the pedestal, as
well as for evaluating visual balance and scale characteristics of the composition within a virtual
environment. Within the scope of the study, SketchUp was employed as a conceptual 3D modelling
tool that provides flexibility in working with form and clarity in spatial analysis, without adopting
an object-based BIM paradigm.

The applied methodology reflects the practice-oriented nature of the research and
demonstrates the potential of photogrammetry as an accessible tool for architectural analysis,
applicable both in author-driven design practice and in research aimed at the preservation and
development of Kazakhstan’s national architecture.

4 RESULTS AND DISCUSSION

The obtained results demonstrate that photogrammetry in architectural practice can be
regarded not only as an auxiliary tool for visualization or measurement, but also as an effective
means of spatial and compositional analysis, which is particularly relevant when working with
cultural heritage objects and national architecture. The use of 3D photogrammetric models at the
conceptual and pre-design stages enables architects to operate with the actual visual-spatial
condition of an object and its surroundings, rather than with abstract geometric representations.

The visualization of an architectural scene based on photogrammetric data combined with
design calculations and dimensional parameters provides a holistic perception of the composition
and allows for the identification of visual and aesthetic inconsistencies in relation to the territorial
context. Unlike conventional two-dimensional drawings and schematic 3D models, this approach
makes it possible to analyze scale relationships, dominant elements, and the nature of interaction
between an architectural object and its environment prior to construction. This is especially
important for projects located in complex historical, cultural, or landscape contexts, where visual
misjudgments may lead to the loss of artistic expressiveness and contextual integrity.

The results of the analysis indicate that photogrammetry significantly reduces the time and
labor required for primary site surveys in comparison with traditional measurement methods. The
photogrammetric approach enables the rapid generation of fagade drawings and spatial models
without direct physical contact with the object, which is of particular importance when working
with architectural monuments and cultural heritage sites. Contemporary image-processing
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algorithms make it possible to achieve a high level of detail in 3D models while maintaining visual
reliability, a finding that is consistent with evidence reported in international studies.

In a broader scientific context, architectural photogrammetry is understood as a set of
methods aimed at determining the geometric and spatial characteristics of buildings and structures,
performing architectural surveys, and generating digital models for restoration, reconstruction, and
conservation purposes. Unlike parametric models, photogrammetric data record the actual condition
of an object, including deformations, material losses, and surface irregularities, which makes this
approach especially valuable for scientific analysis and heritage preservation.

The practical relevance of photogrammetry is confirmed by examples of digital
documentation of the Kozy Korpesh-Bayan Sulu Mausoleum and the Joshy Khan Mausoleum,
whose 3D models are available in open-access formats and enable remote visual investigation of
architectural forms (Figure 1). The analysis of such models provides a basis for an in-depth study
of form-making principles, proportional relationships, and structural characteristics of monuments
without the need for continuous on-site presence. In the long term, these digital representations may
serve as a foundation for academic research, restoration concepts, and educational programs, in line
with contemporary international approaches to the digital conservation of cultural heritage.

o

Figure 1 - Virtual models of Kazakhstan’s architectural monﬁrﬁgﬁts(author’s material):
a) Kozy Korpesh-Bayan Sulu Mazar;
b) Joshy Khan Mausoleum.

An additional area of application for photogrammetry involves the digital documentation of
archaeological and urban heritage sites threatened by natural processes and anthropogenic impacts.
(Figure 2) Case studies of photogrammetric surveys of ancient settlements and fortified sites
demonstrate that 3D models can function as evidentiary visual records for reconstructing historical
processes and for promoting cultural heritage in both academic and public domains. For regions of
Central Asia, where archaeological sites are particularly vulnerable to climatic and
geomorphological factors, this approach is of heightened relevance.

Figure 2 - Photogrammetric 3D model of the Karahan tepe archaeological excavation, Turkey (author’s
material)

The results of photogrammetric surveys of interior spaces demonstrate the effectiveness of the
method for collecting spatial data under constrained conditions (Figure 3). The use of mobile
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devices makes it possible to generate 3D models of interior environments with deviations not
exceeding several millimeters, which is acceptable for pre-design analysis, area calculations, and
the assessment of volumetric and spatial parameters. At the same time, photogrammetric models
allow for repeated analysis in a virtual environment, reducing the need for multiple site visits. The
limitations of the method become apparent when high-precision construction measurements are
required, in which case photogrammetric data must be supplemented by traditional surveying
techniques, a conclusion consistent with findings reported by other researchers.

Figure 3 - Photogrammetric 3D model of the scanned interior (author’s material)

A central component of the study is the author’s case study related to the design of the
Mukagali Makataev Monument in the village of Narynkol, Raimbek District, Almaty Region,
Republic of Kazakhstan. During the design process, a miniature sculptural model of the poet was
created and subsequently digitized using photogrammetry. The resulting 3D model served as the
basis for compositional analysis and for the architectural design of the pedestal (Figure 4).

The photogrammetric model enabled the analysis of proportional relationships between the
sculptural form and the pedestal within a virtual environment, ensuring precise adjustment of the
visual balance of the composition. The monument was conceived as a composition consisting of
two interrelated elements - the statue and the pedestal. The height of the bronze statue is 3.75 m; the
image of the poet is rendered in restrained plastic form with a slight inclination of the figure,
emphasizing the lyrical and romantic character of the representation.

The pedestal is made of granite and takes the form of a square prism in plan, with pointed
recesses along its four edges, representing an interpretation of contemporary national architectural
motifs. Two types of granite - polished and unpolished - were used in the finishing, creating a
contrast in tone and texture. An engraved inscription indicating the name and lifespan of Mukagali
Makataev is placed on the front face of the pedestal. The lower part of the pedestal is framed by
perimeter inserts that visually separate it from the stylobate base.

VR T TARA kL

Figure 4 — Workflow of the design and fabrication process (author’s material):
a) photogrammetric digitization of the Mukagali Makataev sculpture;
b) 3D printing of the sculptural model together with a preliminary version of the pedestal.
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The total height of the pedestal together with the stereobate platform is 4.5 m. The platform
has a square plan and is complemented by steps; triangular planters are placed at the corners,
enhancing compositional stability and visual legibility of the monument within a wide field of view.
The proportional relationships between the sculpture, the pedestal, and the stylobate were
repeatedly refined during the process of virtual modelling based on photogrammetric data (Figure
5).

The digitized composition of the monument was also used for the fabrication of a physical
scale model using additive manufacturing technologies, which increased the clarity of the design
solutions and facilitated the approval process with local executive authorities. The authorship of the
installed monument is confirmed by Copyright Certificate No. 10308 dated 27 May 2020, issued by
the Ministry of Justice of the Republic of Kazakhstan.

a""d = A

Figure 5 - Monument to Mukagali Makataev in Narynkol Vage (author’s material):
a) conceptual sketch;
b) realised monument.

The experience of designing the Mukagali Makataev Monument demonstrates that
photogrammetry can be effectively employed as a tool for creative architectural exploration,
ensuring continuity between the author’s conceptual intent and the realized object. The use of a
digital model minimized discrepancies between the conceptual design and the final implementation
and increased the accuracy and justification of architectural decisions at the stage of developing
working documentation.

5 CONCLUSIONS

1. The study confirms the applicability of photogrammetry as a method for the digital
documentation of the actual condition of architectural objects, including their geometry,
proportional relationships, and surface visual characteristics. The resulting 3D models of
architectural heritage monuments and memorial objects demonstrate their suitability as digital
representations for analytical use, visual examination, and subsequent application in restoration and
design tasks.

2. The results of the case study of the Mukagali Makataev Monument demonstrate that
photogrammetry can be effectively applied at the conceptual and compositional design stages as a
tool for analyzing the proportional relationship between the sculptural form and the architectural
solution of the pedestal. The use of the digitized model made it possible to refine scale and visual
parameters prior to implementation, ensuring a high degree of correspondence between the author’s
conceptual intent and the realized object.

3. The conducted analysis shows that the photogrammetric method reduces the time required
for surveying and pre-design activities compared to traditional manual measurements, owing to the
possibility of repeated analysis of the object in a virtual environment without additional site visits.
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During the survey of interiors and fagades, deviations within several millimeters were achieved,
which is acceptable for architectural analysis, area calculations, and pre-design decision-making.
However, for construction and installation works, photogrammetric data require refinement using
conventional measurement methods, a conclusion consistent with findings reported in contemporary
studies.

4. From a scientific perspective, photogrammetry in the present research is reinterpreted not
only as a measurement technology, but also as a method of architectural and compositional analysis
oriented towards working with actual architectural form and visual context. This expands the
methodological toolkit of architectural research and enables the use of photogrammetric data for
interpreting national architectural techniques and form-making principles.

5. The contribution of the study to the development of applied scientific methods for the
preservation and advancement of Kazakhstan’s national architecture lies in substantiating
photogrammetry as an accessible and reproducible tool suitable for the digital conservation of
architectural heritage, the analysis of memorial architecture, and the support of author-driven design
practice. The proposed approach demonstrates the possibility of combining digital documentation
with creative architectural exploration without compromising national architectural identity.

6. The limitations of the study include the dependence of photogrammetric model quality on
shooting conditions, lighting, and camera characteristics, as well as the absence of direct
comparison with laser scanning results and alternative photogrammetric software solutions applied
to the same object. These factors limit the generalization of the findings across all types of
architectural objects and survey conditions.

7. Prospects for further research are associated with conducting comparative analyses of
different photogrammetric software solutions, including contemporary free versions of
RealityCapture, as well as with expanding the methodology for applying photogrammetry to digital
conservation tasks, the analysis of the national architectural code, and the integration of
photogrammetric models into architectural education and research practices in Kazakhstan.
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