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GENERATION OF A THREE-DIMENSIONAL MODEL OF AN OBJECT BASED ON ITS PHOTOGRAPHIC IMAGES
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The creation of drawings and object models constitutes an essential component of a wide range of scientific, engineering, and even everyday
tasks. Consider, for instance, a situation in which a new technological device must be designed to conduct scientific experiments. In such a case,
it is necessary to develop a detailed model of the object to support precise calculations of various characteristics. Another example can be found
in civil engineering, where, for instance, the strength analysis of a bridge requires a complete model with all geometric dimensions and material
properties to correctly estimate the maximum permissible load. Even in everyday applications, three-dimensional (3D) models are increasingly
used — for example, in the design and 3D printing of small household items. All these cases require specialized software that allows for working
with 3D models. One of the fundamental concepts of photogrammetry is central projection. When photographing an object, its image is always
subject to distortion, regardless of viewpoint, making it impossible to perform accurate measurements directly from raw photographs. Therefore,
before images can be used as cartographic or metric materials, they must undergo specific photogrammetric processing. These distortions arise
because the recording device is typically located at a single position, and the image is therefore formed by central projection. This work addresses
the creation of a 3D model of an object using ordinary photographs, with the aim of making the process accessible to non-specialist users — that
is, without requiring deep knowledge of photogrammetry or expensive equipment. The study considers the principles of central projection, its
key points, and lines. Based on this theoretical foundation, corresponding points between photographs were identified, followed by the generation
of a sparse point cloud. The cloud was subsequently densified, and a three-dimensional model of the object was constructed, with the final step
involving texture mapping. The proposed approach enables relatively fast 3D reconstruction of small objects without the use of costly
instruments. Such a method can be effectively applied to create three-dimensional models of laboratory instruments and devices, which can in
turn be used in remote learning environments to simulate and teach practical work with real equipment.

Keywords: 3D model, photographic surveying, point cloud, central projection, search for common points between photographs.

CmeopeHHsl KpecseHb ma Modeell 06'ekmie € 8ax*c/UB0I0 CKAA00B0H 8eAU4E3HOI HUSKU HAYKOBUX [HJCEHepHUX ma Hasime, No6ymosux 3aoay.
Po3zzasiHemo 8unadok, koau He06XioHo cmeopumu HO8Ull mexXHO/102IYHUTL 06'ekm 0151 nposedeH sl HAyKOo8UX eKcnepumeHmis. Y ybomy eunadky He
o6ilimuce 6e3 demasnizogaHoi Modeai 06’eckma, sika 6yde gukopucmaua 051 0ema/abHUX PO3PAXyHKie pisHOMaHImHux xapakmepucmuk. Tak,
HanpukAaao, iIHWuUM TH3#ceHepHUM 06’ €EKMOM Modice 6ymu micm, 0151 pO3PAXYHKY MIYHOCMI 51K020 HeobXi0HO Mamu 1i020 Modeb 3i 8cima po3mipamu
ma Xapakmepucmukamu, wob 8ipHO po3paxyeamu MAakcuMa/abHO donycmume HA8AHMAdCeHHs. | Hasimb HA NOGYMoOBOMY pIi8HI MOJCymb
sukopucmogysamucs 3/l modei, Hanpukaad, 04151 OpyKy 06’ekmig Ha 3/] npunmepi. Bci yi sunadku nompe6ytoms cneyianizo8aHo20 npozpamHo20
3abe3neveHHs, sike 00360/15€ npayrosamu i3 3/] modeasmu. O0HUM i3 6azosux noHsme omozpammempii € yenmpasvHa npoekyis. Ilpu
domozpagysarHi 06’ekma, 020 306pasiceHHst HA 3HIMKY 3a830U COMBOPIOEMbCS HE3A1eHCHO 810 paKypcy, WO YHEMOHCAUBAIOE BUKOPUCMAHHS
Heonpayb08aHUX 3HIMKI8 3 Memo GUKOHAHHS pi3H020 pody euMmiptogaHHs. Tomy, 0451 moz2o, Wob 3HIMKU MO2/1U 8UKOPUCMOBY8aAMUCS, 51K
Kapmoepagiuni mamepiaau ix cnouamky HeobxidHo onpaytogamu. Taki cnomeopeHHs: nog’a3aui 3 mum, wo npuaad, akuil eede omodikcayiro
3a3suyail 3Haxo0umuvcsi 8 00HOMy Micyi, 810N08iIOHO ompuMaHe 306PANCEHHSI yMBOPIEMBCSL 8 HACAIOOK YeHMpa1bHO20 NPOEKMYBaHHs1. B pobomi
po3saasdaemucst cmeopeHHs: 3/] modeai o6’ekma 3a donomozoo 38u4ailiHux omosHimkie, wob daxull nioxid 6ye docmynHull 38uyaiiHoMy
Kopucmysayy 6e3 21ub60Kux 3HaHb omozpammempii ma HasieHocmi dopozo 06.1adHaHHs1. Po32asiHymo yeHmpasabHy npoekyito, i ocHogHI moyuku
ma ainil. Ha ocHosi yux eidomocmeil 3HatideHo chinbHi mouku pomosHiMKie, cmeopeHo po3pioxiceHy Xxmapy Mook, 32yujeHo 0aHy Xxmapy mo4ok
ma no6ydosaxo 3/] modeab 06’ekma i3 nodaabwumM HakaadeHHIM mekcmyp. JlaHuli cnocié 0038045€ documb WeUdK0 ma 6e3 8UKOPUCMAHHS
dopozozo 061a0HaHHs sidmeopumu 3/] Modesnb Hegeauukozo 06’ckma. Takuil nioxid Modice BUKOPUCMO8Y8AMUCH 0151 CMBOPEHHSI MPU-BUMIPHUX
Modeeli npuaadis, sIKi 8 c8010 Uepzy Mojicyms UKOPUCMOBY8AMUCY 0151 GUCMAHYITIHO20 HA8YAHHS PO6OMU 3 MAKUMU NPUAAOAMU.

Katouosi cnoea: 3/] modesnb, homosHiMaHHS, XMAPA MOYOK, YeHMPAIbHA NPOEKYisl, NOWYK CNibHUX MO40K (homO3HIMKI8.

Statement of the problem

The creation of drawings and object models is an important component of a wide range of scientific, engineering, and
even everyday tasks. Let us consider a case where it is necessary to create a new high-tech object for conducting scientific
experiments. In this case, it is impossible to do without a detailed model of the object, which will be used for detailed
calculations of its various characteristics. For example, another engineering object may be a bridge, for which it is necessary to
have its model with all dimensions and characteristics to correctly calculate the maximum permissible load. Even at the
household level, 3D models can be used, for example, for printing objects on a 3D printer. All these cases require specialized
software that allows working with 3D models.

Thus, a 3D model is necessary for conducting research. When such an object does not exist yet and is still in the design
stage, the model is created from scratch using software tools. However, there are cases in which we deal with existing objects
and need to reproduce their accurate models; this is especially relevant when using images taken from close range [3, 5, 9, 10].
In this case, it is necessary to measure the given object. Such measurements can be performed in various ways, for example, by
geodetic surveying if the object is large enough (performing GNSS surveying with subsequent processing [8]). For smaller
objects, laser scanning or photography can be used to identify common points, and a 3D model of the object can be
reconstructed. There are also methods that allow mobile imaging or the use of multiple cameras [12]. For certain tasks,
territory imaging can be performed using unmanned aerial vehicles (UAVs) [1] or for agricultural tasks [4]. Sometimes,
combinations of different methods are used to increase the accuracy of the expected result [7]. All these methods have their
advantages and disadvantages and can be applied in various situations. However, in this paper, we will focus on a method for
obtaining a 3D model from photographs of the object taken from different angles.

Thus, this work considers the construction of a 3D model using photographs, as this is one of the most accessible
methods that does not require expensive equipment and can be performed with an ordinary camera. The result of such
processing is a 3D model saved in a popular format, which can later be imported into various software applications for further
work.
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The purpose of the research

The purpose of this work is to create a 3D model of an object using ordinary photographs, so that this approach is
accessible to a regular user without deep knowledge of photogrammetry or expensive equipment.

Presentation of the main research material

One of the fundamental concepts of photogrammetry is central projection. When an object is photographed, its image
is always distorted, regardless of the angle of view, making it impossible to use unprocessed photographs for any kind of
measurement. Therefore, for images to be used as cartographic materials, they must first be processed. Such distortions occur
because the device used for photography is usually located at a single point, and consequently, the resulting image is formed
by central projection.

Let us consider in more detail the main properties of central projection as shown in Figure 1. The gray plane
represents the object plane on which the photographed object is located. The blue plane represents the image (or projection)
plane onto which the object is projected. This plane is called the picture plane.

il L Point S is called the center of projection (or principal

P L projection point). It is the point at which all rays coming from the

S i object on the object plane converge. Two important points are the

vanishing point (I) and the nadir point (N), which are used to
correctly represent the object on the picture plane.

The vanishing point lies on the line parallel to the object
plane that passes through the projection center S. The position of
point I can be found as the intersection of this line with the picture
plane. Meanwhile, the nadir point (N) lies on the line perpendicular
to the object plane and passing through the projection center S. The
position of the nadir point can be determined as the intersection of
this line with the picture plane.

Thus, knowing the positions of points S, I, and N, it is
possible to project the object onto the picture plane. However, for
e RO this purpose, three additional facts must be considered:

Fig. 1. Central projection . All rays that originate from the object and pass
through the picture plane converge at point S.

« All projections of lines that lie on the object plane and are parallel to the line SI are arranged on the picture plane
in such a way that they converge at the vanishing point I.

¢ All projections of lines that are perpendicular to the object plane are arranged on the picture plane in such a way
that they converge at the nadir point N.

The input data for constructing a 3D model is photographs of the object taken from different angles, with at least 60%
overlap between adjacent images. Figure 2 shows three photographs of a shell, which serves as our object for 3D model
reconstruction. In total, 40 photographs of the object were taken.

Various software can be used to process
photographs. For our purposes, the software 3DF
Zephyr was chosen.

The first step is to create a new project
and wupload the photographs. After this,
procedures are performed to produce a sparse
point cloud of matching points. To achieve this,
corresponding points on adjacent photographs
are first identified. This can be implemented
using a variety of algorithms, such as SIFT, SURF,
BRIEF, and others [6].

It is also important to note that several approaches can be used to orient and rotate the obtained points. For example,
a classical method involves transforming coordinates using well-known rotation matrices around each axis. However, when
computational load needs to be reduced, approaches based on quaternions [11] or computer processing methods [2] can be
applied.

After performing this procedure, the positions of the photographs are determined, and a sparse point cloud is
obtained (Figure 3).

It should be noted that at this stage not only are common points between images identified, but the position of the
camera now of image acquisition is also determined. This result can be obtained by processing the displacements of the image
of the same object across different photographs.

Briefly, popular methods for finding corresponding points include the SIFT (Scale-Invariant Feature Transform)
method, which has been in use for more than two decades and was developed by David Lowe at the University of British
Columbia. This method comprises two main stages. The first stage involves detecting keypoints, while the second stage focuses
on extracting keypoint descriptors. The core idea of the first stage is to approximate the Laplacian of a Gaussian function. This
method requires substantial computational resources and is not recommended for processing large datasets.

In contrast to SIFT, the SURF (Speeded-Up Robust Features) method performs significantly better on large datasets,
as it uses box filters that enable parallel, independent processing of individual regions of the data array. This method was
developed approximately at the same time as SIFT. There is also the BRIEF (Binary Robust Independent Elementary Features)
method, which can be used as a keypoint descriptor. This method performs significantly worse than others when rotation of
points is required.

Thus, when comparing the two main methods, SIFT and SUREF, the following differences can be identified: SURF is
faster because it performs simpler computations than SIFT. From the standpoint of accuracy, SIFT has the advantage, achieved
through more complex computations. Taking these two factors into account, it can be concluded that SIFT is a more suitable
choice when accuracy is a priority, whereas SURF is better suited for real-time processing of large volumes of data.

Fig. 2. Example of the initial photographs of the object
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The next step is densifying the point cloud. To do this,
spatial interpolation is performed using the existing points. As a
result, a dense point cloud is obtained. Figure 4 shows the sparse
point cloud (on the left) and the dense point cloud (on the right).

After obtaining the dense point cloud, a surface can be
constructed using the finite element method based on the set of
dense points. Interpolation is an important stage that allows
significantly increasing the number of points when the number of
available points is insufficient, by finding corresponding points.
The identified corresponding points can be considered
characteristic points of the surface, defining the locations of the
object's main bends or transitions. This allows one to assume that
the intermediate points lie on a smoother surface and can therefore
be interpolated.

For small distances, in certain cases, linear interpolation
may be sufficient; it is relatively simple but ineffective when the
surface deviates significantly from a plane. In such cases, one
possible interpolation approach is spline interpolation. Although it
requires third-order polynomials, which significantly increase
computational costs compared to linear interpolation, this
approach can yield much better results for curved surfaces.

After the point cloud has been densified and enough points have been obtained, it is necessary to construct a surface
that incorporates these points. From a mathematical point of view, this task is quite complex if all points are processed in a
single step. To simplify and accelerate the construction of such a surface, the finite element method is used. The essence of this
method is to divide the set of
input points into many small
regions, so that separate
surface constructions can be
performed for each region.

This approach
makes the surface recon-
struction process much
more flexible. In particular,
the size of each region can be
adjusted, thereby determi-
ning the number of computa-
tional resources required for
the procedure. As a result,
the work can be divided into
separate independent parts,
allowing it to be performed
sequentially with greater
time expenditure or in parallel (if computational resources permit) within a significantly shorter time interval.

The final step is to apply textures from the original photographs onto the constructed 3D model. Figure 5 shows the
final 3D model from three different angles

Fig. 3. Sparse point cloud and the positions of the
photographs

Fig. 4. Point cloud (sparse - left, dense - right)

Texture mapping is an essential and
irreplaceable stage, without which a
realistic 3D model cannot be created.
At this stage, the model's
corresponding regions are compared
with the original photographs, after
which texture information for a
particular region of the model is
extracted from the images and applied
to it. As a result of these operations,
the model acquires a realistic
appearance, which is especially important when reconstructing historical artifacts whose appearance and shape must be
reproduced with the highest possible level of realism.

Conclusions and prospects for further research

Fig. 5. Reconstructed 3D model of the object

This work presents a method for constructing a 3D model of a shell from photographs taken from different angles.
During model construction, matching points were identified, and a sparse point cloud was generated. Subsequently,
interpolation was used to generate a dense point cloud, which served as the basis for constructing the three-dimensional object.
In the final stage, textures from the original photographs were applied to the model, and the 3D object was exported. This
approach enables rapid reconstruction of a 3D model of a small object without expensive equipment. Such a method can be
used to create three-dimensional models of instruments, which can in turn be used for remote training on how to operate them.

It should be noted that this method performs well when reconstructing small objects. Equally important are the
conditions present during image acquisition. For example, poor lighting can significantly degrade the result, not only in texture
and color reproduction but also in the accuracy of shape and dimensions. This effect is particularly noticeable when
reconstructing sharp edges of a model, which may appear unclear or blurred. Such artifacts can arise from the interpolation of
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points that were not determined with sufficient accuracy during the matching process. However, excessively bright lighting
can also cause significant problems, especially if the object’s surface is glossy and highly reflective. In such cases, reflected
images of other objects may appear on the surface, greatly complicating the detection of corresponding points and distorting
the shape of the resulting model. This distortion may manifest itself as a lack of clearly defined contours. This effect must be
considered, especially when working with objects with well-defined geometric shapes and flat, planar surfaces. For objects
with less distinct shapes, such as a soft toy, this effect is not as critical.

Itis also important to consider the background against which the object is photographed. It is preferable to choose an
empty, uniform background, as this significantly reduces the computational load during the search for corresponding points
and accelerates the generation of the final model, since no time is spent removing unnecessary parts of the model that may
have been created during background processing. Thus, an empty, uniform room would be a better background than shooting
in an environment with many extraneous objects, such as an outdoor scene with many buildings and trees.
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