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Abstract. Method for reconstructing 3D models from images: a case study using the Shahed
136 drone. A study of the dimensional and proportional characteristics of the model is carried out.
The main stages of model construction are considered. A block diagram of the image perspective
transformation program is presented. The activity diagram given in the paper visualizes the steps
required to perform an image transformation, including point selection, calculation, and generation
of the final image. The proposed approach of image detection and using base points made it
possible to obtain a model of the object. 3D modeling allowed for the effective application of reverse
engineering, expanding the capabilities and improving the understanding of the complex aspects of
the Shahed 136 drone design.

Keywords: design, modelling, reverse engineering, research, Shahed 136, simulation, object,
Fusion 360.

Introduction and Problem Statement

In the world of modern technology, where speed and accuracy are crucial factors, reverse
engineering has become an important tool for understanding and improving existing technological
solutions. Reverse engineering, the process of analyzing an object to identify its structural foundations and
functionality without access to the original documents, opens up opportunities for innovation in various
industries, including mechanical engineering, software, and biomedicine [1, 2].

The latest research in reverse engineering focuses on the development of methods and technologies
that allow for more accurate and faster analysis and reproduction of objects. One of the areas is the
automation of reverse engineering processes using modern digital tools such as 3D modeling and computer
vision.

Recreating 3D models from images is one of the most advanced areas of research in reverse
engineering [3]. This method involves the use of transformation algorithms and analysis of image
basepoints to create accurate three-dimensional models of objects. This approach allows us to study the
physical properties of objects in detail, which is especially important when real access to objects is limited
or impossible.

The relevance of developing and improving reverse engineering methods is growing, as these
methods allow engineers and designers to understand and analyze existing devices and equipment quickly
and efficiently, especially in the defense sector, where the speed of development and innovation is critical.
Reverse engineering can be used to [4]:
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1. Studying the designs and systems of competitors or enemies, allows you to understand their
technical solutions and possible vulnerabilities.

2. Improving your own developments by analyzing existing technologies and improving the foun-
dations based on them.

3. Creating accurate 3D models for simulations and testing, which significantly reduces the time for
developing new equipment.

4. Effective adaptation of captured or purchased equipment samples for study and further use in the
development of own projects.

In addition, thanks to 3D modeling, engineers can quickly create prototypes of new robotic vehicles,
drones, armored vehicles, and other types of weapons. This makes it possible to test their effectiveness in
different conditions without the need to physically produce each new idea, reducing the time and cost of
research and design. In the field of military drone design, 3D modeling plays a critical role in the
development, production, and improvement of unmanned aerial vehicles (UAVS), which have become an
integral tool of modern armed forces. The use of three-dimensional modeling at the UAV design stage
allows developers to thoroughly analyze the aerodynamic and structural characteristics of the vehicle. That
is why works on the development and research of UAVs are relevant. In this paper, we propose to use the
Shahed 136 [5] as a basic UAV and design its 3D model. The proposed model will improve the
understanding of the design features and analyze its physical and aerodynamic characteristics. In addition,
the study and simulations will allow us to investigate and predict the behavior of the drone in different
weather conditions.

This paper is devoted to the development and study of a virtual three-dimensional model of the
Iranian-made Shahed 136 barrage munition. The relevance of the study is due to the widespread use of
Shahed 136 in modern military conflicts, due to its low cost, simplicity of design, and significant
destructive potential [6].

This study allows us to understand the main characteristics of the drone and its dimensions. Also,
open sources describe the shape of the delta wing, which ensures flight stability and predictability
compared to traditional configurations. This is especially important for drones with minimal automatic
control systems [7-9]. Having analyzed and studied perspective transformation algorithms [10-13], it is
possible to use the proposed approach in software implementation. An example of perspective change is
shown in Fig. 1.

Fig. 1. The result of a change in perspective

The main 3D modelling programmers are the following: Autodesk Fusion 360 [14], Autodesk
Inventor and Solidworks. Their advantages are ease of use, power of modelling tools, integration with
other applications, availability of specialized tools for different industries, simulation and analysis
capabilities, documentation, size of the user community and affordability. Fusion 360 was chosen for the
modelling due to its ease of use, powerful modelling tools and affordability.
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Main Material Presentation

A software solution was developed to process the image by changing the perspective. An image
transformation algorithm was developed that works by parsing the image and selecting 4 desired points,
after which a matrix equation with 8 unknowns is solved using the Gaussian method, and as a result, we
get the desired image, the algorithm is shown in more detail in Fig. 2.

It is also worth mentioning that not all images are amenable
to and need to be transformed. To do this, the image must meet
several criteria.

 The image must contain an obvious perspective deviation.

e High enough quality of the input image for correct
calculation and clear result of image alteration.

» The perspective can be repeated or described by a
quadrilateral, i. e. the simpler the geometric shape in the photo and
, the closer it is to the quadrilateral, the better the transformation can
be performed.

No » Absence of strong noise and light sources in the
background, as they will prevent you from clearly selecting points
for image transformation.

So, after analyzing all the input requirements, you can move
on to implementation.

The main step is to calculate the perspective transformation
matrix. To do this, a system of linear equations was solved using
the Gaussian method (Fig. 3), using the four points of the source
image and the four points of the target image as input. The
resulting matrix is used to convert the pixel coordinates. Another
important function is the one that applies the transformation matrix
to the image. It creates a new image and converts the coordinates
of each pixel of the original image using the conversion matrix. To
smooth the result, bilinear interpolation is used, which allows for
smoother transitions between pixel colors. Don’t forget about the

functionality that converts images to a format acceptable for
display in Tkinter. It creates a PIL image, fills it with pixels, and
converts it into an ImageTk.Photolmage object that can be used

with Tkinter elements.

It is also worth mentioning the function responsible for
loading an image from a file. It uses the Pillow library (PIL) to
open the image and converts it to RGB format, if necessary. This is important because the entire code is
designed to work with RGB images. The function also preserves the dimensions of the image and converts
it into a pixel matrix that is convenient for further processing.

To understand all the processes during the application execution, UML diagrams were created,
namely a class diagram and an activity diagram. Fig. 3 shows the structural organisation of the software
solution for image transformation in the form of a class diagram. This allows you to correctly understand
the process of selecting points, parsing images, and performing matrix calculations using the Gaussian
method. The activity diagram (Fig. 5) allows to visualise the steps required to perform an image
transformation, including point selection, calculation and generation of the final image. This diagram
includes the conditions and constraints that must be met before an image can be transformed, providing a
better understanding of the image suitability criteria for such processing.

To begin designing, it is necessary to download and process several images. Let’s start by
processing the image (Fig. 4), which clearly displays the defined dimensions.

Choose 4 points

| Calculating matrix I

All pixels are calculated

Fig. 2. Image transformation
flowchart
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Fig. 3. Class diagram of the software solution
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Fig. 4. Processed images

To design the wing, basic dimensions were utilized, similar to the approach in the previous study.
Reference dimensions for the drone, often available in the public domain, suggest a length of
approximately 3 meters and a width of about 2.5 meters. However, these dimensions are not entirely
reliable and can vary significantly depending on the specific version of the drone.

The most effective strategy involves determining the size of the wing projection at the attachment
point to the nacelle and the overall wing width. The process begins by identifying the wing’s width through
analysis of the corresponding images. The next step is to determine the size of the projection, which will
also involve examining the processed images.

The result of the processed images is a 3D model that is used for further assembly (Fig. 6).

The obtained dimensions from the processed images will enable the design of a wing (Fig. 8).

In this context, the nacelle serves as the structural component of the hull, providing attachment
points for the wings, combat unit, and engine. Its dimensions, which are challenging to determine through
image analysis, can be calculated analytically using the dimensions of adjacent, pre-designed elements.
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Fig. 5. Diagram of activities during image transformation
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Fig. 6. A designed part in Fusion 360
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Fig. 7. Processed images to determine the wing projection

Fig. 8. The designed wing of the drone

The diameter of the nacelle can be derived from the diameter of the warhead, while its length is
determined by the size of the wing. The nacelle’s length should be shorter than the wing to allow space for

the engine to be mounted at one end.
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Fig. 9. Sketch of the wing projection on the engine nacelle
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To ensure proper wing attachment, the wing shape must be recreated and slightly trimmed at the
end to match the length of the engine nacelle, facilitating secure attachment. This sketch will serve as a

copy of the wing projection (Fig. 9).
Next, the projection for wing attachment must be extracted in the same manner. The outcome of

this step will be a designed nacelle, which will be used in the subsequent assembly process (Fig. 10).
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Fig. 10. Designed engine nacelle

Results and discussion

As a result, all the models must be combined into an assembly to create a complete model of the
desired drone. Additional details, such as selecting colors and materials, should be added to produce a

model that closely resembles the real object (Fig. 11).

Fig. 11. The final assembly of the drone

This is the final model of the drone (Fig. 12).
In addition, the aerodynamic drag force was studied using Simscale and the created model. The

result is displayed in the form of images of the drag force applied to certain parts of the drone (Fig. 13, 14).
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Fig. 14. Effect of air pressure on different parts of the drone
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To automate the process, a model analysis application was developed for automated area calculation.
The initial step involves solving the problem of automated area calculation. The .stl file format is ideal for
this purpose, enabling relatively straightforward area calculations using the pyvista package to parse the
file. The Metalprice APl will serve as the API for tracking metal prices.

To fully understand the operation of the created solution, UML activity diagram was develpoed
(Fig. 15). After loading all the models of the designed drone and specifying the thicknesses found. For the
warhead it is 7 mm and for the rest of the body 5 mm, creating the material which need, after that program
show the final cost of the Shahed 136 body (Fig. 16).
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Fig. 15. Activity diagram
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Fig. 16. The result of calculating the cost of the drone body

Conclusions

Analyzing the modeling results, it can be concluded that the Fusion 360 and Simscale systems fully
allow for the development of the Shahed 136 3D model and its study. The development of the model was
decomposed into the development of its components, such as the warhead, nacelle, and wings, which,
when combined, provide a model of the object. The proposed approach of image detection and using base
points made it possible to obtain a model of the object. 3D modeling allowed for the effective application
of reverse engineering, expanding the capabilities and improving the understanding of the complex aspects
of the Shahed 136 drone design.
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METO/JI PEKOHCTPYKIIIi 3D MOJIEJIEM 3A 30BPAKEHHSAMM: IPUKJIA
3 BUKOPUCTAHHS JIPOHA SHAHED 136

Otpumano: Jlucronan 04, 2024 / Tepernstayto: Jucronan 20, 2024 / Mpwuiiasto: JTucroman 25, 2024
© fenuciok I1., Menvnux M., Kepruyvkuii A., @izep /1., 2024

AHoTtanis. B crarti onmcano merox pekoHcrpykmii 3D-mozmeneli i3 300paxkeHb: KeWc i3 BHKOpHC-
tauasiM apona Shahed 136. JlocimipkeHO pPO3MipHO-TIPOMOPIiiiHI XapaKTEPHCTHKA MOJET, PO3TIISTHYTO
OCHOBHI eranu ii noOynoBu. HaBeneHo CTpyKTypHY cXemy mporpamu TpaHchopmaliii nepcrnekTuBr 300pa-
skeHHs. Jliarpama, HaBeJeHa B CTaTTi, Bi3yali3ye KpOKH, HEOOXiTHI /Ui BUKOHAHHS TpaHcgopmaiii 300pa-
JKeHHSI, 30KpeMa BHOIp TOYKH, OOUMCIICHHS Ta CTBOPEHHS OCTaTOYHOTO 300pakeHHs. 3alpONOHOBAHHUHN MiIXi/
IO BU3HAYCHHS 300pa)XKCHHS Ta BUKOPUCTAHHS 0a30BHX TOYOK JaB 3MOTY OTpMMATh Mojaens o0’ekra. 3D-
MOJICIIFOBAHHS JTAJI0 MOJJIMBICTh €(EKTUBHO 3aCTOCYBATH 3BOPOTHE MPOEKTYBAHHS, PO3LIMPUBIIN MOXJIIH-
BOCTI Ta MIOKPALIMBIIY PO3YMiHHS CKIIaJHUX aCIeKTiB KOHCTpYKLii 6e3minorHrka Shahed 136.

Ki110490Bi ¢/10Ba: NPOEKTYBAaHHSA, MOJIEIOBAHH, 3BOPOTHE NPOEKTYBaHHs, nociimkenns, Shahed 136,
MoJemoBanHs, 00’ ext, Fusion 360.

122



