Scientific Visualization, 2025, volume 17, number 3, pages 25 - 34, DOI: 10.26583/sv.17.3.03

Development of a Methodology for the Application of Genera-
tive Neural Networks in Creating 3d Models

N.A. Bondareval, A.E. Bondarev2, S.V. Andreevs, I.G. Ryzhova4
Keldysh Institute of Applied Mathematics RAS, Moscow, Russia
1 ORCID: 0000-0002-7586-903X, nicibond999i@gmail.com
2 ORCID: 0000-0003-3681-5212, bond@keldysh.ru

3 ORCID: 0000-0001-8029-1124, esa@Xkeldysh.ru
4 ORCID: 0000-0003-1613-3038, ryzhova@gin.keldysh.ru

Abstract

The article considers the current scientific and technical problem of integrating genera-
tive neural network architectures into the process of automated 3D modeling. Despite signifi-
cant progress in this area, existing solutions are often characterized by insufficient transpar-
ency and limited capabilities of deterministic control by design engineers. In this regard, the
concept of an innovative hybrid methodological approach based on the synergistic interaction
of intelligent natural language processing systems and verified engineering software packages
is proposed. The purpose of the proposed approach is to significantly increase the efficiency
and accuracy of the design process by minimizing the likelihood of errors and ensuring the
possibility of prompt adjustment at all stages of creating 3D models. The methodology is
based on the integration of Al capabilities in the field of semantic analysis and generation of
variable design solutions with existing CAD modeling algorithms. The results of experimental
verification of the proposed concept are presented, demonstrating a significant reduction in
the time spent on creating 3D models compared to traditional methods, which indicates the
promise of the developed approach for practical application in engineering activities.

Keywords: 3d modeling, Computer-aided design (CAD), Generative neural networks,
Autostereoscopic monitor.

Introduction

Neural generative networks are currently being actively implemented in various areas of
human activity and have a significant impact on work processes, while demonstrating im-
pressive capabilities in creating new data similar to that on which they were trained, from
generating realistic images and videos to creating music and writing texts. Generative net-
works have demonstrated their ability for creativity and innovation beyond traditional algo-
rithms. In the field of design, for example, they are used to create new product concepts, ar-
chitectural designs, and fashion collections [1-3].

In addition to entertainment and media industries, generative neural networks are actively
being implemented in high-tech industries such as banking, law, and industrial production.
In medicine, research is underway on the use of neural network technologies for analyzing
medical images and developing personalized treatment plans.

However, despite the impressive potential, the application of generative neural networks in
manufacturing tasks, especially in computer-aided design (CAD), faces serious challenges [4].
Although neural networks are potentially capable of generating design documentation and 3D
models, their "black box" - the unpredictability and opacity of the generation process - be-
comes a significant and dangerous limitation.
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Unlike traditional CAD methods, where each design step is controlled and documented,
neural networks often produce results without a clear explanation of how they were obtained,
which makes it difficult to validate the results, find and correct errors, and make adjustments
during the modeling process. This makes it difficult to trust the results and limits their use in
critical projects that require strict quality control and compliance with standards. As a result,
despite the potential to automate and accelerate the design process, the implementation of
generative neural networks in CAD production processes requires solving the “black box”
problem and developing methods to ensure deterministic control and clarity of the generation
process.

This study proposes a concept of a hybrid methodological approach designed to overcome
these limitations. The approach is based on the synergy of natural language processing (NLP)
and verified engineering software packages. It is assumed that the combination of these two
approaches will minimize the likelihood of errors and inaccuracies in the design process,
while ensuring the necessary level of control by specialists.

The proposed methodology is based on the integration of the capabilities of artificial intel-
ligence systems in the field of natural language processing and the rapid generation of varia-
ble solutions with existing algorithms for constructing CAD models in domestic automated
design systems such as KOMPAS-3D [5] and TeFlex [6].

The validity of the proposed approach is confirmed by the fact that the exclusive use of
neural network technologies does not guarantee the consideration of all design features and
does not provide the possibility of manual correction of the identified discrepancies. During
the experimental verification of the concept, the open software platform Blender was used ,
where basic three-dimensional geometric structures were synthesized by integrating two
technological approaches: a sphere, a cube, a cone and a gear wheel. Each geometric object
was characterized by the possibility of parametric modification.

Thus, this study aims to develop and verify a hybrid methodological approach to automat-
ed design that combines the capabilities of AI and traditional CAD systems. The results of the
study can contribute to improving the efficiency and accuracy of the design process, as well as
expanding the control capabilities of specialists.

Methodology

The proposed methodology is a hybrid approach to automated 3D modeling, combining
natural language processing (NLP) with the use of proven engineering software packages
(CAD), such as KOMPAS-3D or TeFlex . This approach is aimed at minimizing errors and in-
creasing the accuracy of the modeling process compared to using exclusively generative neu-
ral networks. The key advantage is the verification of the parameters of the script generated
by the AI, instead of checking the entire generated model.

Instead of directly using a neural network to generate a 3D model, which is fraught with
hidden errors, text Al is used to create a control script in a programming language compatible
with the selected CAD system. This allows shifting the focus of control from checking the fin-
ished model to verifying the parameters specified in the script, ensuring earlier detection and
correction of potential errors. The iterative nature of the process involves adjusting the
prompt and script based on the analysis of intermediate results, which ensures flexibility and
high accuracy of the final 3D model.

During the research, an approximate algorithm was developed that allows applying a simi-
lar approach in practice. Its scheme is presented in Fig. 1.
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Fig. 1. Algorithmic diagram of the described methodology

1) Problem Statement: Clearly define the requirements for the 3D model, including func-
tionality, geometric parameters and constraints.

2) Prompt generation : Formulate a text query ( prompt ) for the text Al describing the
desired 3D part, taking into account the results of step 1.

3) Script generation: Using text Al to generate control code (script) in a programming
language compatible with the selected CAD system (e.g. Python for Blender , programming
languages supported by KOMPAS-3D or TeFlex ).

4) Script processing in CAD: Run the generated script in a CAD system to automatically
build a 3D model.

5) Correction and validation : Analysis of the obtained 3D model by a specialist. Making
necessary corrections to the prompt or script based on the analysis of the results. Repeating
stages 3-5 until a satisfactory result is achieved.

6) Save Model: Save the finished 3D model in a suitable format for further use (e.g. for
stereoscopic display).

This methodology offers a compromise between automation and controllability of the 3D
modeling process, combining the advantages of Al and proven engineering tools. Positive fac-
tors include such as reduced modeling time due to process automation, but unlike the use of
special neural networks for 3D modeling , here it is possible to control the process and imme-
diately make the necessary adjustments. The entry threshold for users without deep
knowledge in programming for performing similar production tasks is also reduced, at the
same time, the value of advanced specialists only increases, since validation and verification
tasks require in-depth professional knowledge and extensive experience.

However, the use of such a methodology poses a new set of problems that must be taken
into account when working. Among them:

e dependence on the quality of text Al and the correctness of the prompt;

e the need for basic knowledge in working with the selected CAD system;

e the possibility of errors in the generated script;

e limited to text description only when formulating a task, which creates inconvenience
for engineers.

Experimental results

It should be noted that there are two approaches to 3D modeling : manual modeling (
Manual Modeling ), which allows you to create more unique and detailed objects, and script-
ed modeling ( Scripted Modeling ), which is more focused on automating the modeling pro-



cess and creating parametric models. Script modeling is suitable for creating complex struc-
tures or a series of similar objects with varying parameters that are difficult to model manual-
ly.

Script modeling is used in the following areas:

e creation of parametric models (machine parts, architectural elements);

e generation of complex structures and patterns;

e automation of the modeling process;

e projects requiring high precision and reproducibility .

Script modeling is characterized by the need to have programming skills in addition to
modeling skills. Programming such a script requires knowledge of the basics of syntax and
understanding of object construction algorithms; the time for debugging the program and
testing its operation should also be taken into account.

A simple task like drawing primitives can take a novice programmer 1-2 hours to write a
program and debug it. A professional developer with experience writing scripts in Python or
JavaScript can complete the same simple task in 10 to 30 minutes. The proposed approach
allows you to reduce the time it takes to create a separate script and increase work efficiency.

During the experimental verification of the concept, the open software platform Blender
[7] was used, where, through the integration of two technological approaches, basic three-
dimensional geometric structures were synthesized: a sphere, a cube, a cone and a gear
wheel.

Blender was chosen as a platform for conducting preliminary experiments due to the fol-
lowing factors:

1) Open source and freely available: Using Blender eliminates licensing restrictions and
provides unlimited access to the source code;

2) Python scripting support ;

3) Rich API and large community: Blender's well-documented API and active developer
community provide access to a wide range of tools and libraries, making it easy to integrate
with external systems and expand your experimentation capabilities;

4) Blender provides parametric modeling tools, which allows you to create 3D models
with variable parameters set through scripts. This is essential for testing the hypothesis about
the influence of parameters set by text Al on the characteristics of the generated models;

5) Blender provides a wide range of tools for subsequent manual editing and modification
of 3D models, which allows you to analyze the results and make the necessary adjustments.

The method of automated modeling using programming based on the execution of pro-
gram code (script) was applied. Within the framework of this approach, geometric modeling
is carried out by means of automatic execution of program code (script) generated by an ex-
ternal system. This approach demonstrates high productivity in generating primitive geomet-
ric shapes and relatively simple composite objects, the geometry of which is completely de-
termined by a set of input parameters.

This approach also makes it easy to vary the specified parameters in various combinations

(Fig. 2).

Fig. 2. An example of using the control code for modeling figure (gear)



Initially, the figure was defined by the description of the following set of parameters (Table
1):

Table 1. Set of forming parameters for the 3D model of a toothed gear.
def create_gear_2_82(

teeth=12, # quantity teeth

radius=0.1, # radius (10 cm )

thickness=0.02, # thickness (2 cm )

tooth_depth = 0.02, # depth tooth (2 cm )

tooth_width =0.02 # width tooth (2 cm )

Based on the results of the script execution, the program generated a gear model, shown in
Fig. 3.

This approach provides the possibility of operational software modification of the generat-
ed 3D model. As an illustration, Fig. 4 shows an example of parametric modification of the
cone geometry (the parameters are given in Table 2). It consists of performing a Boolean sub-
traction operation, as a result of which a segment constituting a quarter of the volume of the
original cone is removed.

Fig. 3. Visualization of the “gear” part

Table 2. Set of forming parameters for the 3D model of a cone.
# Creating a cone
# Base radius = 0.1 meter (10 cm)
# Depth (height) = 0.2 meters (20 cm) - can be changed as desired
bpy.ops.mesh.primitive_cone_add (
radius 1=0.1, # base radius in meters
radius 2=0, # radius of the top (0 for a sharp cone)
depth =0.2, # cone height
location =(0, 0, 0.1) # location (raised by half height so that the base is at
the level of the grid)

)
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Fig. 4 Cone with a cut out segment

Transition to stereo

Visualization using stereoscopic technologies significantly enhances the viewer's percep-
tion of depth and spatial characteristics of an object, bringing its presentation closer to real
perception. The key advantage of this method is the creation of conditions that are as close as
possible to natural visual perception.

The project, conducted at the Keldysh Institute of Applied Mathematics of the Russian
Academy of Sciences, investigates methods for creating stereoscopic representations of the
results of scientific research. Two stereoscopic systems are used for the experiments: a classic
setup and an autostereoscopic Dimenco monitor , which provides viewing of a stereo image
without special glasses. The autostereoscopic monitor allows the formation of an integrated
image, including multiple projections of an object, thereby expanding the range of viewing
angles. A detailed description of the autostereoscopic display technology is given in [8-9].

Fig. 5 shows a sample of a composite stereoscopic frame constructed using the multi - view
method (on the right) and a separately enlarged image allowing one to examine details (on
the left). The left image is purely illustrative and is not part of the stereo frame.

Fig 5. Results of hybrid gear modeling (main frame + multi-view representation )

Also shown in stereo was a modified cone model with a removed segment that made up a
quarter of the model's volume (Fig. 6).

Fig 6. Results of hybrid modeling of a cone with a cut segment (main frame + multi-view
view)



The complex geometry of 3D models, characterized by the presence of curved surfaces, is
of considerable interest for studies of stereoscopic perception, since the subjective perception
of depth and shape can vary widely depending on many factors, including individual charac-
teristics of the visual system and the physical dimensions of the object.

Discussion

In this paper, a new hybrid approach to automated 3D modeling was presented, combining
natural language processing (NLP) and traditional CAD methods. This approach, based on
Al-based script generation and subsequent processing in specialized software, demonstrates
a number of advantages and disadvantages that need to be discussed to assess its practical
applicability and prospects for further development.

On the one hand, the proposed method demonstrates significant potential for improving
the efficiency and accuracy of the 3D modeling process. Automation of script generation
based on text descriptions significantly reduces the time required to create basic models, and
the ability to check script parameters at early stages allows minimizing errors and increasing
the reliability of the final result. The flexibility of the iterative process, which allows you to
adjust both text queries and the generated code, makes this approach adaptable to various
tasks and requirements. A specialist can focus on adjusting and improving the model, rather
than on the routine creation of basic geometry. As the system is used and the results are ad-
justed, it is possible to train AI to improve the quality of the generated scripts.

However, it is necessary to recognize certain limitations. The quality of the generated
scripts directly depends on the quality of the text request ( prompt ), which requires certain
skills and understanding of the capabilities of AI from the user. In addition, the need for
manual correction and validation of results limits the degree of full automation of the pro-
cess. There may also be errors in the generated code that require specialist intervention. Fi-
nally, the applicability of this approach may be limited by the capabilities of the CAD systems
and programming languages used. There are also problems with scalability at this stage: the
approach may be effective for creating individual parts, but its capabilities for complex as-
semblies and projects may be limited.

The proposed hybrid approach is compared with existing approaches to 3D modeling using
neural networks, which can be roughly divided into several categories.

1. Fully generative models [10]: These models, such as PointNeRF , GAN- based models
(e.g. StyleGAN for 3D), use neural networks to generate 3D models directly from noise or la-
tent space. Their advantages include high generation speed, the ability to create new unique
shapes. However, in their case, the "black box" problem becomes pronounced. It is difficult to
control the generation process and make adjustments, so the quality of the models can be un-
predictable, and the final post-processing can take as much time as designing from scratch.
This method is suitable for use in areas where precision and attention to detail are not re-
quired.

2. 2D to 3D transformation based models [11]: These models use neural networks to trans-
form 2D images (or multiple images) into 3D models. Examples include multi-view image
based or sketch based methods. This makes it possible to create 3D models from available 2D
data (photographs, drawings). However, the quality of the 3D models is highly dependent on
the quality and quantity of the 2D data. It can be difficult to obtain accurate geometry and de-
tail. The "black box" problem is also present.

The proposed hybrid approach occupies an intermediate position between fully generative
models and scripted modeling. It uses text-based Al to transform informal requirements into
parameters, which are then used to control the generation of a 3D model. Once generated, the
model can be manually refined.

There are a number of promising areas for further research and improvement. Here are
some of them:



e development of specialized text Al for CAD;

e automation of prompt engineering: development of algorithms that automatically gen-
erate optimal prompts based on specified requirements for a 3D model;

e integration with knowledge bases and ontologies;

e development of APIs for data exchange between neural networks and CAD systems:
creation of standardized APIs that allow easy integration of neural networks with existing
CAD systems;

e interactive model editing: Developing interfaces that allow professionals to interactive-
ly edit generated models using CAD tools and automatically update scripts;

e and integration with systems that recognize drawings: this will allow the creation of a
mixed prompt based on a graphic request and a text description.

Conclusion

The article discusses a hybrid approach to 3D modeling that combines natural language
processing and traditional CAD methods, which demonstrates a promising combination of
automation and controllability. The methodology of the approach is described. The method-
ology is tested on real modeling problems. The results of work on construction on an au-
tostereoscopic monitor using a multi-view representation are presented.

Despite the identified limitations related to the quality of input data and the need for man-
ual adjustments, the method showed significant potential for accelerating and increasing the
accuracy of the 3D model creation process, especially for parametric tasks. Further research
should be aimed at improving the quality of script generation, automating the validation pro-
cess , and expanding compatibility with various CAD systems. The results obtained open up
new opportunities for increasing the efficiency and accessibility of 3D modeling for a wide
range of users.
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