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A METHOD FOR DATASET AUGMENTATION IN IMAGE
SEGMENTATION TASKS BASED ON IMAGE SYNTHESIS

This work considers the problem of expanding training datasets for image segmentation tasks, which
is particularly relevant given the high cost and labour-intensive nature of manually annotating pixel data.
Traditional augmentation approaches based on geometric, photometric and occlusion transformations are
compared with generative methods and image synthesis. Although traditional methods remain useful, they do
not generate fundamentally new information and therefore have limited potential for increasing the diversity
of the training sample. Generative methods and approaches based on image synthesis are analysed separately,
and the feasibility of using three-dimensional scenes as a controlled source of realistic data with the possibility
of automatically obtaining accurate annotations is justified. A method is proposed for the automated generation
of annotated images for segmentation based on three-dimensional scenes, physically based rendering (PBR)
of materials and lighting, as well as information accumulated in G-buffers during deferred rendering. Unlike
the traditional approach using a custom stencil, the proposed method does not require direct modification of
a particular scene and can be applied to scenes that have already been built, which significantly enhances
its practical value. The implementation of the method is based on identifying subsets of pixels according to
the values of the roughness, metallic and specular parameters, followed by their combination into a final
segmentation mask. This approach allows the use of internal scene characteristics that are inaccessible when
working solely with a ready-made two-dimensional image, and ensures a high level of control over the data
generation process. The paper also presents a comparison of the contents of G-buffers from various engines,
including Unreal Engine, Unity, CryEngine, Frostbite and RAGE, which confirms the universality of the
general idea whilst highlighting the need to adapt the implementation to a specific environment. The results of
experimental studies have shown that the implemented shader-based approach provides segmentation accuracy
at a level close to that of the manual method, but significantly outperforms it in terms of processing speed.
The segmentation time per frame was also significantly lower than that of the comparable YOLOvS-based
approach. At the same time, it has been established that the main drawback of the method remains the lengthy
preparatory stage involved in setting up the scene, materials and segmentation parameters. It is concluded
that the proposed approach is a promising means of augmenting datasets for neural network segmentation
systems, particularly in cases where real-world images are difficult to obtain, whilst three-dimensional models
of objects can be created or utilised from existing libraries.

Keywords: dataset, augmentation, neural network, 3D-scene, deferred rendering, PBR.

© Bondarenko V.S., Barkovska O.Yu., Trunov V.O. et al., 2026 @ ®
CTatTa NOLMPIOETLCA HA YMOBAX NiLeHsii BigkpuToro goctyny CC BY 4.0

ISSN 2663-5941 (Print), ISSN 2663-595X (Online) |9



Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepisa: Texniuni Hayku

Formulation of the problem. In computer vision
tasks, the quality and size of the training dataset
directly influence the model’s performance. This is
particularly true for image segmentation tasks, where
each pixel must be accurately annotated. Creating
such datasets is a labour-intensive and costly process,
as it involves more than just acquiring images for
training. It also requires significant human resources
for manual data annotation. Consequently, there is a
need for dataset augmentation methods that allow the
number of training examples to be increased without
a proportional rise in annotation costs.

The study is motivated by the growing need for
high-quality, scalable methods for expanding train-
ing datasets for image segmentation tasks, which
can reduce the costs of manual annotation, improve
the generalisation ability of models, and ensure their
effectiveness when annotated data is limited.

Analysis of recent research and publications.
There are a significant number of approaches to
expanding datasets. The most common are classical
augmentation methods based on geometric and pho-
tometric image transformations, as well as modern
methods for synthesising new data using genera-
tive models or procedural modelling. Each of these
approaches has its own advantages, limitations and
areas of application, which must be taken into account
when constructing training samples for segmentation
tasks (Figure 1).

Furthermore, different methods of dataset augmen-
tation affect the statistical properties of the training
data in different ways. Some approaches merely mod-
ify existing images whilst preserving their semantic
structure, whereas others enable the generation of
entirely new scenes and objects. This leads to varying

degrees of data diversity and, consequently, differing
levels of effectiveness when training segmentation
models. Therefore, a systematic comparison of exist-
ing dataset augmentation methods is warranted.

The manual method, which involves acquiring
real-world images and segmenting them manually by
experts, remains a reliable and historically significant
approach because it enables the creation of reference
datasets for training and evaluating segmentation algo-
rithms, although its high labour intensity and signifi-
cant time expenditure substantially limit dataset scale.
Image modification, including photometric, occlusion
[1], noise augmentation [2-3], and related methods,
remains reliable because the image content is essen-
tially preserved and re-labelling is usually unneces-
sary; however, such methods do not generate funda-
mentally new information, remain limited by the initial
dataset, and may lead to unrealistic images or overfit-
ting when used excessively. Generative augmentation,
including GANs (Generative Adversarial Networks)
[4], can produce new images, but it does not inherently
provide pixel-level class information, which makes
additional annotation or complex joint generation of
images and masks necessary, while also tending to pro-
duce artifacts for rare or uncommon objects. In con-
trast, generating synthetic images based on three-di-
mensional scenes [5] is one of the most controllable
methods of data synthesis for segmentation tasks, since
it allows the construction of scenes with object mod-
els, light sources, and a camera, followed by rendering
not only the final image but also segmentation maps,
depth maps, normal maps, and other auxiliary data,
while providing full control over scene parameters and
enabling the creation of large and diverse datasets with
automatically generated annotations.

Dataset
Augmentation

Image

Synthetic data

Manual augmentation

Occlusion
augmentation

Generative

Synthetic data

augmentation generation

modification
Photometric <
- augmentation
transformations
Geometric Blur

transformations

augmentation

Fig. 1. Classification of methods for datasets augmentation
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At the same time, building three-dimensional
scenes requires a significant initial investment of
effort. Creating high-quality models and scenes often
necessitates the involvement of specialists from
related fields, such as 3D artists or computer graphics
engineers. It is also important to pay close attention
to the accuracy of the scene construction: the configu-
ration of materials, lighting, object scales and camera
behaviour. An insufficient level of realism can lead to
discrepancies between synthetic and real-world data.

Once a basic set of 3D scenes has been created,
this approach proves highly efficient in terms of scal-
ing data generation. Significant initial time is required
for modelling objects and configuring materials,
lighting and scene parameters. However, once this
stage is complete, it becomes possible to automati-
cally generate a large number of images with differ-
ent scene configurations, object positions and cam-
era parameters. At the same time, the corresponding
segmentation masks can be generated automatically
during the rendering process. Thus, the initial costs
of preparing the three-dimensional environment are
offset by the ability to rapidly and scalably generate
significant volumes of annotated data.

Based on the calculations and estimates reported
in [1-5], a comparison was performed. The results of
this comparison are presented in Table 1.

Table 1
Comparison of different types of data
augmentation methods

Improving
Method(s) the What additional calculations
type accuracy of are required
the dataset
Imace Minor computations that can
nage 0,3-1% be parallelised. Segmentation is
modification > -
performed on the input image
Generative 4-71% Time taken to generate the image,
methods e time taken for segmentation
. Segmentation and image
Synthetlc 3,9-6,5% generation are carried out in
images
parallel
Significant human effort is
Manual 0-100% required for image acquisition
and segmentation.

It follows that the unresolved aspects of the over-
all problem remain the simultaneous achievement of
high accuracy, speed and scalability in the generation
of annotated data for segmentation tasks. Manual
annotation yields high-quality results but is overly
labour-intensive and expensive; classical augmen-
tation methods do not generate fundamentally new
information and are limited by the source dataset;
generative methods do not always produce accurate

pixel masks and may generate artefacts. At the same
time, data synthesis based on 3D scenes is promis-
ing, but requires significant initial expenditure on
constructing a realistic environment and configur-
ing materials, lighting and scene parameters. Conse-
quently, the task of developing a controllable method
for the automated generation of realistic images with
accurate annotations, suitable for the effective expan-
sion of segmentation datasets, remains unresolved.

Task statement. The aim of this research is to
develop a method for the automated generation of
annotated images for segmentation based on 3D
scenes and deferred rendering G-buffers, and to eval-
uate its effectiveness in terms of segmentation accu-
racy, processing speed and practical suitability for
expanding training datasets.

Such a method should not only demonstrate high
quantitative performance in terms of accuracy and
performance, but also overcome the practical limita-
tions of existing approaches to generating annotated
data. In particular, its application should involve not
only data specialists, whose demand continues to
grow, but also specialists in constructing 3D-scenes
and working with 3D engines. Furthermore, the
advantages of three-dimensional scenes over real-
world images must be taken into account, as they
allow for flexible control over the framing, the ability
to change the viewpoint - including positioning it at
a considerable height, below the surface or in other
positions inaccessible to conventional filming, as
well as providing access to all elements of the scene
and their parameters in the system’s memory. Unlike
a real image, which, once captured, contains only the
final visual result, a three-dimensional scene provides
full control over its components, creating additional
opportunities for the automated generation of accu-
rate annotations.

Outline of the main material of the study.

Technological components of the 3D scene-based
augmentation method. 3D scene-based augmentation
is founded on three key technological foundations:

— physically based rendering (PBR);

— deferred rendering architecture;

— the availability of a large number of pre-existing
realistic 3D scenes.

Such scenes are currently available both as com-
mercial libraries and as open-source resources cre-
ated by professional artists and computer graphics
enthusiasts.

PBR enables the reproduction of physically con-
sistent material properties and the interaction of
light with surfaces, resulting in highly photorealis-
tic images [6]. Deferred rendering, in turn, involves
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storing a set of pixel characteristics in special buff-
ers (G-buffers) during the first rendering pass [7].
These characteristics may include surface normals,
material properties, scene depth, object identifiers
and other parameters. The availability of this infor-
mation makes it possible to generate additional rep-
resentations of the scene, such as segmentation maps
or other types of annotations. Since PBR relies on a
unified approach to material definition, the buffer data
associated with similar objects (e.g., plants) do not
differ significantly.

Another key factor is the vast number of 3D
scenes and models that have been accumulated over
many years within the computer graphics, game
development and visualisation industries. This allows
existing resources to be utilised without the need to
create an environment from scratch, which signifi-
cantly lowers the barrier to entry for generating syn-
thetic datasets. To illustrate this point, Figure 2 shows
a bamboo grove scene created by Leo Torres using
Unreal Engine 5.2, whilst Figure 3 shows a similar
photograph taken by photographer Scott Kelby for
comparison.

e ——————

ig. 3. Photo of a real bamboo grove

Given that these technologies have been actively
developed for over a decade, the proposed approach
can be regarded as an example of exaptation. Accord-
ing to Rich Geldreich [8], game developers recog-
nised the potential of this technology as early as the
early 2000s, although the technology itself is not new
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and was described by Michael Frank Dering in [7] as
far back as 1988. In this case, tools originally devel-
oped for photorealistic visualisation tasks in com-
puter graphics are being repurposed for a different
purpose - the automated creation of annotated data
for computer vision tasks. This approach allows us to
build upon an existing technological foundation and
utilise its potential in a related field.

Solution of the stated problem. This paper pro-
poses a method for generating annotated images
for segmentation tasks based on the use of three-di-
mensional scenes and information generated during
deferred rendering (Figure 4). The method is based
on using material parameters and other scene charac-
teristics stored in G-buffers to automatically identify
subsets of pixels that can be interpreted as image seg-
ments. It should be noted that this approach differs
from the classical one, in which the target object is
assigned a custom stencil pass and segmentation of
such an object is performed automatically. However,
the classical approach has a number of drawbacks.
It requires access to the scene development process,
whereas our approach, based on deferred rendering,
can be applied to compiled scenes, as in [3]. Sec-
ondly, as it is based on PBR, the pre-configuration
is performed not for a single specific scene, but for a
single object across different scenes.

Deferred
rendering

Al enginesrs

FaR requirements

30-models.

Maps and
reaures Supplementing the dataset

with artificial images

Dataset expansion
| ———

AD

Deferred
rendering
angineer

30-anists/
tech-artists

Fig. 4. Context diagram of our method

The research methodology consists of several
sequential stages:

— in the first stage, a 3D scene containing the nec-
essary objects, materials and lighting is constructed
or selected;

— next, during the scene rendering process, a set
of G-buffers is generated, containing material param-
eters and the geometric characteristics of surfaces.
Based on the values of these buffers, subsets of pixels
satisfying the specified material parameter ranges are
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identified, after which they are combined in accord-
ance with the described mathematical model;

— the final stage involves the software implementa-
tion of the proposed approach. This includes the devel-
opment of appropriate shaders and the configuration of
the rendering pipeline, which provide access to the nec-
essary G-buffers and perform operations on their values.

A formal representation of the functional decom-
position of the proposed method is shown in Figure 5.

The implementation of G-buffers - specifically,
the information they contain - may vary across dif-
ferent engines. It is also worth noting that the term
‘G-buffer’ is not always used in the documentation,
so as not to mislead the user when referring to an
engine-specific implementation. For example, the
RAGE engine distinguishes between the Velocity
buffer and G-buffers. However, for simplicity, we will
use the term ‘G-buffer’ to refer to the pixel informa-
tion collected during the first pass of rendering.

Table 2 contains information on the differences in
the contents of G-buffers across various engines, such as
Unreal Engine, Cry Engine, Unity, RAGE and Frostbite,
as described in [9-15]. The proprietary RAGE and Frost-
bite engines do not have public documentation, so we can
only rely on presentations and reverse engineering.

Next, we consider the implementation of the pro-
posed method in Unreal Engine. Let us take a closer
look at the methodology represented by A2 in the dia-
gram in Figure 5.

Let P be the set of all pixels in the image.

r( p ) denote the value of the roughness buffer at
pixel p;

m( p ) the value of the metallic buffer at pixel p;

s( p ) the value of the specular buffer at pixel p.

hen define the subsets of pixels whose values
belong to the prescribed intervals. The subset of pix-
els whose roughness values belong to the interval
[r(ai);r(b,.)] is defined by

Table 2

Differences in G-buffers across different engines

Engine Unique information in G-buffers Missing information in G-buffers

Unreal Engine | Per-object GBuffer data. Selective output mask Classical world-space XYZ coordinates are not stored
directly; instead, depth and transformation matrices are used

Frostbite Smoothness. Material id Alpha and material ID are packed into a single
channel; radiosity and emissive color are also packed
together

CryEngine Baked AO. Subsurface scattering. Gloss/Smoothness Depth and transformation matrices are used instead of
explicit XYZ coordinates

Unity MaterialFlags Emission, lighting, lightmaps, and reflection maps are
accumulated in a single channel; no explicit metalness

RAGE Velocity buffer; includes several channels not assigned to | Does not always store the classical PBR parameter set

fixed purposes and usable, for example, separately for hair |in separate channels

Deferred
rendering

Al engineers.

PBR
requirements

J—

3D-
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Assembling a realistic 3D scene

Maps and Al
textures
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Fig. 5. Functional decomposition of our method
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R, :{peP\r(af)Sr(p) < r(bi)}.

The subset of pixels whose metallic values belong

to the interval [m(c,);m(d,)] is defined by
M, :{peP|m(c,.)§m(p) < m(di)}.

The subset of pixels whose specular values belong

to the interval [s(e):s(g,)] is defined by
S, ={peP|s(ei)Ss(p) < s(g,.)}.

It should be noted that deferred rendering uses a
significantly larger number of G-buffers, including
normals, depth, albedo, and others. However, for the
experiments considered in this paper, it is sufficient to
use only the three aforementioned buffers: roughness,
metallic, and specular:

T'=Rn M, S,
where 7, is the subset of pixels for which all three
conditions are satisfied simultaneously.

This set is intended to represent the set of pixels
belonging to the particular object under study and to
be segmented. At this stage, it is not necessary for
T, to cover all pixels of the given object. The essen-
tial requirement is that it should not contain pixels
belonging to other objects. Next, we construct the
family of sets {7} . Define the set 7=_f, .

i=1

In this case, the number n of subsets may be large
in order to satisfy the stated conditions while cover-
ing all pixels belonging to the object. Increasing the
number of such subsets often, though not necessarily,
improves the accuracy of the proposed method.

Results of empirical studies. Discussion of the
results. Table 3 presents the parameter values that
define the intervals for constructing the sets intro-
duced above.

By implementing a shader based on the defined
sets, we obtain a frame with the segmentation already
applied, as shown in Figure 6. This image also dis-
plays the G-buffers used, where 0 represents a black
pixel and 1 represents a white pixel.

Once the method has been implemented, we obtain
a large number of images to expand the dataset. Fig-
ure 7 shows some of them.

A comparative analysis of the performance of our
method is presented in Table 4, based on the follow-
ing criteria:

— segmentation accuracy;

— segmentation speed;

— preparation time.

Segmentation speed is measured in seconds. For
other methods, it is assumed that the frame is already

Table
The intervals for constructing the sets
! r(ai) r(bz) m(ci) m(di) S(ei) S(gi)
1 0 1 0,01 1 0 1
2 0,3 1 1 0,45 0,55

Fig. 6. Frame pipeline: (a) original frame, (b) roughness buffer, (¢c) metallic buffer, (d) specular buffer,
(e) segmented frame
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Fig. 7. Generated frame with segmentation

prepared for segmentation, whereas in our method
described in this paper, the time taken to generate the
frame is also taken into account, given that segmenta-
tion and generation are performed in parallel.
Preparation speed, described in terms of fuzzy
logic, includes only configuration and parameter
selection and does not account for the time spent on
software implementation. The measurements take the
average value from 10 experiments conducted.

Table 4
Comparison of numerical parameters for dataset
augmentation methods

Our
method YOLOv8 | Manual way
Segmentation | g¢ ¢50, | gg 5304, 99.9%
accuracy
Segmentation speed | 0,067 ¢ 1,52 ¢ 40 c
Preparation time Long Very fast Not required

As shown, our method achieves high segmentation
accuracy, comparable to that of the manual approach,
whilst significantly outperforming both the manual
approach and YOLOVS in terms of processing speed.
This makes it effective for tasks where speed and
result quality are critical. At the same time, the main
drawback is the considerable length of the preparatory
stage, which may complicate its practical implementa-
tion. Despite this, it can be regarded as a useful addi-
tion to existing dataset augmentation methods.

Conclusions. This paper proposes a method for
the automated generation of annotated images for

segmentation based on 3D scenes and deferred ren-
dering G-buffers. Within the scope of the research, a
segmentation method was developed using the rough-
ness, metallic, and specular parameters stored in
G-buffers and the construction of pixel subsets with
their subsequent merging into a segmentation mask.
Based on this model, a shader was implemented that
ensures the automatic generation of a segmented
image during rendering.

The results confirmed the effectiveness of the
approach, demonstrating high segmentation accu-
racy and high processing speed, since computa-
tions are performed on the graphics processing unit
by default. The approach also provides full control
over scene parameters, which distinguishes it from
methods based only on captured real-world images.
Its main drawback remains the lengthy preparatory
stage associated with scene setup and segmentation
parameter adjustment. Despite this limitation, the
method is practically suitable for expanding train-
ing datasets and may be especially useful for objects
whose 3D models are relatively easy to create, while
real-world images are difficult to obtain or are not
publicly available.

Further research will focus on analyzing the
improvement in neural network accuracy achieved
when training uses images generated by the proposed
method, comparing the results with those obtained
using other methods, and assessing the complexity
of implementing this method for more complex and
realistic scenes.
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bonnapenko B.C., Bapkoscbka O.10., Tpynos B.O., I'apamenko A.O. METO/l PO3LHLINPEHHS
JIATACETIB JIJ151 3AJTAYI CETMEHTAIIL HA OCHOBI CUHTE3Y 3065PA’KEHB

Y emammi pozenanymo npobnemy posuiupenns HaguaibHuxX 0amacemis 0isl 3a0ay ce2MeHmayii 300pajcems,
AKA € 0COONUBO AKMYANbHOIO Yepe3 GUCOKY 6apmicmb I mpyOOMICMKICIb PYYHO2O AHOMYBAHHA NIKCENbHUX
Oanux. llopienano mpaouyitini nioxoou 00 ayemenmayii, 3aCHOBAHI HA 2eOMEMPUYUHUX, (DOMOMEMPUUHUX
ma OKMO3IMUHUX NePEeMBOPEHHAX, 2eHePAMUBHI Memoou ma cunmes 300padxicerv. Tpaduyilini memoou xou i
3aIUUAIOMBCA KOPUCHUMU, He 3a0e3neuyioms (hopmyeanHs NPUHYUNOEO HOGOI iHopmayii, a momy maroms
obmedcerutl NOmeHyian wooo Ni0BUUEHHs PIBHOMAHIMHOCMI HaguanbHOI 6ubipku. OKpemo npoanaiizoearo
2eHepamueHi Memoou ma nioxoou, wo OA3YIMbCA HA CUHMe3i 300padicets, i 0OTPYHMOBAHO OOYLIbHICb
BUKOPUCMAHHS  MPUSUMIDHUX CYEH K KepPoBaHo20 O0Jicepend peanicmuyHux OaHux 13 MOMCIUGICTIO
ABMOMAMUYHO20 OMPUMAHHS MOYHUX AHOMAYIU. 3anponoHo8aHo Memood asmomMamu308ano20 QopmyeanHs
AHOMOBANUX 300padicenb OJisl cecMenmayii Ha OCHOBI MPUBUMIPHUX CYeH, PI3UUHO KOPEKMHO20 MOOENI08AHHS]
mamepianis i ocgimnenns (PBR), a makooic inghopmayii, ujo nakonuuyemscs ¢ G-0yghepax nio uac 8i0Kkiaoenoeo
DPEHOepUHE).
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Ha 6iominy 6i0 knacuunoeo nioxoody 3 UKOpUCmManHam custom stencil, 3anpononosanuti Memoo He gumazae
NPSMO20 8MPYUAHHS 8 NPOYec NOOYOO8U KOHKPEMHOT CYeHU ma Modice OYmu 3acmoCco8anuli 00 82ice CMEOPEHUX
ab0 CKOMRINLOBANUX CYEH, WO CYMMEBO NIOSUULYE 11020 NPAKMUYHY yinHicmo. Peanizayis memody ipynmyemucs
Ha 8UOLNEHHI NIOMHOJICUH NIKCeNi 3a 3HAYeHHAMU napamempis roughness, metallic i specular 3 nooanvuum
iX 00 ’€Onanuam y niocymxo8y ceemenmayiuny macky. Taxuti nioxio 0036015€ GUKOPUCTOBYEATNU GHYMPIUIH]
Xapaxmepucmuxu cyeHu, HeOOCmynui npu pooomi iuwe 3 20Mosum 080GUMIPHUM 300padiceHHsIM, i 3ab6e3neuye
BUCOKUIL PiBeHb KepOBaAHOCTI Npoyecom hopmysants 0anux. Y pooomi makoxic HasedeHo NOPIGHAHHS 6MICTTY
G-6ygepis piznux pywiis, soxkpema Unreal Engine, Unity, CryEngine, Frostbite ma RAGE, wo niomeepooicye
VHIBEPCANbHICMb 3A2abHOI I0ei ma 600HOUAC 6KA3YE HA HeOOXIOHICmMb adanmayii peanizayii 00 KOHKPEMHO20
cepedosuwya. Pezynomamu excnepumMenmanrbHux O00CHIONCeHb NOKA3AAU, WO Peanizoeanull uietioepHutl
nioxio 3abe3neyye MouHicmb cecMeHmayii Ha pieHi, Wo € DAULKUM 00 MAHYAIbHO20 CHOCODY, ane CYMMEBO
nepegepuLye 1020 3a weuoKicmio oopooxu. Yac ceemenmayii 00no20 Kaopy Cmanosums makolc 3Ha4HO Kpauje
3a NOKA3HUKU NOPIBHI08AH020 Ni0X00Y Ha ocHosl YOLOVS. Boonouac 6cmano6ieno, wo 0CHOSHUM HeQONIKOM
Memooy 3anUuaEmbc MPpUBAIUll Ni020MosuULl eman, nog A3anHull i3 HAIAUWMYyS8aHHAM CYeHUu, Mamepianie
i napamempig ceemenmayii. 3pooneHo BUCHOBOK, WO 3ANPONOHOBANHUL NIOXIO0 € NEPCNEeKMUBHUM 3ACOOOM
O0NOBHEHHS 0aMAacemis 0151 HelpoMepedtcesuUx Cucmem ceemeHmayii, 0coOIUB0 8 MuUX 6UNAOKAX, KONU PeaibHi
300padiceHHsl 8adNCKO OMPUMAmM, a MPUBUMIPHI MOOeNi 06 €KmMi6é MOJCHA cmeopumu abo GuKopucmamu 3
HasAeHUX Oibniomex.

Knrouosi cnosa: oamacem, ayemenmayis, netipomepesica, 3D-cyena, gioknadenuii penoepune, PBR.
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