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This document explores the using of voxels today in such areas as medicine,
3D scanning, game industry and why do we need to convert them to polygonal

mesh. It also describes and analyses the currently existing algorithms for
converting voxel 3D models into polygonal ones. Aim of converting algorithms
isextracting the surface information from the voxel grid and generate apolygonal
mesh composed of triangles that approximate the original shape. The research
identified about 10 existing algorithms: Marching Cubes, Dual Contouring,
Surface Nets, Voxel Carving, Sparse Voxel Octree, Surface Extraction from
Volume Data (SEV), Cubical Marching Squares, Adaptive Grid Subdivision,
Occupancy Networks, Deep Implicit Fields. Their features, pros and cons were
described. It was chosen among the converting algorithms, taking into account
the simplicity, efficiency and availability of implementation, one algorithm,
which can become the basis of the program for converting voxel 3d models
into polygonal mesh. The choice of algorithm depends on various factors,
including the desired surface quality, computational efficiency, handling of
sharp features, and implementation complexity, but there were several main
criteria selected. The chosen algorithm is Marching Cubes, because it is
widely used, has available implementations, has good performance. Future
research will focus on creating a converter program since there are currently
no freely available converters that would produce a high-quality editable
polygonal mesh. All existing voxel editors and online converters export the
voxel 3d model into polygonal mesh without any approximation, so the export
result is a cube set, poorly united into one surface with surface breaks. Export
polygonal mesh models also have a problem with a large number of triangles,
which makes the model hard to edit. To create a converter that solves those
problems, first, we must choose an algorithm that will become the basis of the
future converter. Target algorithm will be customized in future to improve the
quality of output polygonal mesh comparing to the existing convertors.

Computer Science and Applied Mathematics. Ne 2 (2023)

ISSN 2786-6254



Kniwouoei cnosa: 3d mooenw,
8OKCeNb, ANCOPUMM,
KOH6epmayis, NONICOHANIbHA

cimka.

AJITOPUTMU NEPETBOPEHHSA BOKCEJBbHHUX 3D MOJIEJIEN
B ITOJIITOHAJIBHI

Jysanos C. C.
acnipanm xagheopu ingopmayitinux mexHoni02it
CymcobKuti 0epacasHutl yHigepcumem
eyn. M. Cymyosa, 2, Cymu, Ykpaina
orcid.org/0000-0001-7766-6837
samduvanov@gmail.com

bapanosa 1. B.

KAHOUOAm MexHiYHUux HayK, 0oyenm,
ooyenm Kageopu inghopmayitinux mexHonoeii
CymcobKuti 0epocasHutl yHigepcumem
eyn. M. Cymyosa, 2, Cymu, Ykpaina
orcid.org/0000-0002-3767-8099
i.baranova@cs.sumdu.edu.ua

15

V nmaniii cTarTi JOCTIHKYETHCSI BUKOPUCTAHHS BOKCENIB Ha ChOTOICHHSI B TAKUX
rajy3sx, Ik MeUIHa, 3D-ckaHyBaHHS, irpoBa iHIYCTPis 1 YOMY HaM MOTPiOHO
MIEPETBOPIOBATH IX B TOJITOHAJBHY CITKY. TakoX OMHCYIOTHCS 1 aHAJI3YIOTHCS

HasBHI aJITOPUTMH IS IEPETBOPEHHS BOKCETIbHUX 3D-Moieneil B MoIiroHanbHi.

MerTol0 aNrOpUTMIB KOHBEPTYBaHHS € BHI0OyBaHHS iH(popMamii

po

MOBEPXHIO 3 BOKCEJIBHOI CITKM Ta I'€HEpallisl MONTIrOHANBHOI CITKH, CKJIaJCHO]
3 TPUKYTHHKIB, sIKi HaONIDKalOTh OpUTiHAIBHY (opMy. Y JOCHiIKEHHI
ineHTudixoBano Omuspko 10 icHyroumx amroputmis: Marching Cubes, Dual
Contouring, Surface Nets, Voxel Carving, Sparse Voxel Octree, Surface
Extraction from Volume Data (SEV), Cubical Marching Squares, Adaptive
Grid Subdivision, Occupancy Networks, Deep Implicit Fields. Bynu onucani ix
XapaKTEePUCTUKY, IiepeBary i Henomiku. Cepes; aropuTMiB KOHBEPTYBaHHS OyI10
00paHo OJIMH aJITOPUTM, BPaXOBYIOUH MPOCTOTY, C(EKTUBHICTH Ta JOCTYITHICT
peamizamii, SKM MOXE CTaTd OCHOBOIO MPOTPaMH Ui TICPETBOPCHHS
BOKcenbHUX 3D-Mopenell B monmiroHanbHy CiTKy. BuOip anroputMy 3aiexuThb
Bil pi3HUX (aKTOPiB, BKIFOYAIOUN Oa’kaHy SIKICTh MOBEPXHi, OOUNCIIOBAIBHY
e(peKTUBHICTh, 0OPOOKY TOCTPUX AETalCH Ta CKIAJHICTh IMIUIEMEHTAii, aje
Oyri0 BUOpaHO KiIbKa OCHOBHUX KpUTepiiB. OOpanuM anroputmMoM € Marching
Cubes, OCKITBKHM BiH IIMPOKO BHKOPHCTOBYETHCS, Ma€ JOCTYNHI peanizamii
Ta BHUCOKY NPOAYKTHUBHICTh. MaiiOyTHI HOCITIKEHHS OymIyTh CHpSIMOBAHI Ha
CTBOPEHHSI IIPOTPaMU-KOHBEPTOPA, OCKITBKH Ha CHOTOAHIIIHINA JACHb HE iCHY€E
BUTBHO JOCTYITHUX KOHBEPTOPIB, IKi O CTBOPIOBANN BHUCOKOSIKICHY PEIarOBaHY
TIOJITOHAJIBHY CITKY. YCi iCHYIOUI PeIaKTOPH BOKCEIbHUX MOJIEIICH Ta OHIalH-
KOHBEPTOPH EKCIIOPTYIOTh BOKCENbHY 3D-Monens B MOMIrOHANBHY CITKY 0e3
Oynb-KO1 ampoOKCHMAIlil, TOMy PEe3yJIbTaT eKCIopTy — Iie Hadip KyOiB, mMOTraHo
00'eTHAHNX B OJIHY TIOBEPXHIO, 1110 MA€ PO3PUBU. MOJIETi MOMITOHAIBLHOI CITKH
TaKOK MArOTh MPOOJIEMy 3 BEJIMKOIO KiJIBKICTIO TPUKYTHHKIB, IO yCKIIATHIOE
penaryBaHHs Mofei. /Iyt CTBOPEHHSI KOHBEPTOpa, KUl BUPILIYE ITi PoOIeMH,
CTIOYaTKy MM ITOBHHHI BUOPATH aJTOPUTM, SIKHH CTaHE OCHOBOIO MaiiOyTHBOTO
KoHBepTopa. LlinmboBuii anroput™m Oyme HOpoOICHO B MaWOyTHBOMY JUIS
MOKPAIICHHS SKOCTI BUXIHOI MOJITOHANBHOI CITKH MOPIBHSIHO 3 ICHYIOYHMH

KOHBCPTOpaMH.
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Introduction

The representation of three-dimensional objects
is a fundamental aspect of computer graphics and
computer-aided design. Voxel-based models, which
divide space into small volumetric elements called
voxels, provide a straightforward and intuitive way to
represent 3D shapes.

However, in many applications, it is desirable to
convert voxel models into polygonal representations
composed of triangles, as polygons are widely sup-
ported by rendering engines and 3D graphics software.

The choice of conversion algorithm depends on
various factors, including the desired surface quality,
computational efficiency, handling of sharp features,
and implementation complexity. Each algorithm has its
own set of pros and cons, and selecting the most appro-
priate one requires careful consideration of the specific
requirements and constraints of the application.

In this paper, we will explore and compare sev-
eral algorithms for converting voxel 3D models into
polygonal representations. These algorithms aim to
extract the surface information from the voxel grid
and generate a mesh composed of triangles that
approximate the original shape.

We will discuss their underlying principles, advan-
tages, disadvantages, and trade-offs. By understand-
ing the strengths and limitations of these algorithms,
we can make informed decisions when choosing the
most suitable approach for a given task, balancing
simplicity, computational efficiency, and the quality
of the resulting polygonal meshes.

Future research will focus on creating a converter
program since there are currently no freely available
converters that would produce a high-quality editable
polygonal mesh. All existing voxel editors and online
converters export the voxel model into polygonal
mesh without any approximation, so the export result
is a cube set, poorly united into one surface with sur-
face breaks. Export mesh models also have a problem
with a large number of triangles, which makes the
model hard to edit. To create a converter that solves
those problems, first, we must choose an algorithm
that will become the basis of the future converter.
The choice of such an algorithm is the goal of this
research.

Literature Review

The problem of converting voxels to polygons
is not new and takes roots from visualizing com-
puted tomography results [1; 2]. Voxels are widely
employed in various fields, including medicine [3; 4;
5; 6] and 3D scanning [7; 8], due to their versatility
and ability to represent complex three-dimensional
structures with precision and detail. Voxel-based
3D scanning finds applications in various industries,
including manufacturing, architecture, and entertain-
ment. It is used for tasks such as reverse engineering,
quality control, and digital preservation of cultural
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artifacts. Additionally, it plays a crucial role in com-
puter graphics and gaming, where voxels are used to
generate realistic and interactive 3D environments.

Algorithms for converting voxel 3D models into
polygonal ones are important in this conversion process.
Various algorithms have been developed over the years,
each with its own strengths and limitations, offering dif-
ferent trade-offs between simplicity, computational effi-
ciency, and the quality of the resulting mesh.

There are several algorithms and techniques used
for converting voxel-based 3D models into polygonal
representations. Let's take a closer look at the most
well-known conversion algorithms, which are men-
tioned in literary sources.

1. Marching Cubes: The Marching Cubes algo-
rithm is one of the most popular methods for con-
verting voxel data into polygonal meshes. It works by
evaluating the voxel grid and creating surface poly-
gons based on the density values of neighboring vox-
els. The algorithm determines the configuration of the
surface within each voxel and generates triangles to
approximate the surface [9]. It can handle arbitrary
resolutions of voxel grids, provides good perfor-
mance and efficiency, produces smooth surfaces for
most cases. It has the following disadvantages: can
create non-manifold and self-intersecting surfaces,
may produce topological inconsistencies for certain
configurations, requires special handling for sharp
features and thin structures, triangle quality can vary,
resulting in uneven surface representation.

2. Dual Contouring: Dual Contouring is another pop-
ular technique for voxel-to-polygon conversion. It focuses
on generating higher-quality meshes compared to March-
ing Cubes by using the actual intersection points between
voxel edges and the surface to create vertices. It allows
for more accurate representation of complex shapes and
smooth surfaces [10]. It handles sharp features and thin
structures effectively, can generate watertight and mani-
fold meshes, provides better control over mesh topology.
It has the following disadvantages: more computation-
ally expensive than Marching Cubes, requires additional
steps to handle irregular voxel grids, can generate more
triangles compared to other algorithms, sensitive to noisy
voxel data, leading to surface artifacts.

3. Surface Nets: The Surface Nets algorithm
is a variation of Marching Cubes that aims to gen-
erate watertight and manifold meshes. It constructs
the surface by placing polygons on the edges where
the surface crosses the voxel grid. Surface Nets can
provide more consistent triangle sizes and better pre-
serve sharp and thin features [11]. It also can handle
irregularly sampled voxel grids. It has the following
disadvantages: less widely used compared to March-
ing Cubes, can produce lower-quality surfaces for
complex shapes, may have difficulty representing
complex topologies, more computationally expensive
compared to Marching Cubes.
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4. Voxel Carving: Voxel Carving is a technique
that starts with a large voxel grid encompassing the
entire object and progressively carves away voxels
to refine the shape. By iteratively removing voxels
based on their consistency with the observed data,
a polygonal representation of the object can be
obtained [12; 13]. It can handle complex and irregu-
larly shaped objects, does not require explicit surface
extraction algorithms, can produce detailed and accu-
rate representations. It has the following disadvan-
tages: requires careful parameter tuning for optimal
results, may generate noisy or incomplete surfaces
if not properly configured, can be computationally
expensive, especially for large voxel grids, requires
careful handling of occlusion and self-intersection.

5. Sparse  Voxel Octree: Sparse Voxel Octree
(SVO) is a data structure that represents a voxel model
as an octree, where each node in the tree either con-
tains subnodes or represents a voxel. By traversing
the octree and determining the surface at different lev-
els of resolution, polygonal meshes can be extracted
[14; 15]. It efficiently represents complex structures
with varying resolution, allows for adaptive lev-
el-of-detail representation, can handle large-scale
voxel data efficiently, supports accurate surface extrac-
tion. It has the following disadvantages: more complex
to implement compared to other algorithms, requires
additional memory overhead for storing the octree, can
introduce artifacts near octree boundaries, may pro-
duce lower-quality surfaces for certain configurations.

6. Surface Extraction from Volume Data (SEV):
SEV is an algorithm that generates polygonal meshes
by directly extracting surface information from vol-
ume data. It operates by analyzing the voxel con-
nectivity and marching along the surface to create
polygons. SEV can handle irregularly sampled voxel
grids and can generate high-quality meshes [16; 17].
It provides good surface quality and accuracy, allows
for efficient extraction of the surface information, can
handle complex topologies and sharp features effec-
tively. It has the following disadvantages: requires
additional steps for post-processing and mesh refine-
ment, may have difficulty preserving fine details, can
be computationally expensive for large voxel grids,
sensitivity to noise in the voxel data can result in sur-
face artifacts.

7. Cubical Marching Squares: Cubical Marching
Squares operates on a 3D voxel grid, generating pol-
ygons based on the voxel densities. It can produce
watertight meshes and handle sharp features and thin
structures effectively [18]. It provides good control
over triangle quality and surface topology. It has
the following disadvantages: less widely used com-
pared to Marching Cubes, requires additional steps
for handling irregular voxel grids, can generate more
triangles compared to other algorithms, sensitivity to
noisy voxel data can lead to surface artifacts.
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8. Adaptive Grid Subdivision: This technique sub-
divides the voxel grid into smaller cells, allowing for
more accurate surface representation. By recursively
subdividing cells based on the presence of surface
intersections, adaptive grid subdivision methods can
produce detailed and smooth polygonal meshes [19].
It handles complex shapes and varying levels of detail
effectively, provides control over the level of refine-
ment, can generate high-quality meshes with consist-
ent triangle sizes. It has the following disadvantages:
more computationally expensive compared to other
algorithms, requires additional steps for adaptive
subdivision and refinement, higher memory require-
ments for storing the subdivided grid, may produce
higher triangle counts for highly detailed meshes.

9. Occupancy Networks: Occupancy Networks are
deep learning-based methods that learn to predict the
occupancy of each voxel in the 3D space. By training
a neural network on voxel data, the network can gen-
erate a polygonal mesh by predicting the surface based
on the learned occupancy probabilities [20]. It can han-
dle complex shapes and topologies, provides continu-
ous and smooth surface representations, can generate
high-quality meshes with accurate surface details. It
has the following disadvantages: requires training a
deep learning model on a large dataset, computation-
ally intensive during training and inference, difficulties
in handling fine details and sharp features, limited con-
trol over the mesh topology and triangle count.

10. Deep Implicit Fields: Deep Implicit Fields are
another deep learning approach for voxel-to-polygon
conversion. Instead of predicting occupancy, these
methods learn to directly model the implicit surface
representation. By training a neural network to encode
the implicit surface function, polygonal meshes can
be extracted from the learned model [21; 22]. It can
handle complex shapes and topologies, provides con-
tinuous and smooth surface representations, allows
for high-quality mesh generation. It has the follow-
ing disadvantages: requires training a deep learning
model on a large dataset, computationally intensive
during training and inference, difficulties in handling
fine details and sharp features, limited control over
the mesh topology and triangle count.

These algorithms provide a range of approaches
for converting voxel-based 3D models into polygonal
representations. Depending on the specific require-
ments, application constraints, and desired output
quality, one or a combination of these algorithms can
be employed to achieve the desired results.

Methods

In the research process, an analytical method was
used for systematic comparison and analysis of exist-
ing voxel conversion algorithms. This made it pos-
sible to examine in detail the characteristics of each
algorithm, to determine their advantages and disad-
vantages, and to identify trends in their use.

ISSN 2786-6254



18

During the use of the analytical method, parame-
ters and stages of work of each algorithm were care-
fully considered, which contributed to an objective
comparison of their efficiency and suitability for
specific tasks. The analysis included a logical under-
standing of the operation of each algorithm, taking
into account its capabilities and limitations.

The application of the analytical method also
made it possible to identify key factors when choos-
ing the optimal algorithm: Surface Quality, Topolog-
ical Consistency, Performance, Handling Complex
Shapes, Sharp Features and Thin Structures, Availa-
bility and Implementation. This approach turned out
to be extremely useful for determining the optimal
voxel conversion algorithm that takes into account
the specific application requirements in the research
area and the desired output quality.

Results

The priority of applying the considered algo-
rithms was analyzed taking into account the above
key factors.

1. Surface Quality: If achieving high-quality sur-
face representation with accurate details is a priority,
algorithms like Dual Contouring, Surface Nets, or
Occupancy Networks may be suitable choices.

2. Topological Consistency: If preserving topo-
logical consistency is crucial, algorithms like Surface
Nets or Cubical Marching Squares offer better control
over mesh topology and can generate watertight and
manifold meshes.

3. Performance: If computational efficiency is a
primary concern, algorithms like Marching Cubes
or Voxel Carving may be more suitable, as they are
generally faster and have been widely optimized and
implemented.

4. Handling Complex Shapes: If your voxel mod-
els contain complex shapes, algorithms like Dual
Contouring, Occupancy Networks, or Deep Implicit
Fields can handle intricate topologies more effec-
tively.

5. Sharp Features and Thin Structures: If your
voxel models include sharp features or thin structures
that need to be accurately represented, algorithms like
Dual Contouring or Cubical Marching Squares pro-
vide better preservation of such details.

6. Availability and Implementation: Consider the
availability of existing implementations, libraries, or
frameworks that provide the algorithm you choose.
This factor can affect the ease of implementation and
integration into your existing workflow.

The obtained comparison results are illustrated in
Table 1.

The simplicity of implementation and mesh qual-
ity are the key considerations of the research, so here
are two algorithms that strike a good balance:

1. Marching Cubes: Marching Cubes is a widely
used algorithm for converting voxel data into polyg-
onal meshes. It offers a good balance between sim-
plicity and mesh quality. The algorithm is well-estab-
lished and has numerous implementations available,
making it easier to find code examples and resources
for implementation. While Marching Cubes may not
generate the highest-quality meshes in all cases, it
typically produces smooth surfaces and can handle a
variety of voxel grids efficiently. It is a popular choice
due to its simplicity and versatility.

2. Cubical Marching Squares: Cubical Marching
Squares is an extension of the traditional Marching
Squares algorithm to 3D voxel grids. It offers a good
compromise between simplicity and mesh quality.
Like Marching Cubes, it is relatively straightforward
to implement and provides good control over the
resulting mesh topology. Cubical Marching Squares
is particularly effective at preserving sharp features
and thin structures in the generated meshes. While it
may not be as widely used as Marching Cubes, it is
still a viable option that offers simplicity and good
mesh quality.

Both algorithms strike a balance between simplic-
ity and mesh quality, making them accessible choices

Table 1

Algorithms comparison results

Is widely used | . Has avallal?le Good performance ngh-su-rface
implementations quality
Marching Cubes Yes Yes Yes No
Dual Contouring Yes Yes No Yes
Surface Nets Yes Yes No Yes
Voxel Carving No Yes Yes No
Sparse Voxel Octree Yes Yes No No
Surface Extraction from
Volume Data (SEV) No No No No
Cubical Marching Squares No Yes No No
Adaptive Grid Subdivision No No No No
Occupancy Networks No No No Yes
Deep Implicit Fields No No No Yes
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for many applications. Marching Cubes is more com-
monly used and offers broader support, while Cubi-
cal Marching Squares provides better preservation of
sharp features and thin structures. You can choose the
algorithm based on your specific needs and priorities,
keeping in mind the trade-offs between simplicity,
mesh quality, and the desired characteristics of your
resulting meshes.

So, focusing on the balance of simplicity and effi-
ciency, we can say that the most suitable algorithm
for the converter can be Marching Cubes.

Discussion

The conversion of voxel-based 3D models into
polygonal representations is a fundamental task
in computer graphics and computer-aided design.
A review of available sources showed that there are
currently no effective converters for creating editable
polygon meshes and no criteria for choosing effective
conversion algorithms, so this research is relevant.

This paper has explored several algorithms for
this purpose, examining their underlying principles,
advantages, disadvantages, and trade-offs.

19

The analysis of the most common conversion algo-
rithms made it possible to identify the key factors
for choosing the optimal algorithm depending on the
application requirements and the desired output qual-
ity. The comparative characteristics of the algorithms
according to these factors, given in Table 1, made it
possible to single out two algorithms that have a good
balance of simplicity and efficiency. As a result of the
comparison of the algorithms, it was concluded that
the Marching Cubes algorithm is the most suitable for
implementation in the future converter. This choice is
justified by considering various factors such as simplic-
ity, efficiency, and the availability of implementations.

This initiative defines the practical relevance of
the research and its significance for practical applica-
tions in industrial and technical fields. This makes the
article a resource for future research, that will focus
on refining existing converting Marching Cubes
algorithm, developing new techniques to address the
limitations of current approaches and solving issues,
related to exporting voxel models to polygon meshes,
with better approximation.

BIBLIOGRAPHY
Frieder G., Gordon D., Reynolds R. Back-to-Front Display of Voxel Based Objects. IEEE Computer
Graphics and Applications. 1985. Vol. 5, Ne 1. P. 52-60. URL.: https://doi.org/10.1109/mcg.1985.276273.
Copula, a new approach for optimum design of Voxel-based GNSS tropospheric tomography based on
the atmospheric dynamics / R. Mousavian et al. GPS Solutions. 2022. Vol. 26, Ne 4. URL: https://doi.
org/10.1007/s10291-022-01340-1.
Dotremont K. From medical images to 3D model: processing and segmentation. Handbook of Surgical
Planning and 3D Printing. 2023. P. 65-91. URL: https://doi.org/10.1016/b978-0-323-90850-4.00009-0.
3D Reconstruction of Human Body Biometry / G. Trujillo-Hernandez et al. Optoelectronic Devices in
Robotic Systems. Cham, 2022. P. 195-225. URL: https://doi.org/10.1007/978-3-031-09791-1_8.
Whole-Body Voxel-Based Personalized Dosimetry: The Multiple Voxel S-Value Approach for
Heterogeneous Media with Nonuniform Activity Distributions / M. S. Lee et al. Journal of Nuclear
Medicine. 2017. Vol. 59, Ne 7. P. 1133—1139. URL.: https://doi.org/10.2967/jnumed.117.201095.

6. SimCVD: Simple Contrastive Voxel-Wise Representation Distillation for Semi-Supervised Medical
Image Segmentation / C. You et al. [EEE Transactions on Medical Imaging. 2022. P. 1. URL: https://doi.
org/10.1109/tmi.2022.3161829.

7. Li Huanmei. 3D Indoor Scene Reconstruction and Layout Based on Virtual Reality Technology and Few-
Shot Learning. Computational Intelligence and Neuroscience. 2022. Vol. 2022. P. 1-9. URL: https://doi.
org/10.1155/2022/4134086.

8. The Polygonal 3D Layout Reconstruction of an Indoor Environment via Voxel-Based Room Segmentation
and Space Partition / F. Yang et al. ISPRS International Journal of Geo-Information. 2022. Vol. 11, Ne 10.
P. 530. URL: https://doi.org/10.3390/ijgi11100530.

9. History ofthe Marching Cubes Algorithm /W. E. Lorensen et al. IEEE Computer Graphics and Applications.
2020. Vol. 40, Ne 2. P. 8-15. URL.: https://doi.org/10.1109/mcg.2020.2971284.

10. Dual contouring of hermite data / T. Ju et al. ACM Transactions on Graphics. 2002. Vol. 21, Ne 3.
P. 339-346. URL: https://doi.org/10.1145/566654.566586.

11.

12.
13.

14.

Computer Science and Applied Mathematics. Ne 2 (2023)

Gibson S. F. F. Constrained elastic surface nets: Generating smooth surfaces from binary segmented data.
Medical Image Computing and Computer-Assisted Intervention — MICCAI’98. Berlin, Heidelberg, 1998.
P. 888—898. URL: https://doi.org/10.1007/btb0056277.

Voxel carving-based 3D reconstruction of sorghum identifies genetic determinants of light interception
efficiency / M. Gaillard et al. Plant Direct. 2020. Vol. 4, Ne 10. URL: https://doi.org/10.1002/pld3.255.
Persistent Homology for 3D Reconstruction Evaluation / A. Gutierrez et al. Computational Topology in
Image Context. Berlin, Heidelberg,2012. P. 139—147. URL: https://doi.org/10.1007/978-3-642-30238-1 15.
Laine S., Karras T. Efficient sparse voxel octrees. The 2010 ACM SIGGRAPH symposium, Washington, D.C.,
19-21 February 2010. New York, New York, USA, 2010. URL: https://doi.org/10.1145/1730804.1730814.

ISSN 2786-6254



20

15.

16.

17.

18.

19.

20.

21.

22.

10.

11.

12.

McGraw T. High-quality real-time raycasting and raytracing of streamtubes with sparse voxel octrees.
2020 IEEE Visualization Conference (VIS), Salt Lake City, UT, USA, 25-30 October 2020. URL:
https://doi.org/10.1109/vis47514.2020.00011.

Feature sensitive surface extraction from volume data / L. P. Kobbelt et al. The 28th annual conference,
Not Known. New York, New York, USA, 2001. URL: https://doi.org/10.1145/383259.383265.

Uribe Lobello R., Denis F., Dupont F. Adaptive surface extraction from anisotropic volumetric data:
contouring on generalized octrees. Annals of telecommunications. 2013. Vol. 69, Ne 5-6. P. 331-343.
URL: https://doi.org/10.1007/s12243-013-0369-4.

Cubical Marching Squares: Adaptive Feature Preserving Surface Extraction from Volume Data / C. C. Ho
et al. Computer Graphics Forum. 2005. Vol. 24, Ne 3. P. 537-545. URL: https://doi.org/10.1111/
j.1467-8659.2005.00879.x.

Real-time 3D reconstruction at scale using voxel hashing / M. NieBner et al. ACM Transactions on
Graphics. 2013. Vol. 32, no. 6. P. 1-11. URL: https://doi.org/10.1145/2508363.2508374.

Occupancy Networks: Learning 3D Reconstruction in Function Space / L. Mescheder et al. 2019 I[EEE/
CVF Conference on Computer Vision and Pattern Recognition (CVPR), Long Beach, CA, USA, 15-20
June 2019. URL: https://doi.org/10.1109/cvpr.2019.00459.

DeepSDF: Learning Continuous Signed Distance Functions for Shape Representation / J. J. Park et al.
2019 IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), Long Beach, CA,
USA, 15-20 June 2019. URL: https://doi.org/10.1109/cvpr.2019.00025.

XU, Qiangeng, et al. DISN: Deep implicit surface network for high-quality single-view 3d reconstruction.
Advances in neural information processing systems, 2019, 32.

REFERENCES
Frieder G., Gordon D. (1985). Back-to-Front Display of Voxel Based Objects. IEEE Computer Graphics
and Applications, 5(1), 52—60. Retrieved from: https://doi.org/10.1109/mcg.1985.276273.
Mousavian R., Hossainali M. M., Lorenz C., Kunstmann H. (2022). Copula, a new approach for optimum
design of Voxel-based GNSS tropospheric tomography based on the atmospheric dynamics. GPS Solutions,
26(4). Retrieved from: https://doi.org/10.1007/s10291-022-01340-1.
Dotremont K. (2023). Chapter 3 — From medical images to 3D model: processing and segmentation.
Handbook of Surgical Planning and 3D Printing, 65-91. Retrieved from: https://doi.org/10.1016/b978-0-
323-90850-4.00009-0.
Trujillo-Hernandez G., Flores-Fuentes W., Rodriguez-Quifionez J.C., Hernandez-Balbuena D., Real-
Moreno O., Miranda-Vega J.E., Bhateja V. (2022). 3D Reconstruction of Human Body Biometry.
Optoelectronic Devices in Robotic Systems, 195-225. Retrieved from: https://doi.org/10.1007/978-3-
031-09791-1_8.
Lee M.S., Kim J.H., Paeng J.C., Kang K.W., Jeong J.M., Lee D.S., Sung J. (2018). Whole-Body Voxel-
Based Personalized Dosimetry: The Multiple Voxel S-Value Approach for Heterogeneous Media with
Nonuniform Activity Distributions. Journal of Nuclear Medicine, 59(7), 1133-1139. Retrieved from:
https://doi.org/10.2967/jnumed.117.201095.
You C., Zhou Y., Zhao R., Staib L., Duncan J.S. (2022). SimCVD: Simple Contrastive Voxel-Wise
Representation Distillation for Semi-Supervised Medical Image Segmentation. IEEE Transactions on
Medical Imaging, 41(9), 2228-2237. Retrieved from: https://doi.org/10.1109/tmi.2022.3161829.
Huanmei L. (2022). 3D Indoor Scene Reconstruction and Layout Based on Virtual Reality Technology
and Few-Shot Learning. Computational Intelligence and Neuroscience. Retrieved from: https://doi.
org/10.1155/2022/4134086.
Yang F., Li Y., Che M., Wang S., Wang Y., Zhang J., Cao X., Zhang C. (2022). The Polygonal 3D Layout
Reconstruction of an Indoor Environment via Voxel-Based Room Segmentation and Space Partition.
ISPRS Int. J. Geo-Inf., 11(10), 530. Retrieved from: https://doi.org/10.3390/ijgi11100530.
Lorensen W.E. (2020). History of the Marching Cubes Algorithm. IEEE Computer Graphics and
Applications, 40(2), 8—15. Retrieved from: https://doi.org/10.1109/mcg.2020.2971284.
JuT., Losasso F. (2002). Dual contouring of hermite data. ACM Transactions on Graphics (TOG), 21(3),
339-346. Retrieved from: https://doi.org/10.1145/566654.566586.
Frisken S. (1999). Constrained Elastic SurfaceNets: Generating Smooth Models from Binary Segmented
Data. Retrieved from: https://doi.org/10.1007/bfb0056277.
Gaillard M., Miao C., Schnable J.C., Benes B. (2020). Voxel carving-based 3D reconstruction of sorghum
identifies genetic determinants of light interception efficiency. Plant Direct, 4(10). Retrieved from:
https://doi.org/10.1002/pld3.255.

Computer Science and Applied Mathematics. Ne 2 (2023) ISSN 2786-6254



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

21

Gutierrez A., Monaghan D., Jimenez M. J., O’Connor N.E. (2012). Persistent Homology for 3D
Reconstruction Evaluation. Proceedings of the 4th international conference on Computational Topology in
Image Context. Retrieved from: https://doi.org/10.1007/978-3-642-30238-1 15.

Laine S., Karras T. (2010). Efficient sparse voxel octrees. ACM SIGGRAPH symposium on Interactive 3D
Graphics and Games, 55-63. Retrieved from: https://doi.org/10.1145/1730804.1730814.

McGraw T. (2020). High-quality real-time raycasting and raytracing of streamtubes with sparse voxel octrees.
IEEE Visualization Conference (VIS). Retrieved from: https://doi.org/10.1109/vis47514.2020.00011.
Kobbelt L.P., Botsch M., Schwanecke U., Seidel H.P. (2001). Feature Sensitive Surface Extraction from
Volume Data. Retrieved from: https://doi.org/10.1145/383259.383265.

Lobello R.U., Denis F., Dupont F. (2014). Adaptive surface extraction from anisotropic volumetric data:
contouring on generalized octrees. Annals of Telecommunications, 69 (5-6), 331-343. Retrieved from:
https://doi.org/10.1007/s12243-013-0369-4.

Ho C.C., Wu F.C., Chen B.Y., Chuang Y.Y., Ouhyoung M. (2005). Cubical Marching Squares: Adaptive
Feature Preserving Surface Extraction from Volume Data. Computer Graphics Forum, 24(3), 537-545.
Retrieved from: https://doi.org/10.1111/j.1467-8659.2005.00879.x.

Niessner M., Nieflner M. (2013). Real-time 3D reconstruction at scale using voxel hashing. ACM
Transactions on Graphics (TOG), 32(6), 169. Retrieved from: https://doi.org/10.1145/2508363.2508374.
Mescheder L., Oechsle M., Niessner M. (2019). Occupancy networks: Learning 3D reconstruction in
function space. In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), 4460-4470. Retrieved from: https://doi.org/10.1109/cvpr.2019.00459.

Park J., Florence P., Straub J., Newcombe R., Lovegrove S., Fox D. (2019). DeepSDF: Learning
continuous signed distance functions for shape representation. In Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition (CVPR), 165-174. Retrieved from: https://doi.org/10.1109/
cvpr.2019.00025.

Xu, Q., Wang, W., Ceylan, D., Mech, R., & Neumann, U. (2019). DISN: Deep implicit surface network for
high-quality single-view 3d reconstruction. Advances in neural information processing systems, 32.

Computer Science and Applied Mathematics. Ne 2 (2023) ISSN 2786-6254



