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3D OBJECTS CREATION APPROACHES

In this paper are discussed the application of 3D technologies, which are reflected in various areas of life, such as education,
science, engineering and entertainment industry. The use of 3D technology in the educational process can significantly increase its
efficiency by bringing the virtual computer environment closer to the real three-dimensional world. But for now the use of augmented
reality in teaching is only gaining momentum. Many applications are still quite primitive, but developers are actively working on their
refinement, increasing the amount of educational content, improving quality. It is not entirely clear what the basic steps of 3D
modeling are for importing a model into augmented reality. Today there are a large number of areas of application of 3D models.
The question is whether it is possible to use a single algorithm for all models and which. The aim of this work is to increase the level
of use of 3D technologies in the educational process for an effective and external interactive way of providing information. In the
course of the work the methods of creating 3D content for different areas of application such as game industry, 3D visualization, 3D
printing, AR projects, holographic fans, preliminary assessment of technical properties of the product and etc were considered. Data
analysis has been shown that for each area of application 3d content has its own requirements and features. This information was
identified and presented in the form of a comparative table. Based on the analysis of modern methods of developing 3D content for
different applications, it was proposed to combine the requirements for creating 3D models of individual areas. Based on the proposed
combination, a small experiment was performed. 3D model of the character for the children audio-encyclopedic stories educational
application was designed. The obtained models were also integrated in the augmented reality environment. After analyzing the
relevant indicators, we concluded that the requirements for 3D content in these areas are the same. The paper also structured the
main stages for creating 3D models of different applications, which in turn brings clarity and clarity to the process of developing 3D
content for further import into AR training projects.
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TAHHA ®ETYEHKO, BJIAJIMCJIAB TSATJIO

HauioHanbHOro TEXHIYHOrO YHIBEPCUTETY «XapKiBChbKUH MOJIITEXHIYHUI IHCTUTYT», XapKiB, YKpaiHa

HIJIXIJI HOJI0 CTBOPEHHS 3D-OB’EKTIB JJ151 IMIIOPTY iX ¥V AR IPOEKTH

B faHHIVI CTATTi PO3I/ISAAETbCS MUTAHHSA 3aCTOCYBaHHS 3D-TEXHOIONY, SKi 3HAX0AS9Tb CBOE BIJOGPAXEHHS B PI3HOMAaHITHUX
cpepax KUTELISIbHOC], HAMPUKIAA TaKuX SK. OCBITa, HayKa, TEXHIKA Ta IHAYCTPIA po3Bar. BukopuctaHHs 3D TexHo 10riv B 0CBITHLOMY
npoyeci AO3BONISE CYTTEBO MIABULUNTI HOro EQEKTUBHICTL 3aBASKU HABIMKEHHIO BIDTYa/IbHOIO KOMITIOTEDHOIO CEPEAOBMILA A0
PEAJILHOIrO TPUBUMIPHOIO CBITY. AJIE, MOKU IO BUKOPUCTaHHS [OMOBHEHOI peasibHOCTI B HABYaHHI Tilbkv Habupae obeptis. bararo
A0AATKIB 3a/MWAIOTECS [AOCUTL TIPUMITUBHUMU, E/1€ PO3POOHUKN aKTUBHO PAaLIoTs Haf iX [O0NpPaLtoBaHHSM, 30I/IbLUIEHHSM
KI/IbKOCTi OCBITHbOIO KOHTEHTY, MiABULYEHHSM SKOCTI. AKTYa/IbHOK MOCTAE 334a4a LBUAKOIro 1a SKICHOro airoputMy CTBOPEHHS 3D
KOHTEHTY A/19 104Aa/IbLIOro IMIopTy Woro y AR HaBy4asibHi MPoekTH. He 30BCiM 3p03yMisio, SKi OCHOBHI €Tarnu 3D MOoAesoBaHHSA
HEOOX(AAHI 4715 IMITOPTY MOAES Y AOMNOBHEHY PEAJIbHICTL. ChOrogHi ICHYE BE/MKA KiJIbKICTb chep 3acTocyBarHs 3D mogenev. BuHmkae
MTUTaHHS Y4 MOXHE BUKODPUCTOBYBATH OAMH EQUHMU aJIrOPUTM AJIS YCiX MOAENEN Ta Skui. MeToro poboTH € rifBULYEHHS DiBHS
BUKOPUCTAHHS 3D TEXHOJION B OCBITHbOMY MPOLECI 4719 EQPEKTUBHOIo | HAOYHOIo IHTEPAaKTUBHOIO Criocoby rogayi iHgopmadlii. B
xo4i pobotv 6ys/m po3r/isiHyTi METOAUKN CTBOPEHHS 3D KOHTEHTY A/ AESKUX PO3IIOLMPEHNX CHED 3aCTOCYBaHHS Takux SK: inpoBa
iHaycTpis, 3D Bizyanizayis, 3D Apyk, AR rpoeKTy, rosorpagiyHi BEHTUISTOPH, MONEPELHS OLiHKA TEXHIYHNX BIACTUBOCTEYN BUPOGY
7a [H. AHas3 JaHux roKasas, O A/15 KOXHOI cpepn 3acTocyBaHHS 3D KOHTEHT MAe CBOI BUMOrv 1@ OCOOJIMBOCTI. 3a3HAYEHa
[H@OpMaLis MpegcTas/ieHa B CTartTi y B4l MNOPIBHA/IbHOI Tabyml. Ha OCHOBI aHasizy Cy4acHux METogiB po3pobkmn 3D KOHTEHTY
/18 PI3HMX Chep 3acTocyBaHHSA 6y/10 3arporoHOBaHO OBEAHATH BUMOI 40 CTBOPEHHS 3D Mogenesi okpemmux ceep. Crimparoymnch Ha
38I1POIIOHOBAHE MOEAHAHHS GYB ITPBEAEHMI HEBEIMKII EKIMTEDUMEHT. ByJI0 CTBOPEHO 3D MOJEb NEPCOHAXY OCBITHBOIrO A0AATKY
ay4io eHUNKIIONEANYHUX ICTOPIV A1 AITeH. Takox 6y/10 3[IMCHEHHO [HTErpYBaHHA OTPUMAaHOI MOAE B CEPEAOBULYE [OMOBHEHOI
peasnbHocTI, [IpoaHasi3yBasLum BifirOBIAHI OKA3HUKU MPUULLIIN O BUCHOBKY, WO BUMOrU 4719 3D KOHTEHTY 3a3HaYeHux ceep
O0AHAKOBI, B pobOTi TaKox CTPYKTYpI3yBa/m OCHOBHI €Taru A/18 CTBOPEHHSA 3D MOAENEN pi3HUX CPEP 3aCTOCYBAaHHS, 1O B CBOO YEPTY
BHOCUTB SCHICTB Ta YITKICTb B IIPOLIEC PO3PO6KM 3D KOHTEHTY A/IF MOAATILLIOO IMIOPTY Horo y AR HaBYaslbHi MPOEKTH.

Kmo4osi cr10Ba: 3D mogesib, AR ripoexktv, 3D TEXHOJION], OCBITHIV MPoLEC, JOMNOBHEHA PEA/IbHICTb

Introduction

Modern technologies introduce many useful features and capabilities that greatly simplify life, make it
brighter and more comfortable. It's a well-known fact that everyone perceives the world in three-dimensional
projection and technology allows you to discover the full potential of perception, thanks to 3D design. Today, the
applications of 3D technologies are reflected in various fields such as education, science, engineering and
entertainment industry. The use of 3D technology in the educational process can significantly increase its efficiency
by bringing the virtual computing environment closer to the real three-dimensional world. Many educational
institutions already use augmented reality in laboratory work in physics and chemistry, practical classes in astronomy,
history and other fields of science. The principle of clarity works much more effectively than the old methods -
learning from textbooks, viewing images, videos, and more. This is, firstly, more interesting, and secondly, gives a
much better idea of things, processes and events. But for now, the use of augmented reality in teaching is only gaining

MDKHAPOJIHUI HAYKOBUM KYPHAJ . 51
«KOMIT’IOTEPHI CUCTEMHU TA IH®OOPMAIIMHI TEXHOJIOI'Tl», 2021, Ne 2



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

momentum. Many web-applications are still quite primitive, but developers are actively working on their refinement,

increasing the amount of educational content, improving quality. One of the basic points of 3D technologies is to

improve the process of 3D modeling. This is the cornerstone of all three-dimensional techniques. So, the task of fast

and high-quality algorithm for creating 3D content for further import in AR training projects has been urgent.
Related works

3D model is a three-dimensional digital image of the required object, real or imaginary. 3D-models are
created in special software for 3D-modeling. The functionality of such programs may differ slightly. For example,
there are programs focused on the design of 3D engineering models, there is software directly for modeling organic
objects, as well as applications for 3D visualization and animation. In fact, the software does not have a strict
classification, but most applications contain certain functions aimed at performing specific tasks. Depending on the
specific objectives, the requirements for 3D modeling may differ. That is, in the development of computer games,
some laws of construction of 3D models are applied, which may not be needed when creating 3D models for 3D
printing. The application of 3D modeling has many areas, the main of which are listed below [8]:
development of computer games;
as one of the stages of 3D-visualization;
for preliminary assessment of technical properties of the designed product;
in the preparation of samples for 3D printing;
3D objects for import them into AR projects and etc.

Let's pay attention to how 3D models differ for different areas of application, what are the requirements
for 3D objects in the relevant practical areas, what are the main stages of creating 3D elements. Can we use one
approach for all models or there will be some differences?

First direction, which we will describe, is game industry. Creating bright characters is one of the main tasks
of game developers. Let's look at the main steps of creation cycle and the basic requirements of 3D models for
computer games. Each 3D developer has their own style and methods of work. Therefore, there is no single plan for
creating a character. There are no strict rules that must be followed, because it is an individual process. But there are
steps to keep in mind if you need to create a crafted and full-fledged character [1, 2, 7]. The main steps of character
creation cycle:

e concept of the character;
low poly model;
high poly model;
retopology of the model;
efficiency of the model;

UV mapping and texturing;

baking cards;

setup;

animation;

render.

In addition to performing the main steps of a model creation, you must also fulfill the basic requirement
for the characters of computer games - a certain number of polygons. Highly detailed objects put a heavy load on
computer equipment. It is necessary to try not to use polygons more than it is necessary, and also it is necessary to
reduce quantity of seams on the UV card and rigid edges which double tops. Of course, with the development of
technology, the number of polygons in the objects will increase, but today a 3D character for a computer game must
have from 20,000 to 80,000 polygons on average [9, 3].

The next area of application of 3D objects is 3D visualization. 3D visualization of objects aims to obtain
high-quality 3D images of an object [5]. 3D visualization can be performed for a product (designed or actually
existing), a design object or just a three-dimensional element used as part of a composition. In 3D visualization of
objects an important role is played lighting, materials (properties of visualized 3D surfaces), composition of the scene,
which most advantageously emphasizes the feature of the visualized 3D model. Therefore, the number of polygons
does not play any role in this case. The model will assume a static position and for this reason it should be noted that
there is no need to detail the part of the object that will not be visible in the scene.

Another well-known area of application of 3D content is a preliminary assessment of the technical properties
of the designed product. For example, in dentistry perform three-dimensional reconstruction of tomography images
[10]. For 3D reconstructions, 3D objects must match the original and be created with high accuracy. The number of
landfills does not matter. The most important requirement is that the actual shape and proportions of the original object
correspond exactly.

Another area of practical application of 3D models is the preparation of the 3D content for 3D printing. It is
known that a prerequisite for 3D printing is the presence of a 3D model, according to which the printer will grow a
three-dimensional object. However, not all models are suitable for 3D printing. Before you start creating a model for
3D printing, it is important to understand what material you want to print the product from. Each material has its own
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individual features for 3D modeling - the maximum and minimum dimensions of the model, wall thickness, distance

between moving parts, etc. [4].
If we will discuss AR projects direction, we will see that there are 8 most common steps involved in producing

a remarkable 3D asset creation [11]. They are namely:
. Concept and Storyboards

3D Modelling

Texturing

Rigging

Animation

Lighting

Camera Setting

Rendering

Purpose

To increase the level of use of 3D technologies for an effective and visual interactive way of presenting

information in the educational process.
Proposed technique

For more pictorial analyses we had been decided to collect all general 3D object creation steps and additional
fitches in one line of table 1. In other way the table 1 consist different area of practical application of 3D model. So
now we can analyze, which of 3D object creation steps is necessary for every area of practical application. Based on
related works for every area we had put pluses for all necessary steps of creations and mines for all unnecessary steps.
The term Efficiency means the removal of hidden elements of the model that the viewer will not be able to see and
that will not affect the appearance or operation of the model.

Table 1
Comparative table of 3D content
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Game industry + |+ + + + |+ |+ |+ +]+] + - - - +
3D visualization + |+ - - + |+ | +| + _ . . .
3D printing + |+ - - o) |- + + + +
AR projects + | + - - + | |+ +] + - - - +
Hholographic fans + |+ - - + | _|+[+]+]+] + - - - +
Preliminary assessment of technical | + | + | - - -] - + + _ _
properties of the product

By this table 1 we can say, that 3D models of game industry, AR projects and Holographic fans applications
have the same requirements accept requirements as low poly model, retopology and baking cards. The next part of
work we had been trying to find out how impotent the last requirements for AR projects and Holographic fans
applications and can we combine this three areas?

For this reason 3D objects for the visualization by augmented reality had been made. The character is a girl
Kalina, who will tell children interesting stories in audio encyclopedic children application. The design of this
character was performed by with retopology and without it.

The first step was to create a character concept based on an existing audio release script. The main character
is Kalyna - a 5-year-old Ukrainian girl, who learns about nature, interesting places and features of Ukraine and Europe.
The main goal was to show her as a smart, cheerful, inquisitive girl with a bit of a boyish character, with epic clothes,
in a cartoon style. Character concept is presented in Figure 1.
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Fig. 1. Character concept

Next step of the process was modeling of a low-poly model using the software package Z-Brush. After this,
there was made retopology to reduce the volume of the model and to improve performance in the AR environment.
To do this, the polygonal mesh of the model was worked out in detail, taking into account that the structure of the
polygons corresponded to the anatomical structure of a person. Note that the high polygonal model had 364,000
polygons, and after retopology, the model had been already numbered 3,182 polygons.

Then we dealt with the efficiency of the model. Checked the integrity of the model, the direction of the
normals of all polygons, checked all polygons for planarity. Also part of increasing the efficiency of the model was
the removal the part of the body that is hidden behind the dress.

The step of working with textures began with the UV mapping. To make the checker material look correct,
the complex elements that appeared after the automatic mapping of the model were untangled and corrected. To give
the low poly models all the details of the high polygon model: highlights, volume, deep shadows, etc. hand-drawn
textures were created and cards were baked.

The model was imported into an augmented reality mobile application. No Artifacts were found during
testing. The loading speed of the high poly model into augmented reality was 9.3 seconds, but the loading speed of
the model, which was made taking into account retopology and baking cards, was 2.5 seconds (Fsg.2a,b).

The loading speed of The loading speed of the model, which was
the low poly model — 9.3 seconds made by the proposed approach - 2.5 seconds

Fig. 2. The loading speed of the model

Figure 3 shows the model, which is presented in augmented reality based on a marker. Marker is electronic
ticket.

Fig. 3. The model is in augmented reality Results
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As a result of research we can say that the retopology and baking cards requirement for 3D model for AR
projects application are very useful and desirable. It is logical to assume that retopology requirement will be also
useful for 3D model of Holographic fans applications. Fulfilling this requirement 3D content will be faster download.
By this reason we can unite requirements for 3D models of three areas of application: game industry, AR projects,
holographic fans. Picture 4 clearly shows requirements for 3D model of all above areas of application which we had
been discussing during our work.

Holographic fans

Baking cards H Rig H Animation J
Retopology Efficiency
UV mapping and D visualizati
Modeling texturing model 3D visualization

model ‘
J

-

[ Game industry, AR projects, }

Concept [~ ]

High Influence of Max. and min.
accuracy of material on the model dimensions, Compatible 3D printing
similarity to model quality wall thickness, formats

the original model distance between model

mavements narts

I Preliminary assessment of
technical properties of the product

Fig. 4. Main steps for creation 3D model of the different area of appliocation

Conclusions

The paper focuses on the application of 3D models in various fields. The following four major industries
were identified, such as the entertainment industry, medicine, industry, and education. The results of the study showed
that for each area of application 3D content has its own requirements and features. Analyzing all requirements for 3D
models for all above fields we had come to conclusion that requirements for content of game industry, AR projects
and holographic fans application are almost the same, but not wholly the same. In this paper we had decided to
investigate this question more detail. 3D model of the character has been created and its integration into the augmented
reality environment was successful. The loading speed of the 3D model, which was imported in AR training project
with taking into account retopology and baking cards, was faster. And we had come to the conclusion that requirements
for 3D models of game industry, AR projects and holographic fans application are wholly the same. All 3D models
which will be use for animation have to necessarily have retopology and baking cards step, what will be increase
speed of their downloading or speed of movements or speed of their visualization.

The paper also structured the main stages for creating 3D models of different applications, which in turn
brings clarity and clarity to the process of developing 3D content for further import into AR training projects.
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