ISSN 2079-0023 (print), ISSN 2410-2857 (online)

UDC 004.925.8 DOI: 10.20998/2079-0023.2021.02.06

B. R. LITVINOV, M. O. BILOVA

HUMAN BODY MODELING TECHNOLOGIES FOR E-COMMERCE SYSTEMS

Relevance of the research work is the analysis of the main features of 3D modeling for further implementation in e-commerce. Namely, the features of
creating a human body 3D model with the ability to edit personal settings of individual parts of the body, as well as a basic set of clothes to provide a
more realistic representation of the model. The features of the 3D model in general were considered in this article. The mathematical analysis of the 3D
graphics rendering on the 2D monitor and the possibilities of control and editing of such models have been presented. The developed software product
allows the user to create an anatomical three-dimensional model of the human body and then adjust it to his needs. The user can apply on created
model variety of settings, namely more than 15 different views, with a full package of changes. It is possible to change the size, color of hair,
eyebrows, eyes, face, body, legs. Also, the user is able to select the levels of skeletal frame views and additionally can select different backgrounds to
provide a more realistic representation of the model in space. Additional functionality was implemented for more flexible configuration of the model’s
face. The user can pre-determine points to select directions or sizes of different parts of the face using settings, displayed on the mouse or touchpad
control. After adjustments, the user is able to manage the clothes that he had saved in the shopping cart from the online store, from which he later
proceeded to the online fitting. After the fitting the user can test the creation of animations in 360 degrees of free movement. Finally, the user can go to
the store to pay for the items he left in the shopping cart. Developed software allows improving main metrics of the on-line stores, which has a positive
impact on increasing the growth of earnings.
Keywords: 3D model; 3D graphics; anatomical model; online commerce; React]S; ThreelS

b. P. JIITBIHOB, M. O. BI'IOBA

JOCJIJKEHHA TEXHOJIOI' T MOJEJIOBAHHS TIJIA JJIOAUHHA TA PO3POBKA
MMPOT'PAMHOI'O KOMIIOHEHTY JJIs1 CACTEM EJEKTPOHHOI KOMEPIIII

AKTyaJIbHICTh HayKOBOi POOOTH IOJISITac B aHAI3i OCHOBHUX ocoOimBocTeil 3D-MozmenoBaHHS Ul IOJAJBIIOrO BIPOBA/DKEHHS B EIEKTPOHHY
KOMEp1ilo, a came ocoOsnBocTell mobynosu 3D Mozeni Tijia JIIOAMHY 3 MOXKIIMBICTIO PelaryBaHHsI IEPCOHAIBHIX HANAIITyBaHb OKPEMHX YacTHH Tija,
a TakoXx 0a30BOro HaOOpy OFATY MUIsl OLTBII PEanTiCTUYHOrO MPEACTaBlIeHHs Moxedi. Y poboti Oymno posrisiayto ocobnuBocti 3D MoaenoBaHHS.
IIpencrasieno MareMatuuHuii po36ip permepy 3D rpadikm Ha 2D MOHITOpI, MOXIMBOCTI YIpaBIiHHA Ta peJaryBaHHS TaKHX MOJEIEH.
ITpoxeMOHCTPOBaHO PO3POOJIEHHH NPOrpaMHHUN HPOMYKT, IO O3BOJISIE KOPHCTYBaueBi CTBOPHTH aHAaTOMidHy 3D Mozmens Tina JomuHH Ta
HanmamTyBaTd 11 mig cBoi motpebu. KopucryBauy moctymHi moHaa 15 pisHHX BHIIB HamalITYBaHb 3 MOMJIMBICTIO 1X 3MiHH. KopucTyBau moxe
BCTAHOBJIIOBATH PO3MIp, KOIIp Ui BOJOCCs, OpiB, odeil, oOmmuds, Tima, Hir. TakoX KOpHCTyBaueBi HAJa€ThCsS MOXJIMBICTH BHOHpATH piBHI
BinoOpaXkeHHs BUJIB KapKaciB, pi3Hi (OHU 11 HaJaHHS OLIBII peaniCTHYHOTO BioOpakeHHs Mojerni B mpocTopi. JlonaTkoBo0 (YHKIIOHAIEHICTIO
Oy/0 peai3oBaHO MOXJIMBICTH THYUKILIOTO HaJdaIlITyBaHHS 00imydst moneni. KopuctyBay moxke 3a 3a3majieriip 3aJlaHAMH TOYKAMH BHOHPATH
HaNpsMH YU PO3MIPU YaCTUH OOJIMYYs, BUKOPUCTOBYIOUM MUIIKY 4K Tadnai. ITicis 3aBepiueHHs poOOTH 3 HANAIITYBAaHHAMU KOPUCTYBad OTPUMYE
MOXIUBICTh KepPYBAaTH OMSATOM, SIKMI BiH 30epir y KOIIUKY iHTepHET-MarasuHy, 3 SIKOr0 BiH HepeilnoB no oHigaiH npumipku. Ilicas npumipkn
KOpHUCTYBa4 MOXe MEePErIsiHyTH CTBOPEHI aHIMallii, odepratoun moenb Ha 360 rpaayciB. HacamkiHelb KOpUCTyBa4 MOXE OBEPHYTHUCS 10 MarasuHy
JUIS OTUIATH TOBApiB, SKi BiH 3aJMIIMB y KOIIMKY. Po3pobneHe nporpamue 3a0e3neueHHs J03BOJISE TIOKPAIUTH OCHOBHI TTOKa3HUKU pOOOTH iHTEpHET-
MarasuHiB, II[0 TIO3UTHUBHO BIUIUBAE Ha 301IBIICHHS IPHOYTKY.
Kurouosi ciioBa: 3D Mozens; TpuBuMipHa rpadika; aHaToMidHa MOJIeNb; oHuaitH Toprisis; React]S; ThreelS

b. P.JUTBUHOB, M. A. BEJIOBA

MCCJIEAOBAHUE TEXHOJIOTU MOJEJIMPOBAHUS TEJA YEJTOBEKA U PA3PABOTKA
MPOITPAMMHOI'O KOMIIOHEHTA JIJIsI CHCTEM 3JIEKTPOHHOI KOMMEPLIUA

AKTyalbHOCTh HaydHOW pabOThl 3aKJIOYaeTCss B aHAIM3e OCHOBHBIX OCOOCHHOCTeH 3D-MomenmpoBaHMs Al IMOCIEAYIOIIETO BHEAPCHHS B
3NIEKTPOHHYI0 KOMMEPIINIO, a UMEHHO ocobeHHocTell mocTpoenus 3D monenn Tena deloBeKa ¢ BO3MOXKHOCTBIO PEAKTHPOBAHMS TTEPCOHANBHBIX
HACTPOEK OTAENBHBIX YacTel Tena, a Takxke 0a30Boro Habopa ONEeXkAb! U1 Ooliee PealCTUYHOTO MpeJCTaBIeH!s Mojienn. B pabote paccMoTpeHs
ocobenHoctu 3D Mmozpenuposanus. [IpeactaBien maremaruueckuii pazbop penaepa 3D rpaduku Ha 2D MOHUTOpE, BO3ZMOKHOCTH YIPABICHUS U
PEeNAaKTHPOBAaHMS TakWX Mojened. IlponeMOHCTpHpOBaH pa3paOOTaHHBIH IIPOTPaMMHBIA HPOXYKT, ITO3BOJIIOIIMH ITOJB30BATENI0 CO3IATh
aHatomuueckyro 3D Mozens Tena denoBeka, BIIOCIEICTBHHM HACTPOMTH ee Moj cBou moTpedHocTH. Ilomb3oBaTemto JocTymHO Oonee 15 pasmmdaHBIX
BHJIOB C BO3MOJKHOCTBIO MX M3MEHEHHMs. [10b30BaTeIb MOKET MEHATH pa3Mep, LBET BOJIOC, OPOBEH, Inas, Juua, Tea, Hor. Tak ke MoJIb30BaTelo
MIPEIOCTaBISIETCS] BO3MOXKHOCTh BBIOMPATh YPOBHH OTOOPaKEHWsI BHAOB KapKacoB, PasyIM4HbIC (hOHBI UL TPENOCTaBICHHS Ooliee PeaaHCTUIHOIO
oTobpaXkeHHs MOJENH B TpoCcTpaHcTBe. J[OMONHUTENbHOH (QYHKIMOHATFHOCTRIO OblIa peann3oBaHa BOSMOXHOCTH Ooiee THOKON HAaCTPOWKHM JIHIia
MOJIENH: TI0JI30BaTENIb MOXKET IO 3apaHee 3aJaHHBIM TOYKAaM BHIOMpATH HANPABICHHS WIM pa3Mepbl T€X WIM WHBIX Y4acTKOB JIHIA, HCIIONb3Ys
MBIIIKY WK Taumnaj. [locne 3aBepIIeHNs HACTPOEK IOJIb30BATElNb MONTYYAeT BO3MOXKHOCTD YIPABIATH ONEKI0H, KOTOPYIO OH COXpPAaHHI B KOP3UHE
HHTEpHET-Mara3uHa, U3 KOTOPOro OH IepelieN K oHaiH npumepke. [Tocie mpuMepkn Moabp30BaTeNb MOXKET IIPOTECTHPOBATh CO3/IaHHbIC AHUMAIIUH,
oBopauuBas Mojenb Ha 360 rpagycoB. B KoHIIe MOIb30BaTeIb MOKET BEPHYTHCS B MarasiH /ISl OIUIAThl TOBAPOB, KOTOPHIE OH OCTABUII B KOP3HHE.
Pa3paboTanHOe MpoOrpaMMHOE OOECIICUYCHHE I03BOJSCT YJIy4IINTh OCHOBHBIC IIOKa3aTeNM pabOThl HHTEPHET-MArasWHOB, YTO IIOJOXKHTEIBHO
CKa3bIBACTCS HAa YBEIIMUEHHUH POCTA JIOXOJIOB.

Kirouesbie ciioBa: 3D Mozenb; TpexMepHas rpaduka; aHaTOMUYecKast MOJIeIb; OHJIaliH Toprosiist; React]S; ThreelS

Introduction. Every year the share of online the latest technology becomes relevant, which makes it

commerce in the sales market is growing, which is
accompanied by the opening of various online stores,
digital marketplaces and small trading pages in social
networks. In a highly competitive environment, the issue
of isolation from competitors through the introduction of

necessary to develop and implement software that will
allow the owners of web applications, including online
stores, to attract more new customers, increase sales and
thereby increase profits. The relevance of scientific work
is that the previously created software solutions can not be
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integrated in any form of e-commerce due to existing
technical limitations at the time of development, such
software solutions have no practical value. In consequence
of this the question about improvement of 3D modeling
process and further introduction of such models into e-
commerce for attraction of new buyers for business
becomes actual. The object of the study is the process of
building a 3D model of the human body with the
possibility of subsequent realistic imposition and product
control on the model. The subject is the analysis of the
construction basic features of a proportional human body
three-dimensional model.

The ultimate goal of the work is to increase the
effectiveness of online commerce, as well as attracting
new customers through the development of algorithmic
and software support for the construction of three-
dimensional human model using three-dimensional
computer graphics reproduction technology with
subsequent business integration.

Problem review. Unlike usual two-dimensional
graphics, the purpose of three-dimensional graphics is
connected with the presentation of more accurate
information about the producers’ products. In addition,
this type of graphics helps a customer to form a deeper
understanding of a particular product, increases the user’s
confidence in the manufacturer and the chance that the
customer will come back, which affects growth of sales.
In modern IT industry, such an approach can be
implemented on the basis of WebGL and ThreelS
technologies, which will allow the final models to
integrate into web applications.

3D modeling as a direction of IT-industry is gaining
momentum every year, which attracts new funding to this
segment of the market. More and more companies,
enterprises and businesses are beginning to implement 3D
modeling as a technical tool to facilitate work and increase
sales.

One such tool may be methods of computer design
of clothing and textiles based on geometric models, taking
into account the characteristics of the fabric [1]. It is also
possible to integrate three-dimensional modeling with
technologies such as Unity or other game engines based
on genetic engineering ideas to create realistic models [2].

A very important place is taken by three-dimensional
modeling in scientific research, one such study is the
study of the cut of various fabrics, as well as studying the
percentage of error between 2D and 3D methods of
measuring models. Such research helps to reduce the
percentage of defects in the final product and the
probability of rejection by the final buyer, which brings an
increase in the level of earnings for the business [3].

Three-dimensional graphics found its practical
application in the study of wear and comfort of clothing in
daily use, such research will help further to develop and
create a new type of synthetic fabric, which will be ideally
suited to man based on his physiological characteristics.
This gives businesses the opportunity to enter and pro-
mote new markets that have not been exploited before [4].

A very promising bundle of technologies is Big
Data and three-dimensional modeling, which allows to
predict, what kind of clothes will be popular in a given

time period on a base of large amount of data. This com-
bination of technologies has great power, especially for
existing businesses, where based on the data you can be
the first in your industry and raise your earnings levels [5].

Thus, three-dimensional modeling can have a big
impact on e-commerce, which makes relevant the
developing of the algorithmic and software support for its
implementation.

General theory of three-dimensional modeling.
Three-dimensional modeling is the process of creating a
three-dimensional model. Its main task is to show the
visual volume of the created object [6]. There are several
different options for creating such graphics: wireframe
model, surface modeling and solid modeling. A wireframe
model is a model that is fully described in terms of lines
and points. The second modeling method is surface
modeling, defined in terms of points, lines, and surfaces.
A solid model is defined in terms of the three-dimensional
volume that the body it calculates occupies.

Each of these options has its positive and negative
sides, for example wireframe modeling is the easiest to
perform, but has a large list of functionality limitations. In
this research we use solid modeling, which is the most
accurate, but difficult to perform. It gives the user wide
range of possibilities for customization of his three-
dimensional model, provides realistic graphics in
comparison with other approaches.

Algorithmic implementation of the 3D model
mapping algorithm. The developed software product is
based on ThreelS technology, which in turn is based on
WebGL. WebGL is a software library for JavaScript,
which allows creating 3D graphics for Internet browsers.
This library is based on the architecture of the OpenGL
library.

There are two types of shaders (computer program
originally used for shading in 3D scenes): a vertex shader
is a program code, which is called for each vertex. It is
used to transform the geometry from one place to another.
Since the mesh consists of several triangles, and the
surface of each of the triangles is called a fragment, there
is a second shader. A fragment shader is a code that runs
on all the pixels of each fragment. It is written to calculate
and fill color of individual pixels.

A special programming language called GLSL [7]
handles such shaders. Modeling graphics using Three.js is
comparable to a movie set, since we have the ability to
operate with concepts such as scene, light, camera,
objects, and their materials.

Scene is the platform where all the objects we
created are placed. Camera is the analog of the human eye
pointed at the scene. The Camera captures and displays
the objects in the scene. There are several types of camera
in Three.js. The most common are the perspective camera
and the orthographic camera. The camera perceives all
objects in perspective projection [8].

Since we are wielding the concept of scene and
camera in ThreeJS, we first need to break down the scene
into separate fragments F for displaying on the user's
screen. A fragment definition function, where (a,b,c)
denotes level, row and column:
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. a .
Fe { 10 - 22 - b + ¢ . (1)
50 - 421 +10-22-h + ¢

Next, it is important to mark the centers of the
cameras and calculate the position of cameras for each of
the fragments [9]. The level L of the required sector is
calculated as the distance LR between the camera h and

the position of the center z of the sector and radius R

LR = \/(hx —7)% + (hy — Zy)z + (hy — Zy)z, )

o)
logLZR ' @)

To rotate model in 3D space we need to use
matrices.

Rotation in 3D is specified by vector M, rotation
angle and rotation axis alpha. Quaternions G provide a
convenient mathematical notation of orientation of space
and rotation of objects in that space [10]. Compared to
Euler angles, quaternions allow combining rotations more
easily, and avoiding the problem of not being able to
rotate on an axis, regardless of the rotation made on other
axes:

G= [M - sin (alp;ha>' cos <alp;ha)]. 4

To get a mixture of matrix rotations, we need to get a
rotation that is between quaternion G and quaternion
multiplied by a scalar G* through operations on them,
where (x,y,z,w) are coordinate axes of rotations, and
(x',y',z',w") are the rotation angles of the axes:

G+G=[x+x,y+y,z+z2,w+w] (5)
G-G=kx—x,y—y,z=2,w—w. (6)

To get a vector multiplied by a scalar Gs we
need:

Gs = [xs, ys, zs, ws]. 7

Where (xs,ys, zs, ws) are those rotational coordinate
axes multiplied by a scalar.

Multiplication by a scalar s has no effect on rotation.

The rotation of the three-dimensional quaternion
vector M" is calculated as [11]:

M=G-m-G ©))

Vector is converted to a quaternion as:
G =[xy,20]. 9)
The quaternion back to the vector as:
m = [x,v,z]. (10)

One of the most useful operations is similar to the
multiplication of two rotation matrices [12]. The final
quaternion is a combination of rotations - first the object is

rotated by G, and then by G*. Where mm’ is the vector
product, m - m’ is the scalar product of vectors.

GG =[mm + wm + wm, ww' — m-m’]. (11)

The rotation matrix is expressed in terms of

quaternion components as follows:

1-2(y*+ z?) 2(xy — wz) 2(xz + wy)
2(xy + wz) 1-2(x%*+ z%) 2(yz — wx) (12)

2(xz — wy)  2(yz — wx) 1-2(x*+y

Let's substitute the sine of half of the rotation angle

. . (alph
from the previous formulas, where x = sin (%) y =

sin(@), zZ= sin(@), W = coS (@) Thus, a
three-dimensional  rotation  with  quaternions  was
implemented.

Next, we need to calculate the formula that will

allow to add light to our scene that can be properly
diffused over the dome [13].

I = k,CI, + kI;Cmax(0,1,n)) + k;max(0,(n, h))P , (13)

where (k,, k;, k) are scalar coefficients. C is the
color of the surface at a point. J; is the color of the light
source. Now the basic mathematical software is set up to
get started creating three-dimensional models.

The activity diagram of the developed software for
the 3D model creation is given on the fig. 1.

Overview of system functionality. The following
will demonstrate the developed software that allows the
end user to create a highly detailed three-dimensional
model of a person, which will be used later to try on
clothes from the online store where the user uses this
application. To begin, the user must select one of the two
genders. After that, the main window of interaction with
the model opens in front of the user.

There are two main windows in the program: the
setup window on the left and the model itself on the right.
In the left window, the person can customize the model by
himself or create various interesting variations of digital
people for fun. Many combinations for customization, the
results of all selected elements and colors the user will see
immediately in the right window (fig. 2).

A wide range of customization is given to the user
(fig. 3).

It is possible to configure each of the above items
using responsible buttons and windows (fig. 4).

The user can move or rotate the 3D model using 360
degrees of free rotation around axis of coordinates. A
method of zooming in and out of the camera for a better
view of the model is also implemented. The user can save
his model and give it a unique name. The number of the
saved models in unlimited.

The software product was created as a means to
increase sales and profits for the business, so it becomes
necessary to evaluate the effectiveness of the web
application before and after the implementation of the
developed program. Statistics was measured by free
analytical tool Google Analytics.
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Fig. 1. Activity diagram of the developed software from the user's point of view
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Fig. 2. Main interaction window

Fig. 4. Eye customization menu

This service has a large number of tools, but in this
research, we took into account only the main ones. These
are the number of unique users who visited the page
during the week, the number of sessions during the same
period, the percentage of users leaving the site, as well as
the average duration of time spent on the site by each user

(fig. 5).

[naeHan cTpanuua Goaogle AHaNUTUKK

Monb3oeaTtenu MokasaTens 0TKa30B

454 520 94,42 %

1279% 1330% 405%

CeaHchl JNUTENBHOCTB CeaHea

0 MUWH.
22 cek.

2%

/\—/‘\/\

24 25 26 27 28 29 30

Fig. 5. Metrics before software implementation

After the software implementation on the selected
site, two weeks later an active positive metrics growth
began. The software product allowed in a short period to
double the number of the site visitors, prolong the time
spent on the site in seven times, which in combination has
a positive impact on increasing the growth of earnings
from the site (fig. 6).

[naBHaf cTpaHuLa Google AHaNMTHKK

Monb3oeaTenu

794 1008

1749 % 1938 %

CeaHchl TMoKa3aTens 0TKa30B JLMUTENLHOCTb CeaHca

80,74 % 2 MWH.
151% 34 CeK.

17008 %

Fig. 6. Metrics before software implementation

Conclusions. On the base of technology for creating
and editing 3D models, it was possible to develop
software that will allow its implementation in e-
commerce, thereby raising the levels of business earnings.
In addition, such software product will allow separating
the business from competitors at the expense of the
modern technologies use. Such technological symbiosis
will allow the market of e-commerce, namely, online
stores to attract more customers that are new. Embedding
this software on their pages via an API allows the end user
to try clothes before ordering, which greatly increase the
sales conversion rate and online traffic to the store page.
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