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POJIb ITIPOUEAYPHUX TEHEPATUBHUX METOIB Y
CTBOPEHHI OIITUMI3OBAHUX 3D-MOJAEJIEN JIA
ITOP

Kouaicanuenko Mapist
ctyneHnTtka rpynu I[HOm-24-2
XapKiBChKHUM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH

HaykoBuii kepiBHUK:

SAxosnera Onena BomoaumupiBHa

K.T.H., JIOII., IOIIEHT Kadenpu iHPopMaTHKU

XapKiBChKHM HAIIIOHAILHUN YHIBEPCUTET PAI0CIEKTPOHIKH

Bumoru rpaBuiB A0 peasiCTUYHOCTI irop 3 KOXKHUM JTHEM 3pOCTAIOTh, 3BUYHUM €
3aCTOCYBaHHA 3ac00IB KOMII IOTEPHOTO 30py AJIA BUPILICHHS NMUTAaHb 1I€HTHU(IKALII],
kinacudikamii [1-7], oOpobnenns [8, 9] Ta 3actocyBanHs pnanux [10-16], mio
MPU3BOJUTH 0 3HAYHOTO HABAHTAKEHHS HA MPUCTPOI KOPHUCTyBadiB. PazoM i3 1um
MOCTa€ BaXJIMBE MUTAHHS ONMTHUMI3AIlli peCypCiB y PEXUMI pealbHOro 4acy, a came
3aCTOCYBaHHS MPOLEAYPHUX METOIIB TeHepailii 3D-moxaeneit [17-19].

[IporieypHi reHepaTHBHI MiAXoau 0a3yrOThCSI Ha IEBHUX alropurMmax. Taxi
QITOPUTMH, 3a3BUYAM, OMUCYIOTh IMpOIeC IMOOYIOBU T'EOMETpii 3a JOMOMOTOIO
MaTeMaTUYHUX MpaBWII, ITyMOBUX (Ppakiiii, L-cuctem un dpakranpHux mojaeneit. Lle
3a0e3nedye HEOOXIAHY MacIITabOBaHICTh, TaK SIK 3MiHA MAPMETPIB AITOPUTMY Ja€
3MOTy 3MIHIOBATH PiBHI JAeTai3allii Mojenei 0e3 BTpydaHHs JIIOJIMHU B 1IEH MPOIIEC.

Mozenb JOCTIKEHHS MOYKE MaTH TaKW BUTJISI:

M = G(P,R), (1)

ne M — 3D-Monens;

P — nabip nmapameTtpis;

R — nipaBmIia renepartii;

G — yHK1Is porieypHOT MOOYI0BH.

ABTOMaTHUyHa reneparlis piBHiB aerainizaiii (LOD) € 3Hauymioro nepeBaroro, amke
He ToTpedye JIOJCHKOT0 BTPYYaHHs. 3BICHO, ICHYIOTh KJIACHYHI METOJU TeHeparlii
LOD, ne po3poOHUK BIacCHOPYY CTBOPIOE JIEKIJIbKa BEpCid Mojeneu, Mo
BIIPI3HAIOTHCS  HIUTBHICTIO  TOJNITOHIB  Ta/abd0  PO3MAUIBHICTIO  TEKCTYp, aje
T€HEepPaTUBHUH MiX1/ 103BOJISIE TEHEPYBATH 1X aJITOPUTMIYHO.

Pymiii %, y cBoto 4epry, 341HCHIOIOTh aBTOMAaTUYHE NEPEMHUKAHHS MK PIBHAMHU
JeTajizallii, 3aJIe)KHO BiJl BIACTaH1 O KAMEPU:

LOD,, d < d,
LOD(d) = {LOD,, d, <d < d,, 2)
LOD,, d >d,,
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Ie d — BiacTaHb 10 00’ €KTa;

d\, d, — moporosi 3Ha4YCHHS [7].

IrpoBi pymii, Taki sk Unreal Engine ta Unity, MaioTh roToBi 1HCTpYMEHTHU
1HTerparii AesKNuX MOpOLEAYPHHX anropuTMmiB. 30kpema, y Unity MOMyJspHICTIO
KOpPUCTY€eThbcsl cuctema Scriptable Objects, ska mpu3HaueHa IS CTBOPCHHS
napaMeTpu3oBaHuX reHeparopis, a B Unreal Engine — Procedural Mesh Component i
nonoBHeHHs Houdini Engine.

Ha croroauimiHii AeHb ICHYIOTh YCHIIITHI MPUKIaAN BUKOPUCTAHHS IIPOILICAYPHOT
reHepartii:

— Minecraft — qyxe momyssipHa cepejl AiTel Ta MiJIITKIB Ipa, ika BUKOPUCTOBYE
OJIOKOBY T€OMETPIIO CBITY;

— No Man’s Sky — BUKOpHUCTOBY€ThCSI TEHEPATUBHE CTBOPEHHSI IJIaHET Ta (JI0pH;

—Diablo IV — aBToMaTWyHO TEHEPYIOTHCA MiA3EMEIUIS JJi1 3MCHIICHHS
MTOBTOPIOBAHOCTI IrPOBUX CIIEH.

{1 irpy — MIATBEPIKEHHS TOrO, IO MPAaBWIbHE BUKOPUCTAHHS MPOLIETYyPHOI
reHepallii MOXe CyTT€BO 3HM3UTH OOCAT py4yHOi poOOTH 1 JOMOMOITH ONTHMI3yBaTu
pecypcH.

BaxxnuBUM HampsIMKOM TakKOXX € 3aCTOCYBaHHS TPOIEIYPHUX METONIB TpU
CTBOPEHHI TEKCTyp. BHUKOpUCTaHHS Tr€HEpaTUBHUX alrOpPUTMIB, Hampukial, Perlin
noise, Worley noise, Substance Designer 3amicTh TEKCTyp y BUIJIAII 300pa’KeHb
BEJIMKOI PO3/IUIbHOI 3JaTHOCTI I0IOMAaraloTh pOpMyBaTH TEKCTYPH Yy pealbHOMY Yaci,
110 J03BOJISI€E BUKOPUCTOBYBATH MEHILE MaM ATi. Tako MpH ONTUMI3allii MEpEKEeBUX
irop MpoIeaypHI METOAW O3BOJSIOTH TEpenaBaTH HAO0OpW MapMETpIB 1 MpaBuUII
reHepaiiii 3amicte moBHuUX 3D-mopmencit. Ile, y cBor depry, 3Ha4YHO 3MEHIIYE
HaBaHTa)XCHHA Ha Mepexy. OcoOauMBO aKkTyaldbHO 1€ mijg 4ac cTBopeHHs MMO-
MPOEKTIB, a/)K€ TaM 0OCST KOHTEHTY MOKE CATaTH COTEHb IrabauTis.

TakuMm 9rHOM, TIPOIIEAYPHI TEHEPATUBHI METOAH € BAXKIIUBUMHU IHCTYPMEHTAMH Y
pO3po0I1Ii Irop, ake JormoMararoTh 30epertTu 0ajaHc MiX SKICTIO IrPOBOTO KOHTEHTY
Ta HABAaHTAXXEHHS HAa MPUCTPOI KOPUCTYBaYiB, MPU I[bOMY 3a0€3Meuyoun e(peKTUBHE
BUKOPUCTaHHS PECYpCIB, aBTOMATHU3ALIII0 Ta MACILITA0OBAHICTb.

Cnucoxk Jgireparypu:

1. Gorokhovatskyi, V., Tvoroshenko, 1., Kobylin, O., & Vlasenko, N. (2023).
Search for visual objects by request in the form of a cluster representation for the
structural image description, Advances in Electrical and Electronic Engineering,
21(1), pp. 19-27.

2. 'opoxosarcekuii B., [lepenpiii O., TBopormenko 1., Mapkos T. (2023) Marpuris
BIJICTAaHEH IS MHOKMHHM KOMIIOHEHTIB CTPYKTYPHOI'O OIHKCY SIK 1HCTPYMEHT IJis
CTBOpEHHS KiacudikaTtopa 300paxkenb, Cyuachi inghopmayivni cucmemu, 7(1), C. 5-
13.

3. Pomazan, V., Tvoroshenko, I., and Gorokhovatskyi, V. (2023). Development of
an application for recognizing emotions using convolutional neural networks,
International Journal of Academic Information Systems Research, 7(7), pp. 25-36.



4. Gorokhovatskyi V., Tvoroshenko 1., Yakovleva O., Huddkovd M., and
Gorokhovatskyi O. (2024) Application a committee of Kohonen neural networks to
training of image classifier based on description of descriptors set, IEEE Access, vol.
12, pp. 73376-73385.

5. T'opoxoBarcekuit B., TBopomenko I., Cumopenko JI. (2021) Knacudikaris
300pake€Hb 13 BUKOPUCTAHHSIM KIACTEPHOTO NONaHHS, MidcH. Hayk. cumnosiym
«Iumenexmyanoui piwennus-Cy». Obuucnrosanvhuil inmenexkm. Teopisi nputiHaAmmsl
piwens (Bepecenwv 29, 2021). Kuis — Yxropon, C. 44-45.

6. Gorokhovatskyi V., Tvoroshenko I. (2023) Identification of visual objects by the
search request. [Int. scientific symp. «lIntelligent Solutions-S». Computational
intelligence. Decision making theory: proceedings of the international symposium,
September 28, 2023, Kyiv-Uzhorod, Ukraine, 25-27.

7. Gorokhovatskyi V., Chmutov Y., Tvoroshenko I., and Kobylin O. (2025)
Reducing computational costs by compressing the structural description in image
classification methods, Advanced Information Systems, vol. 9, no. 1, pp. 5-12.

8. Gorokhovatskyi V., Tvoroshenko I., Yakovleva O., and Hudakova M. (2025)
Image description compression in classification structural methods, IEEE Access, vol.
13, pp. 43631-43641.

9. Tvoroshenko I., Gorokhovatskyi V., Kobylin O., and Tvoroshenko A. (2023)
Application of deep learning methods for recognizing and classifying culinary dishes
in images, International Journal of Academic and Applied Research, 7(9), pp. 57-70.

10. Yakovleva O., Matasova S., Tvoroshenko 1., and Isaiev Y. (2024) Visitor
counting based on video stream analysis from surveillance cameras to solve various
business problems, Verejnd sprdava a regiondlny rozvoj ekonomia, manazment a
marketing, XX(1), pp. 67-87.

11. Gorokhovatskyi V., and Tvoroshenko 1. (2024) An effective method for
transforming an image description into a compact vector for classification. Information
Technology and Implementation (Satellite): Conference Proceedings, November 21,
2024, Kyiv, Ukraine, Publishing House «Caravela», pp. 25-28.

12. Daradkeh Y.I., Gorokhovatskyi V., Tvoroshenko I., Gadetska S., and Al-
Dhaifallah M. (2023) Statistical data analysis models for determining the relevance of
structural image descriptions, IEEE Access, 11, 126938-126949.

13. Trejos-Zelaya, J., Amaya-Bricefio, L. E., Jiménez-Romero, A., Murillo-
Fernandez, A., Piza-Volio, E., & Villalobos-Arias, M. (2019, August). Clustering
Binary Data by Application of Combinatorial Optimization Heuristics. In Conference
of the International Federation of Classification Societies (pp. 301-309). Cham:
Springer International Publishing.

14. Gorokhovatskyi V., Tvoroshenko I., Yakovleva O. (2024) Transforming image
descriptions as a set of descriptors to construct classification features, Indonesian
Journal of Electrical Engineering and Computer Science, 33 (1), 113-125.

15. Daradkeh Y.I., Gorokhovatskyi V., Tvoroshenko I., and Zeghid M. (2024)
Improving the effectiveness of image classification structural methods by compressing
the description according to the information content criterion, Computers, Materials &
Continua, vol. 80, no. 2, pp. 3085-3106.



16. Gorokhovatskyi, V., Gadetska, S., & Stiahlyk, N. (2023). Accelerating image
classification based on a model for estimating descriptor-to-class distance.
International Journal of Computing, 22(4), 485-492.

17. Lagae A., Lefebvre S., Cook R. (2016) A survey of procedural noise functions,
Computer Graphics Forum, 29 (8), pp. 2579-2600.

18. Smelik R. M., Tutenel T., Bidarra R., Benes B. (2016) A survey on procedural
modelling for virtual worlds, Computer Graphics Forum, 33 (6), pp. 31-50.

19. Cohen-Or D., Chrysanthou Y., Silva C., Durand F. (2017) A survey of visibility
for walkthrough applications, IEEE Transactions on Visualization and Computer
Graphics, 13 (3). pp. 412-431.



