PE®EPAT

AKTya/IbHiCTh TeMH. Y Halll yac BUKOPUCTAHHS KOMIT'IOTEpHOI Tpadiku €
MOBCIOAHHUM: BiJl KOMIT IOTEPHUX ITOp 0 MPE3eHTalllil KOHIIETITIB HOBUX TEXHOJOTIH.
Po3Butok nmanoi ramy3i iHQOMALIWHUX TEXHOJOTIM CTpIMKO HaOupae o0eptu i
KO)KHOTO POKY KOMIIaHil TpEeACTaBIsIOTh Bce Oifblllé HOBMHOK: araparHe
3a0e3neyeHHs], mporpaMHe 3a0e3MeueHHs, HOBI METOIU PEHACPUHTY, MOCTOOPOOKH,
toito. [Ip1 BchoMy Ba>kKIMBOIO MIPOOIIEMOIO € TAKOXK 33/1a4a IOKPAILEHHs 1 onTuMizarii
Oynb-sSKUX 3 MpeACTaBlIeHHUX pimeHb Came TOMY JOCHIKEHHS Ta MOUIYK HOBHUX
niaXoaiB y cpepl BAOCKOHATIECHHS TEXHOJIOT1M KOMIT IOTEPHOT rpadiku € aKTyalIbHOIO 1

BaXXJIMBOIO 3a4a4€I0, AK 3 HaYKOBOT, TaK 13 HpaKTI/I"IHO.l. TOYKH 30pY.

O0’€KTOM OCIiIZKEHHS € TIPOIIEC OTPUMAaHHS 300paKeHHsI TPUBUMIPHOI CLIEHU

Ha IucIjIel.

IlpeameTomM JOCTiIKeHHSI € METOAMKAa ONTUMI3aIli  MPOTYKTUBHOCTI

PEHIIEPHUHTY, KU BUKOPUCTOBYE METOJ] TPACYBaHHS MPOMEHIB.

MeTta poGoTH: MiABUILEHHS NPOAYKTUBHOCTI METOJY TpacyBaHHS NPOMEHIB;
po3pobOKa BIACHOTO MOAU(]IKOBAHOTO aNTOPUTMYy PEHIEPUHTY Ha OCHOBI 3400yTOl
iHpopMallii; OIliHKa Ta TPYHTOBHE TECTYBaHHA €(PEKTUBHOCTI MOAU(PIKOBAHOI

QITOPUTMY, OPIBHSIHHS 3 OPUTIHAILHUM JUISl IEMOHCTpAIIil TIepeBar.

HaykoBa HOBU3HA MOJISITa€ y HACTYITHOMY:
1. BuxopucTaHHs aaiTOBaHOI TEXHOJIOT11 CyNEPCEMIUIIHTY JIJIsi ONTUMI3aIlii
POAYKTUBHOCTI PEHIEPHHTY.
2. 3anpomoOHOBAHO METOJ, SIKUK Oa3yeTbCsl Ha BHUKOPUCTAHHI TPHUKYTHOT
MiKCEeNTbHOI CITKH 1 MPUCTOCOBAHMA 10 BUKOPHCTAHHS WOTO aJrOpUTMOM
PEHIEPUHTY, Ta BUKOPUCTOBYE HIEHIEPH Y AKOCTI TOCTYITHOTO aapaTHOTO

MPUCKOPEHHS.



IIpakTH4YHA HiHHICTH OTPUMAHUX PE3YJIbTATIB B pOOOTI MOJATAE Y MOMKIUBOCTI
BUKOPUCTAHHS PO3POOJIEHOTO Ta ONTHMI30BAHOTO AJITOPUTMY Y OYAb-SIKI CHCTEMH
PEHIIEPUHTY, SKI MIATPUMYIOTH METOJ TpacyBaHHS IPOMEHIB, TaK SAK IHTaHHS
IPOAYKTUBHOCTI JIJIsl HACTLIBKH PECYPCO3aTPATHOTO METOY € KpUTUYHUM. [HTerparis
MOK€ MMOTEHLIAJbHO MIJABUIIUTH IMIBUAKOAI0 cuctemMu Ha 10%, sk mokasaio

TECTyBaHHA.

Amnpodanis podoru. OCHOBHI MOJOXEHHS Ta pe3ylbTaTd poOOTH Oynu

MpeCTaBJICH] Ha HAYKOBUX KOH(EPEHIIISIX:

1. XV mnaykoBiii koH]epeHwii MarictpaHTiB Ta acmipanTiB «lIpuknagna
MatemaTuka Ta komn OTuHr» [IMK-2022 (Kuis, 16-18 auctonaga 2022 p.)
Ta omyOJIikoBaHI y 30IpHUKY Te3 JomoBie «Oco0IMBOCTI amapaTHO-
IPUCKOPEHOTO aJIrOPUTMY PEHIEPUHTY Ha OCHOBI TPacyBaHHS MPOMEHIBY,
324 —329c;

2. VI Mixnapoana HaykoBo-nipakTuuHa koHpepeHiis “MODERN RESEARCH
IN WORLD SCIENCE”, 4-6.09.2022 JIsBiB, Ykpaina, 264-269c;

3. HayxoBuii xxypHan «Komm'toTepHO-IHTETpOBaH1 TEXHOJIOTIi: OCBITa, HayKa,
BUPOOHUIITBO» CTAaTTd «AJANTyBaHHS TEXHOJOTIl CYNEpPCeMIUTIHTY MJis
30UIbIIEHHS MPOAYKTUBHOCTI PEHAEPUHTY 300pa’kK€HHS METOJIOM TpacyBaHHS
MIPOMEHIB Y peajbHOMY Yaci»;

4. CsigourBo Nel14324 aBTOopchKOTO mMpaBa mporpaMHuil mpoaykt «Raytracer

module» (Kuis, 19 cepmns 2022 p.).

Ctpykrypa Ta 00csar po6oTu. Marictepchka qucepTarlisi CKIaIaeThCs 3 BCTYITY,
TPHOX PO3/LTIB Ta BUCHOBKIB.

YV ecmyni mnopgaHo 3arajJibHy XapakTEpPUCTHKY poOOTH, 3pOOJIEHO OI[IHKY
Cy4acHOTO CTaHy MpoOJieMd, OOTPYHTOBAHO AKTyaJbHICTh HAMPSMKY JOCIIIKEHb,
chopMyILOBAHO METY 1 3a/1aul JIOCIII)KEeHb, TOKA3aHO HAYKOBY HOBU3HY OTPUMAHHUX
pe3yJbTaTiB 1 MPAaKTUYHY IIHHICTH POOOTH, HABEIECHO BIJOMOCTI MPO amnpooOallio

PE3yNbTATIB 1 IXHE BIPOBAKEHHS.



Y nepwomy po30ini po3risHYTO 1ICHYIOUYl METOIA TIOKPAIIEHHS TPOyKTUBHOCTI
PEHACPUHTY METOJIOM TPACyBaHHS MPOMEHIB y peaTbHOMY 4aci, a TAKOX MPOBECHUI
aHali3, KA Ja€ 3MOTy BU3HAUUTH OCHOBHI NEpeBard Ta HEIOJNIKH BXKE 1CHYIOUHUX
TEXHOJIOT1 Ta METO/IIB.

Y opyeomy po30ini HaBeigHO pe3yIbTaTH JOCIIKCHHS OTSHIIIaIbHUX TT1IX0/I1B
Ta METO/IIB, sIKI MO’KHA BUKOPUCTATH JIJIsI ONTHUMI3allii.

Y mpemvomy po30ini BKazaHO MiIXOH MTPU CTBOPEHHI MOKPAIEHOTO AJITOPUTMY
PEHJIEpUHTY Ha OCHOBI 3100yToi 1HQOpMaIllii, a TaKoX HAJAEThCS OIlIHKA Ta
pe3ynpTaTH TECTyBaHHS €(QEKTUBHOCTI CTBOPEHOI MpOTpamH, MOPIBHSIHHS 3
OpUTIHAJTLHUM aJTOPUTMOM.

YV eucnosxax nmpeacTaBiieHl pe3yJbTaTh MPOBEACHOI pOOOTH, BUIIJIEHO OCHOBHI
pe3yabTaTH, K1 OyJIu JOCATHYTI y poOOTI.

Po6ora mpencraBimena Ha 85 apkymax, MICTUTh TOCWJIAHHS Ha CIHCOK
BUKOPHCTAHUX JIITEPATYPHUX JIKEPEIL.

KurouoBi ciioBa: TpacyBaHHs MPOMEHIB, pEHACPUHT, KOMIT I0TepHa rpadika,

BiJIeOKapTa, MiKCEJb.



ABSTRACT

Actuality of theme. Nowadays, the use of computer graphics is ubiquitous: from
computer games to presentations of new technology concepts. The development of this
field of information technologies is rapidly gaining momentum, and every year
companies present more and more novelties: hardware, software, new methods of
rendering, post-processing, etc. In spite of everything, the task of improving and
optimizing any of the presented solutions is also an important problem. That is why the
research and search for new approaches in the field of improving computer graphics
technologies is an urgent and important task, both from a scientific and a practical point
of view.

The object of research is the process of obtaining an image of a three-
dimensional scene on a display.

The subject of the study is a technique for optimizing rendering performance,
which uses the ray tracing method.

The purpose of the work: increasing the productivity of the ray tracing method;
development of own modified rendering algorithm based on the obtained information;
evaluation and thorough testing of the effectiveness of the modified algorithm,

comparison with the original one to demonstrate the advantages.

The scientific novelty consists in the following:

1. Using adaptive supersampling technology to optimize rendering
performance.

2. A method is proposed that is based on the use of a triangular pixel grid
and adapted to its use by the rendering algorithm, and uses shaders as an
available hardware acceleration.

The practical value of the obtained results in the work lies in the possibility of
using the developed and optimized algorithm in any rendering systems that support the
ray tracing method, since the issue of productivity for such a resource-consuming
method is critical. The integration can potentially increase system performance by 10%,

as testing has shown.



Approbation of work. The main provisions and results of the work were
presented at scientific conferences:

1. XV scientific conference of master's and postgraduate students "Applied
mathematics and computing" PMK-2022 (Kyiv, November 16-18, 2022) and
published in the collection of abstracts of reports "Features of the hardware-
accelerated rendering algorithm based on ray tracing", 324 — 329c;

2. VI International scientific and practical conference "MODERN RESEARCH IN
WORLD SCIENCE", 4-6.09.2022 Lviv, Ukraine, 264-269c;

3. Scientific journal "Computer-integrated technologies: education, science,
production" article "Adaptation of supersampling technology to increase image
rendering performance using real-time ray tracing";

4. Certificate Ne114324 of copyright software product "Raytracer module" (Kyiv,
August 19, 2022).

Structure and scope of work. The master's thesis consists of an introduction, three

chapters and conclusions.

The introduction provides a general description of the work, assesses the current
state of the problem, substantiates the relevance of the research direction, formulates the
purpose and tasks of the research, shows the scientific novelty of the obtained results and
the practical value of the work, provides information on the approbation of the results and
their implementation.

In the first chapter, existing methods for improving rendering performance using
real-time ray tracing are considered, as well as an analysis that allows determining the
main advantages and disadvantages of already existing technologies and methods.

The second chapter presents the results of a study of potential approaches and
methods that can be used for optimization.

The third chapter formulates approaches for creating an improved rendering
algorithm based on the obtained information, as well as provides an assessment and
results of testing the effectiveness of the created program, a comparison with the original
algorithm.

The conclusions present the results of the work carried out, highlight the main

results that were achieved in the work.



The work is presented on 85 sheets, contains links to the list of used literary
sources.
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