PE®EPAT

AKTyaJbHicTh TeMH. OHIEIO 3 BOXKIMUBUX 33724 KOMIT FOTEpHOI rpadiku €
BUpPILIEHHS MTPOOJIEMHU OCBITIEHHS B pe€albHOMY 4acl, OCKIJIbKH BOHA € KIOYOBUM
aCIIeKTOM TEHepallil pealiCTUIHUX 300paKeHb Mij Yac BIATBOPEHHS rpadidyHUX
CIIEH y Bifeoirpax, CUMyJATOpax, apXiTEKTypPHUX Ta reorpapiyHuX Bizyali3alisax
TOILIO.

OCHOBHI BUKJIMKAMH €:

1. PeasicTU4HICTD — JI1 JOCSATHEHHS PEaiCTUYHOIO OCBITJIICHHS MOTPIOHO
BpaxOBYBAaTH Pi3HI JKepesia CBITIIA, IXHI BJACTUBOCTI Ta B3a€EMO/III0 3 OBEPXHIMU
00'€KTIB.

2. llIBuAKICTh — OCKIJIBKM OCBITIIEHHS BiIOYBA€ThCA B peaIbHOMY 4aci,
BOXKJIMBO ONTHMI3yBaTH aJTOPUTMH Ta ITJABHIIATH IMBUIKICTE OOYMCICHB IS
IJIaBHOI JUHAMIKM Bi3yasizallli Ta iH.

3. lunamika — 3MIHIOBAHICTb CIIEHHU, aHIMaIlis OO0'€KTIB 1 pyX KaMepu
BHMararoTh aJianTarlii OCBITJICHHS B peajbHOMY Yaci.

4. Tini — TeHepalis TiHEH B pealbHOMY Yaci € CKIIATHOI0 33/1a9€0, OCKITbKA
NOTPiOHO BpaxoBYBAaTH pPO3MipH, (GOPMH Ta BIACTUBOCTI O0'€KTIB, a TaKOX
JDKEpesia CBITa.

5. 'mobGasibHe OCBITIEHHS — ypaXyBaHHsI BIUIMBY BIJOUTTS CBITJIAa BiJ| 1HIIHUX
00'eKTIB Ta cepeIOBUIIIA I03BOJISIE OTPUMATH OUIBII PeaiCTUUHI 300paKeHHS.

Jist  po3B'si3aHHA IHMX TPOOJEM BUKOPHCTOBYIOTHCS Pi3HI METOAHM Ta
anroputmu, Taki sk "deferred shading", "screen space reflections", "real-time
global illumination", "physically based rendering". Ix sacrocysanns no3Bonse
OTPUMATH BHUCOKOSIKICHE OCBITJICHHS MpPU CTBOPEHHI 300paxkeHb y TpadiuHux
3aCTOCYHKax B PEKHMIi pealbHOTO 4acy. [IpoTe BOHHM HE 3aBXKAM ONTHMAIIBHO

BUKOPHCTOBYIOTh amapaTHi pecypcu rpadigdoro mnporecopa. OmHIE0 3 CyTTEBUX



po0JIeM, [0 MOKE€ BUHHUKHYTH IIPH iX BUKOPUCTaHHI, € eeKT mijg Ha3Bow quad
overdraw, sikuii 3yMOBJICHHI anlapaTHUMH OCOOJIMBOCTSIMH IpadidHOTO KOHBEEpPA.
Ile 3ymoBroe moTpedy B Takux crocofax i 3acobax (GopMyBaHHS pPeaiCTHUHUX
300pakeHb, SIKI JT03BOJISITh ONTHUMAJIbHO BUKOPUCTOBYBATH amapaTHI Pecypcu

rpadiyHOTO MpOIEcopa.

O0’€KTOM 10CJTi/IZKEHHS € MPOIECH OCBITJIICHHS] TPhOXBUMIPHUX O0'€KTIB B

peanbHOMY Yaci.

IIpeameTomM OCTiTKEHHSI € METOJIM, CIOCOOM Ta 3aco0M ONTHMI3amii

CHCTEM OCBITJICHHS B pcaliIbHOMY yaci.

MeTtor pod0TH € MIABHUILIEHH €()EKTUBHOCTI MPOTPAMHOTO 3a0€3MeUEHHs
JUTS Bi3yaJizallii TpbOXBUMIPHUX 00'€EKTIB B peajlbHOMY Yacl IUITXOM ONTHMI3aIi

MIPOIIECy MIATOTOBKHU JaHUX, HEOOXITHUX JUIsl OOUMCIIEHHS OCBITICHHS.

HaykoBa HOBHM3HA!

— 3ampomnoHOBaHO cmocid peanmizarmii  BIAKIAJACHOTO TEKCTYpPYBaHHS 3
BUKOPHUCTAHHSM OOYHCIIOBAILHOTO KOHBEEpA ISl TMOCHIICHHS KOHTPOITIO
HaJ TPOLECOM BHKOHAHHS IIEHAEepiB Ha rpapiyHoMy KoHBeepi. lle
J03BOJIsIE MiHIMI3yBaTu BIUTMB edekty quad overdraw, 110 BUHHMKAE MPHU
pacrepizailii BeTUKOi KUIBKOCTI BHCOKOJIETANI30BAHOI TreoMeTpii, 1 THUM
CaMUM ONTHMI3YBaTH MPOIIEC OCBITICHHS, MiIBUIIMABIINA HOTO TMIBUIAKOIIO.

— 3anponoHoBaHo BuKopucTanHs Async Compute s po3aiieHHS
OIArOTOBYMX OOYMCIEHb MJI1 3BUYAlHOI TreoMeTpii Ta TeoMeTplii 3

BEJIMKMMU HAKJIAJHUMHU BUTpPATaMU TIpU peHIEepHUHTY depe3 quad overdraw.



Ile no3BOJIsIE 3MEHITUTH 3arajibHy TPUBATICTh KAJIPy 3aB/SKH MapajeibHIN

po60Ti rpaiuHOro Ta OOYUCITIOBAILHOTO KOHBEEPIB.

IIpakTu4yHa WiHHiCTH: PO3p00IIEHI TPOrpaMHi 3aCO0U T03BOJIAIOTH PEATICTUYHO
BI3yaJli3yBaTH Ta OCBITJIIOBATU TPUBUMIPHI O0'€KTH B peaJbHOMY Yacl 1 MOXKYTh
OyTH BUKOpPHCTaHI B cepl po3poOKH KOMITIOTEPHUX 1rop, rpadiyHOMy au3aiiHi,
reorpagiyHuX Ta THKEHEPHUX BI3yaJli3alisx.
AnpobGanisa po6orn. OCHOBHI TIOJIOKEHHS 1 peE3ynbTaTH podOTH Oyiu

MPE/ICTaBIICHI Ta 0OTOBOPIOBAINCH Ha!
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2. UlictHaausTa HayK. KOH(}. MaricTpaHTiB Ta acmipanTiB Ilpuxnanna
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CTpykTypa Ta 06cAr po6oTu. MaricTepchbka AMCEpTarlis CKJIAJIa€ThCs 3
BCTYIy, YOTHPbOX PO3/1J1iB T4 BUCHOBKIB.

YV eécmyni momaHo 3arajibHy XapaKTEPUCTUKY pPOOOTH, 3pOOJICHO OIIHKY
Cyd4acHOro CcTaHy TipoOJjieMH, OOIPpYHTOBAaHO AaKTyaJbHICTh  HAIPSMKY

JOCJIJIKEeHB, COPMYJIBOBAHO METY JTOCT1IKEHb.

Y nepwiomy po3oini mpoBEeNEHO NE€TallbHE JOCTIPKEHHS HAsIBHUX CHUCTEM
cucteM ocBiTIeHHs. OIIHEHO iX mepeBaru Ta 0OMEKEHHS, a TaAKOK BU3HAYEHO

noTpedu Ta 0OMEKEHHS IPU X BUKOPUCTAHHI.

Y opyeomy po30ini po3rissHyTO BapiaHT peai3allii METOIy BIJIKJIaJIEHOTO
TEKCTypyBaHHS, PO3TIISIHYTO MPOOJIeMH, SKi BUHUKAIOTh MPHU peatizaiii crmocol0y

Ta CrOCOOU X BUPIIICHHS.



Y mpemvomy po30ini po3riassHyTO 1 OOTPYHTOBAHO BUOIP 1HCTPYMEHTApIIO
I PO3pOOKH CHCTEMH OCBITJIICHHSI, HABEJCHO OImuc MoxJuBocteld DirectX 12,

KOPUCHUX MPU PO3pOOIII.

Y uemeepmomy  po30ini TPOBEACHO TOPIBHAHHSA  A(PEKTHUBHOCTI

3aMpONOHOBAHOI peani3allii 3 KIIaCHYHUM METOJOM OCBITJICHHS.
V 6ucnoskax nipenicTaBieH1 pe3yibTaTi MPOBEAEHOI pOOOTH.

Po6ora npeacrasnena Ha 109 apkymax, MicTuth 21 pucyHOK Ta HOCUIIaHHSA

Ha CMHUCOK BUKOPUCTAHUX JIITEPATYPHUX JKEPEIL.

KirouoBi cjioBa: peHAEpUHT, OCBITIEHHS, pEAJIbHUM Yac,MOjeli

Bisyauizamii TpuBuMipHEX 00'ekTiB, DirectX, GPU.



ABSTRACT

Actuality of theme. The problem of real-time lighting is one of the most
Important tasks in computer graphics, as it concerns the generation of realistic
images in real time when rendering graphical scenes in video games, simulations,

architectural and geographic visualizations, etc.
The main challenges are:

1. Realism - to achieve realistic lighting, it is necessary to take into
account various light sources, their properties and interaction with
object surfaces.

2. Speed - since lighting happens in real time, it is important to optimize
algorithms and use computing speed for smooth game dynamics, etc.

3. Dynamics - scene variability, object animation, and camera movement
require real-time lighting adaptation.

4. Shadows - generating shadows in real time is a challenging task, as it
requires taking into account the size, shape, and properties of objects,
as well as light sources.

5. Global illumination - taking into account the influence of light
reflection from other objects and the environment allows you to get

more realistic images.

To solve these problems, various methods and algorithms are used, such
as "deferred shading"”, "screen space reflections”, "real-time global
illumination”, "physically based rendering”. These techniques can

produce high-quality lighting for real-time image creation in graphics



applications. However, they do not always make optimal use of the GPU's
hardware resources. One of the significant problems that can arise when
using them is an effect called quad overdraw, which is caused by

hardware features of the graphics pipeline.

The object of research is the processes of lighting three-dimensional objects

in real time.

The subject of research is methods, techniques and means of optimizing

real-time lighting systems.

The aim of the study is to increase the efficiency of software for visualizing
three-dimensional objects in real time by optimizing the process of preparing the

data necessary for calculating lighting.
Scientific novelty:

- We propose a method for implementing deferred texturing using a
computational pipeline to increase control over the process of executing shaders
on a graphics pipeline. This allows minimizing the influence of the quad overdraw
effect that occurs when rasterizing a large number of highly detailed geometry,

and thereby optimizing the lighting process, increasing its performance.

- We propose to use Async Compute to separate preparatory computations
for ordinary geometry and geometry with high overhead when rendering through
quad overdraw. This reduces the overall frame duration due to the parallel

operation of the graphics and computational pipelines.

Approbation of work. The main provisions and results of the work were

presented and discussed at:



1. XVI scientific and practical conference of master's and postgraduate
students "Applied mathematics and computing" PMK-2023 (Kyiv, November 28-
30, 2023).

2. V international scientific and practical conference "Modern trends in the
development of information systems and telecommunication technologies™ on the

basis of the National University of Food Technologies.

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

introduction, four 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 area,
formulates the goal and objectives of the research, shows the scientific novelty of
the results and the practical value of the work, and provides information on the

testing of the results and their implementation.

In the first section, a detailed study of existing lighting modeling systems
was conducted. Their advantages and limitations were evaluated, and the needs

and limitations of their use were identified.

The second section discusses the implementation of the deferred texturing
method, considers the problems that arise during the implementation of the

method and ways to solve them.

In the third section, the choice of development tools is substantiated, and a

description of DirectX 12 features that can be used in development is given.

The fourth section compares the efficiency of the developed implementation.



The conclusion presents the results of the work.
The work is presented on 109 pages, contains 21 figures and references.

Keywords: rendering, lighting, real time,3D object visualization models,
DirectX 12, GPU.



