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Merol0 [aHOTO JOCHIIKEHHST € BH3HAUEHHS TMOHATh KOMIUIEKCHOI MPOAYKTUBHOCTI Ta
COLIIOTEXHIYHOCTI CHUCTEMH YIpaBIiHHS HaBYaHHSIM Ta KOMIUIEKCHOI iH(opmaliiHoi eKkocucTeMu
«EnexrponHuii yHiBepcUTeT».

Cepen pe3yabTaTiB HAyKOBHX JOCHIKEHb MO)KHA BHAUIMTH TaKi HampsIMH, SIK OLIHIOBAHHS
MPOAYKTUBHOCTI Ta 3piIOCTI CUCTEM YNPABNiHHS HaBYAHHSM, CHCTEM YIPAaBIiHHS HABYAIBHUM 3aKJIaJiOM,
uu¢poBux miargopm nucraHuiiiHoro HaBdaHHA [1]. OgHMM i3 MiAXOHiB, PO3MIAHYTUX 1 ampoOOBaHMX
aBTOpPAMH CTaTTi, € OI[iHKa 3pUIOCTI CHCTEMHU IO BIAHOIICHHIO JIO PIBHSA OXOIUICHHS aBTOMATH30BaHUX i
ouudpoBanux mporeciB. IIpoaykTMBHICTE Ta 3puTicTh iHGOpMaIiiHOT cucteMu «EnexkTpoHHUN
VHIBEPCUTET» MAa€ BpaxoByBaTh Outblie KpurepiiB. Cepel HUX MOXKHA BUAUIMTH TakKi, SK 3py4dHICTh
BUKOPHCTAHHS CHCTEMH, PiBeHb aKTHBHOCTI KOPUCTYBayiB, CKOPOUEHHS Yacy MiATOTOBKH JO HaBYaJbHHX
3aHSTh, CKOPOUCHHS YacCy IiJIFOTOBKH 3BITHUX JOKYMEHTIB, IPOBEICHHS KOMYyHiKaIliii. CaMe KOMIUIEKC TaKUX
MOKa3HUKIB € OCHOBOIO JJIs1 OpMYBaHHS MOHATTS COL[IOTEXHIYHOCTI.

OmiHKy piBHSI MPOAYKTUBHOCTI Ta 3pijiocTi cucreMu «ENEKTpOHHHN YHIBEPCHUTET» SIK KOMILIECKCY
MOKa3HUKIB COIIOTEXHIYHOCTI MOXXHA MPOBOJMTH JJIsl Pi3HUX KOHTYPIB CHCTEMH Ta KaTeropiii KOpuCTyBadiB.
Taka JEKOMIIO3HUIlisS CHUCTEMH JIO3BOJIMTH BH3HAYMTU CHJIbHI Ta CJA0KI CTOPOHHM CHUCTEMH 3 TOUKU 30Dy
KO)KHOT I'PYyITH KOPUCTYBadiB i pO3pOOUTH PEKOMEH/Iallii I0JI0 TIOKPAIEHHs MTPOIIECiB B3a€MO]IiT CUCTEMH.

[IpakTu4Hi ekcriepuMeHTH OL[iHIOBaHHS OyJIyTh BUKOHaHI /st cucteMu «EjekTpoHHUH yHIBepcUTeT
BHTVY» [2].

OrmiHKa COMIOTEXHIYHOCTI MOKe OyTH BHKOHaHA JUisi BCi€l CHCTEMH B IJIOMY, Ha piBHI poboTH
OKpEMHUX MOAYJIIB, IAWCHUILIIH, B MEKaX BUKOPUCTAHHS CHUCTEMH JUJIS JAMCTAHLIHHOIO Ta 3MIIIaHOTO
HABYaHHS.
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KOBAJIBUYYK C.I.,
POMAHIOK O.B.,
BinHunbkuii HanioHAJBLHUI TeXHIYHUI YHiBepcHTeT

MMEAAEPHA PEAJIIBALIIA METOLY ®OPMYBAHHSA 3065PAKEHB PEJIbEPHUX
ITOBEPXOHb HA BA3I PARALLAX OCCLUSION MAPPING

Anomayis: Pozensanymo ocobnusocmi  peanizayii  memooy Gopmy8anHs 300padiceHb penbedHUX
nosepxoHsv Ha basi parallax occlusion mapping.

Kniouosi cnosa: parallax occlusion mapping, npoepamysanns wetioepis, 3D-pendepune, Haknaoamms
meKcmyp, peibehe mekcmypyeaHHsi.

Beryn. Y cdepi komm'torepHOi rpadiku 30epira€ThCs MOCTIHHUIN MOMUT HA PeaTiCTHYHICTD 300paskenHs [1].
CyudacHi mporpaMu 9acTo BUMararoTh BUCOKOZETANI30BAaHOTO Bi3yaIhbHOTO KOHTEHTY, 1[0 POOUTH peati3m
Ba)KJIMBOIO METOO B IM3aiiHi Tpad)iYHHUX CIIEH.

OnmHUM 13 MIXOIB 1O MIABUINEHHS PEaiCTHYHOCTI 0€3 MIKOAW UI MPOAYKTUBHOCTI € eheKTHBHE
BUKOPHCTAHHSA TEXHIK HAaKJaJaHHS TEKCTyp. 30KpeMa, BHUKOPUCTOBYIOUHM METOAM  pelbe(hHOro
TEKCTYPYBaHHS, MOXKHA TTOKPAIUTH CIPUHHATTA TIMOMHM 1 TOHKOILIB TOBEPXHi, 3MILNIYIOYH KOOPIUHATH
TEKCTYpHU IIiJ{ Yac PEHIEPUHTY, IO IO3BOJSE CTBOPHUTH iM03if0 AeranizoBaHoi 3D-moBepxHi Ha IUIackiit
reomerpii. OfHAK CydacHi METOAM 3[eOLIBIIONO MOKIAAI0ThCS HA CTATHYHI MapamMerpH y cBoiid podori [2-
3].

3anpornoHoBaHuii Merox Ha Oasi parallax occlusion mapping mo3Bossie onTUMI3yBaTH MpOIEC
PEH/IEPUHTY TEKCTYPH 3a JOIOMOTOI0 PEryJIIOBaHHS KUTBKOCTI MIAPiB AUCKPETU3AIIil 3aJIeKHO BiJl CKIIaTHOCTI
MOBEPXHI Ta Kyra omragy. Take NOKpalleHHs JO3BOJSIE MIIBUINUTH IPOAYKTUBHICTH Iporpam, IIo
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BUKOpHCTOBYIOTH POM, 0co0amBO B crieHapisfxX, KoM HEOOXiAHO 3a0€3MeYnTH BUCOKUI piBeHb AeTamizamii
npu 0OMEeXEHHX 00YHCITIOBANILHUX pecypcax [4].
Hleiinepua peasizauisi MmeTony

Bepmmnuuii meligep iHimianizye mpoLec TEKCTypyBaHHS LUISIXOM MEPETBOPEHHS BEPIIMH MOBEPXHI
BIJINOBITHO JIO MAaTPUIlh BUIJISITY Ta MOZENTI, 3a0€3MeUyour HalleKHE MO3UIliFoBaHHS 00'ekra Ha 3D-cieHi
(pucynok 1) [5]. Leiinep oTpuMye OCHOBHI BXiZHI JaHi, 30KpeMa MOJOKEHHS BEPIIMH, HOPMai, JOTUYHI Ta
UV-koopauHaty, o0 MepeTBOPUTH KOOPAWHATH MOJETi y mpocTip BimoOpaxkeHHs. KpiMm Toro, Ha nmpomy
erari BUKOHYETHCS OOYMCIICHHSI MATpPHIl JOTHMYHOTO MPOCTOpPY, sika Oyle BUKOPUCTAaHA IJisi TUHAMIYHOTO
HAJAMITYBaHHS KOOPIUHAT TEKCTYPH.

Ll EERCA

o E—

Pucynok 1 — [Ipuniiun po6oTH BEpIIMHHOTO HIekHIepa

[Ticns oOurcieHHsS HeOOXITHUX MEPETBOPEHD BEPIIMHHUN IISHIEp TIepenae KOOPANHATH TEKCTYPH Ta
TpaHC(OPMOBaHi KOOPJUHATH BHUIVISILY 1 TOMOKEHHS CBiTIAa 70 (hparMeHTHOro meiaepa (pucyHok 2). Lli
JIaH1 IHTEPITOMIOOTHCS 0 MMOBEPXHI MOJEII 1 JO3BOJISIOTh BUKOHYBATH PO3PaXyHKH IS KOXKHOTO ()parMeHTa,
HeoOX1H1 I TOYHOI'O MOJEIIOBaHHS [NIMOMHU Ta OCBITJIEHHS Ha ITIKCENbHIN OCHOBI.

VY QparmeHTHOMY mIeljiepi peaslizoBaHa OCHOBHA (PYHKIIIOHAJIBHICTh PEIbe(QHOrO TEKCTYPYBaHHS.
OxpiM OTpHMaHHX 3Ha4YeHb 3 BEPIIMHHOIO MIeljepa, TyT BHKOPHUCTOBYETHhCS JIEKiTbKa TIIOOAILHUX
napamMerpiB, TaKUX K MacIITaOyBaHHs TITUOWHY TEKCTYpU, MaKCHUMaJIbHA Ta MiHIMaJIbHA KUTBKICTh MIAPIB, a
TaKO)K KapTH BUCOT, HOpMaJieH, CKIaaHOCTI Ta audy3Ha Kapra.

Uniforms l
Varying/out
variables Frame
Shader Buffer
Textures
Insidethe GPU

Pucynok 2 — B3aemosiist BepmuHHOTO Ta ()parMEHTHOTO MIeH IepiB

Kapra BuCOT ciyrye OCHOBHUM JKepesioM iH(opMarlii po rmonHy, a i 3HaYeHHS] BUKOPHCTOBYIOTHCS
JUISl BU3HAYEHHS BETMUMHH 3CYBY, IO 3aCTOCOBYETHCS JO KOOPIMHAT TEKCTypH. [Jsi OTpHMaHHS TEKcens 3
TEKCTYPH 3a 33J]aAHUMU KOOpIMHATAMH BUKOPUCTOBYETRCS (pyHKIIis texture(), mo npuiimae Taki aprymeHTu [6]:

— sampler: Bkazye ceMIuiep, 1o SKOTO IPUB'SI3aHO TEKCTYPY, 3 AKOi Oye OTpUMaHO TeKCei;

— P: xoopauHaTH TEKCTYpH, 32 SKUMH Oy/ie POBEIEHO BUOIPKY.

[Tapamerp HeightScale BukopmcroByeThCs st MacmTaOyBaHHA 3HA4YeHb Ha KapTi BUCOT, MIO
JIO3BOJISIE KOHTPOITIOBATH IHTEHCUBHICTH €(PEKTY TIIMOMHH.

3anexHo Bix KyTa ODNIALy, LIeiiep HiAIalIToBye KOOPIMHATH TEKCTYpH Uil BHOIpKH, iTepauiiHO
BUKOHYIOUM TpacyBaHHS IIPOMEHIO B3/I0BX BEKTOPY IIOIVIALY, NMOKM He Oyae JOCSITHYTO HEepeTHHy 3i
3HAYEHHSIM TIIMOWHH 3 KapTH BUCOT.

KinpkicTe iTepaniéi (mapiB AMCKpeTH3allii) JWHAMIUYHO PETYNIOETHCS 3QJIKHO BiJl CKIIAIHOCTI
TEKCTYypH Ta KyTa oy (pucyHok 3). Tak, mapamerpu MinLayers ra MaxLayers BusHa4aroTh MeXi, B IKHX
BiIOyBa€ThCs BUOIp OCTATOYHOI KUTBKOCTI IMIApiB AMCKpeTu3aii mis Tekcens. Ilicnmsa 1mporo med miama3oH
KODUTYETbCSA 13 ypaxyBaHHsIM KyTa OIIsSAy JUisi oTrpuMaHHs 3HadeHb adjustedMinLayers Ta
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adjustedMaxLayers. OcratouHa KinbKiCTh IMapiB auckperusariii NumLayers BH3HAYAE€THCS HA OCHOBI
3HAYEHHSI CKJIAJHOCTI y TEKCE, IKE OTPUMYETHCS 3 KAPTH CKJIAJIHOCTI.

numLayers

adjustedMinLayers adjustedMaxLayers

MinLayers MaxLayers

Pucynok 3 — /lunamMivHe perymoBaHHs KUTBKOCTI IapiB AUCKpETH3aii

Pesynbrar pobotH 1meiinepiB miciisi BUKOHAHHS OMMMCAHUX KPOKiB HaBeJeHO Ha pUCyHKY 4. Ha npomy
eramni 3aBAsKH 3MIIICHHIO KOOPAWHAT TEKCTYPU JOCATAETHCS IMITAIlisl HEPIBHOCTEH Ha MOBEPXHSX, MPOTE
UTI031s1 TTIMOMHM HE BUTIIAAE TIEPEKOHIMBO, OCOOIHMBO MPH MIPSIMOMY TMOTJISIII HA HUX.

Pucynok 4 — Pesynbrar pobotH meliaepin

Jnst MiOBHMINEHHS PEATiCTUYHOCTI 300pakeHHsI BUKOHYETHCS 30ypeHHs HANpsSMKIB BEKTOPIB
HOpMaJiel MOBEPXHI BIMIOBIIHO JO KapTH HOpMaied, Mo J03BOJSIE IMiTyBaTH JpiOHI JeTami IMOBEpXHI.
Takox i1 Yac po3paxyHKiB BpaxoBYeThCs eeKT Bij 3araabHoro oceitieHus (ambient light) ta ocBiTiaeHHs
TTOBEPXHI HAITPABIIEHNM JKEPENIOM CBITia, SIKIIO Take €. OCTaTOYHUN pe3ylnbTaT penbe(hHOTO TEKCTYpyBaHHS
3a pornoMoroto Merony POM i3 AMHAMIYHUM PEryiiOBaHHSAM KUTHKOCTI IIapiB AUCKpETH3AIl] 300paxeHo Ha

PHUCYHKY 5.

Pucynok 5 — OcratouHuii pe3yasraT TEeKCTypyBaHHS

BucHoBkn
Peasnizanisi Merony penbeHOro TEKCTYpyBaHHS 3 AMHAMIYHMM HaJallTyBaHHSIM AMCKpeTH3aulii Ha
6a3i POM no3Bossie eeKkTHBHO iMITyBaTH AeTasi MOBEpXHI Ta edekTH IMOMHM Ha IJIacKid reoMerpii,
30epiratoun OasiaHC MK MPOAYKTUBHICTIO Ta Bi3yaJbHOIO TOYHICTIO. Byno cTBOpeHO BepUIMHHUMI mIeinep
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JUISL HANAIITYBaHHS JOTHYHHX MEPETBOPEHb MPOCTOPY Ta Mepeaadi HeoOXiMHMX JaHuX (parMEeHTHOMY
meiaepy. PparMeHTHUH 1IeHIep, Y CBOIO YEPTY, JUHAMIYHO HAJIAIITOBYE KUIBKICTh IapiB AWCKpETH3Allil Ha
OCHOBI KyTa OISy Ta CKIagHOCTI TekcTypH. Lleit migxix 3abe3mnedye HaAiiHy OCHOBY IUIS PEajliCTUYHOTO
TEKCTypyBaHHsI TIOBEpXHI B peajbHOMY 4aci Ta 3a0e3leuye MepeKOHNMBHUH e(eKT TITUOWHU, SIKHMH MOXKe
JUHAMIYHO aJanTyBaTUCS O YMOB CLICHH.
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KOXEM’SAKO Annpiid,
@®E/TOPUIIINH Oaekciii,
BinHunbkuii HaNiOHAJBLHUI TeXHIYHUI YHiBepcHTeT

ONTHUKO-EJIEKTPOHHI JETEKTOPHU UMY 3 MIKPOITPOIIECOPHOIO OBPOBKOIO:
HIAXOAU TA IEPCIIEKTUBU PO3BUTKY B CUCTEMAX ITPOTUIIOKEKHOI BE3IIEKA

Anomayis: B 00nogiodi po3ensioacmsbcsi 600CKOHANLEHH ONMUKO-EIeKMPOHHUX 0emeKmopie OUMy WLISIXOM
BNPOBAIICEHHS MIKPONPOUECOPHOI 0OPOOKU CUSHANIE O 3MEHUIEHHSL XUOHUX MPUBO2 Ma NOKPAWEHHS iX
epexmusHocmi 6 CKIAOHUX YMo8ax ekcniayamayii. 3anpononosanuti nioxio 0038018€ NiOGULUMU
HaOIiHiCMb pOOOMU CUCEM NPOMUNOICENCHO20 3AXUCTTY 8 NPOMUCTIOBOCHIL, MA NOOYMI.

Kniouogi crnosa: onmuxo-erekmponnuti 0emexmop oumy, MiKpOnpoyecopua oopodxa, npomunodicelicHa
cucmema, a0anmueHul aneoOpumm, XubHi mpugozu.

OnTHKO-ENEKTPOHHI JIETEKTOPH UMY € Ba)KJIMBOIO CKJIAJOBOIO CYYaCHUX IPOTUIOKEKHHUX CHCTEM.
Ix BHUKOpHCTaHHS 103BOJNSIE CBOEYACHO BHUSBJIATH 3arpo3y 3aropsuns [1]. OmHak y CKIagHHX yMOBaxX
eKCILTyaTallii, TAKHX SIK BUCOKWH pIiBEHb 3alHICHOCTI, €()EeKTHBHICTb JIETEKTOPIB MOXE 3HIIKYBATHCS, IO
MiIBUIIYE WMOBIPHICT XWOHHX CIIPANOBaHb. BIOCKOHANGHHS TaKWX MPUCTPOIB 3a JOMOMOTOIO
MIKpOIIpOIleCOpHOT OOpOOKM CHTHANB € aKTyaJbHUM 3aBAAHHAM IS IJIBUIICHHS OE3MEeKH B
MIPOMHUCIIOBOCTI, Ta MOOYTI.

IcHyI04i ONTHKO-EIEKTPOHHI IETEKTOpH MOTPeOyIOTh ajamnTamii i poOOTH B CKJIQJHUX YMOBaX.
CydacHi TeXHOIOTiI MIKpOIpoIecopHoi 0OpoOKH MOXKYTh 3a0€3MMeYnTH OLIbIIl TOYHE BUSBICHHS 3arpo3 3a
PaxyHOK aJalTHBHUX aJTOPUTMIB, IO TO3BOJSE 3HU3UTH KUTHKICTh XUOHUX TPHUBOT 1 ITIIBULIUTH HAIHHICT
cucreMu [3]. KpiMm Toro, MikpoIpoIecopHi TeXHOJOrii 3a0e3MedyloTh MOXKIUBICTh BHKOPHUCTAHHS
PI3HOMaHITHUX aJTOPUTMIB BiJl TPOCTHUX A0 MEPENOBUX TAKUX SK:

1) AnropuT™m MOpiBHSHHS CHUTHAJIB — OPIBHSAHHS PIBHIB OTPUMAaHOTO CHTHAJY 3 €TaJIOHHUM;
2) AusroputMu (inbTpallii curHamiB — (GiTeTpyBaHHS OTPUMAHOIO CHTHAJY JUIS 3MEHIIEHHS KiLTbKOCTI

XUOHUX TPHUBOT;

3) ANroput™M camMOHaBYaHHS — QITOPUTMH IO JO3BOJSIFOTH CHUCTEMi aJanTyBaTHUCS JO 3MiH Y

HaBKOJIMIIHBOMY CepeloBUIli a00 3MiHU MMapaMeTpiB IaTYHKa 3 4acoM;
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