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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Buabl penibepHOro TeKCTypupoBaHus

CopepxaHue

@ Penvedroe TekcTypuposatue [Pleaseinsertintopreamble] uto 3107

© Buabi penbedroro TekcTypuposaHus
@ Bump mapping
@ Normal mapping
@ Displacement mapping
@ Parallax mapping
@ Parallax occlusion mapping
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@ Penvedroe TekcTypuposatne [Pleaseinsertintopreamble] 4to 370?

© Buabl penbedroro TekcTypupoBaHus

o

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping



Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t
Bugel penbecbHoro TekcTypuposaHus

Y10 3707
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@ PenbedHoe TekcTypupoBaHue — MeTOf B KOMMbIOTEPHON rpaduike
ANs npugaHus bonee peanncTUYHOrO N HaCbILWEHHOrO BUAA
NOBEPXHOCTU OBBEKTOB






@ PenbedHoe TeKCTypMpoBaHue OTPaXkaeT peasibHoe MOJIOKEHNE
NCTOYHNKA CBETA B CLEHE U JAXKE N3MEHEHMNE Ero MECTOMOJIOKEHNS



@ Penvedroe TekcTypuposatue [Pleaseinsertintopreamble] 4to 3107?

© Buabl penbedHoro TekcTypuposaHus
@ Bump mapping

Normal mapping

Displacement mapping

Parallax mapping

Parallax occlusion mapping



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

HemHoro u3 nctopuu

e bamnmannutr 6bin paspabotan Baunxom (Blinn) ewe 8 1978 rogy
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri

Buppl penbedbHOro TekcTypupoBaHus

Jim Blinn

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Born: 1949

Alma mater: University of Utah; University of Michigan
Awards: Macarthur fellowship (1991); NASA Exceptional Service

Medal
Fields: Computer science

Institutions: NASA's Jet Propulsion Laboratory; Microsoft Research

.M. demsnerko (MexmaTt FODY)

KomnetoTepHasi rpacuka
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Kak 37107

.M. demsnerko (MexmaTt FODY) KomnbloTepHas rpacbuka
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Y70 Takoe penbedHas kapTa?

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

@ PenbedbHas kapTa (TekcTypa) — 3T0 0bbl4HAsi TEKCTYpa, TONBKO B

OTANYME OT MEPBONA, HeCyLeid MHGOPMaLMIO O LBETE ONpeAeneHHbIX

y4acTKoB, penbedHasi KapTa HeceT nHOPMaLUo O HEPOBHOCTSX

.M. Oemsnerko (Mexmat FODY)

KomnetoTepHasi rpacuka
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@ MOXHO HEepOBHOCTU U LLIEPOXOBATOCTH

e [lepeBo

@ KaMmeHb

o LUeNyLIALLyoCs Kpacky
e uTA

@ Henbzs KpynHbl€ BNaAHbl N BO3BbILLEHHOCTN



@ [NpeobpaszoBaTb MHOPMaLMIO O BLICOTE HEPOBHOCTER Ha KapTe BbICOT
B MHOPMaLMIO O BEANYUHE NOACTPOIKN BEKTOPA HOPMaN



Bump mapping
PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi Normal mapping

Bupabl penbechHOro TekCcTypupoBaHusi Displacement mapping
Akl P ypup Parallax mapping

Parallax occlusion mapping

Kak peannsosatb’

x _gradient = pixel(x—1, y) — pixel(x+1, y)
y gradient = pixel(x, y—1) — pixel(x, y+1)
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Buppl penbedbHoro TekcTypuposaHus

A panbwe?

New Normal=Normal+(Uxx gradient)+(Vxy gradient)

A.M.Oemsnernko (MexmaTt FODV) KomnbloTepHas rpacbuka
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Bump mapping

diffuse diffuse
no specular specular

diffuse diffuse
no specular specular
bump mapped bump mapped
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Bump mapping B nrpax

@ neps.blii peHaepuHr — bes bamnmannuHra

@ BTOpOI — BamnmannuHr 6e3 6MKOBOV COCTaBNAOLLEl

.M. Oemsnerko (Mexmat FODY) KomnetoTepHasi rpacuka 20/79



@ J70 panbHeliwee passutue TexHonorun bamn (bump)

o [lHorga kapTbl HOpMmaseli HasbiBatOT «3-x ToyeyHast bamn-kapTa»
(Dot3 bump mapping)



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Buppl penbedbHoro TekcTypuposaHus

Normal Mapping

o

.i ‘a

Gouraud Shading Normal Happin-g
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Buppl penbedbHOro TekcTypupoBaHus

HemHoro u3 nctopuu

@ Bnepsble nges o Tom, 4To MOXHO «bpaTby» Aetanu
BbICOKOMOJIUIOHAIbHOW MOZENN 1 NEPEHOCUTL Ha
HU3KOMOJIMIroHabHYO, bbina npegnoxeHa Ha SIGGRAPH s 1996 Bo
BpeMs goknaga "lcnonbsoBaHue CriaXkeHHbIX NOBEPXHOCTENR ANst
nobaBneHns NAOTHOCTU noauroHansHol cetke"asTopos
KpuwHamypaTtu n Jleson

@ SIGGRAPH (The Special Interest Group for Computer Graphics)
@ Torga peyb wna o6 ncnonbsosanun aas Displacement Mapping

@ [Npegnaranocs ncnonb3oBath cosgaHHble Ha ocHose NURBS kapthbl
cmewenus (displacement maps) ans yBenuueHns getanusauyun
HN3KOMONMIOHAIbHOW MOBEPXHOCTN

@ Peanusauuns nosiBunace ropasfgo nosxe
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

N ewgé ns nctopun

o B 1998 rogy onate Ha SIGGRAPH 6b1in npegcraenensl 2 goknaga o
nepeHeceHnn Aetaneii B BUAE KapT HOpManei ot
BbICOKOMOJINMIOHAsIbHbIX MOZENENR B HU3KOMONTOHAbHbIE

@ OpwuH un3 Hux: «Appearance Preserving Simplification». AsTopb!:
Jonathan Cohen, Marc Olano, Dinesh Manocha

e www.graphicon.ru/oldgr/library/siggraph/98/papers/cohen/cohen.pdf
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Buppl penbedbHOro TekcTypupoBaHus

N3 cTatbn Appearance Preserving Simplification

QOO

Figure 1: Bumpyv Torus Model. Lefi: 44,252 triangles
full resolution mesh. Middle and Right: 5,531 triangles,
0.25 mm maximum image deviation. Middle: per-vertex
normals. Right: normal maps

.M. Oemsnerko (Mexmat FODY) KomnbloTepHas rpacuka 25/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Buppl penbedbHoro TekcTypuposaHus

Appearance Preserving Simplification

249,924 triangles B 7 gles 975 triangles
0.05 mm max image deviation 0.2 image deviation 1.3 e deviation ge deviation

Figure 12: Close-up of several levels of detail of the armadille model. Top: nos

ax im

naps Boittom: per-vertex normals

A.M.Oemsnernko (MexmaTt FODV) KomnbloTepHas rpacuka 26/79



o VYBennunsaeT BU3yanbHyto aetanusaunio 3d-mopenu 6e3 gobasneHns
JONONHNTENLHBLIX NOANFOHOB

(] KapTa PACCHUTBIBAETCA AN KaXKAO0ro nNmMKCens TeKCTypbl



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Paznnuus: bump u normal -mapping

@ Bamn paccunTbiBaeTcs Ha OCHOBE TEKCTYPbl C OAHUM KaHaJIOM
(grayscale — oTTenku ceporo)

@ KapTtbl Hopmaneii ncnonbsytoT MHorokaHanbHyto RGB-TekcTypy,
no3ToMy MeTof AaeT bonbluyto To4HOCTb, Yem Bump mapping

.M. Oemsnerko (Mexmat FODY) KomnetoTepHasi rpacuka 28/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t
Bugel penbedbHoro TekcTypuposaHus

Bump map un Normal Map

Bump Map

.M. demsnerko (MexmaTt FODY) KomnbloTepHas rpacuka 29/79



Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t

Buppl penbedbHOro TekcTypupoBaHus

ObbekTbl

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

MoaonbiTHLIE

nonvroHansk

.M. demsnerko (MexmaTt FODY)

OHaNBHLIN

KomnetoTepHasi rpacuka
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Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t
Bugel penbedbHoro TekcTypuposaHus

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Hopmanu BbicokononnroHansHoro obbekTa

Hopmanu atoro o6bekTa.

.M. demsnerko (MexmaTt FODY)

KomnetoTepHasi rpacuka
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t
Bugel penbedbHoro TekcTypuposaHus

KapTa Hopmaneii Kak TekcTypa

.M. demsnerko (MexmaTt FODY) KomnbloTepHas rpacuka 32/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

PesynbTaT

.M. Oemsnerko (Mexmat FODY) KomnbloTepHas rpacuka
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

[ae Normal Mapping?

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

.M. demsnerko (MexmaTt FODY)

KomnetoTepHasi rpacuka
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Normal Mapping: Konn4ecTBo NOAUrOHOB

850 polys 850 polys

+ normal mapping

.M. demsnerko (MexmaTt FODY) KomnetoTepHasi rpacuka 35/79



@ B obbekTHOoM npocTtpancTse (object-space): obuyeit cucteme
KoopauHaT

@ B kacaTesbHoM npocTpaHcTBe (tangent-space): nokanbHol cucreme
KoopauHaT



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Penbecproe TekcTypuposatue [Pleaseinsertintopreamble] 4t
Bugel penbedbHoro TekcTypuposaHus

[ne kakasa?

.M. demsnerko (MexmaTt FODY) KomnbloTepHas rpacbuka



@ lcnonbsyetcs ans He gedhopMupytonxcst 06bEKTOB, TaKMX Kak
CTEHbI, ABEPN U T.M.

o [NpumeHsieTcst 4nsi BOSMOXHOCTU AepOpPMUpPOBaTb OOBEKTHI,
Hanpumep, NepCoHaXken



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Bupabl penbechHOro TekCcTypupoBaHusi

Obuwiasa v nokanbHasi CUCTEMA KOOPAVHAT

A.M.Oemsnernko (MexmaTt FODV) KomnbloTepHas rpacuka



o Ha Bxog ungert:

@ - No3numsa Kamepbl B JIOKaNbHOI cucteme KOOpPAUHAT Moaenn

@ - No3nymnsa NCTOYHNKA CBETA B JIOKaNbHOW cucteme KOOpPpAWUHAT Mo4enn



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

AnropuTtm Ans BepLIMHHOMO LWeiigepa

@ Bblumcantb BEKTOp NCTOYHMKA CBETa
@ HopmanusunposaTb ero

@ TpaHcdhopmupoBaTb BEKTOP UCTOYHMKA CBETA B NPOCTPAHCTBO
KacaTeNbHbIX

@ Bbiuncants BEKTOP KaMepbl
o HOpMaﬂI/IBVIpOBaTb €ro

@ [lpocuntate H BekTOop (MOgens ocseweruns Bannna; H — half-angle
vector)

@ TpaHcdopmupoBaTb H BEKTOp B NPOCTPaHCTBO KacaTeNbHbIX

.M. Oemsnerko (Mexmat FODY) KomnbloTepHas rpacuka 41/79



o Ha Bbixog nger:

@ - BEKTOP UCTOYHNKA CBETA B NPOCTPAHCTBE KAaCaTEJIbHbIX

@ - H BekTOp B NpocTpaHCTBE KacaTeNbHbIX



o Ha Bxog ungert:

@ - BEKTOP MNCTOYHMKA CBeTa B MPOCTPAHCTBE KAcaTesbHbIX
@ - H BekTOp B NpocTpaHCTBE KacaTeNbHbIX

o - Color — uger



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Anropnt™m ans doparMeHTHOro Lieligepa

@ HopmanusnpoBaTb BeKTOp UCTOYHMKA cBeTa u H BekTop B
MPOCTPAHCTBE KacaTesbHbIX

@ [poynTaTh HopManb 3 normal TeKCTypbl M HOpMUPOBaATL

@ [locunTaTb cKansipHOe NpousBefeHNe BeKTopa Hopmanu u3 normal
TEKCTYpPbl 1 BEKTOPA UCTOYHMKA CBETA B NPOCTPAHCTBE KacaTeNibHbIX

@ [pocunTaTh CKansipHoe NpousBeaeHMe BEKTOpPA HOpManm n3 normal
TekCcTypbl 1 H BekTOpa B NpOCTpaHCTBE KacaTesibHbIX

o [lpocuuTath uBeET

.M. Oemsnerko (Mexmat FODY) KomnbloTepHas rpacuka 44/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

[lprMeHeHMe HOpMaaMannuHra

e Cpenatb HU3KOMOINIOHAMBHYIO MOAENb AOCTAaTOUYHO
[eTann3npoBaHHOl ANs TOro, 4Tobbl COXpaHanack ocHoBHas dopma
obbekTa, 1 UCNOSIb30BaTbL KapTbl HOpManen ans gobasneHus bonee
MeNKUX JeTanei.

.M. Oemsnerko (Mexmat FODY) KomnetoTepHasi rpacuka 45/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

[MpumereHre bamnmannuura

@ MoxHO mcnonb3oBaTh SONOMHWUTENBHO U bump map ans ovexb
MENKNX AeTaNeil, KOTOpble AaXKe B BbICOKOMOJINIOHAIbHOW MOAENN He
cMopaennpoBaTh (Nopbl KOXK, Apyrue menkne yrnybnexus)
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Buppl penbedbHoro TekcTypuposaHus

Nrpbi

Far Cry, Doom 3, Half-Life 2, Call of Duty 2, F.E.A.R., Quake 4

A.M.Oemsnernko (MexmaTt FODV) KomnbloTepHas rpacuka 47/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Displacement mapping

@ lI3meHsieT reomeTpuIo NOBEPXHOCTU MO 3aJaHHOW KapTe BbICOT,
0bbIYHO NepefatoLLEeica B BEPLUMHHBINA LIEAAep Yepes TeKCTypy

e OcselyeHne cunTaeTcs 0bbIYHBIM CNOCObOM (NuKCenbHbIN Welgep
MOXET ObITb MPaKTUYECKM JItoDbIM), HO TPeDyeT BbICOKYHO
AeTann3aunto Mogenu

.M. Oemsnerko (Mexmat FODY) KomnetoTepHasi rpacuka 48/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Bump mapping n Displacement mapping
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Displacement mapping

) MeTO/J. N3MEHAET NOJIOKEHNE BEPLLUNH TPEYroNbHMKOB, CABUIrasd MUX no
HOpPMaN Ha BEJNYUHY, NCxoasa N3 3HayeHui B KapTax CMELWEHNA

o Kapta cmewenns (displacement map) — 370 0bbI4HO NonyTOHOBAS
TEKCTYpa, W 3HAYEHNSA B HEN UCMONb3YIOTCA AN ONPEAeNeHNs BbICOTbI
KaXX[O0ii TOYKM MOBEPXHOCTM ObBbEKTa (3HAaYEHUs MOTYT XPaHNTLCS Kak
8-6uTHble nnmM 16-6uTHble Yncna), cxoxe ¢ bumpmap.
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Co

YacTo KapTbl CMELWEHNA NCNONBb3YHOTCA (B 3TOM CNy4ae OHW Ha3bIBAlOTCA ”
KapTamMu BbICOT) Ansa co3naHuns 3eMHoli NOBEPXHOCTU C XOSIMaMWn 1
BnagnHamu.

VicxogHbiMn G611 4 BeplumMHbl 1 2 MOIMIOHA, B UTOrE MOJYHUCS
NOMHOLEHHBIVE KyCOK NaHgwadTa

source tesselated displaced







@ HanoxeHue kapT cMeLleHUsi BNepBble Nony4nno noanepxky B DirectX
9.0



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

CxkaTune reomeTpuy

@ Hanoxenne KapT CMELWEHNA MOXXHO MO CyLllecTBy CHUTAaTb METOAOM
CKaTunsa reomeTpun

@ llcnonb3oBaHne KapT CMELLEHUS CHUXKAET 0bbeM namsTu, Tpebyemblii
Ana onpegeneHHon getanusauun 3D mogenn

@ [pomo3gkme reoMeTpuyeckne JaHHbIE 3aMeLAoTCA NPOCTbIMU
[BYXMEPHBIMMN TEKCTYPaMUN CMELLLEHUS, OBbIYHO 8-BUTHBIMU MK
16-6uTHBIMU

@ JTOo cHmxaeT TpeboBaHMsl K 0b6bEMY NaMATU U MPOMYCKHOIA
cnocobHocTn, HeobxoanMOii A5t AOCTaBKN FrEOMETPUYECKUX AAHHBIX K
BMAEoHUNYy
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

[1penmyLecTBa

o [losBonsieT MCNoNbL30BaTbL HAMHOIO Boee CIOXKHbIE FTEOMETPUYECKN
3D moaenu

o [lo3BonsieT yckopuTb aHUMaUUIO MOenei

@ VNyywnTb BHELWHWIA BIL MOLENN, NPUMEHNB Boslee COXHbIE
KOMIJIEKCHbIE arOPUTMbI 1 TEXHUKN, Bpoge umuTauum Tkateii (cloth
simulation)
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

OrpaHunyeHus

@ [nagkue obbekTol, He coaepXKaLime BONbLIOro KOIMYECTBA TOHKNX
aeTaneii, byayT nydie npeacTaBfieHbl B BUAE CTaHAAPTHbIX
MOJINTOHAMIBHBIX CETOK WJIN MHbLIX MOBEPXHOCTENR bosiee BEICOKOro
YPOBHS1, Bpoae KpuBbix be3be

@ OuyeHb CNOXHbIE MOAENN, TaKNE KaK LEPEBbs UM PACTEHUS, TaKXKe
HEJIErko MPEeACTaBUTL KapTamu CMELLEHUS

@ [loutn Bcerga TpebyeT cneymannanpoBaHHbIX YTUINT, BELb OYEHb
C/IOXKHO HampsiMyto CO34aBaTb KapTbl CMeLueHus (ecnu pedb He MAET O
NpocTbix 0bbekTax, Bpoge naHawadTa)
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Hemtoro uctopuu

e Parallax mapping 6bin npegcrasned Tomomutn Kanako (aHra.
Tomomichi Kaneko) 8 2001 roay

www. researchgate.net/publication/
228583097 Detailed shape representation with parallax

mapping
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Hemtoro uctopuu

@ B 2004 rogy Welsh npogemoHcTpuposan npumeHeHne
napasjakCManmnuHra Ha nporpamMMmupyeMbIX BULEOHMUMNAX

e Parallax mapping nonHocTblo ncnonHsieTcs Ha rpadmyecknx
npoueccopax BUAEOKAPTbl KaK MUKCENbHbINA wWeiaep
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o Parallax Mapping

o Offset Mapping
@ Virtual Displacement Mapping
@ Per-Pixel Displacement Mapping
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Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax mapping

CKpUVHLIOT N3 BEMOHCTPaLMOHHOIO BeHYMapKa rpapnmyeckoro 4BMxka
Irrlicht Engine

@ Parallax mapping ocywecTensieTcs cMeleHneM TEKCTYPHbIX
KOOPAMHAT TaK, Y4Tobbl NOBEPXHOCTL Ka3asacb OObEMHOIN

.M. Oemsnerko (Mexmat FODY) KomnetoTepHasi rpacuka 60/79



Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Buppl penbedbHOro TekcTypupoBaHus

Parallax mapping

0.0

1.0

Npest meToga cocTonT B TOM, 4TODbLI BO3BPaLLaTb TEKCTYPHbLIE KOOPAMNHATLI
TOW TOYKW, rae BUAOBOW BEKTOP MepecekaeT NOBEPXHOCTb

7o TpebyeT npocyeTa nyyeil (peATPERCUHT) ANst KAPThI BLICOT
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax mapping n annpoknmauus

@ Ecnn kapTa BbICOT He MMEET CAULIKOM CUJIBHO U3MEHSIIOLLMXCS
3HaveHult («rnagkasiy wanm «naaBHas» ), TO MOXXHO ODOWTUCH
annpokcnmaumeii 6es ncnons3oBaHns peiTpeiicntra

o «Parallax mapping» ycnosHo MoXHO Ha3zBaTb «2.5D»
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@ [naeHoe oTnmume parallax mapping ot displacement mapping & Tom,
4TO B HEM BCE pacHeTbl MOMUKCENbHBIE, @ HE MOBEPLUNHHBIE



Bump mapping

Normal mapping
Displacement mapping
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Normal mapping n Parallax mapping

@ Parallax mapping noxoX OfHOBPEMEHHO Ha HaJIOXKEHNE KapT
CMELLEHNSI U HOPMAJIMAMNTINHE, 3TO HEYTO CPefHee MeXxay HUMU

[aHHas TexHONOrUsi TakXKe NCNONbL3YeT KapTbl HOpManeii

@ B otnuume ot normal mapping, oHa peanusyet He TONBLKO OCBeLLEHUE
C y4éTom penbeda, HO U COBUIaeT KOOPAUHATEI AMdY3HON TEKCTYpSI

@ JTum gocturaetcst Hambonee NosHbIA 3chdpekT penbeda, ocobeHHo
NPy B3rAsAE HAa NOBEPXHOCTb NOZ Yr/iOM
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax mapping n normal mapping

@ Parallax mapping otnuuaerca ot normal mapping Bcero Tpems
WHCTPYKLUAMU NMUKCENILHOTO Lueiifepa: ABe MaTeMaTu4eckmne
WHCTPYKUMUN 1 OfHa JOMNOJIHUTENbHAA BbIOOPKA M3 TEKCTYpbI

@ [locne Toro, Kak BblHMC/IEHA HOBasi TEKCTYpPHasl KOOPAMHATA, OHA
MCNONb3YyeTCs Jajblue AN YTEHUA APYruX TEKCTYPHbIX CJI0EB:
6a30B0ii TEKCTYPbI, KapTbl HOpManel u T. N
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

[NprmeHeHMne B nrpax
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Buppl penbedbHOro TekcTypupoBaHus

[NprmeHeHMne B nrpax
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Normal mapping
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Hegoctatkmn Parallax mapping

@ Ho ucnonbzoeatne obbI4HOMO MapasnakcManmnuHra orpaHuyeHo
KapTaMu BbICOT C HebonbLION pa3HuLeli 3HaYEHNA.

o "KpyTtble"HeposHocTn 06pabaTbiBalOTCA aNrOpMTMOM HEKOPPEKTHO,
NOSIBNAIOTCS pasnuyHble aptedakTol, "nnasanne"Tekctyp u np.
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Moaundukauun Parallax mapping

@ Heckonbko nccneposateneii (Yerex, Donnelly, Tatarchuk, Policarpo)
OMNNCaNN HOBbIE METOABI, YNyYLIAOLME HAYaAbHbI anropuTMm.

@ [MoyTn BCe NAEN OCHOBaHbLI Ha TPACCUPOBKE Jy4eli B NUKCENbHOM
weligepe ANs onpefeneHns NepecedeHnii aetaneid NnoBepxHoCTel apyr
ApPYrom.

o MoandunumnposatHblie METOANKN NOAYYNAN HECKONBKO Pa3HbIX
nassaHuii: Parallax Mapping with Occlusion, Parallax Mapping with
Distance Functions, Parallax Occlusion Mapping.
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Normal mapping
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax occlusion mapping (cokpawgénio POM)

@ YcoBepLUEeHCTBOBaHHbI BapuaHT TexHuku «parallax mapping»

o [lo3BONSIET KOPPEKTHO BbIMOJIHATL ONpefAeNieHne NePCNEKTUBLI 1
CaMO3aTEHEHUNE B peaslbHOM BPeMeHM
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Buppl penbedbHOro TekcTypupoBaHus

Hemtoro uctopuu

o [lepBas paboTa, NocesileHHas AaHHOW MeToauke, nosieunacs B 2004
rogy Ha «ShaderX3», eé asTopamu 6o 305 Bpoynu (aHrn. Zoe
Brawley) n Hatanus Tatapuyk, 3atem Ha meponpusituun SIGGRAPH
2005

@ Texnuka «Parallax occlusion mapping» ucnonszosanace koMnaHue
ATI pnsi npeseHTauMm BO3MOXHOCTEN TPeTbed BepCum LIEAAEPHOIA
mMoenn B HoBelilweli Ha To Bpemst BugeokapTe Radeon X1800

@ [lepBbiM MrpoBbIM ABUXKKOM, B KOTOPOM ucnoab3osancs Parallax
occlusion mapping, ctan CryEngine 2 ot HemeLkoro pa3paboTymka
Crytek, koTopblii Bnepeble ncnons3osancs B kKomnbstotepHoii [MK-nrpe
Crysis 2007 roga Bbinycka
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Normal mapping
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Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Bupabl penbechHOro TekCcTypupoBaHusi

N3 noknapga Hatanum Tatapuyk

Parallax Occlusion Mapping (s
vs. Actual Geomet SIGGRAPH2005

\,; d
! Wy ﬂﬁ#

An 1,100 polygon object rendered with A1l5 m||||orI| PO!VQOH object
parallax occlusion mapping rendered with diffuse lighting
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Bump mapping

Normal mapping
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Parallax occlusion mapping

PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi
Bupabl penbechHOro TekCcTypupoBaHusi

N3 noknapga Hatanum Tatapuyk

Parallax Occlusion Mapping ()
vs. Actual Geomet SIGGRAPH2005

3 o

An 1,100 polygon object rendered with A 1.5 million polygon object
parallax occlusion mapping (wireframe) rendered with diffuse lighting
(wireframe)
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Bump mapping
. q N | i
PenbecpHoe TekcTypuposaHue [Pleaseinsertintopreamble] uTi ormal mapping
Buabl penbedbHOro TeKCTYpUpoBaHus Displacement mapping
Aast P L Parallax mapping
Parallax occlusion mapping

N3 noknapga Hatanum Tatapuyk

Parallax Occlusion Mapping o
vs. Actual Geomet SIGGRAPH2005

-1100 polygons with parallax occlusion Frame Rate:
mapping (8 to 50 samples used) - 255 fps on ATI
- Memory: 79K vertex buffer Radeon hardware
6K index buffer - 235 fps with skinning
13Mb texture (3Dc)
(2048 x 2048 maps)

= _"lliiﬁﬂ‘r'd Total: <14 Mb

‘ -1,500,000 polygons with diffuse Frame Rate:
) lighting - 32 fps on ATl Radeon
. W/ - Memory: 31Mb vertex buffer hardware
14Mb index buffer

Total: 45 Mb
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax occlusion mapping

Peannzauus anroputma Parallax occlusion mapping & 6enumapke 3DMark
Vantage 2008 roga. JaHHoe nsobparkeHne MocTpoeHo Npu NOMOLWM ABYX
MOJINFOHOB (TPEYrosIbHNKOB), PACMONOMKEHHbIX HA OAHOI MJIOCKOCTM
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax occlusion mapping
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Parallax occlusion mapping

PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

HepoctaTku

@ HeBbicokas feTanusauusi CuaysTOB U FpaHei

o Bupgeokapta gomkHa obecnednBaTh HagNeXalunii YpoBEHb CKOPOCTM
NCMNOJIHEHNS onepauuii BETBJEHUS B NUKCEJbHOM Luelifepe

o OTcyTCTBVIe rEOMETPUHECKN NpPaBUIbHbIX CUYSTOB (KpaeB O61:eKTa)
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PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri
Bugel penbedbHoro TekcTypuposaHus

Parallax occlusion mapping

(] |/|CI'IOJ'Ib3yeTC$| B HEKOTOPbIX KOMMNbKOTEPHbLIX Urpax, HanpunMep,

S.T.A.L.K.E.R, Crysis, Metro 2033 n ArmA 2

@ Takxe 3Ta TEXHOJIOTUS UCMOJIb3YETCs B NONYAsipHOM BeHuMapke
3DMark Vantage
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Bump mapping
] A Normal mapping
PensecHoe TekcTypuposaHue [Pleaseinsertintopreamble] uri Bhaslbecia: MeEsis

Buppl penbedbHOro TekcTypupoBaHus Perlbx st
Parallax occlusion mapping

CpaBsHetrue

i ; o
g

o Distance
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