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PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

CopepxaHue

@ PenbedHoe TeKCTYpUpOBaHME — YTO 3TO?

@ Bviabl penbedHOro TeKCTypUpoBaHKA
e Bump mapping
e Normal mapping
@ Displacement mapping
e Parallax mapping
e Parallax occlusion mapping
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@ PenbetHoe TEKCTYpUpOBaHME — YTO 3TO?

@ Buabl penbedHOro TEKCTYPUPOBaHUS
e Bump mapping
e Normal mapping
@ Displacement mapping
e Parallax mapping
e Parallax occlusion mapping



PenbedHoe TekcTypuposaHue [Pleaseinsertintopreamble] ur
Buapl penbedHoro TekcTypupoBaHus

Y10 310?
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PenbedHoe TekcTypuposaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

Bukunegus

e PenbedHoe TekcTyprpoBaHe — MeToA B KOMMbIOTEPHOI Fpacvke
AN npuaaHms 6onee peanMcTMYHOro M HacbILLEHHOMO BMAa
MOBEPXHOCTN 06BLEKTOB
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PenbedHoe TekcTypuposaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

B yeM oT/mume OT 0BbIMHOMO TEKCTYPUPOBAHMS?

e PenbethHoe TEKCTYpUpOBaHME OTPaXKaeT pearibHOE NOJIOXKEHME
MCTOYHMKA CBETA B CLIEHE M AAXKE U3MEHEHNE €r0 MECTOMOSIOKEHNS
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@ PenbecdHoe TekcTypupoBaHe — YTo 3T0?

© Buabl penbedHOro TEKCTYpUpOBaHUS
e Bump mapping
e Normal mapping
@ Displacement mapping
e Parallax mapping
e Parallax occlusion mapping



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HeMHoro u3 ucropum

e bamnmannuHr 6bin paspaboraH bnvHHom (Blinn) ewe B 1978 roay
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PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buapl penbedHoro TekcTypupoBaHus

Jim Blinn

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

e Born: 1949

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

Medal
@ Fields: Computer science

@ Institutions: NASA’s Jet Propulsion Laboratory; Microsoft Research

A.M.[emsiHeHko (MexmaT lODY)

KomnbtoTepHas rpacduka
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Bump mappiqg
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbedHOro TeKCTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Kak 310?

A.M.JemsaHeHko (Mexmat IO®Y) KomnbloTepHas rpadvka

10/79









PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buapl penbedHoro TekcTypupoBaHus

YT0 Takoe penbecdHas kapTa?

e PenbedHas kapTa (Tekcrypa) — 3T0 06bl4Has TEKCTYpa, TONbKO B

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

OT/I4Me OT MEPBON, HECyLLEN MHCOPMALWMIO O LIBETE ONpeaeieHHbIX

Y4acTKOB, penbecthHas KapTa HeceT MHMOPMaLMIO O HEPOBHOCTSAX

A.M.JemsaHeHko (Mexmat IO®Y)
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping
Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Y710 MMUTUPOBaTL?

@ MOXXHO HEpOBHOCTU U LLIEPOXOBATOCTU
@ [epeBo
@ KaMeHb
@ LUenyLiaLLytoca Kpacky
e NT.AO

@ Henbss KpynHble BrnaguHbl 1 BO3BbILLEHHOCTU
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

YTO HY>KHO?

e [NpeobpazoBaTtb MHGPOPMALIMIO O BbICOTE HEPOBHOCTEN Ha KapTe BbICOT
B MH(OPMaLMIO O BENMYMHE NOACTPOMKM BEKTOpa HOpManu
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Bump mapping
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buapl penbedHoro TekcTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Kak peanusosatb?

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
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

A panbLue?

New_Normal=Normal+(U* x_gradient )+(V* y_gradient )
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Bump mapping

diffuse diffuse
no specular specular

diffuse diffuse
no specular specular
bump mapped bump mapped
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Bump mapping B urpax

@ MepBbI peHaepuHr — 6e3 6aMnMannuHra
@ BTOpOl — 6aMnMannuHr 6e3 65IMKOBOV COCTaBNAOLLEV
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

KapTta Hopmanei (normal map)

e JTO JanbHevwee pa3suTve TexHoorm 6amn (bump)
e VlHorga kapTbl HopManei HasblBakoT «3-X ToueyHast 6amm-kapTa»
(Dot3 bump mapping)
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PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHoro TeKCTypupoBaHus

Normal Mapping

Gouraud Shading

A.M.JemsaHeHko (Mexmat IO®Y)

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

KomnbtoTepHas rpaduka
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HeMHoro ns ncropum

e BriepBble naes o ToM, UTO MOXHO «bpaTb» AeTanm C
BbICOKOMO/IMrOHasIbHOM MOZEN U NEPEHOCUTL Ha
HW3KOMOMMIoHarbHYo, 6blna npeasioxeHa Ha SIGGRAPH B 1996 Bo
BpeMsi Aokada "Mcnonb3oBaHNe CriiaKeHHbIX NMOBEPXHOCTEN AJ1st
[00aBMNEHMS M/IOTHOCTU MOSIMIOHA/IbHOM CETKE"aBTOpPOB
KpuwiHamypatv u JleBon

@ SIGGRAPH (The Special Interest Group for Computer Graphics)
e Torga peyb wna o6 ucnons3osaHuy Ans Displacement Mapping

e [lpegnaranocs MCrnonb3oBaTh co3aaHHbIe Ha ocHoee NURBS kapThl
cmeleHus (displacement maps) 4ns yBenmMueHns aetanvsaumum
HU3KOMO/IMIOHA/IbHOM MOBEPXHOCTM

e Peanunsauusa nosiBuiacb ropasao nos3xe
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Bump mapping
PenbecbHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

N ewwe n3 ncropmm

e B 1998 rogy onstb Ha SIGGRAPH 6binv npeactasneHsl 2 AoK1aaa O
NepeHeceHUn AeTanen B BUAE KapT HopMarnei oT
BbICOKOMO/IMIOHA/IbHBIX MOAENEN B HU3KOMOIMIOHA/bHbIE

e OauH n3 Hux: «Appearance Preserving Simplification». ABTOpbI:
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

N3 cTatb Appearance Preserving Simplification

PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buapl penbedHoro TekcTypupoBaHus

Figure 1: Bumpy 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
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PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHoro TeKCTypupoBaHus

A.M.JemsaHeHko (Mexmat IO®Y)

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

Appearance Preserving Simplification

KomnbtoTepHas rpaduka



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

ObLuee: bump 1 normal -mapping

e YBeMUMBaET BU3yarbHYIO AeTanm3aumio 3d-moaenn 6e3 nobaeneHus
LOMOMHUTENBHBLIX MOJIMFOHOB

o KapTa pacCHUTBLIBAETCA ANA KaXXaoro nMKCeENAa TEKCTYPbI
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Paznnums: bump 1 normal -mapping

e bamn paccuMTbiBaeTCH Ha OCHOBE TEKCTYPbl C OAHWMM KaHasioM
(grayscale — oTTeHKM ceporo)

e KapTbl HopManelt Cnonb3ytoT MHOroKaHanbHyto RGB-TekcTypy,
MO3TOMY MeToA AaeT 60/bLUYI0 TOYHOCTL, YeM Bump mapping
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Bump mapping

PefibedpHOE TeKCTypupoBaHue [Pleaseinsertintopreamble] yr  Normal mapping

Buabl penbedHOro TeKCTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Bump map n Normal Map

Bump Map \ Norma! Map
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Bump mapping

PenbedHoe TekcTypuposahme [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbedHOro TeKCTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Ob6beKTbI

MoaonbITHbIE 0BLEKTH!

BbicokononuroHansHbIn

HuakononuroHanbHbIiA
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Bump mapping

PefibedpHOE TeKCTypupoBaHue [Pleaseinsertintopreamble] yr  Normal mapping

Buabl penbedHOro TeKCTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HopManu BbICOKOMOMIOHa/IbHOro 06bekTa

Hopmanu atoro o6bekTa.

A.M.[emsiHeHko (MexmaT tODY) KomnbloTepHas rpadvka

31/79



Bump mapping

PenbedHoe TekcTypuposahme [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbedHOro TeKCTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

KapTa HopManel kak TekcTypa
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Pesynbtat
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PenbedHoe TekcTypuposaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TekCTypupoBaHus

e Normal Mapping?

A.M.[emsiHeHko (MexmaT lODY)

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

KomnbtoTepHas rpacduka
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Normal Mapping: KOM4YeCTBO MOMIOHOB

850 polys 850 polys 9130 polys

+normal mapping

A.M.[emsiHeHko (MexmaT lODY) KomnbloTepHas rpaduka 35/79



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[lBa BMAa KapT HOpManen

e B obbekTHOM npocTpaHcTBe (object-space): obLuen cucteme
KoopauHaT

e B KacateibHOM npocTpaHcTBe (tangent-space): NokanbHOW cucteme
KoopavHaT
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Bump mapping

PefibedpHoOe TeKcTypupoBaHue [Pleaseinsertintopreamble] ury  Normal mapping
BuAbl penbedHOro TeKCTypUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

ne kakasa?

A.M.[emsiHeHko (MexmaT tODY) KomnbloTepHas rpadvka



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[Oe Kakasi UCNosb3yeTCs U NoYemy?

e Vcnone3yetcs ans He aehopMmpYIOLLIMXCS 06bEKTOB, TakMX Kak
CTeHbl, ABEPU U T.M.

e [IpuMeHsieTca AN BO3MOXHOCTU AehOpMUPOBaTb OObEKTI,
HarnpuMep, NepPCoHaXel
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PenbedHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

A.M.JemsaHeHko (Mexmat IO®Y)

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

O6LL@s 1 NoKanbHas cCTeMa KoopanHaT

KomnbtoTepHas rpaduka



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

ANropuT™M ANs BEPLUMHHOIO Leaepa

e Ha Bxop naer:
@ - MO3MUMS KaMepbl B JIOKaslbHOM CUCTEME KOOPAVHAT MOAENN
@ - MO3ULMS UCTOYHWNKA CBETA B JIOKa/IbHOM CUCTEME KOOPAMHAT MOJENN
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Bump mapping
PenbedpHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

ANropuT™M ANs BEPLUMHHOIO Leaepa

@ BblUMCIUTL BEKTOP UCTOYHMKA CBETA
e Hopmanusuposatb ero

TpaHchopMUPOBaTL BEKTOP MCTOUHMKA CBETA B MPOCTPAHCTBO
KacaTesbHbIX

@ BbluMCnTb BEKTOp KaMepbl
HopmanunsuposaTs ero

Mpocuutate H BekTop (MOAenb oceelleHns bnvHHa; H — half-angle
vector)

TpaHcdopMmpoBaTh H BEKTOp B MPOCTPAHCTBO KacaTeNbHbIX

A.M.JemsaHeHko (Mexmat IO®Y) KomnbloTepHas rpaduka 41/79



Bump mapping
PenbedpHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

ANropuT™M ANs BEPLUMHHOIO Leaepa

e Ha BbIXoa MaeT:
@ - BEKTOpP MCTOYHMKA CBETA B MPOCTPAHCTBE KacaTesbHbIX
@ - H BeKTop B NpOCTpaHCTBe KacaTeslbHbIX
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PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur

Buapl penbedHoro TekcTypupoBaHus

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

AnroputMm ans parMeHTHOrO Luenaepa

Ha Bxoa npert:

- BEKTOP UCTOYHWKaA CBETa B MPOCTPAHCTBE KacaTesIbHbIX

- H BeKTOp B NPOCTPAHCTBE KacaTesbHbIX

- Color — uBet

A.M.JemsaHeHko (Mexmat IO®Y)

KomnbtoTepHas rpacduka
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Bump mapping
PenbecbHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

AnroputMm ans parMeHTHOrO Luenaepa

e HopManuanpoBaTh BEKTOP UCTOYHMKA cBETa U H BekTop B
MPOCTPaHCTBE KacaTesIbHbIX

e [MpounTtaTb HOpMasnb M3 normal TeKCTypbl 1 HOPMMPOBATL

e [locunTaTh CKansipHOE Npou3BeaeHne BeKTopa HopMann 13 normal
TEKCTYPbI N BEKTOPA UCTOYHWKA CBETA B MNPOCTPAHCTBE KaCaTebHbIX

e MpocunTaTb CKanspHoe Npom3BeaeHne BEKTOpa HopMan M3 normal
TEKCTYpbl U H BEKTOpa B NPOCTPAHCTBE KacaTesbHbIX

e [pocuntats UBeT

A.M.JemsaHeHko (Mexmat IO®Y) KomnbloTepHas rpaduka 44/79



Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[pyMeHeHre HopMarnManmnuHra

e Caenatb HM3KOMOMMIOHasbHY0 MOAENb AOCTAaTO4HO
[IETANM31POBAHHOM AN1S1 TOrO, YTOBbI COXPaHsiiacb OCHOBHas hopMa
06bEKTa, U UCMOoML30BaTh KapThl HOpManen ans aobaeneHnst 6onee
MENKMX AeTanen.
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[pyMeHeHre 6aMnMannuHra

e MOXXHO MCronb30BaTh AOMNOMHUTENBHO M bump map Ans oYeHb
MeNKVX AeTanei, KoTopble AaXe B BbICOKOMO/MIOHAIbHON MOAEM He
cMoaenmMpoBaThb (Mopbl KOXKW, Apyrve Menkue yriybneHus)
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Nrpbl

Far Cry, Doom 3, Half-Life 2, Call of Duty 2, F.E.A.R., Quake 4
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbedHOro TeKCTypUpOBaHHs Displacement mapping
Parallax mapping
Parallax occlusion mapping

Displacement mapping

e VI3MeHsIeT reoMeTpUIO NOBEPXHOCTY MO 3aaHHOM KapTe BbICOT,
006bI4HO NEPEaAIOLLENCS B BEPLUMHHDIN LLEMAEP YepPE3 TEKCTYPY

e OcselueHre cumTaeTcs 06blYHbIM CNOCO60M (MMKCENBHBIN LUeaep
MOXeT 6bITb NPaKTUYECKM NtobbIM), HO TPEBYET BLICOKYIO
[ETanM3aLmnio Moaenu
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Bump mapping
PenbedbHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buapl penbedHoro TekcTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Bump mapping n Displacement mapping
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Bump mapping
PenbedHoe TeKCTypupoBaHme [Pleaseinsertintopreamble] ury  Normal mapping

Buabl penbedHOro TeKCTypUpOBaHHs Displacement mapping
Parallax mapping
Parallax occlusion mapping

Displacement mapping

e MeToa n3MeHsEeT NoNoKeHe BEPLUMH TPeYroibHUKOB, CaBUras ux rno
HOPMaJin Ha BENTMYMHY, NCXOas U3 3HaueHU B KapTaxX CMELLEHNA

e Kapta cvewenms (displacement map) — 310 06b14HO MOAYTOHOBas
TEKCTYpa, U 3HaYEHUS B HEN UCMONb3YHOTCS OISl ONpEeieHns BbICOTbI
Kakaow TOYKM NOBEPXHOCTU 06beKTa (3HaYEHMSt MOMYT XPaHWUTBLCS Kak
8-6uTHble nnn 16-6uTHble UnCa), cxoxe ¢ bumpmap.
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping
BuAbl penbedHOro TeKCTypUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

CoszpaHue naHawadTa

YacTo KapTbl CMELLeHNs UCMONb3YHOTCA (B 3TOM d1y4ae OHU Ha3blBalOTCA U
KapTaMu BbICOT) ANS CO3AaHNS1 3EMHOM MOBEPXHOCTN C XOJIMaMU U
BnagnHaMu.

McxoaHbIMK 661 4 BEPLUMHBI M 2 TONUIOHA, B UTOTE MOJTyHMIICS
MOMHOLIEHHBIA KYCOK NaHawadTa

source tesselated displaced
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e HanoxeHue kapT cMeLLeHns Briepsble rnonyunrno noaaepxky B DirectX
9.0



Bump mapping
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbedHOro TeKCTypUpOBaHHs Displacement mapping
Parallax mapping
Parallax occlusion mapping

OxaTtue reomeTpum

e HanoxeHue kapT CMeLLeHns MOXKHO MO CYLLEeCTBY CUMTaTb METOAOM
oKaTUsa reoMeTpumn

e Vicnonb3oBaHMe KapT CMeLLIEHMS CHDKAET 06beM namsiTu, TpedyeMmbii
AN onpeaeneHHon aetanusaummn 3D Mmoaenu

e [poMO3aKMe reoMeTpuyeckne AaHHbIEe 3aMeLLatoTCsl MPOCTbIMU
ABYXMEPHbIMM TEKCTYPaMM CMeLLIEHNS, 00bIMHO 8-6UTHBIMK MK
16-6UTHBIMK

@ OTO CHWKaeT TpeboBaHMs K 06bEMY MaMSTV U MPOMYCKHOW
CMOCOBHOCTY, HEOOXOAMMON ANSt AOCTABKM rEOMETPUHECKUX AaHHbIX K
BUAeouMny
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbedHOro TeKCTypUpOBaHHs Displacement mapping
Parallax mapping
Parallax occlusion mapping

[NpenmMyLlecTBa

e [lo3BonsieT ncnonb3oBaTb HAMHOMO Boree CIOXKHbIE rEOMETPUYECKM
3D moagenn
@ [o3BONSIET YCKOPUTL @aHUMALMIO MoZenen

@ YNyulmMTb BHEWHWI BUA MOAEW, MPUMEHUB Boree CoXHbIE
KOMMIEKCHbIE anrOpUTMbl U TEXHUKW, Bpoae MMUTaumMM TkaHew (cloth
simulation)
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Bump mapping
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbedHOro TeKCTypUpOBaHHs Displacement mapping
Parallax mapping
Parallax occlusion mapping

OrpaHunyeHus

e [Naakuve 06beKTbl, He codepxalme 60bLLOO KONMYEeCTBa TOHKNX
AeTanel, 6yayT nydlle NpeacTaBfeHbl B BUAE CTaHAAPTHbIX
MOMMrOHa/bHbBIX CETOK MM UHBIX MOBEPXHOCTEN Boree BbICOKOro
YPOBHS, Bpoze KpuBbIX be3be

@ OueHb CIoXKHbIE MOAENN, TakMe KaK AepeBbsl U PacTeHus], TakxKe
Henerko NpeacTaBUTb KapTaMy CMeLLEHUs!

e [louTtun BCerpa TpebyeT cneumanmManMpoBaHHbIX YTUAT, Beb O4EHb
CNOXXHO HaNpsIMYO CO3AaBaTh KapTbl CMeLLieHns (eC/n pedb He MaeT O
NpocCTbIX 06beKTax, Bpoae naHawadTa)
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HemHoro ncropmm

e Parallax mapping 6bin npeacrasneH ToMoMuTK KaHako (aHrn.
Tomomichi Kaneko) B 2001 roay

www. researchgate. net/ publication/
228583097 _Detailed_shape_representation_with_parallax_

mapping
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HemHoro ncropmm

e B 2004 rogy Welsh npogemoHcTpyposan npuMeHeHne
napasviakcMannuHra Ha NporpaMMUpyeMbliX BuAeoumMnax

e Parallax mapping NOAHOCTLIO UCMONHSETCS Ha rpacnu4ecKkmnx
npoLieccopax BUAEOKapTbl Kak MUKCENbHbIN Lenaep
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[pyrve Ha3BaHuA

e Parallax Mapping

e Offset Mapping

e Virtual Displacement Mapping
e Per-Pixel Displacement Mapping
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax mapping

CKPUHLLOT M3 AEMOHCTPALUMOHHOIO 6eHuMapka rpadmyeckoro ABuxKa
Irrlicht Engine

e Parallax mapping ocyLeCTBNsSIeTCcs CMeLLEHNEM TEKCTYPHbIX
KOOpAMHAT Tak, YTOBbl NMOBEPXHOCTb Ka3asiacb 06bEMHOM
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Bump mapping
PenibedbHOe TekcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax mapping

T: To
0.0

H(T;)

1.0

Mpes MeToa COCTOMT B TOM, UTOObI BO3BPaLLATb TEKCTYPHbIE KOOPANHATI
TOM TOYKM, rAe BALOBON BEKTOP MEPECEKaET NOBEPXHOCTb

370 TPebyeT NpocyeTa Nyden (PEUTPENCHHT) ANSl KapTbl BbICOT
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

PenbedHoe TekcTypvpoBaHue [Pleaseinsertintopreamble] ur
Buapl penbedHoro TekcTypupoBaHus

Parallax mapping » annpok1Maumns

e Ecnu kapTa BbICOT HE MMEET CIULLIKOM CUIbHO M3MEHSIOLLMXCA
3HaYeHUI («rnagkas» Um «nnaBHas»), TO MOXXHO 060MTUCH
annpoKaMaLmen 6e3 1Cronb3oBaHUs PeNTpecrHra

e «Parallax mapping» ycJI0BHO MOXXHO Ha3BaTb «2.5D»
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Displacement mapping n Parallax mapping

e [nasHoe otrmume parallax mapping oT displacement mapping B ToM,
YTO B HEM BCE pacyeTbl NMOMUKCENbHBIE, @ HE NMOBEPLUMHHbIE
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Bump mapping

PenbedHoe TeKCTypupoBaHme [Pleaseinsertintopreamble] ury  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Normal mapping u Parallax mapping

e Parallax mapping noxoX oaHOBPEMEHHO Ha HANIOXKeHWe KapT
CMELLEHMS U HOPMTIMAMNMMHI, 3TO HEYTO CPEeaHee MEXAY HUMM

e [laHHasi TEXHOMOMUS TaKOKE MCMOSb3YET KapTbl HOpManei

e B omnume ot normal mapping, oHa peanusyeT He TONMbKO OCBeLLeHne
C YUYETOM penbeda, HO M CaABUMAET KoopaMHaTbI Anddy3HON TEKCTYpbI

@ JTUM JOCTUraeTCst Hamboree nonHbin 3ddekT penbeda, ocobeHHo
Mpv B3rNsiA€ Ha NOBEPXHOCTL MOA Yr/IOM
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Bump mapping
PenibedbHOe TekcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax mapping n normal mapping

e Parallax mapping oTnnyaetcs oT normal mapping Bcero Tpems
VHCTPYKLUMSIMUA MUKCENBHOIO LUeaepa: IBe MaTeMaTUyecKkme
VHCTPYKLMM M OfIHA JOMNONHATENbHAs BbIGOpKa U3 TEKCTYPbI

e [Mocne Toro, kak BbluMCIEHa HOBAsi TEKCTYPHAsi KOOpAMHATA, OHa
CMOSB3YETCA Aaiblie A1 YTEHWS APYIMX TEKCTYPHbIX CIIOEB:
6a30B0OI TEKCTYPbI, KAPTbl HOPMANeN U T. N
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

NpuMeHeHne B urpax
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

[NpuMeHeHKe B nrpax
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Henocratku Parallax mapping

e Ho vcnonb3oBaHne 06bIMHOMO Napa/yiakavManmnyHra orpaHNyeHo
KapTaMm BbICOT C HEOOMbLLOV pasHULIEN 3HAYEHWIA.

e "KpyTble"HepoBHOCTM 06pabaTbiBatOTCA anropuTMOM HEKOPPEKTHO,
MOSIBNAKOTCA pa3nMuHble apTedakTbl, "rnnaBaHve" TekcTyp v np.
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Bump mapping
PenbedHoe TeKCTypupoBaHme [Pleaseinsertintopreamble] ury  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Moandmkaumn Parallax mapping

e Heckonbko vccnenosateneit (Yerex, Donnelly, Tatarchuk, Policarpo)
OMNMGaIM HOBbIE METO/BI, YyULLIAIOLLME HAYaNbHbINA aNITOPUTM.

e lMoyTn Bce naen ocHOBaHbI Ha TPACCUMPOBKE JIyYel B MUKCE/TbHOM
Lweviaepe Ans onpeaerieHys NepeceyeHniA AeTanevt NoBeEpXHOCTEN Apyr
LpYrom.

e MoandmumpoBaHHbIE METOAMKM MOMYYUIIN HECKOMBKO PasHbIX
HasBaHW: Parallax Mapping with Occlusion, Parallax Mapping with
Distance Functions, Parallax Occlusion Mapping.
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax occlusion mapping (cokpaluénHo POM)

@ YCOBEPLLEHCTBOBAHHbIM BapyaHT TEXHUKM «parallax mapping»

e [No3BONSET KOPPEKTHO BLIMOSHATL ONpeaerieHne nepcnekTMBbl U
CaMO3aTeEHEHME B pe€aJ/ibHOM BPEMEHN

A.M.JemsaHeHko (Mexmat IO®Y) KomnbloTepHas rpaduka

70/79



Bump mapping
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HemMHoro ncropuu

e lepBas paboTa, NoCBsILLEHHAsA AaHHOM MeTOoAMKE, nosisunack B 2004
rogy Ha «ShaderX3», eé aBTopamm 6611 309 bpoynu (aHrn. Zoe
Brawley) n Hatanus Tatapuyk, 3aTteM Ha Meponpustium SIGGRAPH
2005

e TexHuka «Parallax occlusion mapping» MCrnonb3oBaiacb KOMMaHWEN
ATI ans nNpeseHTaLUMmn BO3MOXXHOCTEN TPETLEN BEPCUN LLENAEPHOM
MOAENN B HOBEMLLIEM Ha TO BpeMsi BuaeokapTe Radeon X1800

e [lepBbiM MrpOBbIM ABWXXKOM, B KOTOPOM MCMonb3oBasncs Parallax
occlusion mapping, ctan CryEngine 2 oT HemeLKoro paspaboTumka
Crytek, KoTopblili BriepBble UCrO/b30Ba/ICA B KOMMboTEpHO MK-1rpe
Crysis 2007 roga Bbinycka
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Bump mapping
PenbedHoe TekcTypupoBatme [Pleaseinsertintopreamble] ur,  Normal mapping

Buapl penbedHoro TekcTypupoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

N3 poknaga Hatanuu Tatapyyk

Parallax Occlusion Mapping Q
vs. Actual Geometry

SIGGRAPH2005

3
&

A
g \ G
N =
2 Wished
An 1,100 polygon object rendered with A 1.5 million polygon object

parallax occlusion mapping rendered with diffuse lighting
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PenbedHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

N3 poknaga Hatanuu Tatapyyk

Parallax Occlusion Mapping

9

SIGGRAPH2005

vs. Actual Geometry
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An 1,100 polygon object rendered with
parallax occlusion mapping (wireframe)

A.M.JemsaHeHko (Mexmat IO®Y)

A 1.5 million polygon object
rendered with diffuse lighting
(wireframe)
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Bump mapping

Normal mapping
Displacement mapping
Parallax mapping

Parallax occlusion mapping

N3 poknaga Hatanuu Tatapyyk

PenbedHoe TekcTypupoBaHue [Pleaseinsertintopreamble] ur
Buabl penbedHOro TeKCTypupoBaHus

9

SIGGRAPH2005

Parallax Occlusion Mapping

vs Actual Geometry

-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)

d Total: <14 Mb

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

Total: 45 Mb
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax occlusion mapping

Peanunzaums anroputMma Parallax occlusion mapping B 6eHumapke 3DMark
Vantage 2008 roga. [JaHHoe 1306paXkeHne noCcTpoeHo npy NoMoLUM ABYX
MOJIMIOHOB (TPEYrobHUKOB), PACTIONIOXKEHHbIX HA OAHOMN MIOCKOCTM
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Parallax occlusion mapping
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Bump mapping
PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

HepnoctaTtkm

@ HeBbicokasi AeTanmszauysi CuyaToB U rpaHen

e BupeokapTta aomkHa obecrieuvBaTb HaaeXalLmin YpoBeHb CKOPOCTU
VCTIOSNHEHWS! OnepaLmin BETB/IEHWS B MNKCETbHOM LLenaepe

e OTCyTCTBME reoMeTpUYeckn NPaBUIbHbIX CUY3TOB (KpaeB 06bekTa)
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PenbedHoe TekcTypupoBaHme [Pleaseinsertintopreamble] ur,  Normal mapping

Buabl penbebHOro TeKCTypuUpoBaHus Displacement mapping
Parallax mapping
Parallax occlusion mapping

Parallax occlusion mapping

e Vcnonb3yeTcs B HEKOTOPbIX KOMIMLIOTEPHbIX MIrpaX, HarnpuMep,
S.T.A.L.K.E.R, Crysis, Metro 2033 1 ArmA 2

e Taioke 3Ta TEXHOMOMMS UCMO/b3YeTCs B NOMyNspHOM 6eHuMapke
3DMark Vantage
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Bump mapping
PenbedbHoe TeKkcTypupoBaHue [Pleaseinsertintopreamble] ur  Normal mapping

Buapl penbedHoro TekcTypupoBaHus Displacement mapping
Parallax mappin
Parallax occlusion mapping

CpaBHeHue

Texture Mapping Normal Mapping
w -

Parallax Mapping
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