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i JKpaHu3auus (Rendering)

Realistic displays of a scene are obtained by generating
perspective projections of objects and by applying natural
lighting effects to the visible surfaces. An illumination model,
also called a lighting model and sometimes referred to as a
shading model, is used to calculate the intensity of light that
we should see at a given point on the surface of an object.

Photorealism in computer graphics involves two elements:
accurate graphical representations of objects and good
physical descriptions of the lighting effects in a scene.
Lighting effects include light reflections, transparency,
surface texture, and shadows.



3a4a4yn MoaeniMpoBaHUA
OCBeLLeHUS

MoaenupoBaHMe OCBELLEHUSA - KNHOYEBOU NIEMEHT
co37aHuA hoTOPEATMCTUYHbBIX M306pAKEHUM

e[J1a3 BOCNPMHUMAET OCBELLEHNE U «PEKOHCTPYUpPYET>
TpexmepHyto popMy

B rpadpmke HeobxoaAMMO MoAeIMpOoBaTh:
«CBOMCTBA MCTOYHUKA CBETOBOM 3HEPrmU

eOTpaXKawlue, NpesomMaALWmMe U T.M. CBOMCTBA
NOBEPXHOCTEMN U Cpejl

«CBOMCTBA CeTYaTKM rnasa



i \ICTOYHUKUN CBeTa

When we view an opaque nonluminous object,
i we see reflected light from the surfaces of the
object. The total reflected light is the sum of
the contributions from light sources and other
Reflecting reflecting surfaces in the scene. Thus, a
Surface surface that is not directly exposed to a light
\ source may still be visible if nearby objects are
illuminated. Sometimes, light sources are
referred to as light-emitting sources; and
reflecting surfaces, such as the walls of a
room, are termed light-reflecting sources.
We will use the term light source to mean an
object that is emitting radiant energy, such as a
light bulb or the sun.




i OTpa)keHne CBeTa
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Modeling the colors and lighting
effects that we see on an object is
a complex process, involving
principles of both physics and
psychology. Fundamentally,
lighting effects are described with
models that consider the interaction
of electromagnetic energy with
object surfaces. Once light reaches
our eyes, it triggers perception
processes that determine what we
actually "see" in a scene.



OcBelleHne un oTpaxeHue

Illumination and Reflection




i OcBelleHne N oTpaxKeHue

B peasibHOM MMpe BUAMMbIM LIBET onpeaensaercs
KOJIMMECTBOM SHEPIrUU BUAMMOIO CMEKTPa, KOTOpas
nonaaaeT Ha YyBCTBUTE/IbHbIE 3/IEMEHTbI CETYATKM r1a3a

Kak npaBu/io, Mbl BUAUM OTParKEHHbIM CBET, T.€. SHEPIMIO,
OTPa*KEHHY0 MAaTEPUAZIOM NMOBEPXHOCTMU.

OTparkaloLlpme XxapaKTEPUCTUKU MOBEPXHOCTH ONpeaenstoTCs
OTpakalLWmMMM CNOCOBHOCTAMM MO OTHOLLEHUIO K BOJIHAM
Pa3/IM4YHOM JJINHDI



BRDF: bidirectional reflectance
+ distribution function




[1ByHanpaBnieHHas dpyHKUMS
pacnpeaeneHns oTpaXKeHus
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PYHKUUN OCBeLleHUsa u
oTpaxeHus

OcBeLwleHue
Illumination

CBeToOpaccenBaHu
BRDF

SMUCCUSA
Emission

N3nydeHune
Radiance
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BRDF: bidirectional reflectance
+ distribution function




$YpaBHeHme OTpaXXeHU4
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AHW30TpOMNHas MYyHKLUMUS
i cBeTopaccessHus (BRDF)

-‘
(@) To4HOCTb é"‘ -

Accuracy

(b) BblpasuTtenbHOCTb
Expressiveness

(c) CkopocCTb
Speed
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J1okanbHble U rnobanbHbIe
MoAdEeNnu

NICTOYHMKaMM 3HEPTrUM MOryT BbITb HE TOSIbKO UCTOYHUKMU
CBETa, HO 1 Apyrue oTpa)xkatowme obbekTbl (M Aaxe 4YacTu
TOro >Xe caMoro o6bLeKTa)

Takne B3aMMOOTHOLLUEHUS CTOXHO Y4nUTbIBATb, NMO3TOMY
BbIAENSAOT JI0KasIbHbIE U riobasnibHble MOAENN OCBELLEHUS

JlokanbHble Moaenu Npu BblIYNCNEHNN OCBELLEHUA B ,El,aHHOl\/JI
TOYKE YUYUTbIBAKOT TOJIbKO MOJIOXKEHNE 3TOUN TOYKM
OTHOCUTEJIbHO NepBNYHbLIX UCTOYHNKOB CBETA
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J1okanbHble U rnobanbHbIe

i MOZEJIN

lllumination models in computer graphics are often loosely
derived from the physical laws that describe surface light
iIntensities. To minimize intensity calculations, most packages
use empirical models based on simplified photometric
calculations. More accurate models, such as the radiosity
algorithm, calculate light intensities by considering the
propagation of radiant energy between the surfaces and light
sources in a scene. We first take a look at the basic
illumination models often used in graphics packages; then we
discuss more accurate, but more time-consuming, methods
for calculating surface intensities.
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iTMI‘IbI (OYHKLUMN OTPaXKEHUS]

Onddy3Hoe oTpaxeHune
eMaTOBbIN NNacCTtnkK, Aepeso U T.M.
emMoOzIENb JlaMbepTa

aeanbHO 3epKalibHOe OTpaXXeHue
e3epKasio
eMOE/Ib OTPAXEHUS

3epKkalibHoe OTpa)XeHue

eO/IMKN Ha obbekTe
emoaenn PoHra n bnHHa

17



Ounddy3Hoe u 3epKanbHoOe
oTpaxeHue

+
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i PYHKLUUUN OTpaXKeHUs

Types of Reflection Functions

Ideal Specular o ¥,
m Mirror
m Reflection Law

Ideal Diffuse

m Matte

m Lambert’'s Law
Specular

m Glossiness and Highlights
m Phong and Blinn Models

CEIRE WEE Lt hure 18 CopyrighbI: Bat Hanraban
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i Onddy3Hoe oTpaxeHue
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3epKaribHOe oTpaxeHue
Phong’s Rule

Light

source

— Surface T

I, = Lyk(cos )" I, = Lk (cos®)" I = Lyk.(cos@)"
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OnpeaeneHne BUANMbIX NOBEPXHOCTEMN
(paccesiHHbIN “ambient” cBeT)
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YpaBHEHNEe 0CBELLEHHOCTU
i ®oHra (Moaenb ®oHra)
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| MHTepnonsaunoHHaA 3aKpacka

= Annpokcnmauunsa odobekTa NNOCKUMU rpaHAMM
= BblumncneHmne Hopmarneu
= [ Nagkas uHTepnonsuna Hopmaneu
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3aKpacKka mHauBMAayanbHbIX MOMIUFOHOB
(nnockag “flat” 3akpacka
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iBbl‘-lVlcneHMe HOpMarnewu

= Hopmanu B BepLumHax
BbIYNCNAIOTCA YCPEAHEHNEM
HOpMaren CMeXHbIX rpaHen
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i UHTepnonauusa uBeTa

B = Bblumcnute uget (RGB) B
KaXxOoW BEpPLLKHE.

= BblunCnunTb LUBET B TOYKAX
P1n P2:
s =|[P1-B|[/]|A-B]|
C(P1) = s(C(A)) - (1-s)(C(B))
= Bblumcnutb uBet B T. P!
s=||P-P2||/||P1-P2||
C(P) = s(C(P1))-(1-s)(C(P2))
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i Ncuye3aloT ONukn

B

Desired Gouraud Result
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3aKkpacka lN'ypo (Gouraud)
(andodhby3Hoe oTpaxeHue)
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3akpacka I'ypo (Gouraud)
(3epkanbHoe “specular” oTpaxeHue)
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i NHTepnonaumna HopmMmanen

B

Bbluncnute Hopmanu (RGB)
B KaXX[10M BEPLLNHE.

Bbluncnute Hopmans B
TouKax P1 n P2:
s=||P1-B||/||A-B|

N(P1) = s(N(A)) - (1-s)(N(B))
BblyncnuTb Hopmanbs B T. P:
s=||P-P2||/||P1-P2||
N(P) = s(t(P1))-(1-s)(N(P2))
Bbluncnute LBeT B Touke P.
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3aKkpacka ®oHra (Phong)
(3epkanbHOe oTpaxeHue)
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«KnoHnpoBaHue» BepLUUH

A

E

D1

|

E1l
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B BepwinHe D HyXHO
UMeTb ABe HopManu

OaHa Hopmanb Ans
rnagkou 3akpacku
6OKOBOW NOBEPXHOCTY

[pyraa Hopmanb Ans
3aKpacku Topua

Ha ocTpbix pebpax
HOopManun ayonupyrTcs
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i BonHooOpa3Hasa noBepxHOCTbL (1)

!
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i BonHooOpa3Hasa noBepxXHOCTL (2)
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N

BonHoobpa3Haa noBepXHOCTL (3)
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i [loanep>xka B OpenGL

OpenGL nogaeprusaet
eMoOAe/Ib ocBeleHMA OoHra (1oKanbHasaA!l)
epaCyeT OCBELLUEHUA Ha BepPLUMHAX
e MHTEPNOALUMOHHAA 3aKpacKa 'ypo

HeobxoamMmo 3a4aTh:
eMapaMeTpbl MCTOYHMKOB CBETa

e JONOJ/IHUTE/IbHbIE AaTPUBYTbI BEPLUUH
-HOpMaJib
-maTtepuan
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OceeweHune B OpenGL

dafla€M MapamMeTpbl MaTepuana.

1ld glMaterialfv (GLenum face,GLenum param,GLfloat *value) ;
_BACK}
= {GL AMBIENT |GL DIFFUSE|GL EMISSIVE |GL SPECULAR}
float[4] // RGBA

value

void glMaterialf (GLenum face,GL SHININESS,GLfloat value);

3anaeM LBeT POHOBOTO OCBELLEHMS:

void glLightModelfv (GLenum param,GLfloat *value) ;
param = LIGHT MODEL AMBIENT
value = float[4] // RGBA

3afaem UBET NCTOYHUKA OCBELLEHUA.

void glLightfv (GLenum light,GLenum param,GLfloat *value)
face = {GL LIGHTO|GL LIGHT1|]..}
param = {GL AMBIENT |GL DIFFUSE |GL SPECULAR}

value = float[4] // RGBA
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Ocsewenune B OpenGL (2)

3aaeM NonoxXeHne NCTOYHMKA OCBELLEHUA.

glnghtfv(GLenum light, GL POSITION,GLfloat *value);
TO|GL— LIGHTL}..}
value = float[4] // X,y,Z,wW

KoopanHaTtbl UICTOYHMKA OCBELLEHWSI TPeobpasyoTCsa TEKYLLEN MATPULIEN
MOAenNbHOro npeobpasosaHus!

Bkntoyaem pacyeT oCBeLLeHHOCTY

void glEnable (GLenum type); type = GL LIGHTING;

Bkntoyaem Tpe6ye|v|b|e WCTOYHWUKK OCBELLEHUA
void glEnable (GLenum type); type = GL LIGHTO;

Bkntoyaem Tpebyemble UCTOYHUKM OCBELLIEHMS

void glShadeModel (GLenum type) ;
type GL FLAT; - mJjockKasi B3akKpacka I'PaHu
type GL _SMOOTH - Bakpacka no I'ypo

40



iﬂMTepaTypa B bubnunoreke

s Color & Shading (u3 kHuau Linda Shapiro &
George Stockman "Computer Vision") (pdf

1.23 MB) (Ha aHar.)
= http://graphics.cs.msu.su/courses/cg01b/ch6.pdf

s D.Hearn, M.P.Baker “Computer Graphics.

C Version
[1.XepH, M.[1.benkep «KomnbtoTepHas rpaduka n ctaHgapT
OpenGLy, N3a. Jom «Bunbsamcey», 2005

= UndppoBasa bubnuorteka
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