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CunHTe3 nsoodpaxeHun (Rendering)
NanyyaTenbHOCTb (Radiosity)
Tpaccuposka ny4ven (Ray Tracing)



DKpaHn3aumus

B 3TOM JIEKIIMKU pacCMaTpUBAETCA IIPOLIECC MOJTYUYECHUS
M300pakeHUs U3 Habopa TPEXMEPHBIX 00BEKTOB, HCTOUYHUKOB
CBETa M IOJIOKEHUS KaMmephl (IJ1a3a). DTOT MPOIEeCcC Ha3bIBACTCS
axpanuzayueu (rendering).

B o0isiacTu ri100abHOTO OCBEIICHUS €CTh JIBA OCHOBHBIX
aNropuTMa; U3Iy4aTeabHOCTh (radiosity) u TpaccupoBKa JIydei
(ray tracing). B ocHOBE 3THX aIrOPHUTMOB JICKUT PEIICHUE
YPAaBHEHUSA MEPEHOCA JIYUYUCTOM IHEPTUM.

JI71s pelieHust 3Tor 3a4a4i HEOOX0IMMO ITIOHUMATh CUCTEMY
3peHUs, HUPPOBYIO 00PAaOOTKY CUTHAJIOB, a TAKXKE (DU3UKY.
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OcBelleHne n oTpaxkeHue

B peasibHOM MMpe BUAMMbIM LIBET onpeaensercs
KOJIMMECTBOM SHEPIrUU BMAMMOIO CMEKTPA, KOTOpas
nonaaaeT Ha YyBCTBUTE/IbHbIE 3/IEMEHTbI CETYATKM r1a3a

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

OTparkaloLlpme XxapakKTEPUCTUKU MOBEPXHOCTH ONpeaenstoTCs
OTpakalLWMMM CNOCOBHOCTAMM MO OTHOLLEHMIO K BOJIHAM
Pa3/IM4YHOM JJINHDI
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PYHKLUNN OCBeLleHUsa u
oTpaxeHus

(a) OcseleHne
Illumination

(b) CsetopaccenBaHue
BRDF

(c) 2muccus
Emission

(d) U3nyueHue
Radiance
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YpaBHEHME OTPaXKEHUS
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S mas 2006 r. KomneroTepnas rpaduka 5



N3nyyaTenbHOCTb
(MHTerpanbHas CBETUMOCTb)

(Radiosity)

 radiosity n. : An illumination algorithm for
graphics that accurately computes the
effects of diffuse illumination, including
multiple diffuse reflections from surfaces,
through an energy balancing technique.
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OcHoBHasa naes

e Ilomenuth KaXAYIO
MTOBEPXHOCTH B ClICHE (BKIIOYas

Rgﬂgctgd Light MCTOYHMKH ) HA MaJjible KYyCKHU
* llocTpouTh CUCTEMY JIMHEUHBIX
Emltted Light YPaBHEHUM
B;= n3ny4-cBer + oTpax-cBeT(%,B))
/ //  PewnTh CUCTEMY YPAaBHEHUU,
naitn (RGB) Bcex kyckoB

e DKpPaHU3UPOBATH CIICHY,
HCTOIB3YS TF000M METO/I,
COIJIACOBAHHBIN C 3aKPACKOU

['ypo
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O0o03Ha4YeHus

Radiosity = out-going power per unit area (Watt/meter®)

Bi=E+p Y, B;F;_i=L
pjgl i A-i

B; = Radiosity of patch ¢
B; = Radiocsity of patch §
E; — Lipght emitted by pateh ¢
pi = Fraction of inddent light that is reflected
F;_; = "Form factor”: the faction of energy leaving § that arrives at ¢

A; = Area of patch ¢
A; = Areaof patch j§

The form factor takes into account the shape and relative orientation of the two patches,

and the presence of any obstrueting patches.
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dopm-dpakTopsl
The form factor i3 saymmetrie:
AiF = AF

This simplifies the equation to

Bi=Ei+p2 Bl
or, rearranging terms, j

B —py Bl ;=K

j

which can be viewed as restating the conservation of enerpy.
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Cucrema nMHEUHbIX YpaBHEHUN

This pives us the following system of simultaneous equations:

Given the E; and F;_;, we can solve for the B; by Gaussian elimination.
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CBoncTBa cuctemMbl IMHENHbIX
YpaBHEHUN

* p. M E, 3aBUCAT OT ANMHbLI BOMHbI
(RGB).

» F. =0 ang nfiocKknx n BbiNyKbIX KYCKOB.

« CymMma oopM-paKkTopoB B Kaxaou
CTpOKe paBHa 1. 3aKOH COXpaHeHUS
SHepruu.

* [lockonbky r < 1, To MmaTpuua c
OOMUHUPYOLLIEN OnaroHanbo.
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KoadhdbuumneHTbl hopMbi

The expensive part of this process i3 computing the form factors, F;_;. We must eompute a

form factor for every pair of surface patch

cnd B coa B
. J
dFgi-g = — 5 HidA,
Ha. — 1 if dA; is visible from dA;
| 0 otherwise
cod B; coa B,
N Fd-i—j :f 3 JH dA
A T
9;
cos B; coa B,
A F, = jj 2 By dA A,
-i.J,qu.q_j
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AHanuTnyeckue metoabl
BblyucneHusa oopm-cpakropoB

‘ dA, /7

i ! —

cod f; cos B, H,,; dA,

Fdi—j = Af_j e
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[eomeTpunyeckas nHTepnpeTauus

5 mas 2006 t.

KomneroTepnas rpaduka

[locTtponTths €AUHUYHYIO
nosrycepy HaJ KyCKOM A4,
CrpoennmpoBaTh BUAUMYIO
4acTh KycKa A; Ha 9Ty
chepy

CrpoenmpoBarh
M1OJTYYEHHBIN
chepruyecKuii KyCoK Ha
OCHOBaHHUE Noaycdepsl U
mostyuuTh 4°

dopM-hakTop
Fﬁ_j = A?;’w.
14



Annpokcumauumsa nonycdepbl NOAYKYyoOOMm
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AINropnTM BbIYUCIEHUS
doopM-doakTopa

¢ Pogition unit hemiettbe over pateh.
¢ Project A; onto the cells of the hemicube,
¢ Sum the confribution AF; of each projected eell on hemicube to approximate Fy_;.

¢ Agguming r i8 much larger than pafeh sizes, Fy_; 8 a good approximation of Fj_;.
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A p=(=p.yp.zp)

The contribution of each hemicube cell is

7;f
AR, = 500 4
T
where!
r = Lenpth of line connecting patch center to cell

?; = Angle between patch normal and line

#p = Angle between inward cell normal and line
AA = Area of cell
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Bknap anemeHTOB BepXHeW rpaHu

nonykyoba
¥
)
IR
A p=(xp,yp,20) cosf; = (0,1,0)- 1(%11 Ep] i
/ o8y = (0,1 m'%( 25, —1,—2) =
f 11
AR, = 0 ETBP&A— 1A
1 Tr 1w
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Bknap aneMeHTOB OOKOBOW rpaHu

nonykyoba
y
= T
1
cas; = (0,1,0)- -{-1, 1, 2,) _
A "
=(5.90.2) : costl, = (1,0, ﬂ)-;{l,—yp,—ﬁp] =
hcosd,  lek
AF, = = 2RA4 = T AR
’?T’I“y Tr
_ 2 ﬂfi
(1442 + 227
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PeweHUue cucteMbl JIMHENHbIX
ypaBHEeHUU

This pives us the following system of simultaneous equations:

l—pF1 —pdig - —pFia || B &)
pl l1=—ply - —pF, || B E

pnFn—l _pnFn—E l_pnFn—ﬂ_ _Bn_ _Eﬂ._

Given the E; and F;_;, we can solve for the B; by Gaussian elimination.
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UTepauun Naycca-3enagens
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UTepauun Naycca-3enaens
(1, 2, 24, 10 LLiaros)
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Utepaumm CayTeenna (Southwell)
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Utepauumn CayrtBenna (Southwell)
(1, 2, 24, 100 waros

............
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TpaccupoBka ayuen



TpaccupoBKka ny4vyeun

* ray tracing : An approach to rendering
based upon simulating the reflection paths
of light among the graphics objects to the
viewpoint. Rays for each pixel are typically
traced backward from the viewpoint and
among objects until a light source or data
base boundary 1s reached.
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TpaccupoBKa nyyen Yepes cqpepuyeckyto kanm Boapbl
(nyy 7 -- nyy [ekapta [1637])

1
10

5 mas 2006 t.

27



I Ipssmas TpaccupoBKa JIyden
Ka)kabli MICTOYHUK CBETA UCMYCKAET ydYn CBETA B OKpYXKatoLLlee ero

NMPOCTPAHCTBO.

DTW NIyYn pacnpoCTPaHATCA B MPOCTPAHCTBE U YacCTb U3 HUX MOKUAAET CLER
(He BHOCA HMKaKoro BK/jala B BO3HMKatoLee n3obpaxeHue), a 4acTb naaaet
Ha MOBEPXHOCTUN Pa3/INYHbBIX OO BEKTOB CLIEHbI

[lonaB Ha NOBEPXHOCTb 06bEKTA
KaXXabl NTy4 nopoXXaaeT
BTOPUYHbIE OTPaXKeHHbIE U
NPeIoOMNEHHbIE NYyYM

YacTtb nyyen (oyeHb Hebonbliasa!)
NonagaeT B rna3 o6bekTmB
KaMepbl,

popMupyst TaM n3obpaxxeHme
CLIEHBbI.
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aTHAs TDACCUPOBKA JI yel

bynem OTCJ'IG)KVIB Tb N1y4 B 06 D HOM HanpaB/eHNN — N3 06bEKTUBA
hoTOKaMepbl Yepe3 3a4aHHbIN MUKCEN 3KpaHa.

Ray Tracing simulates this by working backward from the eye. We follow a ray from the
eye until it strikes an object. If the object is shiny, we compute a reflection angle and follow
the ray until it hits something else. Eventually, the ray will hit a light scuree or an ohject with
only diffuse reflection.

/

Ob6paTHas TPaCCMpOBKa NYYEN OTCNEXMBAET TONBKO Ny4u, BHOCSLLME
3HAYUTENbHBLIN BKIaA B N306paxeHune
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ANroputm TpaccupoBku nyveu

1. YUepes KaxIplil MAKCEN KAPTUHHOM MJIOCKOCTHU BBINYCKACTCH JIy4
B CIEHY M MIIETCAd TOYKa €ro OJIMKAWIIEro MNEPEeCEYEHUsT C
00bEKTaMHU CIE€Hbl. M3 3TOM TOYKH BBIYCKAIOTCS Jy4Yd KO BCEM
MCTOYHUKAM CBE€Ta ([UIs ONPEACICHUS WX BUJIUMOCTH), TaKXKeE
BBIITYCKAIOTCS OTPAXKEHHBIN U MPEITOMIICHHBIN JIYYH.

2. Jlms ompeneneHuss CBETOBOM HJHEPIrUH, IIPUXOMAIICH BHOJb
OTPAXKEHHOTO Y MPEJOMIIEHHOIO JIYYEH, KAXKABIM U3 ITHUX JIyYEHU
TPACCUPYETCS JJIs ONPEACICHUS TOYKU OJMKANIIIETO IIePECCUCHHUS.
3aTeM CHOBAa MOXKET MOTPeOOBATHCA TPACCUPOBKH BO3HUKAIOIIMX
OTPAXKEHHBIX U MPEJIOMIICHHBIX JTYYEH.

3. Kpurepum npekpammeHus peKypCuH: 3aJaHHBId YPOBEHbB
PEKYpPCHH WIIM 3aJIaHHBIN BEC JIyya.
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Ray Tracing Polygons with Diffuse Reflection
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A Simple Example: Sphere with Diffuse Reflection
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Soft Highlights from Partial Specular Reflection

If the ray reaches the light source, then apply Phong’s rile to compute “soft” specular highlight.

Bt v WV iew point

e .
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Specular Reflections of Other Objects

For shiny objects, we must “bounece” the ray off the object to see what it atrikes next. Recursion

terminates when ray hita non-specular surface or nothing.

S mas 2006 r. KomneroTepnas rpaduka 34



OOpaTHasa TpaccupoBKa CLEHbI
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Ondpdpy3Hoe n 3epkanbHoe
OTha)XeHus

NN NN NN
P

r=i—2(i,n)n

fLLS S S
P
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MoeanbHOEe npenomreHne

C
AP 7] =— V — CKOPOCTb CBETA B CPE/IE
V¢ — CKOPOCTh CBE€TA B BAKYyM€

t:77-i+(77Cl. —\/1+772(Cl.2 —1))-n

Ny

f=
7

77777777
C. =cos6. =(—i,n)

=0
7,
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[ToniHOe BHYTPEHHEEe oTpaXXeHune

JIns HEKOTOPBIX yIiioB U; majeHus NpH BBIXOJE U3 00JIee IUIOTHOM
Cpelibl B MEHEE MJIOTHYIO (77 > 1) BBIPAXKEHUE T10J] KOPHEM MOXKET
MOJIYYUTHCSA OTPULIATEIILHBIM:

1+7*(C2-1)<0

DTO COOTBETCTBYET CIYYar0 MOJHOIO BHYTPEHHETO OTPAKECHHUS

P
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Ondpdpy3Hoe npenomneHmne

CBeTOBast SHEPIrysl PABHOMEPHO PACCEUBACTCS IO BCEM
HanpaBJICHUSIM COOTBETCTBYIOIIETO MOJYIIPOCTPAHCTBA

F n

Iy yy frN
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3aTeHeHne o0bEKTOB
Shadows

To check for shadows, we can define secondary rays from point P to each of the point light
sources Ly and Ls. If a ray hits some object, then the corresponding light source does not
atrike P.

Wigwpe ind
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OnTuMmnsaunsa TpaccupoBKU Nyvent
Hcnonb30BaHrEe OrpaHUYMBArOIIUX TE:

T/ [

_

\ b

M C1ioJib30BaHUE UEPAPXUH OTPAHUYUBAOIINX TEI:

____________________________
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[locTonHCcTBa N HegocTaTtku RT

¢ Can correctly model shadows and multiple reflected images.
¢ Can handle refraction and transparent ohjects.

¢ Can handle boolean combinations of objects.

Constructive Solid Geometry: CSG.

¢ Can handle non-polygonal objects.

Still requires computing normal vectors.

¢ Very Expensive.
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JlocTOMHCTBA U HEOOCTATKU
oOpaTHOM TPaCCUPOBKU JTyHEN

— (+) KoppekTHO 00pabaThIBaeT TEHHU,
OTPXKEHUS, IPETOMIICHUE, MMOJYIPO3PAYHbIC
OOBEKTHI

— (+) Moxet padoTaTh ¢ HENOJUTOHAILHBEIMHU
00BbEKTaAMU

— (-) bonbiioe Bpemsi pabOThI

— (-) HeT BOBMOXKHOCTDH BBIYMCIICHUSI BTOPUYHOIO
OCBCIIICHUA
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Torn

*MeTo bl M3JIy4aTeIbHOCTH U TPACCUPOBKU JIYUEH
— I'mobanbHOE OCBEIICHNE

*31y4aTenbHOCTH

— Penienue cucrembl ypaBHEHUM NIEPEHOCA IS
BBIYMCJICHHS OajlaHCa SHEPTUHU B CIICHE

— Paboraet Tonbpko a1 U@ @y3HBIX CIICH, TaeT
Ka4ECTBEHHOE PEIICHHE

*I'paccupoBKa Jiyueu

— OOparHas TpacCUpOBKa JIydel MyCKaeT Jy4Hu U3
KaMepbl M BBIUKMCIISET IIBET B TOUKAX MEPECECUCHUS C
00BEKTaMHU CLICHBI
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