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Eldn emipavelwyv kat pEBodotl urtoAoyLlopoU Tou YEVIKOU pWwTLGUOU
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Ewkovec pe napokoAovOnon aktivac kot Radiosity

!
¥

[EVIKOC GWTIOUOC LE KATELBUVOUEVEC [EVIKOC PWTIOUOC pE ... color bleeding*
ETULPAVELEC - CUVAOWC ONUELOKEG Awdyutec emipaveleg (radiosity)...
nNYEG, (ray tracing).

* In computer graphics and 3D rendering, color bleeding is the phenomenon in which

objects or surfaces are colored by reflection of colored light from nearby surfaces.
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Ewkovec pe Radiosity
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Ewkovec pe Radiosity
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Meplexopeva padnpotoc

= KAaoown AUon Radiosity
YrioAoylopog twv form-factos
Me tov nuikuBo (hemi-cube)
Me mapakoAoUBOnon aktivag (ray-casting)

Mpoodevutikn Avon (Progressive Refinement Radiosity)
Katatunon o€ pikpoemnipavelec (Meshing)

Antodoon (Rendering)

Radiosity vs Ray-Tracing

Cindy Goral, Kenneth E. Torrance, Donald P. Greenberg and B. Battaile,
“Modeling the interaction of light between diffuse surfaces", Computer Graphics, Vol. 18, No. 3.
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Radiosity

= Ray tracing models specular reflection and refractive transparency, but
still uses an ambient term to account for other lighting effects

= Radiosity is the rate at which energy is emitted or reflected by a surface
= By conserving light energy in a volume, these radiosity effects can be traced

Direct Illumination RadiosJ .
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Radiosity

Goal: Simulate diffuse inter-object reflections and shadows
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Radiosity

Basic Idea: Treat every polygon as light source
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Radiosity Measure

Elvall TpoOmocg HETpNonG evepyeLag dwtoq...
O aAyoplOpoc:

= pon evepyeLac ava povada xpovou (flux) ava povada endpavelag mou
EKTIEUTIETOL ATIO EVa CWHA, LETPLETAL o€ W/m?

v

Baoiletal oto VOO TNG dlatnpnon tng EVEPYELOG,
1o Radiosity og €va kAewoto meplBaiAov ival otabepo

Mropel va urtoAoyioel TV avtaAAayn EVEPYELAC LOVO HETAEL eTtLdaVELWY SLAXUTNG
avAKAQonG

E€aptatal amo to pnko¢ kupatoc!
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Basic Definitions

Energy per unit area per unit time.

Energy per unit area per unit time that the surface emits itself (e.
g., light source).

The fraction of light which is reflected from a surface. (0 <=r
<=1)

The fraction of the light leaving one surface which arrives to
another. (0<=F<=1)
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Baowkn WOea

Y€ pLa ETILDAVELD i
evepyela (i) = evdoyevn) evepyela (i) + avakAwpevn evépyela (i)
Epooov Bewpovpe diffuse emipavelec
avakAwpevn evépyela (i) = p; * (CUVOALKTY) eloEPYONEVT] EVEPYELX ATTO TO TIEPLBAAAOV )
evdoyevn evépyela = Emmittance (E), .oodUvapun tov Radiosity (B)

p. = ouvteAeotn¢ dLaxutng avakAaong, uopet va dtadepet ya kabe pnkog
KUULOLTOG
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The Basic Radiosity Equation

= We will compute the light emitted from a single differential surface area
dA.

I.

= |t consists of:
Light emitted by dA..

Light reflected by dA..
depends on light emitted by other dA,, fraction of it reaches dA,.

* The fraction depends on the geometric relationship between dA;and dA;:
the form factor .
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H e¢ilowon tou Radiosity

Ac BEwpPNOOULE TTOAUYWVLKN OKNVN
Ta ToAUywva xwpilovtal oe n pkpa ‘patches’ (LikpoemidaveLeg)
uikpoemidavela 7 exeL epPadov A, radiosity B, Kol EKTEUTIEL EVEPYELA £,
EtoL umopoU e VoL EKPPACOUE TN CUVOALKN EVEPYELO TTIOU HEVYEL OO
KABe emudpavela cav:

AB = AE +p ) ABF; i=12,...,n
j=1

If we had equal sized emitters and receivers, the fraction of energy emitted by one and received by the other would be
identical to the fraction of energy going the other way.

Thus, the form factors from A; to A; and from A; to A, , ,
are related by the ratios of their areas: Fji = , HEPOG/ AGYOG
n (proportion) Tng evépyelag amo Toj n
A Fij = Aj Fji Bi — Ei + P Z Bj Fij omola pTdvel oTo i avd povada epBasou
=1 TOU j
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Radiosity: Auon tn¢ E¢lowonc

* Ta {B;} €lvol o AyvwoTa XpwHoTa OTLG ETILPAVELEG TNG OKNVNG.

* Ta {F;} eival evtaoelg wtiopou mou pag ival yvwotég and tig npodidypade Twv
OWTEWVWV TINYWV OTN OKNVN HOC.

* Ta {p;} elvar dlotnteg g ekdotote emubavelag (kat Al yvwotad)

* Ta {£};} prmopouUv va unoloyilotouv (8eg emopeva slides), ondte edw Ba ta
Bewpriocoupe yvwota.

O 110 aAGC TPOTIOC yLo ToV UTOAOYLOWO Twv { B; } elval n ouykpotnon cuotipatoc N
e€lowoewv pe N ayvwoTtouc.

(Mwc ylveto auTo;) 2TNV MPAYHATIKOTNTA YiveTal xpnon tnc nebodou Gauss-Seidel n
uLoc AAANG emavaAnmrtikng pebodouv.
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Radiosity: Auon tn¢ E¢lowonc

Na to cuotnua NV e€élowoewv pe N ayvwotouc, eEKbpacpevo oav pLa e€lowon!

i ) Ax=Db i i
Bl E1
B2 EQ
oMol X = . elval o ayvwotog, b =
| By | En
11—, 11 —piFie ... —piFiv
—p2Fa1 1 —paFay ...  —palon
a A=| S .
. —pNEN1 —pNFnN2 ... 1 —p1FNN
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Radiosity: Auon tn¢ E¢lowonc

O 1o armAOC UTTOAOYLOMOC TOU GWTLOMOU oTnV KABE emidpAveLa TNC OKNVAC OVAYETOLL
AoLtov otn Avon TN e€lowong AUTAC:

Ax =
- x = A7'b

|
U

OnoU A ! eivat o avtiotpodoc mivakag tou A.

Mpooete mwe n Avon sival n WL eav N oknvn eivol xwplopevn o 10 emidpAVELEC, 1 O€
1000!

‘Evo. cUVOAO aTto ELOWOELC yLa !
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Emwokonnon tn¢ dwadikaociac (kAacowkn radiosity)

YT1rodIaipeon ETTIPAVEIWY OE
MIKPOETTIPAVEIEG (patches)

,

YT1roAoyiouog Twy form-factors
METACU TWV MIKPOETTIPAVEIWV

\4

AUON TOU YPOUUIKOU
OUOTIMOTOC

!

Atrédoon (rendering) ato
OTTOI0dONTTOTE BEDN KANEPQG
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dswypa

[ 4

O mapa

ATtA

ENA426 | Tpadika YmoAoyLotwy

21



Radiosity
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[¥ PhotoScan by Google Photos
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Radiosity: YrnoAoyiopoc twv Form-factors

AladopLka

Muwpoemnidavela (patch) i
Form-factor

MPOG ULKPOETLDAVELA dA

F; = form-factor, pepoq/Aoyoq
(proportlon) g svspyaaq aTto TO j
n omola PTAveL oTo /i ava povada

ﬁ%/ A epuBasdou tou |
dA

COS@; COSP,
A, F =
AidA, Tr?

The form-factor is purely a function of geometric relationship between patches

23 ENMA426 | Tpadikd YoloyLlotwy and thus does not depend on viewer position or surface reflectivity attributes.



AvoAvtika Form Factors

ldA

, , , COSOL; COSAL;
ATto SlodhopLko o€ emidpaAveLd FdAiA,- = I

2
Aj Ttr

COS a; COS Qj

IdA; oA |

ATO eTiupavela o eTupaveld F.. = 1 J‘ J‘ J
Aj AA

TC

Av AdBoupe uroyn kat tnv opatotnta (visibility, 0 < Vj; < 1) tote:

1 COS a; COS 0
Ti A{ L — V; dA; dA,
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|6totnteCc Tov Form Factors

ApotlBatotnta (Reciprocity) A Fij — Aj Fji

F..o=F+F
NpocBetikotnta (Additivity) (Juk) ij ik

Alatnpnon TNG EVEPYELOC OE KAELOTO TiEpLBAaAAoV Z R =1
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Radiosity

Evépyela (i) = Evooyevr) evepyela (i) + AvakAwpevn evepyeta (i)
AvakAwpevn evepyela (i) = p; * (ouvoAikn eLoepyOpevn evepyeLa armo to reptBailov )

N

/

LK
-------------
LR
29
R B
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Bpnota o€ pa Avon Radiosity

vgwuetpia \ UT[OAOVlULléC form — Mol tooo aKplB(');

factor >90%
UTTOAOYLOMLOG &
) I arnoBnkevon twv
OVOKAQLGTIKEG A ; n? form factors
LSLOTNTEC Uon Tou Tivako
~ Radiosity <10%
Radiosity Solution
TLOLPALLETPOL I

Kapepag \ Visualization
(Rendering) " 0%

}

Radiosity Image

30 ENA426 | Tpadika YmoAoyLotwy



32

Progressive Refinement

The classical radiosity algorithm (Goral et al. 1984) constructs and solves a
large system of linear equations composed of the pairwise form factors.

These equations describe the radiosity of an element

, weighted by their form factors and the
element's reflectance, r.

Thus the classical linear system requires O(N 2) storage, which is prohibitive for large
scenes.

(Cohen et al. 1988) calculates these
form factors iteratively (progressively), on the fly, avoiding these storage
requirements.
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[MPOOSEUTIKN EKAETITUVON (progressive Refinement)

= Nwc?
= Avti va mpooBetoupe OAo TO GWTLOMO TTIOU SEXETAL [LaL
HUkpoeTidaveLla, kataveépou e (distribute) to radiance tng
ULKPOETILDAVELAC LLE TO TIEPLOCOTEPO LN KATAVEUNUEVO
(undistributed) radiance.
= 2TOXOC:
= Mapoxn cuxvwv Kot teplodikwy (timely) evnuepwoswv
(updates) mpog tov xpnotn Kata tn SLAPKELD TOU
UTtOAOYLOOU
= |6€a KAELOL:
= Evnuepwon (update) oAOKANPNC TNG €lKOVOC O KABE
emavaAnyn avti HOVO ULOG ULKPOETILPAVELOLC
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[MPOOSEUTIKN EKAETITUVON (progressive Refinement)

A common method for solving the radiosity equation is "shooting radiosity,"
Iteratively solves the radiosity equation by "shooting" light from the patch with the
most energy at each step.

After the first pass, only those patches which are in direct line of sight of a light-
emitting patch will be illuminated.

After the second pass, more patches will become illuminated as the light begins to
bounce around the scene.

The scene continues to grow brighter and eventually reaches a steady state.
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Napadewypa NMpoodsutikNg AUonc
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ApXwKn popdn
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Me édtavoun tou 10% tou pwtoC
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Me édtavopun tou 20% tou pwToC
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Me diavopun tou 50% tou PpwTo¢
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Me diavopun tou 95% tou PpwTto¢
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Napadeypa

2 TNV OoKNVvN 1ou
akoAouBel exouvpe 4
OWTELVEC TINVEC
Images from:

http://dudka.cz/rrv/gallery
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http://dudka.cz/rrv/gallery

Napadeypa

= Plain View
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Napadeypa

= Final Solution (No
Interpolation)
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Napadsiypa

= Final Solution (No
Interpolation +
Filtered)
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Napadsiypa

= Final Solution
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http://dudka.cz/rrv/files/video/room4.x264.avi

Meshing

Tumaetl AaBoc¢ pe avtn TNV €KOvVa?

= H moiwotnta TnNg £IKOVOC Elval ouvaptnon tou
LEYEOOUC TWV ULKPOETILDOVELWV.

= Ol HKpoEeTiLhAVELEC TIPETIEL VA uTtodLaLpouvTal
npoooappootika (adaptively subdivided) kovtd ota
OpLOL TWV OKLWV Kol 0€ AAAEC TTEPLOXEC He PNAO
radiosity gradient.

= YroAoylopog Avong pe opolopopdo apxikd mesh,
Kol EKAETTTUVON UETA TOU mesh o€ meploxEg mou
EemepvoUV KATIOLO aVEKTLKO BaBuo AaBouc (error
tolerance).
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Accuracy

Reference Solution Uniform Mesh

Table in room sequence from Cohen and Wallace
CS348B Lecture 17 Pat Hanrahan, Spring 2002
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Artifacts

A. Blocky shadows Fmar knage
B. Missing features
C. Mach bands

D. Inappropriate shading discontinuities
E. Unresolved discontinuities

CS348B Lecture 17 Pat Hanrahan, Spring 2002
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Increasing Resolution

CS348B Lecture 17 Pat Hanrahan, Spring 2002
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Adaptive Meshing
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MpoocappooTikoc dtopotpacpog Mikpoenipavelwv
Adaptive Subdivision of Patches

\

\

\

\
sl

-

=
=

\

|
|
|
I

T i, G s s et

Coarse patch solution Improved solution Adaptive subdivision
(145 patches) (1021 subpatches) (1306 subpatches)
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Discontinuity Meshing

Opla Twv umbra kot penumbra ource

YUAANYN (captures) kaAwv
opiwv (boundaries) okwwv
[MOAUTTIAOKOC YEWUETPLKOC
UTTOAOYLOLLOC

To mesh yivetal
TTOAUTTIAOKO
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Discontinuity Meshing

Discontinuity meshing is a way of achieving high numerical and visual accuracy
when performing radiosity computations

Instead of subdiving surfaces in a uniform way, the whole environment is taken
into account, in order to construct certain types of virtual discontinuity

surfaces.
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Discontinuity Meshing: Example

A box centered in the room and a rectangular light on one side of the room.
= Notice the higher subdivisions near the light and near the corners of the room.

= Notice the lower part of the box along with the part of the floor under the box where the subdivision is
higher than elsewhere.

= Notice the presence of light leaks under the box which gives the impression of the box floating over the
ground.

The flat rendering of the room The radiosity has been smoothed
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Discontinuity Meshing: Example

= The discontinuity segments are shown with yellow color over the subdivided input polygons.
= The "strongest" ones appear on the shadow of the box, near the box, and on the back wall.

= Notice how the subdivision changes from uniform subdivision to subdivision along the discontinuity
yellow lines.

= The flat rendering is significantly improved. No more light leakage! The box seems to stand correctly on
the ground.

The flat rendering of the room The radiosity has been smoothed

63 ENA426 | Tpadika YmoAoyLotwy



Mn - cuvexéEc meshing
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Mn - cuvexec meshing: 2uykpion
gy ) g . P <

With visibility skeleton
& discontinuity meshing

10 minutes 23 seconds 1 hour 57 minutes
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lepapXkn MPOOEYyLON

= Ouadornoinon otowxelwv (group elements) otav n avtaAlayn ¢wtiopol dev
elvall ONUAVTLK.
= Breaks the quadratic complexity
= Mn teTplupevocg €Aeyyoc (control non trivial), k6otocg o pvnun
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Anodoon - Rendering

To Radiosity eivat Abon aveéaptntn tng o0ovnc (view-independent).

Could flat shade each patch with color depending on radiosity at the center (kakn
Avon!)

AvTiL autoU Kpatel ta radiosities oTLC KOPUDEC TWV TIOAVYWVWV

xpnon Gouraud smooth shading (interpolation)
AwaBgoipo oAU ¢Onva oe LALKO ypadkwyv (graphics hardware).

'H akopa, armoBnkevon tou radiosity cav udn (texture) oe kaBe moAUywvo: TTOAU
ypnyopo va oxedlaotel aAAd oAU Bapu yla tn pvAun vPpnc (texture memory)
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YnioAoyilovtac ta Radiosities otic kopudEc

i f
I
\ f

= B, tipeg radiosity elval otaBepeg o€ OAN tnv
£KTOLON TNC HIKpoeTiipaveLlac (over the
extent of a patch).
= [Mwc avtiotoyilovtol oTLC KOPUPEC
radiosities (intensities) mou ypelalovtol amno
Tov renderer?
= MEéEooc 6poc Twv radiosities Twv HLKPOETILPAVELWV
TIOU ouvelohEPOUV OTNV Kopudn
= OLTIHUEC OTLC KOPUDEC TWV AKUWV OE UL 1
enipavela vrtodoyilovtal pe extrapolation {Or 2

(Vertices on the edge of a surface are assigned
values extrapolation)
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The Cornell Box

= [lpooektiko calibration kat pétpnon (measurement) emtpEnouv tn cuykpLon Letav duoiknc/
TIPOLYLOLTLKA G OKNVAC KOLL TTPOOCOOLWOoNG

photograph simulation

Light Measurement Laboratory
Cornell University, Program for Computer Graphics
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Napadeiypota
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Napadeiypata

JANdUE

F/RNNn

Lichtscape  http://www.lightscape.com
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Napadeiypota
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Lightscape

rs (Santa MoA

http://www.lightscape.com



Napadeiypota

Lichtscape  http://www.lightscape.com
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Napadeiypota
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Napadeiypota
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Napadeiypota
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Napadeiypota
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Napadeiypota
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Raytracing vs Radiosity

210 RT otéAvovtal aktivec peoa amo kKabe elkovootolxeio (pixel) tng kabe
£lKOVOC Kol akoAouBouvtal KaBwc avakAoUuvTal armo To AVILKELMEVA TNG
OKNVNG

Meplocotepo yLa specular emidpAVELEC

E€aptatal amno tnv B€on tng KAUEPAG
Radiosity eivol Baolopévo otnv avtaAloyr eVEPYELOC LETAEY ETILHAVELWV TWV
OVTLIKELLEVWV

Diffuse emudpaveleg

Aveaptnto amo tnv B€on TG KAEPOLC

Nenepaopeva otoxeia (Finite elements) — dwakpltry avamnapaoctacn oknvng (mesh)
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Raytracing vs Radiosity

https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2017/ENU/3DSMax-Archive/files/GUID-C5A3C77B-794B-4444-9783-
7F2EA11C16BD-htm.html
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Raytracing vs Radiosity

Lighting Algorithm

Ray-Tracing

Radiosity

Advantages

Accurately renders direct illumination,
shadows, specular reflections, and
transparency effects. Memory Efficient

Calculates diffuse interreflections between
surfaces. Provides view independent
solutions for fast display of arbitrary views.
Offers immediate visual results.

Disadvantages

Computationally expensive. The time
required to produce an image is greatly
affected by the number of light sources.
Process must be repeated for each view
(view dependent).

Doesn’t account for diffuse interreflections.

3D mesh requires more memory than the
original surfaces. Surface sampling
algorithm is more susceptible to imaging
artifacts than ray-tracing.

Doesn’t account for specular reflections or
transparency effects.
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Summary

| have explained two important techniques by now for producing realistic
images: ray tracing and radiosity.

The ray tracing method is good for simulating specular reflections but not good for
simulating inter-reflections of diffuse surfaces.

On the other hand, radiosity is good for simulating diffuse reflections but cannot

handle the specular reflections well. They have to be arbitrarily combined to
produce realistic scenes.
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Distributed Ray Tracing

= Distributed Ray Tracing [Cook et al ‘84]
= Why ray tracing looks fake?

Jagged edges Sharp shadows Regular samples

Hard shadows

Everything in focus

Objects completely still

Surfaces perfectly shiny

Glass perfectly clear
Pixel: antialiasing

50 Samples pp

Light sources: Soft shadows
Lens: Depth of field

Time: Motion blur

BRDF: glossy reflection
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