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Images:

(Left) http://cq.alexandra.dk/?p=278,

(Upper Right) Turner Whitted,”An improved illumination model for shaded display, ” Bell Laboratories 1980.
(Bottom Right), NVIDIA booth SIGGRAPH 2018 (Don Greenberg, AvD)
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http://cg.alexandra.dk/?p=278
http://dl.acm.org/citation.cfm?id=358882

COMPUTER GRAPHICS

Avadopa

&4 “Computer Graphics: Principles and
P Practice”, J. F. Hughes, A. van Dam, M.

/ ’ / S McGuire, D. F. Sklar, J. D. Foley, S. K.
" nEpLGGOTEpa OoT1o KECI)OL?\OL LO 7) 15 Tou BtB)\LOU s | Feiner, K. Akeley, Addison-Wesley, 2013

Rendered with NVIDIA I-ray,
a photorealistic rendering
solution which adds
physically accurate

global illumination on top
of ray tracing using a

e | combination of physically-
. - & based rendering techniques
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iray Gallery, Image credit
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http://www.nvidia.com/object/iray-image-gallery.html
http://images.nvidia.com/content/technologies/advanced-rendering/images/nvidia-iray/iray-tbn14-large.jpg
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Napadeiypata Ray-Tracing
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http://hof.povray.org/

Napadeiypata Ray-Tracing
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AUTOBAHN - JVP 2005 - MegaPOV 1


http://hof.povray.org/

Napadeiypota Ray-Tracing
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http://hof.povray.org/

Napadeiypota Ray-Tracing
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http://hof.povray.org/

Napadeiypota Ray-Tracing
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2uvoyn -

Mw¢ umopoU e vor SNULOUPYOUUE ELKOVEC
YrtoAoyl{oupe TNV akTiva amo tnv KAUEPO Kol
TO KEVTPO KAOe pixel

Camera / Light Source
BploKOULE TNV TOUN LE TO TILO KOVTLVO @ 8
\\

OVTLKELLEVO

Image

View Ray

BploKouE TOV TOTILKO GWTLOUO OTO ONUELD
TOUNG

XPNOLUOTIOLOU LE QUTO TO XPWHLA YLOL VO
(wypadioovpue to pixel Scene Object
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2uvoyn: Tomkoc GwTLOMOC
p

/TN N N\

TorkoGg QwTtlopog = Eppeococ + MNa kaBbe pwtevn mnyn (Atdxutog + KateuBuvopevog QwTtlopog)

10 EMA426 | Tpadikd YrmoAoylotwy




11

2uvoyn: Local vs. Global lllumination

Local Global
O TOTTIKOC QWTIONOC €CapTATAI HOVO ATTO O pwTiouéc o€ éva onueio e¢apTaral Kal aTrod
TO QAVTIKEIMEVO KAl TIG QWTEIVEG TTNYEG AAAO QVTIKEIMEVO TNG OKNVNG
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2uvoyn: H Auon e€aptatoat amo tn ontikn ywvia (Ray-tracing)

Scene Geometry Solution determined only for directions
through pixels in the viewport
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ZNUEpQ

Avadpoutkn MapakoAouBnon Aktivag
YKLEC

[EVLKOC PWTLOMOC

Kavovac tou Snell’s yia StaBAaon
[ote otapata n avadpoun;
Antialiasing
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Ray Tracing

NapakoAovOnon pLac aktTivog Tov GwTtog OLa LECOU TNC OKNVAC
OL aktiveg piyvovtal og kaBe pixel. AvtavakAwvtal, StabAwvtal, n
anoppodwvtol KABe dopd MOV TEUVOVTOL LLE OVTIKELHEVDL

Ac doUpe eva mapadelypa

ENA426 | Tpadika YmoAoyLotwy



Ray-Tracing Setup
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Ray Tracing

H mapakoAouBnon aktivag yivetal we €€Nc:

Plyvoupue pia aktiva amo kabe pixel otn oknvr Katd punkog tng Stadpopung
npoBoAng

[MpoodloploTe TOLEC ETILHAVELEC TEUVEL N AKTLVOL KOLL OPLOTE QUTEC CUUPWVO LE TNV
amooTacon Toug aro to pixel

H mAnoLleotepn emidavela oto pixel eivat n opatn emipavela yla auto To pixel

AVTaVOKAQOTE TNV AKTLvVa arto TNV opath EMLPAVELA KATA UNKOC TNG KOTOTITPLKNC
ywvioc avakAaong

Mo TLIc Stadpaveic eMPAVELEC OTELNETE EMIONC LA AKTIVOL LEOW TNC ETLPAVELOC OTNV
katevBuvon SLaBAaong

ErntavaAaBete tn Stadikaoia yLo oUTEC TG SEUTEPEVOUOEC OKTIVEC
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Ray Tracing Overview

Generate primary ray

shoot rays from eye through sample points on view (film) plane

sample point is typically center of a pixel, but alternatively supersample pixels
Ray-object intersection — 3D computational geometry

find first object in scene that ray intersects with (if any)

solves VSD/HSR problem — use parametric line equation for ray, so smallest t value

Calculate lighting (i.e., color)

Frustum: view volume
defined by film plane

Surface
Normal

object

use illumination model to determine direct contribution from light sources (light rays)

reflective objects recursively generate secondary rays (indirect contribution) that also contribute to color; RRT
(Recursive Ray Tracing) only uses specular reflection rays because they are easy to compute and specular
reflections are typically brighter than average. Should also handle refraction and shadows

sum of contributions determines color of sample point (underlit => ambient term)

no diffuse reflection rays & RRT is limited approximation to global, direct illumination

Finesse shading rule — evaluate full lighting eqn at each sample point, based on n
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Backward ray tracing

Forward ray tracing
(and real world)

IS EMNA426 | TpadiLkd YmoAoylotwy



Ray Tracing vs. Triangle Scan Conversion

= How is ray tracing different from polygon scan conversion/rasterization? Shapes and Scene-view both
use polygon scan conversion to render objects in a scene and have same pseudocode that starts in
normalized world space, i.e., “object precision” a la Sutherland:

for each object in scene:
for each triangle 1in object:
pass vertex geometry, camera matrices, and
lights to the shader program,
which renders each triangle (using z-buffer)
into framebuffer; use simple or complex
i1llumination model

(triangle rendered to screen) A
L] ]
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Ray Tracing vs. Triangle Scan Conversion

= Ray tracing uses the following pseudocode, “image precision”, a la Sutherland

for each sample in film plane:

determine closest object in scene hit by
a ray going through that sample from eye point
set color based on calculation of simple/complex
1llumination model for 1ntersected object

= Note the distinction: polygonal scan conversion iterates over all VERTICES whereas ray tracing iterates over 2D
(sub)PIXELS and calculates intersections in a 3D scene

EEEEEEEE

EEEEEEEE

EEEENEEE

— T T T 1

(ray intersection rendered to screen) ========
| |

y EEEEEEEE

EEEEEEEE

= For polygonal scan conversion must mesh curved objects while with ray tracing we can use an implicit equation
directly (if it can be determined) — see Slide 16
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Ray Tracing

Otav n aktiva 6&V MPOOCTIUTTEL TTAVW OE KATIOLO QVTLKELLLEVO, TO pixel
XpWwHATI(ETAL UE TO XPWHA TOU POVTOU
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Ray Tracing

Otav n aktiva XTUTIA EVa OVTLKELMEVO: Lot SeEuTEpEVOUCA AKTLVA,
QATIOKAAOUEVN «OKLAY» OKTiva, PEVYEL TIPOC TIGC PWTELVEC TINYEC
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BoAn aktivog — xwpic okleC (LovteAo Phong)
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BoAN QKTiVOC — LE OKLEC
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2KLEG: aKTiVeC okiaonc (shadow feeler rays)

H dtadpoun amo tn dtaotalpwaon pog TNV mNynN ¢wtoc eival yvwoTr we
oktiveg okiaong (shadow ray)

Eav auti n aktiva okloong XTUmnoeL Eval AAAO QVTLKELLEVO TIPLV VAL XTUTINOEL
uia pwTELVN TINYN, TOTE TO MPWTO ONKELO TOUNC BPLOKETAL OTN OKLA TOU
OeUTEPOU AVTLKELUEVOU.

Epapuolovpe LOVO TOV ELUECO GWTLOUO YO TNV €V AOYW TNYN $WTOC.

Eav n aktiva okiaong ¢Baoel otnv mnyn ¢witoc Ywpic va XTUTINOEL
OTIOLOONTTOTE AVTLKELMEVO, UTTOAOYL(OULLE TOV TOTILKO PWTLOMO (dwTlopOoU
Phong) kat kaBopiloupe 10 Ypwpa tou pixel ekel.

Kotd ouVETELA, OL OKLEC TtapayovTal GUoLKA KaTa Tn dlapKkela TtnG dtadkaoiog
anodoonc.
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2KLEG: aKTiVeC okiaonc (shadow feeler rays)

AKTIVEC OKiaong
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AL0pOwon yia KPUUUEVEC PWTELVEC TINVEC

= Mwg npemnel va aAAa&ou e Tnv mo navw eélowon;

RO R
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AL0pOwon yia KPUUUEVEC PWTELVEC TINVEC

| =K, + ZLS]' j(kd (” ' |,-)+ ks(hi 'n)m)

= Omou S; elvaL To aIOTEAECHA TNG TOUNG TNG AKTIVAG OKLAONG HE TOL AVTIKELHEVA
(0n1)
= YNUELAKEC PWTELVEC TINYEC:
O<t<1
= KateuBuvopevec dwTELVEC TTNVEC:
t>0

= MpoPAnuata akpifetac (Precision errors)
BeBawwBeite otL 0 6€KkTNnG v AapBavetal kat oav «occludery
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2 KLEC

KaBe dwc otn oknv CUPPAAAEL OTO XpWHLO KOL TNV EVTOON EVOC OTOLXELOU

O€ pLa eTLdAVELQ... ,
numlLights

objectintensity, = ambient + 2 attenuation - lightintensity, - | diffuse + specular]

/I'ght -1 . Image
amera Shight Source
A4

~

Eav kat povo av n pwtetvy mnyn $TAcEL 6TO OVILKELHEVO! G-
Ba prmopovoe va spmodiletal amod AAAA AVTIKELUEVA OTN OKNVA ¢_ Light Rays
N arnod to i6lo To avTkelpevo

> Shadow
KataokeuAote pa aktiva oo tnv Toun entbavelog os Kabe pwc / Ray
EAEyEte av TO PWG TEUVEL KATIOLO AVTLKELLEVO A _
Scene Object

OV TO TIPWTO OVTLKELUEVO TIOU TEUVEL €lval TO dwG, LETPNOTE TNV TANPN SUUPBOAN Tou dWTOG

€AV TO TIPWTO QVTLKELUEVO TIOU TEUVEL eV elval To dwg, unv urtoloyilete (ayvoeite) Tn cupBoAn
TOU pWTOC

dnuloupyel okANPEC OKLEC. OL LOAOKEC OKLEG eival Tilo SUOKOAO va UTTOAOYLOTOUV
Tuyivetal pe dtadavr A KATOTMTPLKA (AVAKAXOTLIKA) aVTLKELHEVA; TEToLEG CUUBOAEC
dwTLlopoU gival n apxr Tou MAYKOOULOU GWTLOHOU = XpeLdlovtol avadpouLK avixveuon
QKTLVWV
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EravaAnmuikn mapakoAoUvOnon aktivog

g H véa e€lowon dwTtiopov eival (Phong lighting + specular reflection + transmission):

© L=Lk,0,+,  ful, k0, (e DO, (rev)' 1+k,0,,1,, +kO,1,

e
ambient diffuse specular reflected transmitted

L.

h
recursive rays

| is the total color at a given point (lighting + specular reflection + transmission, A subscript for each r,g,b)
Its presence in the transmitted and reflected terms implies recursion

L is the light intensity; L, is the intensity of a point light source

k is the attenuation coefficient for the object material (ambient, diffuse, specular, etc.)

O is the object color

fu is the attenuation function for distance

n is the normal vector at the object surface

lis the vector to the light

r is the reflected light vector

vis the vector from the eye point (view vector)

n is the specular exponent

note: intensity from recursive rays calculated with the same lighting equation at the intersection point

light sources contribute specular and diffuse lighting

. Note: single rays of light do not attenuate with distance considering just angles; purpose of f_,,is to simulate diminishing intensity per unit area

as function of distance for point lights (typically an inverse quadratic polynomial)
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Avadpopikn mapakoAouOnon aktivac (Recursive Ray-tracing)

= @ewpol e OTL OAEG oL eTILAVELEC avaKAoUV cav va
elvall LOaVIKEG avakAaoTIKEG (ideal specular).

= MrmnopoUpe va ppnBoupe tnv petadoon specular-
specular KO|J.L|)OL ots}\vovraq deuTtePEVOVOEC OKTIVEC
armo ta onuela TOUAC.

= Mpenel mpodavwc va ertiAeéoupe eva Baboc Anénc yia
VOl AVTLUETWTTILOOUE TLC TIOAAOTTAAOLEC AVTOVAKAAOELC.

= To ray-tracing mpwtonapouoLdotnke ota Fpadika Y.
1o 1980 amno tov Turner Whitted*

Demo: https://youtu.be/0KrCh5gD9Ho

* Whitted, Turner. "An improved illumination model for shaded display." In ACM Siggraph 2005 Courses, p. 4.
ACM, 2005.

@a Currently at Nvidia Research:
NVIDIA. https://blogs.nvidia.com/blog/2018/08/01/ray-tracing-global-illumination-
turner-whitted/
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https://blogs.nvidia.com/blog/2018/08/01/ray-tracing-global-illumination-turner-whitted/
https://youtu.be/0KrCh5qD9Ho

El6Nn avakAAcewv

= KatevBuvopuevn avakAaon (Specular reflection)

YoF
<] >
V‘

= Awaxutn avakAoon (Diffuse reflection)
3¢
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Avadpouikn napakoAoOnon aktivog (Recursive Ray-tracing)

EQv TO QVTIKELMEVO ELVOL EVA KOTOTITPLKO OVTLKELUEVO, TIPETIEL VAL ELUOLOTE
TIPOOCEKTIKOL yLa vat TLAEOUE Lo PEQALOTLKH €LKOVA. AUTO YLVeTOL HE TN ANYPn
tLoc aAAANG aktivag mou ovopaletal aktiva avtavakAaong npoc tnv
KaTeLOUVON KATOTITPLKAC avaKAQLONC.

Otav n aktiva avtavakAoong XTUTTNoEL Eva. AANO QVTLKELMEVO, KAVOUE ToV LOLo
UTTOAOYLOLO OTIWC avadEpaE Ttapamdvw. Piyvoupe SnAadn pa aktiva,
e\Eyyou e av Bploketal otnv meploxn okloong n oxt. Eav sivat, xpwpoatilovue
LLE TO XPWHA TOU TtEPLPAAAOVTOC KaL, oV OXL, LE TOV TOTUKO PWTLOUO. 2TN
OUVEXELD, TO XPWHA AUTO EMLOTPEDEL 0TO IMPonyovpevo pixel 6mouv cuveBn n
KOLTOTTTPLKN AVOKAQLON, KoL TIPOOTIOETAL WC TO KATOTITPLKO XPWHAL.
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YIOAOYLOMOC OLVAKAOQGNC

N\

Ir — IIocal_l_krlr

= Ornovu 1o uTtoAoyL{eTOL OTIWC
TPONYOUUEVWC

= H aktiva r' is oplletal amo to ocnueio
TOMNG Kat tnv avakAwpevn (R), ko
POXWPA OTIWCE N TPWTEVOUOCO KTV

'
’ 1 1 * \
= k_€lval 0 OLUVTEAEOTNC avaKAaonG Tou p L,
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Weuvdokwdikac

/**

Recursively trace a ray in the scene.

@param p The ray start position.

@param D The ray direction.

@param depth Current recursion depth.

@return Color at the intersection point.Black if we reach
the maximum intersection depth.

¥ %X ¥ *¥ ¥ *x

*/
Color RayTrace(Point p, Vector D, int depth) {
Point pd; /* onueio topng */
Boolean intersection;

if (depth > MAX) return Color.Black;
Intersect(p, D, &pd, &intersection);
if (!intersection) return Background;

Ilocal = ka:[a + zi S (Ii'(kd(n°1) + ks'(h°n)m));

R = ComputeSecondary(p, D, pd);
return I,,.,; + k. * RayTrace(pd, R, depth+1);

Normally k. = kg
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https://youtu.be/LAsnQoBUG4Q

-,
SRR EE T AR TR T ) AR



https://youtu.be/LAsnQoBUG4Q

Ray-Tracing & Altadaveic EMPAVELEC

= [ tic Sladaveic emupaveLleC TPETEL va UTTOAOYICOUE HLaL OKTLVAL yLoL val
QVTUTPOOWTTEVOOULE TO PWC MOV SLATEPVA ATIO TO UALKO

= H katevBuvon tnc aktivag StaBAaong npocdlopiletal oo To SELKTN
SLaBAaonc Tou VALKoU

refracted
ray path
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Refraction Ray

Av TO aVTIKELPEVO elval SladaveC, pIXVOULE pLa akTiva tou ovopaletol
Refraction Ray.

Autn n aktiva Ba akoAouvBnoel toug vopoug tou Snell's.

Onwc pe tnv avakAwpevn aktiva, av n aktiva dStabAaong xtuma eva
QVTLIKELLEVO TOTE £PapUOLETAL EVO TOTILKO LOVTEAO GWTLOMOU OTO ONUELD
TOMNC KOlL TO QTTOTEAEOO LETAPEPETAL OTO TIPWTO oNUELo dLaoTaupwaonc.
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+1

Awadavewla (Perfect Specular Transmission)

O vouoc¢
rou Snell

sina 1,

sin g,
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N = 0&iKTNG
d1dBAaonc
UAIKOU



Xpnion tovu vopou tou Snell

Bdon autou Tou VOUOoU prtopou e va Oeiéoue:

T = _7712E + N (7712 .COS & —\/l-l- 77122 . (C032 o —1))

Mpooette OTL OtV N plla elvoll ApvNTLKN TOTE EXOUUE TTANPN EOCWTEPLKN
QVAKAOLON KOl XPNOLUOTIOLOUME ATTAQ TV avaKAWUEVN okTiva (Oev E€xoupe
StaBAaon)
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KateuBuvopevn petadoon (direct specular transmission)

= M Stadbavi erupavela pnopet va pwTtlletal Ko armo miow, av UTTApYEL
Karmola pwTELVN TTtNyN. N

@ E M

= Auto AapPavetat umtoy oTo Iy,
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+4

YroAoylopoc touv H'

= [lvetaL xpnon tou H avti tou H oto specular pepocg
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Rays to be considered

= Shadow ray

= Reflection ray

= Refraction ray

Sum the color based on the three rays

Ir — IIocal +kr|r’+kt|t’

ENA426 | Tpadika YmoAoyLotwy
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Néoc Weudokwdikog

Color RayTrace(Point p, Vector D, int depth) {
Point pd; /* Intersection point */
Boolean intersection;

if (depth > MAX) return Black;
Intersect(p, direction, &pd, &intersection);
if (!intersection) return Background;

Ilocal = ka:[a + zi (Ii's‘(kd(n‘l) + ks(hn)m)))

(R, T) = ComputeSecondary(p, D, pd);
return I,,.,; + k.*RayTrace(pd, R, depth+1l) + k.*RayTrace(pd, T, depth+1);
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Recursive ray-tracing

[Lot TtV avtovakAaon Kat tn StabAaon, eKTEAOUUE avoSPOLLLKA TOV avVTioTOLXO
UTTOAOYLOLLO HE TOV LOLo TpOTto. Ol aKTIVEC EAEYYOVTAL EAV TEUVOVTAL LLE TO AAAQL
QVTIKELLEVA OTO TIEPLBAAAOV, piXYVOUV TLC OKTIVEC OKLAOELG, TNV AVIOVAKAOON
KoL TLC OLABAAOTIKEC KTIVEC KOl 0T CUVEXELOL UTTOAOYL{OUV TO XPWHQL.

O aplBUOC TWV AKTWVWV TIPOKELTOL VoL aluéNBel eKBETIKA EAV LTIAPYOUV TOOO
oavtavakAopeva kat StoaBAopeva avtikelpeva otn oknvi. Q¢ ek touTtou,
LLTTOPOU LE VOL OVOUOLCOU LE OLUTO TO HEVTPO AKTIVWV WC
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Ray-Tracing Tree

AuadikO OEVTPO AKTIVAG

aKnva
sl
AVTIKS{ A
AVTIKEIM. B
\

S2
t7 2\
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Ray-Tracing Tree Example

Projection
EMA426 | Tpadika Yoloyiotwv  Reference Point



Ray-Tracing Tree Example
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Images taken from Hearn & Baker,
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Ray-Tracing Tree

MeTa tnv oAOKANPWGoN ToU SEVTPOU EVIOTILOUOU OKTIVWV yLa Eva pixel,

Ha{e VOV E TIC cUVELODOPEC KABE Evtaong

ApXL{OUE LLE TOUC TEPMATLKOUC KOUPOUC (kaTw) Tou dEvTpou

H evtaon tnc emudavelog os kabe kKoo e€ocBevel amod tnv amootacn oo TNV
YOVLKN EMLPAVELQ KOL TIPOOTLOETAL OTNV EVTOON TNG YOVLKNG ETILPAVELOLC

To aBpolopa Twv e€aoBevnuUeEVWV EVTACEWV O0ToV KOUBOo plloc avtloTolKel oto
pixel
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Test scene — ray traced
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ErmAoyn BaBouc - Baboc 1
Irzllocal_l_krlr' Iocal_kI ZJ_ i J( ( )+k(h n))

Note only ambient shade on
mirror and teapot




ErmiAoyn BaBouc - Baboc 2

Note only ambient shade on
reflection of mirror and teapot.




ErmiAoyn BaBouc - Baboc 3

Note only ambient shade on
reflection of mirror in teapot.




EmiAdoyn BaBouc - Baboc 4

Note ambient shade on
reflection of teapot in reflection
of mirror in teapot.




ErmiAoyn BaBouc - Baboc 5




EmiAoyn BaBouc - Baboc 6




ErmiAoyn BaBouc - Babdoc 7




Color of Specular Surfaces

= To xpwua unoAoyileTal ava akTiva

I=1_ +KR+KT
R=I_ +K'R+KT
R=1"_ +K'R +K'T"

« AvTIKaBloTwvTac Ta oAa o€ pia e€iowon, NaipvoulE

[ = [fomf + K}* ([;acnf T K: ([;;mf T K:([’” T K:”())))

local
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TEPUATLONOG AVASPOMAG

Otav n aktiva Pyl EKTOC TNC OKNVNAC
naipvel To xpwpa tou background
Otav ¢tacoupe oto npokaBoplopevo Babog avadpoung (avamndnoe D, .,
$opeg)
Otav Ktunnoel o€ enwdpavela SLAXUTNES avAaKAQoNG
Otav n npoodopad TnC aktivoc yivel apeAntea (Adaptive depth control)
Otav 1o ywopevo twv ks Tou cuvavtad 0To LOVOTIATL TNG N OKTIVAL TIECEL KATW OO L

TMPOKOBOPLOUEVN TLUN

[ = [fomf + Kr ([;amf + K: ([;;C{!f + K:([”’ T K:”())))

local

K K K'K”. <threshold
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Napadeiypota
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Napadeiypota
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o4

Tt 6EV UIMOPOUE VO TTPOGOUOLWOOUE;
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(d) diffuse to diffuse



TOMN QKTIVOLC-OLVTLKELMEVOU

Eupeoa aVTIKELLEVA

Edv €va avtikeipevo opiletal amo pa cuvaptnon f, onovu f(Q) =0 otav to Q eival eva
onuelo otnV eMLPAVELO TOU QVTLKELLEVOU, TOTE N TOUN OKTIVOC OLVTIKELLEVOU ELVOL OXETLKA
€UKOAO vaL UTtoAoYLOTEL

TTOAAQL AVTLKE(EVA UTTOPOUV VO 0pLOTOUV OOV oUuvVApTNON

Mo topadetypa, vag KUKAOG pe aKTival R lval Eva EPUECO QVTLKELUEVO OE eval eTinedoO, UE

eElowon:
f(x,y) = x2+y? - R?
To onueio (x,y) elvat mavw otov KUKAo otav f(x,y) =0 n= (4,B,C)

‘Eva amelpo eninedo opiletal amo tn cuvapinon:

f(x,y,2) =Ax+By+Cz+D
Muwa odaipa pe aktiva R otic 3A:

— y2 2 2 2 —D
f(x,y,z) =x+y-+z°-R (0,0,0)~.
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TOMN QKTIVOLC-OLVTLKELMEVOU

Eupeoa aVTIKELLEVA

¥ Y& ola onUeia (v UTIAPYXOUV) N OKTIVA TEUVEL EVA AVTIKELUEVO;

g Ta onueia o€ pa aktiva €xouv tn popdn P + td 6mou t elval omtolooSATIOTE [N APVNTIKOC TIPAYHOTIKOC aplOUOC
= Eva onueio enidpavelag Q mou Bpioketal o€ €va avilkeipevo wkavomolel tnv WLotnta f(Q) =0
g Yuvbuadlovtac, BEAou e va yvwpilloupe «la TToLeC TIUEC Tou t elvaL o f(P + td) = O;»

P
P+ tld

P+ tzd

f(Q=0

o Omnote AUvou e €va cvotnua eElowoewv o€ x, y (in 2D) or x, y, z (in 3D)
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TOMN QKTIVOLC-OLVTLKELMEVOU

Noapadetlypa 2A TOUNC AKTVOG-KUKAOU

‘Eotw to onueio P = (-3, 1), to Stavuopa katevBuvong d = (.8, -.6) kat o povadlaiog
kOkAoc : f(X,y) = x?+y?-R?

= 'Eva onuelo mavw otnV aktiva elvat:

Q=P +td=(-3,1) + t(.8,-.6) = (-3 + .8t, 1 — .61)

= ZuvO€ovtac auTo otnv €lowaon Tou KUKAOU:

f(Q) =f(-3+.8t, 1 - .6t) = (-3 + .8t)2+ (1 - .6t)2 -1
= Onote éxoupe: 9 —4.8t+ 6412+ 1 - 1.2t + .36t2 -1

= Oftovtac awtod oo pe to undév, maipvoupe: t2 —6t+9=0
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TOMN QKTIVOLC-OLVTLKELMEVOU

Noapadelypa 2A TOpNC AKTVOG-KUKAOU

: , _h+h2_
XpnoLponowvtag tnv ¢popHouAa: roots = b++/b? —4ac

2a

Naipvoupe: ¢ _ 6+ /36— 36
2

Erteldn €xouvpe pa pilo ToAAQmAOTNTOC 2, N AKTLVA TEMUVEL TOV KUKAO O€ Eval LOVO
onueio (6nAadn, eival epamtopevn otov KUKAO)

, t=3,3

H Stakpivouoa D = b? — 4ac ,unopel va tpooSLlopiost yprAyopa ov UTIAPXEL TOUNA:
eavD < 0, pavtaotikeg pilec - Oy dStaotavpwon
eav D = 0, dutAn pila = H aktiva edpamtetal Tou KUKAOU
eav D > 0, Suo mpaypatikeg pllec—> H aktiva TEUVEL TO KUKAO O€ 2 onUEla

MLKPOTEPOC LN OPVNTLKOC TIPOYLLOATLKOC t OVTUTPOCWTIEVEL TNV TANCLECTEPN TOUN
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TOMN QKTIVOLC-OLVTLKELMEVOU

Noapadelypa 2A TOUNC AKTLVAC-KUKAOU
= [evikevon:

UITopoUE va ekdpAcoupe pLa eriipavela e tnv e€lowon f(Q) = 0,
lLa aktiva pe P + td, kol va ta eEkpPACOUE WC YL cuvaptnon:

f(P+td) =0

= To amotéAeopa, LETA Ao KamoLla AAyeBpa, eival pa e€lcwon pe to t cav ayvwoTto

= 2Tn ouveXeLa, AUVOUUE yla t, AVOAUTLKA (| opLlOUNTLIKA
(u, v, k)
4

/\ ,”/,
~ |-

P + td
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TOMN QKTIVOLC-OLVTLKELMEVOU

Noapadelypa 2A TOUNC AKTLVAC-KUKAOU
= Avtwatéotnoe tnv e€lowon tn¢ aktivag (P + td) otnv e€lcwon Tou aVTIKELWEVOU Kal AUOE W¢ Ipo¢ t
N UKPOTEPN KN apvNnNTIKA TIMA t elvat amd n mAnoléotepn otV entdpaveLd

= [ ta mepimhoka avtikeipeva (mou dev opilovtal amo pa eviaia eélowon), ypate Eva cuvoAo amo
LOOTNTEC KOLL OLVLOOTNTEC KOlL ETELTA TOV AUOTE WC TIPOC TLC LEMOVWUEVEC ETILPAVELEC

= HAUon pmopel va YEVIKEUTEL WOTE va XELPLOTEL O TaL 16N AVTIKELUEVWVY ATIO CUVOETOUC
ocuvbuaopoug

Constructive Solid Geometry (CSG), 6mou ta avtlkeipeva amoOnkevovTal wWe Lo LEpOpXLa oo TPWToyova
avtikeipeva kat 3-A Asttoupyiec (Evwon, toun, dtadopad)

“blobby objects”, ol omoliec eival emipadvelec ou opilovral amo éva cUvolo eElowoswv (F(x,y,z)=0)
Mandelbulbs: https://www.shadertoy.com/view/XsXXWS

Cool Blob!

I — @ =
_

CSG!
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https://www.shadertoy.com/view/XsXXWS

Bounding Volume: Reducing Ray-Object Intersections

= Bounding Volumes:
= Mpwtn dokun yia dtaoctavpwon He to bounding volume
Movo eav uTtapxel Staotavpwaon, Ba SOKIUACOUE T QVTLKELMEVD TTOU

TEPLKAELlovTAL QIO TOV OYKO.
Mropel va e€olkovopnoel ToAAOUC UTTOAOYLOMOUC OTAV N aKTiva €V XTUTIA TO

AoyoudakL
Mrmopel va xpnolpomnolel Koutld, odpaipec KTA
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EMeEKTAOELC

= Monte-Carlo Ray Tracing and Photon Mapping
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MapoakoAovOnon aKTivac GE ITPAYHOTLKO XPOVO

= Moapadooiakad, n moapoakoAouBnon aktivacg RTov
UTTOAOYLOTLKA aldUVATO VA YIVEL OE TIPAYUATLKO XPOVO

= napaMnMcuoq AOYw TNG avsﬁaptnotaq KAOe aktivag, €ToL Evag
CPU n mupnvac ylo kaBe etkovokuttapo (pixel)

= SUoKoAo va eTuXou e BeAtiotomnoinon oto hardware :

large amount of floating point calculations
complex control flow structure
complex memory access for scene data

= M Abon: software-based, highly optimized raytracer
using cluster with multiple CPUs

= Prior to ubiquitous GPU-based methods, ray tracing was done on CPU
clusters to take advantage of parallelism

= Hard to have widespread adoption because of size and cost
= Can speed up with more cores per CPU
= Large CPU render farms still dominant for non-real time CGI
for movies and animations; GPU farms and path tracing are
taking over
= Weta Digital (Planet of the Apes), ILM (Jurassic World),
Pixar (Monsters University)
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MapoakoAovOnon aKTivac GE ITPAYHOTLKO x()vo

= Modern solution: Use GPUs to speed up ray
tracing
= NVIDIA RTX - combo hardware/software made for

real time ray tracing

NVIDIA RTX demo 2018:
https://www.youtube.com/watch?v=tjf-1BxpR9c

Project Sol Part 2 demo of real time ray tracing, CES 2019 :
https://www.youtube.com/watch?v=pNmhJx8yPLk&t=1s

Tech Focus: Ray Tracing - The Future of Gaming
Graphics?
https://www.youtube.com/watch?v=moKV5 BpxjM
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https://www.youtube.com/watch?v=tjf-1BxpR9c
https://www.youtube.com/watch?v=pNmhJx8yPLk&t=1s
https://www.youtube.com/watch?v=moKV5_BpxjM

MapakoAouOnon akKtivog G€ MPOAYHOTIKO XPOVO

* NVIDIA RTX GPUs:
= Turing architecture shading processor

(14 TFLOPS + 14 TIPS)

= RT core with built-in Ray-Triangle (Graphics Pipetine) (@ Core) (CUbA) (Tensor core)
intersection and BVH Traversal (10 VIDIART Pt
Giga Rays/s!)

= Tensor core (110 TFLOPS FP16)
for Al (denoising and more)

= Learn More
= http://developer.nvidia.com/optix

= http://developer.nvidia.com/rtx
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http://developer.nvidia.com/optix
http://developer.nvidia.com/rtx

POV-Ray: Pretty Pictures

Free Advanced Raytracer
= Full-featured raytracer available online: povray.org
= Obligatory pretty pictures (see hof.povray.org):
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http://www.povray.org/
http://hof.povray.org/
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Aoknon

= Av urtoB€oou e povoxpwHaTIKO dwc, uTtoAoyiote tnv €vtaon (l) oto el p otnv Mo KAtw glkova. Ol
OLOKEKOUMEVEC YPAUMEC (N) elval ol KABETOL TV ETILPAVELWV.

= H évtaon tng nyng L= 1.0, évtaon tou éupecou pwtlopov (ambient) = 0.3 kat tou povtou
(background) =0.4

= OL oUVTEAEOTEC NG eTLPAVELAC A:
k,=0.2
ky=0.2
k.=k=0.3
k.= 0.3
m (shininess) = 2

= OLOoUVTEAEOTEG TWV eMLdaveLwV b, ¢ kot d:
k,=0.2
k,=0.3
k.=k,=0.5
k, = 0 (oL emudpaveleg eivar adladpaveig)




N

Aoknon

= 'Evtaon tngmnyng L =1.0, ambient = 0.3, background = 0.4
0.2, k, = ks =0.3, k,=0.3, m (shininess) =

= Ermudaveleg b, ckard: k, =0.2, k,=0.3, k. =k,=0.5,k =0
1P =1°

12 =+ K212+ K21

= Erudavelag a: k, =0.2, ky =

12=1°=1¢

r

Ilocal +- OLOLOLPOVT

IC
IC

1° . =0.2x0.3=0.06

cyc cyc
IocaI+Kr|r +Kt It

¢ =K +1 (KS(n1)+KE(hn)")

oeal = Ko 12 Ilght not visible

12 =0.06+0.2=0.26
K212 =0.3x0.26 = 0.078




MepiAnyn

H avadpopikn mapakoAolOnon aktivag eival pol KA mpocopoiwon Twy
specular avtovakAAcewvV

‘Exoupe el mwe n mapakoAovBnon aktivag pmopel va emektaBel yia va
NEPLAAPEL OKLEC, AVTOVAKAACELC Kol SLtadaveilc emPpAVELEC

Evtoutolc eival pa oAU apyn dtadikaoio Kol XAVOUUE KOO LEPLKOUC
TUTouC erbpacewv!

To uPNAO KOOTOC TTPOEPYETAL OTTO TLC TTOAAEC TOUEC AKTLVOC-TPLYWVOU

To KOoTOC pumopel va pelwBel pe tn xpnon tov bounding volume hierarchy
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