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Clicker Question 1: Which image is real?
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2TOLXELA YLOL UTTOAOYLOMO TOU PWTLOMOU

Scene rendered using
photon mapping

HENRIK WANN JENSEN 13356
Photo credit: UCSD
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http://graphics.ucsd.edu/~henrik/papers/photon_map/

2TOLYELA YLa UTTOAOYLGO TOU PWTIGHOU

1. QPwrteweg nnyeg (Light Sources)
= 0€ Lo $AOoHA EKTIEUTTOLV (XpwHL)
= yewpetpia (oxnua, B€on, katevBbuvon)
= ywviokn e€aoBevion (falloff)

2. loéwotntec emupavewwv (Material Properties)
= Y€ 10 GAOUO EKTIEUTTOUV KOl LVTAVAKAOUV
= yewpetpia (B€on, katevBuvon, pkpo-doun)
= amnoppodnon

Photo source : https://www.overclock.net/forum/234-art-

3. MOVTE’AO ¢wtlou00 (I”u m|nat|0n |\/|OC|€|) graphics/251218-kerkythea-shaded-lightsource-test.html
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https://www.overclock.net/forum/234-art-graphics/251218-kerkythea-shaded-lightsource-test.html

Mati 0 WTLGUOC ELVOLL GNUOVTLKOG

= Av bev €xoupe dwTlopo, Tutota Oev dpatvetal tplodlactato!
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Mati 0 WTIGUOC ELVOLL GNUOVTLKOC
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Mnyéc pwtiopov (Light Sources)
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YAwka (Materials)

BRDF: Bidirectional Reflectance Distribution Function
ALBEDO DIFFUSE ROUGHNESS

Images from: https://3dcoat.com/pbr/
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https://3dcoat.com/pbr/

Albedo is a measure of how much light that hits a surface is reflected without

mbsorbed. chart shown in linear space
YAwka (Materials)

Your imagination is
the limit

linear: 0.02 linear: 0.23 linear: 0.33 linear: 0.43 : linear: 0.57
brushed metal " o3 srgb: 0.51 srgb: 0.61 srab: 0.69 ] C€raAmMIC srgb: 0.78

reflectivi ty chart shown in linear space

, , linear: 0.03 linear: 0.06 : linear: 0.10 linear: 0.18 linear: 0.85
ENA426 | Tpadikd YoAoyLotwy "srabs 0.21 "web: 028 Plastic (rough) “EE o35 "srab: 0.4 | Drushed metal "5 063




MovtéAa pwticpov (lllumination models)

2TOV TIPAYUOTLKO KOGMO TO PwC EEKVA arto TNV GwTELVA INyn avartndd oTLC
dladopec emupaveleg Tou nepfaiiovrtoc, amoppodatal  Staockopmiletal amo
TUYXOV owpatidla otnv atpoodalpa, avtavakAatat KTA. HEXPLS OTOU Vol PTACEL
OTO LATL YOG

2Ta YPpoPpLKA UTTOAOYLOTWY TO MPOCEYYI{OUE

Kavoupe xprion ommAOmoOLNMEVWV HOVTEAWYV TO oTtola KAAOUE HOVTIEAX
dwTlopoU
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NMwc SouAevel To PwC

%fs&zps

PRACTICAL GUIDE TO

U

all

outu.be/frLwRLS ZRO
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https://youtu.be/frLwRLS_ZR0

MovtéAa GWTLGHOU — 2 YEVLIKEC KOTNYOPLEC

= Tomukocg pwtopocg (local illumination)

To pwc EpxeTal OTA AVTIKELPHEVO KATEVOELQV OTLO TLC
PWTEWVEG MNYEG KAl avoKAATOL OTO MATL

= [evikoc dwtiopoc (global illumination)

AapBavetal urtoyn 10 dw¢ mov avannda amno aAAeg
EMLPAVELEG TIPLV AVAKAQOTEL QTIO TO AVILKELUEVO OTO UATL

Mels
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Feviko¢ QwtLopnog

Direct illumination
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Feviko¢ QwtLopnog

Indirect illumination
(diffuse interreflection)
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Fevikog OWTIONOG

Total illumination
(normal image)
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Feviko¢ OwTLopoC¢

Ot aAyoplBpuol amnelkovionc xwpilouv tov dwTtlopo o dtadopa HEPN

% % %

\g

Direct lllumination Indirect lllumination Full llumination
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Human face

A

-

3 l(_ tois
N T,
i

Direct illumination
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Human face

Indirect illumination
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Human face

Total illumination
(normal image)
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Feviko¢ OwTLopoC¢

Light Source Direct lllumination Indirect lllumination Full [llumination
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2NUELAKEC TINVEC PWTOC

= Mia tnyn onueilovu gival to amAoUOoTEPO LOVTEAO TTOU UITOPOULE VOl
XPNOLLOTIOL)COUE yLa pa wTELV TtNYN

= AmnAda oplloupe:
= H B6€on tou pwTtoC
= Tig TLeC RGB ya to xpwpa tou pwTtoc

= To PWC EKTTEUTIETAL OE OAEC TLC KATEVOUVOELC

= XpNOLUO YLa ULKPEC TINYEC PWTOC
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E¢acO<cvion Evtaonc

KaBwc to dwe amopakpUVETAL Ao o WTELVA TTNYH, N EVTOON TOU LELWVETOL

Ye KAOe amootaon d| arto TNV nnyn tov $wTtoc, N e€aoBEvion HELWVETAL KATA

EvVolv Ttopayovio % 2

Qotooo, 10 %IZ dev mapayel oAU KAAQ OITOTEAECUOTA, OTIOTE TIPETIEL VAL
XPNOLLLOTIOLOUE KATL SLaPOPETLKO
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E¢acO<cvion Evtaonc

XPNOLUOTIOLOUE VT ' aUTOU TO AVTLoTPOPO TETPAYWVO:

1
f d )=
radatten( I) ao +a1d, +a2d,2

Otov oL OUVTEAECTEC aO, dq, kat dy UITopoUuV VO TTIPOCOPHOCTOVV YLaL VO
napaxBouv BEATLoTa amoteAEopOTO
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ATEIPWC LAKPLVEC TINYVEC PWTOC

= Mo peyaAn mtnyn dwtog, onwc o NALo¢, puropei va dtapopdpwBel we mtnyn
dwWTOC onuelou

= EvtouTtolg, Ba €xeL TOAU pLKpn enibpaon TTPOOTITLKAG

= [a Tov NALo, Sev xpnoLpomoloupe e€aoBgvion evtaonc!
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KatevuBuvopevec pwtevec nnyec & Spotlights

= o va petatpePete pa pwtevn mnyn onpelov og katevBuvouevn nyn,

NPOCOETOUUE ATTAA LA SLAVUOULATLIKA KATEVOUVON Kol Eva YwVLIOKO OpPLO (9|

Viight
(Light Direction
Vector)

Light
Source
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KatevuBuvopevec pwtevec nnyec & Spotlights

= MmnopoUpue va BEcoupe To Vlight oav To
novadilaio dtavuopa tng katevbuvoncg Tou wTOC

KALTO Vi OOV TO novadilaio dtavuopa mou
apxllel amo TNV PWTELVA TTNYN TTPOC TO AVTLKELUEVO

= To EOWTEPLKO YLVOUEVO QUTWYV Twv VO
SlocuopATWY pac OLVEL TN ywvia HETAEL TOUC

0

= Eav autn n ywvia elvol evtocg tne ywviacg kKAlong Lo
TOU KaTeLBUVOUEVOU PWTOC, TOTE TO AVILKELUEVO
Ba pwrtlotel (armo to spotlight)
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Meiwon ywviaKnC Evtoong

Onwc n évtaon Tou PwTOC HELWVETAL KABWC KLVOUOOTE OKPLA OTTO Lo
GWTELVH TINYN, £T0L AVTLOTOLYO LLELWVETOL OTAV QUEAVETOL N YWVLA OTIO TO
KEVTPO TNC KateLBUVONC Tou PwTOC

Mo cuvapTNoN TTOU XPNOLUOTIOLELTAL YLOL TOV UTTOAOYLOMO TNC YWVLOKNG
etaocBevnonc (angular attenuation) sival n:

1:angatten(¢) = Cos™ ¢ 0° < ¢ <0

omou o ekBétng e§aoBévnong d; maipvel BeTIKEG TLHEG Kat N ywvia @ givain
ywvia oo tov aéova Tou Kwvou
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AVTOVOKAWMEVO PWC

= Ta ypwpoto mou avtllappavouaote kaBopilovtal amno tn ¢uon Tou PwToC
TTOU OLVTOVOKAQTOL OTTO £VOL QLVTLKELLEVO

= Mapadelypotoc xapLyv, €av evo ASUKO W EKTTEUTIEL TIAVW OE EVOL TIPACLVO
QVTIKELLLEVO, TA LAKN KUMOTOC TWV UTIOAOUTWYV XPWHATWVY OIoppodwvIaL, EVW
TO TIPACLVO GWC AVTOVOKAATOL ATIO TO OVTLKELMEVO
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29

Emudaveia pwtiopou

Onwc etdbape Kat 1o mavw, N TocoTNTA Tou PwTOC TToU avakAAtal e€apTatal
QTtO TO UALKO LE TO OToLo €ilval GTLOYLLEVO TO OVTIKELUEVO

Ta Aapmepa (shiny) aviikeipeva avokAoUv nepLocOTEPO dwC armo OtTL ta Bapmna
(matt) avtikelpeva, mou teivouv va amoppodolV MEPLOCOTEPO PWC

Mo Stadpavelc emipavelec to pwc petadidbetal (N Kot avakAAaTol) LECW TOU
UALKOU
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Awayutn AvakAaon (Diffuse Reflection)

= Erupavelec ol omoiec eival Aeiec teivouv va avakAoUV To dwc POC OAEC TLC
KOTELOUVOELC

= Auto 1o dtaonapto pwc ovopaletal diffuse reflection (6tayxutn avakAaon)

WAL Tl
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KatevuBuvopevn AvakAaon (Specular Reflection)

= EruumA€ov tng StaxuTng avakAoonc, KATIOLO AltO TO AVAKAWEVO WG
TIOLPALLEVEL CUYKEVTPWHEVO O€ Eva PWTELVO CNUELO

= Auto ovopadletal specular reflection (katevuBuvopevn avakAoon)

NS/
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‘Eppecoc @wtiopoc (Ambient Light)

= Mo emipavela mou dev ektiBeTal
amnevBeiac oto pwc e€akoAouBel va
dwTtileTol amo avakAaoelc oe Suthava
avtikeipeva — ambient light (Eppeco
$wg)

= O CUVOALKOC PWTLOUOC ULOL ETILDAVELOLS
glval To cUVOAO TWV PWTELVWV KoLl
OVOKAQGUEVWV TINYWV
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Napadeypa

specular (kateuBuvopevn)

diffuse  (duaxutn)

ambient (éupeoco)
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Napadeypa

Ambient
(€upeco)

Diffuse
(6Laxutn)

Specular Final Image
(kateuBuvopevn) (teAkn dva)
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Baowka povteAa pwtlopou

Oa eéeTtdooUpE Eva BaolkO LOVTEAO PWTLOHOU TIoU OLVEL APKETA KOAQ
QTTOTEAECLOTOL KOLL XPNOLLLOTIOLELTOL OTO TIEPLOCOTEPQ GUOTH AT YPADLKWV

Ta ONUAVTLKA OTOLXELO ELVOLL:
Diffuse reflection
Specular reflection
Ambient light

Qc enti to mAsiotwyv Ba e€eTACOUE LOVO LOVOXPWHOTIKEC TINYEC WTOC
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Awayutn avakAoon (Diffuse Reflection)
= Y& HLayuteC emudpavelec To dwc avakAatal e€loou TPOC OAEC TLG
KatevOUuvVoELC

= To dwc avakAatol cupudwva e Tov VOpo tovu Lambert

= To MTOOOOTO TOU GWTOC IOV avakAatol dtayuta e€opTATal Ao TOV
Yuvteleotn dlayutng avakiaong ki
Tnv KatevBuvoN KAl EVTOON TOU ELOEPYXOUEVOU PWTOC
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Awayutn avakioon

@
)

However, the intensity of light reflected IS dependent on light direction
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Kavovoc tov Lambert (Lambert’s cosine law)

= AvakAaon sivat avaioyn tou cos 6

A
>
a

v,
<

£y
l

_____.»
T <

D

= [ elva n katevBuvon tNC PWTELVAC TTNYNC
= N €lval n KaBeTog

= | elvaln évtaon tn¢ dwtewnc nnyA¢ I.=1k,cos6
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E¢lowon dwtiopov #1
= To k; e€aptatal and 10 HAKOG KUMATOG

IT = Ikd(n. l)

= To omoto sivat BePfata 3 e€lowoelg, pLa yio To KaBe eva amno ta RGB*

Ir,red — Iredkd,red (n- l)

Ir,green — Igreenkd,green (n. 1)
Ir,blue — Ibluekd,blue (n- l)
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MoAAOTTAEC PWTELVEC TTNYEC

= ‘Exoupue dtayxuto pwtlopo amo kabe nnyn:

p
I, = Z likg(n.l;)
j=1

= To Ij elval To eLogpyopevo pwc arno tTnv ninyn j (n Evtaon tng nnyng j)
= To lj elval to dltavuopa mpoc TNV mnyn Jj
= p €lvol 0 ApLlOUOC TV PWTELVWYV TINYWV
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H elikova — povo dLayuto¢
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Awayutn avakioon

0006¢¢

= The spheres above are lit by diffuse (k) values of 0.0, 0.25, 0.5, 0.75, 1 respectively
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Idavikni kateuBuvopevn avakAaon (Perfect Specularity)

= Yxebov note dev Ba BAEmayLe to highlight
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Specular Highlights

1

T

Ideal Specular

Rough Specular
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Specular Reflection

‘Evoc téAelog kaBpedtnc aviavakAd to pwc povo otnv katevBuvon
KOLTOTTTPLKN G-OVTAVAKAQONG
AN avtikeipeva epdavifouv KOTOTITPLKES AVTOVOKAACELS OE Eval

TMEMEPACUEVO EVPOC BEcewv BEaonc yupw ao to dtavuopa R

L Y R . N R
Shiny Surface Dull Surface
(Large my) (Small my)
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MovtéAo Phong (Phong Shading)

Phong, B. T. (1975). lllumination for computer generated pictures.
Communications of the ACM, 18(6), 311-317.

= Model Assumptions

= A point (or directional) light source
Position defined by a point in space, radiating light equally in all directions
Repeat and accumulate results if we wish to model more than one light source

= Aviewer
Position defined by a point in space, the centre of projection or camera positions

A e~

positional directional
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AteAec kateuBuvopevn avakAaon (Imperfect Specularity)

= e elval n katevBuvon MPOC To pATL
= M eival n KABeto¢

= [ elvat n katevOuLvoN TtPoC TNV GWTELWVA TTNYN
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Atelec kateuBuvopevn avakAaon (Imperfect Specularity)

= e elval n katevBuvon MPOC To HATL

= M eival n KABeto¢

= [ elvat n katevOuLvoN TtPoC TNV GWTELWVA TTNYN
= H H elvatl n diyotopog twv e kat [

"
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The Phong Specular Reflection Model

‘Etol, n katevBuvopevn €vtaon aviovakAaong ival avaloyn UE ToV 0po cos™s @

H ywvia ¢ mowkiAAeL petaél twv 0° kat 90°, omote To cosep peTafAaAAETaL
uetaéL 1.0 ko 0.0

To specular-reflection exponent, ms kKaBopiletal amo Tov TUMOo TNE EMLPAVELOC
TTOU EXOUME

OL yvaAlotepeC emPAVELEC ExOUV TTOAU peyaAn twun (>100)

OL TpaLeg emdpAVELEC B aLPVOULV TLUEC KovTa oTo 1
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Phong Lighting: The m_. ;. Term

shiny

= AuTO To SLaypoppa deixvel mwe o 0poc aviavakAaonc Phong aAadleL pe tnv
QTOKALON ATtO TN ywvia e€€Taonc:

TLoNUALVEL AUTOC O OPOC, OTTTLKA,
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The Phong Specular Reflection Model

(Lot OpLOMEVA UALKOL TO TTOOO TNC KATEUBUVOEVNC avTovakAaong e€aptatal o€
neyaio Babuo amod tn ywvia tou pwtog

O Fresnel’s Laws of Reflection teplypadel pe peyaAn AEMTOUEPELA TTWCE OL
KOTEUBUVOUEVEC QVTAVOKAACELG CUUTIEPLDEPOVTAL

Qotoo0, Oev xpelaletal va avnouXoUpe dlattepa ylo. auTto, OTOTE
NPOCEYYL(OUE TOV KATEVOUVOUEVO WTLOMO XPNOLUOTIOLWVTAC EVaL 0TaOEPO

ouvteAeoTn KATEVLOUVOLLEVNC AVTOVAKAOONC ks
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KateuBuvopevoc 0poc

I. =1k, (h.n)™

To m €ival to shininess
kaBopilel Ta xapaktnplotikd tou highlight
WnAo m ouvenayetal highlight cuykevtpwpévo yupw amo tnv avakAwUEeVN
Muwkpo m kavel 1o highlight o mAatu kot 6oAo
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AteAEc KATEVOUVOEVN avAaKAaon

ke = 0.0 ke = 0.25 ke = 0.5 ke = 0.75 ke = 1.0

m=2>5 m = 25 m=175 m = 125 m = 225




E¢lowon dwTtiopov #2

L. =1(k;(n.l) + k,(h.n)™)

= Me 2 opouc: dlaxuto & katevBuvouevo

= TaAL av EYoupe Mavw arno pia pwtewvn rnyr abpoiloupe Tov 61aXUTO KoL TOV KATEUBUVOUEVO
armo kabe mnyn

5 (ka(. 1) + ky(hy.n)™)

,&'Mv

= Avto [, bwoel Tiueg > 1.0 tote Ba MPETMEL VO KAVOU E OTTOKOTTH, YL vVl HEIVOUUE OTa OpLa
QuToU TTOU HUrtopel va 6eiéeL n 0Bovn pog

= XPNOLLLOTIOLOUUE TPELC TLEC kd’m(JI kd,green KOlL kd’ blue
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AteAEc KateuOuvopevn avakAaon

Combined with a constant diffuse red component




H ewikova — d1ayutog kat KateuOuvopevoc

L.=1(k;(n.l) + k,(h.n)™)
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‘Eppecoc pwtiopoc (Ambient Light)

= [poogyyLon tou yevikoU ¢wTLopoU
KaBe avtikeipevo dwtiletol we eva Babuo amo “adeomnoto” dwg
>T0Oep0O (e€loov) og oAOKANPN TNV eMLPAVELA KAOE AVTILKELMEVOU

= JUXVA XPNOLUOTIOLELTOL ATIAQL YLOL VOL GLYOUPEUTOUUE OTL OAat pwTilovTal, aKkopa
Kol 0€ Tiepimtwaon mou 6ev Aapfavouv kateuBelav pwc amo pia tnyn pwtog
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‘Eppecoc pwtiopoc (Ambient Light)

= O eppeocoC PwTLOUOC ouvnBwc opiletal To 16Lo yla OAOKANPN TNV oKNvn
‘Evtaon Eupecou pwTLopoU

Ia — [Ia,red: Ia,green: Ia,blue]

= KaBe avtikelpevo avakAd €va TOGOOTO OUTOU ToU PwTOC
2UVTEAEOTNC EMUEONC AVAKAQONG

ka — [ka,red» ka,green» ka,blue]
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E¢lowon dwtiopov #3

= OMOTE, HEXPL TWPO EXOUUE:

I, = kaIa

= To omoto sivat BePata 3 e€lowoelg, pLa yia to KaBe eva amno ta RGB
Ir,red — ka,redla,red

Ir,green — ka,greenla,green
Ir,blue — ka,bluela,blue
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H elkova — povo EMMECOC
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Ambient Light
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MovtéAo tomikoU pwtiopov Phong

= To o ouvnOLopEVo o€ ypadLKa TIpoyHATIKOU XPOVOU MOVTEAO TOTILKOU
dwTlopoU.

= E¢lowon dwtlopou pe 3 opouc:

p
| 2 5 (kg (1) + kg (hy.m)™)
=1

= To kaBe eva amno ta 3 otolxela tne e€lowonc Ba pumopovoe va
XpNnoLuomnolnBel kat povo tou, aAAd pE PTwyA amoTteAEopATA
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03

MovtéAo tomikoU dpwtiopov Phong

I:Iamb +
[

[Il,diff + Il,spec]

n
=1

n
— kI + 2 Lky(n- 1) + ko(h - n)™s]
=1

(éppecog) (dLaxutog) (kateuBuvdpevoc)
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H ewikova — d1ayutog kat KateuOuvopevoc

L.=1(k;(n.l) + k,(h.n)™)
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+ EUUECOG PWTLOUOG KOl KOKKLVN Tty

p

J=1
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NMpocOnkn e€acOevionc

MropoU e va TIPOCAPUOCOULLE TO HOVTEAO PWTLOMOU HOC YL VAL
oupreplAaPel kat tnv e€aoBevion (Omwc eldaple Mo mavw)

Onote EXOULE:

n
| = |ambdiff+Z[fl,radattenfl,angatten(lI,diff T Il,spec)]

=1

Ormnovu fradatten Kot fangatten elvaL n e€aocBevion anootaong Kol YwvLoG
avtiotoa
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Further different types of rendering.

Fake shadow: gives a better
idea of what the image
represents (i.e. position of
sphere is more apparent)

A bit of texturing
enhances the scene
considerably making it
look more "real-world-
like"”

Global Illumination:
“proper” shadows, specular
reflections on objects
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Transparency

= Mua Stadavng emidpaveLla ovtavokAd Ko StabAd to pwc.

= H cupBoAn tou ekmepMOpEVOU PwTOC e€aptatal oo To Babuo dtadavelag
NG ETMLPAVELOC KOLL OTIO TO OV UTIAPXOUV PWTELVEC TINYEC TILOW ATTO TN
Sladavn enpavela.

Incident ligh

transparent
object
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Transparency

= H peaAiotikn enibpaon dtadavelag StapopPwVveTal LLE TNV TOUC VOUOUC TNG
dlaBAaonc.

= H ocuvoAlkn emtidpaon tn¢ StabAaong elval n LETATOTILON TOU GEPOV PWTOC
o€ pLa topAaAAnAn mopeia.

air air
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Transparency

Nopog Snell’s : Sin 6, = ﬁsinHi
T,

T = (ﬁcosei —cos@er IR
Ny di

To dtavuopa petadoonc T umopel va xpnotpomnotnBel yia vol eVIoTioeL TLG
SlaoTAVPWOELC TNC Ttopelac SLabBAaonc tov dwTto¢ iow armo tn dtadavn
eTILPAVELL

70 ENA426 | Tpadika YmoAoyLotwy



Transparency

MropoUpue vat UTOAOYLOOULLE TNV eviaon pLag SLabAwpevng empaveLos
Xpnowtonowwvtag eva cuvieAeotn adltadavelag (ky). H cuvolikn €vtaon
LooUTOlL LE TNV MPOcBeon tTnC avakAwpevVNC Kat SLaBAwpevnc evtaonc.

I = (1 — kt)Ireflected + ktItTanS-

Onovu 1 — k, elval o cuvteheotng adladavelag (opacity factor)
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lllumination Models: Non-global vs. Global Models

http://resources.mpi-inf. mpg.de/atrium/gallery.html
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Direct (diffuse + specular) lighting + Full global illumination
indirect specular reflection
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http://resources.mpi-inf.mpg.de/atrium/gallery.html

Computing lllumination: Napadsiypota
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Advanced Global
lllumination Techniques

Real Time Global lllumination

Unreal Engine 4, Quixel
Megascans

Rebirth

Volumetric fog and lighting.
Models light/fog as a 3d
transparent medium with
discretized samplesin a
surrounding volume.
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https://youtu.be/Xd7-rTzfmCo
https://www.youtube.com/watch?v=9fC20NWhx4s
https://80.lv/articles/003qxl-quixels-rebirth-making-a-real-time-photorealistic-cinematic/

Advanced Global
lllumination Techniques

Voxel Global
lllumination (VXGI)

Maxwell Renderer

Break scene into voxels
using an algorithm similar to
an octree. Rather than
using original geometry,
voxel approximation can be
used to efficiently calculate
ambient occlusion and
interreflections.



https://developer.nvidia.com/vxgi
https://youtu.be/cH2_RkfStSk?t=12

Advanced Global
lllumination Techniques

Ray Bundling

Hyperion Renderer
Moana

At each step of path tracing,
bundle similar rays into
groups and treat them as a
wave of rays. This reduces
the computation of each step,
and allows for more
iterations, creating better
illuminated scenes.



https://www.disneyanimation.com/technology/innovations/hyperion
https://youtu.be/frLwRLS_ZR0

Advanced Global
lllumination Techniques

Ray tracing / Path tracing
(cont.)

Nvidia’s RTX Platform

Pipeline designed around
latest 20-series of graphics
cards to target real time ray
tracing.

Technology
Demo
NETRVELS
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https://developer.nvidia.com/rtx
https://youtu.be/tjf-1BxpR9c
https://youtu.be/J3ue35ago3Y

