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VIHTerpan ocBeLleHHOCTH
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MeTtoa MoHTe-Kapno

- U — cnyd. BennyuHa, paBH. Pacnpeq. Ha [a,b]
- p(U) — NNOTHOCTL BEPOATHOCTMU CNy4. BEMUYUHBI U
- Torga f(u) — ToXXe cny4. BennynHa. =

Ef (u) :T f (X)p(x)dx
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MeTtoa MoHTe-Kapno
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TpaccupoBka nyTeu
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Ucexomabie napamerpsl: ray - JIya, depth - tiivbuna pexypenn
Pesyabrar: Monre-Kapio pibopka 3snatenus ocsenienHocTn
Function TracePath(ray: Ray: depth : Integer) : Integer is
if depth MAX DEPTH then
‘ return Black:
end
hit < RayScenelntersection(ray)
if not hit.erists then
‘ return Black:
end
m 4« hit.material
if m.IsLight then
‘ return m.cmittance;
end
newRay.O + hit.pos
newRay.D < RandomUnitVector InHemisphereO f(hit.norm)
cosTheta + dot(newRay.D. hit.norm)
BRDF + m.reflectance * cosT heta
return BRDE * TracePath(newRay, depth 1) ;

end
Agaropurm 2: [Ipocreitinnit sug Monre-Kapao rpaccuposku nyreii. |
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[ NTobanbHOEe OCBELLEHNE B Urpax

- OT rmo6anbHOro ocBeLeHNs! K NoKarbHOMY

- [1pnbnmxeHHble meToabl rnodanbHOro:

- KapTbl ocBelleHHOCTH

- Chepunyeckme rapMoHUKH
- OHu xe “volumetric lightmaps”
- OHo ke “radiance cache”

- lanyyatenbHOCTL
- Light Propagation Volumes
- Voxel Cone Tracing



JlokanbHOEe ocBeLleHune
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JlokanbHOEe ocBeLleHune

1(¢,,6,) = | | L(@,6)R(9,, 6, 9,,6,)cos(n 1, , )dg,d6,

@; 6,

« L — ApKOCTb UCTOYHUKA
- R — mogenb maTtepumana
- TeHb HYXXHO cuuTaThb OTAENbHO

Direct Lighting Only
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JlokanbHoOe ocBeLleHne

#version 330
layout(location = @) out vecd4 out_color;

uniform vec3 light position;
uniform vec3 eye position;

00 =l L P L pa =

uniform int material shininess;

uniform fleat material kd;

uniform fleat material ks; ) ] e
vec3d L = normalize( light position - world pos);

vecd V = normalize( eye position - world pos);

uniform fleat att kC;
uniform fleat att kL;
uniform fleoat att kQ;

float LdotN = max(®, dot{L,world normal));

float diffuse = material kd #* LdotN;

in vec3 world pos;

in vec3 world normal; float d = distance(light position, world pos);

float att = 1.8 / (att kC + d * att kL + d*d*att kQ);

http://in2gpu.com/2014/ [EitEET I nETEENy
O6/19/I|ght|ng'verteX' I:de:tN s a_g)
fragment-shader/ {

vec3 H = normalize(L + V );
specular = material kd * pow(max(®, dot(H, world normal)), material shininess);

¥

fleoat light = att * diffuse + att * specular;




1(¢,,6,) = [ [ L(#,6)R (9,6, 9,.6,)cos(n,1,, , )dg,d6

#version 330
layout(location = @) out vecd4 out_color;

uniform vec3 light position;
uniform vec3 eye position;

00 =l L P L pa =

uniform int material shininess;

uniform fleat material kd;

uniform fleat material ks; i ] e
vec3 L = normalize( light position - world pos);

vecd V = normalize( eye position - world pos);
uniform fleat att _kC;
uniform *Isat att kL;
wiritorm float att ki;

float LdotN = max(®, dot{L,world normal));

float diffuse = material kd #* LdotN;

in vec3 world pos;

in vec3 world normal; float d = distance(light_posiiion, world_pos);

float att = 1.8 / (attkC + d * ot kL + d¥d*attkQ);
http://in2gpu.com/2014/ [EitEET I nETEENy

06/19/lighting-vertex- (LdotN > 0.0)
fragment-shader/ {

vec3 H = normalize(L + V );
specular = material kd * pow(max(®, dot(H, world normal)), material shininess});

¥

fleoat light = att * diffuse + att * specular;
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JlokanbHOe ocBelleHune

- [loyemy CBET 3aTyxaeT B JloKanbHbLIX MOOENAX?
- [loyeMy nMMeHHO KBagpaTU4HO?

1(¢,.0,) = H L(¢:,6)R(#,,6,,9,,0,)cos(n,l, ,)dp,d6,



JlokanbHOEe ocBeLleHune

(2. 0) = [ [ L0, 0)R(@1.6,0,.6,) cos(n 1, , )dgd6,



KapTbl TEHEU




KapTbl TEHEN (apTedaKTbl)

- Z-fighting
v >Hy>|<Ho nobaBuTb cmemeHme

s







KapTbl TEHEN (apTedaKTbl)

- AnmnacuHr
v => Y4TO HYXHO caenaTtb?




KapTbl TEHEN (apTedaKTbl)

- AnmnacuHr
v => Y4TO HYXHO caenaTtb?




KapTbl TEHEN (apTedaKTbl)

- AnnacuHr










KapTbl TeHeW (apTedaKkThl)

- ANTMacCuHr




KapTbl TeHeW (apTedaKkThl)

Cascaded Shadow Maps

State of the art non-ray tracing technique

* Render a shadow map slice for each light at each resolution

v



KapTbl TeHeW (apTedaKkThl)
Cascaded Shadow Maps

State of the art non-ray tracing technique

= More shadow detail is stored for objects near to the view

100 texels
per
scene unit
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KapTbl TEHEN (apTedaKTbl)

- KackagHble KapThbl 2
TEeHel




KapTbl TEHEN (apTedaKTbl)

- TeHun 3a npegenamu light frustum
v =>ro4YemMy NosABMSETCA Takon apTedakT?




KapTbl TEHEN (apTedaKTbl)

- TeHun 3a npegenamu light frustum
v glTexParameteri => GL_CLAMP




KapTbl TeHEWN (MATKNE TEHN)

- Percentage-Closer Filter

\
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[ NTobanbHOEe OCBELLEHNE B Urpax

- OT rmo6anbHOro ocBeLeHNs! K NoKarbHOMY

- [1pnbnmxeHHble meToabl rnodanbHOro:

- KapTbl ocBelleHHOCTH

- Chepunyeckme rapMoHUKH
- OHu xe “volumetric lightmaps”
- OHo ke “radiance cache”

- lanyyatenbHOCTL
- Light Propagation Volumes
- Voxel Cone Tracing



OCBELLEH

\

KapThbl

N
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Gaussian






KapTbl OCBELLIEHHOCTH

> (+) o4eHb geulero
> (+) npocTo
> (+) npegpaccyeT => TOYHOCTb

> (-) Tonbko JlambepT

> (-) HY>KHa xopoLlasa pa3BepTKa
> (-) MHOro NamaTu

> (-) apTedakThl

> (-) ocBelleHne CTaTn4Ho




KapTbl ocBelleHHOCTU (apTedrakThbl)

2




(apTedaKkThl)

KapTbl OCBELLEHHOCTU

e Sh——
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'KapTbl OCBELLLEHHOCTU (apTehaKTbl)
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KapTbl ocBelleHHOCTU (apTedrakThl
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Cdoepuyeckme rapMoHUKK
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Cdbepunyeckne rapMmoHNKK




Cdbepunyeckne rapMmoHNKK
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Cdoepuyeckme rapMoHUKK

Surface SH

Direct Light SH

Direct Light SH, Indirect RT

Point Light

Spot Light

nment Light

Enviro




Cdoepuyeckme rapMoHUKK

Radiance

> (+/-) oTHOCUTENBLHO OeLlero

> (+) npegpaccyeT => TOYHOCTb
> (+) AnMHamMmnyeckoe oceelleHne
> (+/-) rmoccu oTpakeHus

> (-/+) MHOro namaTu

> (-) CNOXHO (MHOro HKAaHCOB)
> (-) HY>XKHa xopoLlasa paccTaHOBKa rlpo6
> (-) apTedakTbl / NpoTeYKn




M3nyyatenbHOCTL

Yy

1 cosd cosd,
F=—] ,[TCMWA;
14

Surface |

Fionre 3. Radincity anlntion naneo adantive



M3nyyaTtenbHOCTb
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“Arches”
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M3any4aTtenbHOCTb

Point Sampled Direct Lighting




M3nyyaTtenbHOCTb

Enlighten Output (Target)




M3nyyaTtenbHOCTb

» Enlighten Output (Detail)
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M3nyyaTtenbHOCTb

> (+) OTHOCUTENBLHO OeLllero
> (+) npegpaccyeT => TOYHOCTb
> (+) AMHamMun4yeckoe ocBelleHne
> (+) OTHOCUTENBHO KOMMAaKTHbIW
> (+) He paeT apTedaKkToB
(Ha ynpoLweHHOW Moaenn)

> (-) Tonbko nabepT
> (-) HY>KHa anpokKCcUMaLUng CLEHb! B i@ S eas
> (-) O(N*N) rae N — KonmyecTBo I'IJ'IOLLI,a,EI,OK




Light Propagation Volumes

Isotropic Anisotropic Y [ Anisotrapic) | Isotropic-Yoxel
Pre-integration Pre-integration
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Directional values (with transparency)

geometry the direction

RSMResolution = 720
3 LPV Steps

Level: StarterMap (Persistent)




Light Propagation Volumes

- ECcTb MHOIo namaTu
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Voxel Cone Tracing

- doporo
- CNoXHo

LIgnt g

source }v

7

Ray cone
footprint

Diffuse cones

interpolated
samples
Sparse MipMap pyramid
Voxel-Based cone of pre-integrated values

(stored in the octree) )




[ NTobanbHOEe OCBELLEHNE B Urpax

- [1pnonmxeHHble meToabl rnodanbHOro:

- Precomputed Light Transport
- KapTbl 0OCBELLEHHOCTH
- Chepunyeckme rapMoHUKM
« OHun xe “volumetric lightmaps”

- OHo xe “radiance cache”
- Precomputed Radiance Transfer kak passutne metoga

- Iany4yaTtenbHOCTb

- InHamn4yeckne metoabl
- Light Propagation Volumes (nosiHOCTb0 AMHAMNYECKUIA)
- Voxel Cone Tracing (NOfAHOCTbIO AUHAMUYECKNN)




