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Ref. & Trans.

Reflected and Transmitted Radiances

o ]

z

Lr(em ¢r) = Lr,s(era ¢T) + Lr,v(era ¢r> (1)
Li(0t, ¢1) = Lyi(Or, dt) + Li (01, ¢r) (2)



BRDF and BTDF
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Ref. & Trans.

Fresnel transmission and reflection
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e For planar surface
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Ref. & Trans.

Fresnel transmission and reflection

@ For planar surface

L0y, 0:) = R2Z(ni,ne; 0, ¢i — 0, 00)Li(0;,6:) (5)
Li(0s, ¢r) = T(ni,ne; 0:, 00 — 04, ¢0)Li(0:,0:)  (6)

where

R"™(ni,ng;0;,¢i — 0r, ) = R(ng,my, cos b, cos b;)
n? n?
T2 (ni,ne; i, 5 — Op, 1) = —T =—2(1-R)

2
n; g




Ref. & Trans.

Fresnel transmission and reflection
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@ For planar surface

LT(9T7¢T) = RlQ(ni)nt;9i7¢i - 0T7¢T)LZ(017¢1) (5)
Lt(9t7¢t) = T12(ni)nt;9i)¢i — 0t7¢t)Ll(el7¢Z) (6)

@ In our model of reflection:

fr :Rfr,s+Tfr,v :Rfr,STL(l*R)fr,v (7)




Desc. of Materials

Description of Materials

@ Index of Refraction

@ Absorption and scattering cross section
Ot = 0q + 0g

@ Scattering phase function Henyey-Greenstein

( = 1 1—g°
BEEEE9) = 47 (1 + g% — 2gcos 5)3/2




Light Trans. Eq.

Light Transport Equations

@ Transport theory models the distribution of light in a volume
by

OL(%,0, )
Js

-0 L(Z,0, ¢) +as/p(f;0,gb; 0, ¢ \L(Z,0',¢")d0'dg’  (8)



Light Trans. Eq.

Light Transport Equations

OL(Z,0, ¢)
Js

—oL(7,0, ¢) +Us/p(f;9,¢; 0, ¢ )L(Z,0',¢)d0'de’  (8)

OL(0,¢)
0z

—o L(0,¢) + Us/p<9, ¢;0', 8" VL0, ¢')do'dg’ (9)

cosf




Light Trans. Eq.

Light Transport Equations

OL(Z,0, ¢)
Js

—oL(7,0, ¢) +Us/p(f;9,¢; 0, ¢ )L(Z,0',¢)d0'de’  (8)

cosQaLéQZ7 qb) =

o L(6,6) + o, / p(0,6:0, &) L(0', &)do'do) 9)

L(z;0,¢) = (10)
z 2" / / Y 'oal / dz'

/0 e I %se/as<z>p<z;9,¢>;0,¢>L<z;9;¢>dw —



Light Trans. Eq.
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L#,¢) = Li(0,¢)+L- (7T—9 ®) (11)
Li(z=0;0,¢") = /fts NN , @)dw; (12)



Light Trans. Eq.
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L0,¢) = Ly0,¢)+L_(m—0,0) (11)
Lo(z=0:0,8) — / fis(0,6:0), ) Li0, )dw;  (12)
= T2(ns,ne; 05, 5 — 0,6 Li(0;, ¢5) (13)
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Light Trans. Eq.

B

J

Li
layerl /‘D/ /
° o
o o o

0;\

v (07“ ) (257’)

=Rk

- / Fos(8, 656y, 60 L_ (= = 0: 0, ¢)duw

(14)




Light Trans. Eq.
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Loo(0r,6)) = / Frs(0, 6300, ) L_(z = 0:0,$)dw (1)
= T21(n27n1;07¢_>07"7¢T)L—(07¢> (15)



Light Trans. Eq.
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Loo(0r,6)) = / Fos(0,6:0,, 6 )L (= = 0:0,¢)dw  (14)
= T (ng,n1:0,6 — 6,,¢,)L_(6, ) (15)
Lin(0n, ) — / Foa(0.6:60, )L (z = d:0,6)dw  (16)



Light Trans. Eq.
i
ooy
layerl

layer2

S’

[
o ° —
o

J
j °
\\\\\\\\\ % \\

6,

Loo(Ori6) = [ Frul0,056,,0)L-(: = 0:0,0)dw  (14)
= T (ng,n1;0,¢ — 0,,¢,)L_(6,9) (15)

LsOusdn) = [ Fual0.050000L4(: =0, 00w (16)
= T%(ng,n3;0,¢ — 0, )Ly (2 = d; 0,9)



Solving the Int. Eq.

Solving the Intergral Equation

L=> LY
i=0
L (2,0, 4) = (17)
z ! " . !
/ e~ Is Utcdozﬁ /Js(Zl)p(Zl;9,¢; 9/,¢/)L(Z)(Z,;9/; d)/)dw/ dz
0 cosf



Solving the Int. Eq.

First-Order Approximation

LY = Li(z=0)e /0 (18)

where

(19)



Solving the Int. Eq.

First-Order Approximation

LY = Li(z=0)e /0 (18)

where

(19)

Lg?g(eta(bt) = T23(n2an3;07¢—> 9t7¢t)L(+0)(97¢)
TT* e~ Li(0;, ¢5) (20)



Solving the Int. Eq.

First-Order Approximation

LSS) = Ly(z=0)e /0 (18)

where
(19)

L) 6) = T%(na,ns:0,6 — 01, 61) LY (0, 0)
= TR2T72e7TL(6;, ¢:) (20)

0
LY@, 6,) = wr2r?! —0,, by 0;, by 00T
T,U( 7(25 ) p(¢ ’¢ ’ ’¢ )COSHZ‘ +C0807‘

(1 . ede(l/C059i+1/coser))Li(9i7 (;Sl) (21)



Solving the Int. Eq.
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The reflection steadily increases as the layer becomes thicker. )
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The distributions vary as a function of reflection direction.
Lambert's Law predicts a constant reflectance in all directions.
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Multiple Scattering

Multiple Scattering

An Monte Carlo Algorithm:

o Initialize:

@ Events:

o Step:
e Scatter:

@ Score:



Multiple Scattering

Reflectance
fr
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Albedo (1-W)

Lr,v(em ¢T) = L(l)(erv ¢T> + L™ (22)
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