Rendering Iridescent Rock Dove
Neck Feathers
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Iridescence

Color changes as the angle
of view or the angle of
illumination changes




Iridescence from Thin Film Interference
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Feathers Structure

Feature

Scale

Name

>20mm  Feather

Macro

Milli

Barb |
Barbule )
Thin film

0.3 mm

40 um

(Micro

posterior barbules

anterior

550 nm

Nano




Feathers Structure - Barbules

keratin layer

(a) Lawes’ parotia (Parotia lawesii)

. melanin granules Z ="

(c) Rock dove (Columba livia) (b) Peacock (Pavo cristatus)

N
=

< incidence angle

530 nm thickness 595 nm



Designing the BSDF

Bidirectional Scattering
Distribution Function

— BRDF (reflectance) -+ BTDF (transmittance)}

Lo (0, A) = / Li (01, 1) S (1, 00, A) {7, 7y deo

/ \

Outgoing Radiance BSDF

Normal vector of
Incoming Radiance barbule plane



Designing the BSDF

Lo (@00, A) = / Li (0, 1) S (@05, 00, A) {05, ) deoy

LS(wi, wWo,A) = SR + STRT + ST

trt

=
A ]




SR : Microfacets Model

[D (wo

(wo , ) )][ (WO)]
0 1/ 4 cosf, cos b,

Normal distribution

Masking / Shadowing

Fresnel coefficient
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Normal Distribution - Geometry of the barbule




Normal Distribution - Geometry of the barbule
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S o (Normal Distribution Function)
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Normal Distribution - Geometry of the barbule

1 b? =2 1
Dg(m) = = & (sin? s + 57 o ) Dp(0m) =
)= By B e 00m) = 3 sin 0,
- 9
ellipsoid GGX NDF hemisphere NDF

(Normal Distribution Function) (Normal Distribution Function)
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Masking / Shadowing




Fresnel coefficient

Airy formula

D = ni(OA; + A1B) — ngsOP

= 2dnj. cos f
_ takrkatkaemw . 2
r=ragr+ l—r’%aeiAl// t _ ta’;tkaA¢ ITRT _ tramtaktka
il =5 & 1—(r’ zeiA'//’
Ig = |r|? R ka T (rq) TRT




STRT : Diffuse Surface Model

trt
p(wi, o, A) o S P
STRT(®i, Wo, A) = ; i, - .
T [0) e 204 \B’
Bl e/ \
L. tfm tzk A’ ‘\

1 e
p(wi, o, A) = 2 ]/ImT(wi, Wm, Wo) dh dl
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ST : Transmission

Ah"(¢i)

St(wi, —w;iA) =1 - AR (D)




In practice

ALGORITHM 1: Importance Sampling Barbule BSDF

Output: pdf, w,, sample value

sample valid h and [ and compute @, (h, 1);

calculate Ig(wj, wm) according to Eq. (2);

sample w RT from the cosine-weighted upper hemisphere around
n;

W XY 2= sgn(wm, WakT);

calculate Frpr7(@j, Wm, ©@XY) according to Eq. (3);

generate uniform random sample & ~ [0, Ir + ITrT + Ah;/ Ah;. —1];

if £ < Ip then /* choose R lobe */
| wo = reflect(w;j,wm); pdf = 0.25IxD(wm)/{wi, n);

else if & < I + ItrT then /* choose TRT lobe x/
| @o =N pdf = Itrr|wo.2|/;

else /* choose T lobe. %/

| wo=-wi; pdf=Ah;/AR, -1,
end
if sample position visible from w, then
pdf /= I + It + Ah; /AR — 1;
sample value = (Ig + Itrr — 1)AR}/Ah; + 1;
else
| reject sample;
end




In practice
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In practice

calculate I (wj, wm) according to Eq. (2);

Wm

Wi
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sample w KT from the cosine-weighted upper hemisphere around #;

In practice OTRT 4= 5gn(wom, ©RT);

calculate It (Wi, ©m, a)gRT) according to Eq. (3);

Wi ~ trt
WOm :
(724 ]”
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In practice generate uniform random sample & ~ [0, [g + ITrT + Ah;/ Ah:. ~1];

Wi

Wm

if £ < Iy then
/* choose R lobe */
else if & < Ig + Itrt then

/* choose TRT lobe */

else

/* choose T lobe. */

end







Measurement

Rendering

(b) Omnidirectional (c) Direction 1

(d) Direction 2



light source
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In practice /* choose R lobe %/

Wo Wi

if £ < Ig then

| wo = reflect(w;,wm);

pdf = 0.25IRD (W) [{wi, n);

apply microfacet brdf



In practice e /* choose TRT lobe */
W,

Wi

else if E < Ig + ItrT then

| o= s

pdf = Itrr|wo .2/ 71;




In practice /* choose T lobe. */

Wi

Wo = —Wj,

pdf = Ah; /AR, - 1;

end




In practice

masking / shadowing

if sample position visible from w, |then
pdf/= Ir + ITrT + Ahi/Ah:. s
sample value = (Ig + It — 1)Ah}/Ah; +1;

else

reject sample;
end



