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BRDF

PYOSICINE B Rl T2

WIKIPEDIA

The Free Encyelay

Bidirectional reflectance distribution function

Ars Talk

¥4 15 languages v

Toals v

From Wikipedia, the free encyclopedia

The bidirectional reflectance distribution function (BROF; f, (w;, w,)}isa
function of four real variables that defines how light is reflected at an
surface. It is employed in the optics of real-world light,
algorithms, and in co ;n algorithms. The function takes an incoming
light direction, w, and outgoing direction, w;, (taken in a coordinate system where
the s & normal n lies along the z-axis), and returns the ratio of reflectsd

2 exiting along w; to the | ce incident an the surface from direction
w;. Each direction w is itself parameterized by azimuth angle ¢ and zenith angle 4,
therefore the BRDF as a whole is a function of 4 variables. The BROF has uni

1, with steradians (sr) being a unit of solid angle

Definition [edit]
F was first " 65111 i award the =
The BROF was first defined by Fred Nicodemus around 1965.1'l The definition is: e
dL, (w,)
dE (w) Li(w)cos  duw;
r per unit solid-angle-in-the-direction-of-a-ray per unit -perpendicular-to-the-ray, E is

e, Or power per unit surface area, and , is the angle between w; and the
incident light, whereas the index r indicates reflected light

al. . The index i indicates

The reason the function is defined as a quotient of two differentials and not directly as a quotient between the undifferentiated
quantit for f, (wi, w;). might iluminate the surface

AE; (wi)

[Wikipedia:BRDF]
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3-dimensional
hemisphere

incident irradiance
dE;

Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function

(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,

and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and [Schill2013]
zenith angle (Jensen, 2000).
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Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function
(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,
and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and
zenith angle (Jensen, 2000).
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Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function
(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,
and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and
zenith angle (Jensen, 2000).
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3-dimensional
hemisphere

incident irradiance
dE;

Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function
(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,
and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and
zenith angle (Jensen, 2000).
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Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function
(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,

and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and
zenith angle (Jensen, 2000).
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Principled BRDF

Physically Based Shading at Disney

by Brent Burley, Walt Disney mation Studic
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Figure 16: Examples of the effect of our BRDF parameters. Each parameter is varied across the row
from zero to one with the other parameters held constant.

[Burley2012]
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Principled BRDF

fr(wi, o) =

faifFuse(@i, wo) * s +
fsubsurface((‘)i» wo) *(1—s)+ [*(1—m)

fsheen (wi; wo)

+fspecular (w;, wo)
+fetearcoat (wir wo)

Principled BRDF |3, 2D & 5%, >3HL DBRDFA 7L > KLIME L 7-EE
L:@’ka/\i—g_o
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Principled BRDF

fr(wi, o) =

faiffuse(@i, W) * SH
fsubsurface(wi» W) *(T—s)+ [*(1—m)

fsheen (wi; wo)

+fspecular (w;, wo)
+fetearcoat (wir wo)

[Blender:Princpled]
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Principled BRDF

fr(wi, o) =

/ faiffuse(i, wy) * s +
fsubsurface((‘)i» w,) * (1 —s)+
\ Tereen\ Gy,

+fspecular (w;, wo)
+fetearcoat (wir wo)

subsurface

>*(1—m)
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Principled BRDF

fr(wi, o) =

( faiffuse(@i, wp) * s +

fsubsurfnre((l)i; wy) * (1 —5s)+
fsheen(wi; wo)

+fspecular (w;, w,)
+fetearcoat (wi; wo)

T D TH S, sheen

>*(1—m)
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Principled BRDF

fr(wi, o) =

( faiffuse(@i, wp) * s +

fsubsurface((‘)i» w,) * (1 —5s) +
fsreen e

+fspecular (w;, wo)
[l (IR PONE\
rJclearcoat \ o1, 0o

ANRFE 15

>*(1—m)
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Principled BRDF

fr(wi, o) =

( faiffuse(@i, wp) * s +

fsubsurface((‘)i» w,) * (1 —5s) +
fsreen e

+ f”“""::l::.“(f"i- "’:)

TpPeT

+fetearcoat (wir wo)
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) ) baseColor )
faif fuse(@i, wo) = basecolor Fy(@i, Fpoo(82)) Fe(@o, Fpoo(8a))

baseColor

Foubsuurface (@i, o) = 2222 125 - (Fy(wy, Fesoo(8a)IFe(or Fesoo(6)) (:

™
1

Frneen (@i @o) = sheen - pepeen - (1 — @ - b)®

F i 0)P66x (R specula
fspecutar (W, @) =

Fr(@,0.04)Dp \Qclearcoat) 66G6x (0i,wo,0.25)

fetearcoat (Wi, W) = 0.25 - clearcoat - P ChanE,

_ (Witw,)

T (@it w,
Fe(w, Fop) =1+ (Foo — 1)(1 — w - n)°
Fo(w, Fo) =Fy+ (1 - Fy)(1 - w-n)®
Fpoo(84) = 0.5 + 2 - roughness - cos? 6,
Fss90(64) ughness + cos?(84)
Psheen = lerp(1, pgine, SheenTint)
Pspecutar = Lerp(1, pyine, specularTint)
Print = 3,

Fso = lerp(0.08, specular - pspecuiar baseColor, metallic)

. roughness?
Aspecularx — Max (0'001' aspect )

Aspecutary = Max(0.001, roughness? - aspect)

INZENDEIEZZDLSICH>TVWETH, SIEFFMRITEVWEE A,

cosBi+cosf,
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| baseColor

fmffuse('wu wo) e —— ((Ui. Fn-)o(gd))Ft("—’o: FDen(gd))

baseColor

- 1
Frusurface(@,0g) = Z22 . 1.25 - (Fy(wy, Fsoo (Ba)]Fe(@o, Fsso0(8)) (

cosBi+cosf,
Fineen (@i )l = sheen - plhoen - (1 — @ - R

. »)Dgax (M
[specutar(@i, wo) =

5(,0.04)Dp \Qclearcoat) 66G6x (0i,wo,0.25)

fetearcoat (Wi, W) = 0.25 clearcoat - P ChanE,

_ (Witw,)

T (witwo
Fe(w, Fop) =1+ (Foo — 1)(1 — w - n)°
F(w, Fo) =Fy + (1 —F)(1—w-n)®
Fpoo(84) = 0.5 + 2 | roughness | cos? 6,
Fss90(64) ughness - cos*(6,)
Psheen = lerp(1, pyifie, sheenTint)
Pspecutar = lerp(1, peig, specularTint)
Print = 3,

Fso = lerp(0.08, specular - pspecuiar baseColpr, metallic)

. . roughness?
Xspecularx = MaxX (0'001' aspect )

Aspecutary = Max(0.001, roughness? - aspect)

INLDIED S B, WS OWDEHD, ZOBRDFDAE /NI A —K|ZH>T
WF 9,



0.0 0.1 02 03

baseColor subsurface . ' . .
fdlffu\é((vl!(vu) S t(wuano(gd))Ft("’g,FDen(g
- baseColor
fsubsurface((‘)i'(‘)o)_‘ 125+ (Ft((‘)i'FSs()U(ed)]Ft(‘ metallic . ' . ’

Frneen (@i @o) = sheen - pepeen - (1 — @ - b)®

specular
F ( _ Fr(@Fs0)Dgex (haspecularx spe
fspecutar (@i, @o)

I g . specular tint
e @, @),) 25§ clearcoat - Teool

_ (witw,) roughness ' ‘ . ‘ ‘ .

|(wi+wo|
F(w,Fy0) = 1+ (Foo — D(1 — w - n)°
Fe(w,Fy) = Fp+ (1 —F)(1 — w - n)®

anisotropic g ’ v

Fpoo(04) = 0.5 + 2 lroughness | cos? 6, sheen . . .

sheen tint L . ‘ '
o P

Fss90(0a) ughness - cos:(0q)

Psheen = lerp(L, peint, SheenTint)

#
*
#

Pspecular = lETP(l Ptint, SpecularTint) % 3

clearcoat

clearcoat @ ‘ h . ‘ ’ ‘ &‘

Fyo = lerp(0.08, specular - pspecuiar, baseColpr, metallic)f  roughness

rou, 2 :
aspmm,,.x:max(0.00La,—. transmission ‘ . ’ . . ‘ ’ ' L

Aspeculary = Max(0.001, roughness? - aspect) canision M . ; , . [Blender:Principled] .
roughness . y

% . Basecolor, metallic, roughness, clearcoat®
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Figure 1.1: The DRDC spectro-polarimetric goniometer.
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3-dimensional
hemisphere

incident irradiance
dE;

fr (@i, @)

W, Wg & HITLRITTT DHDT
90*360*90*360 = 1,049,760,000

Fig. 1. Concepts and parameters of the Bidirectional Reflectance Distribution Function
(BRDF). A target is bathed in irradiance (dE;) from a specific Sun zenith and azimuth angle,
and the sensor records the radiance (dL,) exiting the target of interest at a specific azimuth and
zenith angle (Jensen, 2000).
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Roughness=0.78 > T ?
HIEEFDENL HWN?
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[Rusinkiewicz1998]
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Figure 2: Proposed reparameterization of BRDFs. Instead of treating the BRDF as a
function of (;, ¢;) and (#,, ¢,), as shown on the left, we consider it to be a function of
the halfangle (4, ¢,) and a difference angle (8,4, #4), as shown on the right. The vectors
marked 7 and 7 are the surface normal and rangent, respectively.
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[Rusinkiewicz1998]
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BRDF slice

Figure 3: BRDF images slices for red-plastic and specular-red-plastic shown along with schematic view
of “slice space.” [BurIeyZOlZ]
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[Burley2012]
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Forward
Rendering

Mate rlals Came ra Lights

Scene parameters

HBEY—EZTDINT A =R %

Rendered image

THx & LET,

[Zeltner2021]
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Scene parameters

THE LURYTTBHENDITARIL
L&V TS, 5l ix252%, &W

Rendered image

[Zeltner2021]

DITH/ICMHEY XA,
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Mate rlals Came ra Lights

SV g

Rendered image

Scene parameters

TlE, LYy RV YT LI-ERoEBRZ, yELEL £ D,

N
N

[Zeltner2021]
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Rendered image

[Zeltner2021]

Scene parameters

DL R B EEICKD S EATENIL
HHY—VEBRTEDL O BNRTIA—KREKRDDBEEIL. BEICELZ L
NTEBIET T,
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Forward
Rendering

Scene parameters

E AN INDBEB DT TT,

Rendered image

[Zeltner2021]
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AREAEZ D

FTELICHLA LRI D LNBEVWEH X ZREL.

B#EstBEL THAEL £ 9,
5 &, EROEL DME

2. RE g A#HET A ENTEET,
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EEEHAO0- T &L

g =fx)

— f(x)

%)ngOfot%

x' = x & HBTF

Hl. BRENO0ICHRDIDAE L, ZDR|E X 134

EDTHBHEHFTTEET,

SHGERS

KD BX DO HDD
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YR & KT (CEREZ R/IMET 5

g=fk&)—fx)

WEHARD ONBWE ZIZ, AHLDEERFIWEL, I5 LT REEZR
IMES B E VWS HBICBEE®RA D I ENTELHITTY,
Tld, £ > TREZRIMLT DD ZZTHMHET 200N TY,
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HLEBD, 5IBEELLILTD, ENE(E

y = f(x)

] d d
fl) == =—f(x)

Wld. HIBEBEDANHENRLEFKFICHAODNENSSWELT S, &0
SETT,
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D, HHBH WS LB E, BREKETVET,
HBATIEZHOLTLICR Y bEDIFY LTERIZENHY £,
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BMnd 2 =5R8M KD 5

d d
fo) == =—f(x)

HLEBICH LT, Z2OEFEHERKODL L%, HNnT 5. LEVET,
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D TREX

F7o. ROIEBEHDEEZ EEORTKROIE., Z0EEZ. MORE &
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77



Y TINBBEBOMAREEROTHEL £,
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CDZDODREBHDBED, BXAZZ2FT, InhH. ZOBHED, 20zl
BlT5. kT,
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y=fx)

DD &

D, NEEEZEDOD>TEEERDDLZ &7, HENICECEZD LS IC
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fx +Ax) — f(x)

lim

INEBEAXAFEIICH 2T B LIEL D
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y:

HEDEZFIWT

li

-~ f(x + Ax) -
Al

Ax—0 Ax

f(x)
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y:

BEZROHET,

lim
Ax—0

fOx+ Ax) = f(x)

Ax
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]
1 Ax

CORICIL T, NEEEAZE 0 IEDTTWL - =EEAERE# T,

—f (x + Ax) — f(x)
T
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AREDNE . FNITED D HLD—D

g=f@&)-f@

%Lg=072tlb
x' =xEHBAfFCTE S

T &, HEEERDOHLLCTH, BEANOAL, ZNIEEDOSHDODEDT

Ho, LW IMAZELE L,
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e KO D701, BREOR/IMEZIRY

g=f@)-f@

SEZTCVIMBIGERELIHL WV E WS FHERD H Y|
WERYRENODRZET LI TEXREA,

ZI T, REzR/MULT, BOGEMB X2 EQOE X ISEDIFTWC K AF
EeEZET,
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B R
BARY %5 B AAERD

FIEEDIDHZERD &5 IC. HAREEABE TN EPRY X BHME
ZROTBHZENTEET,
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D, BEAEKLZ S LBAME, AREFOET,
Nz AWTHEERD 2 FiFzE, BERELEEVET,
HAICTH2EZDESITHY £T,
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EAVRY £ 5 mamIciE ) R LEA T,
ETT,

fRakoseWnws BUBRLEDF
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A —XIEEHIRT, KELTHEEHRIELD L F D7,
LKBeBEVWI PL—FFTIZHY £7,

SHEHRE LIS
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filx)
return (x-1) * x * (x+1) + 1

g(x):
return 3% (x#x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

step in range(iterations):
gx = g(x)
if abs(gx) < eps:

preaxk

x —-= eta * gx
t+=1
return Xx

INE7O7T7LTERTE, ZDLHITHRY FT,
COFEE, AEOFRTEH, RRERBRTEETOET,
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f(x):
return (x-1) * x * (x+1) + 1

g(x):
return 3x(x*x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

in range(iterations):
gx = g(x)
if abs(gx) < eps:

break
X —= eta % gx
t+=1
return X

F9. RMEZKROT-LWBEHEERLE T,
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f(x):
return (x-1) * x * (x+1) + 1

g(x):
return 3x(x*x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

in range(iterations):
gx = g(x)
if abs(gx) < eps:

break
X —= eta % gx
t+=1
return X

ZDEEHII. FSRIEFTROFE L,
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f(x):
return (x-1) * x * (x+1) + 1

g(x):
return 3x(x*x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

n ranae(iterations):

gx = g(x)

FTAuUSTUAT < CpSy

break
x —-= eta * gx
t+=1
return Xx

RAERDBIL—TOHETIE,

ETHAMRED o DR ERD F S,
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f(x):
return (x-1) * x * (x+1) + 1

g(x):
return 3x(x*x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

in range(iterations):
ax = alx)

if abs(gx) < eps:

break
X —= eta ¥ gx
t+=1
return Xx

AL 0ISHEL Ao T35E8, WRLCEAT L TL—T2RITET,
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f(x):
return (x-1) * x * (x+1) + 1

g(x):
return 3x(x*x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

S in range(iterations):
gx = g(x)
if abs(gx) < eps:

break
X —= eta % gx
L )
return X

FRPWNELTWAWEEIZ, KOG THREEFL TVWEET,
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n (x-1) % x * (x+1) + 1

return 3x(x*%x2)-1

solve(f, g,
x=0.,
eta=0.1,
eps=le-3,
iterations=10):

) in range(iterations):
gx = g(x)
if abs(gx) < eps:
break
X —-= eta *x gx
t+=1
return x

SREIFF B E RO E LA\
o b EMLHEADHZE, BRIINEZPSDIEIRETT,
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HEMy 7L — LT — 7

AEXICH LT, 20Dz BEINICKS 5 LiEA
* PyTorch, autodiff, etc..
HEBESS7ERBLTEVWT, Ny I FTvIT S
s Python (3 B! (Z WAZE T3 70 U
o A, T O3RN

[autodiff]
[pytorch]
[github:micrograd]

— RO I FIELHACT AT TLICTH L T WEBMOE KD D Z & I1E3E
BEICEMTT L, R HY FHEA,

ZZTESDHNBEEHMH T,

BEWMoIE. SFERICH LT, BFINICHOREEZHAE L T<NEFETT,
FEOEMFEOENICHE ST, ETHRLLIADTATIURTIL—LA
T—ohNHETEE LT,
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Var:
__init_ (self, value, children=
self.value = value
self.children = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

WikipedialCFEBICE WY > FILEELRH 5 7-D TN L £,
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Var:
—1nit_ (self, value, children=
self.value = value
self.children = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

BEMD Tld. SFERFOERERHRT 57cH. EHI 7R zHAELET,
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Var:
__init_ (self, value, children=
self.value = value
Selr.cnildren = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

AEFOEZDL DL
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Var:
__init_ (self, value, children=

self value — value

self.children = children [1

serT grad—="0

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

S - A AVAO L da
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Var:
__init_ (self, value, children=
self.value = value
self.children = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

WMBE A A v N— 2B £4,
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Var:
__init_ (self, value, children=
self.value = value
self.children = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value,|[(1, self), (1, other)])

_mul__(self, other):
return Var(self.value x other.value,| [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value) ] [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

REDHETIE, BATHES 772/ L TVWEET,
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Var:
__init_ (self, value, children=
self.value = value
self.children = children [1
self.grad = @

__add__(self, other):
return Var(self.value + other.value, [(1, self), (1, other)l])

_mul__(self, other):
return Var(self.value x other.value, [(other.value, self), (self.value, other)])

sin(self):
return Var(math.sin(self.value), [(math.cos(self.value), self)])

calc_grad(self, grad=1):

self.grad += grad

for coef, child in self.children:
child.calc_grad(grad * coef)

[Wikipedia:AD]

RERIC, ZOFEI 7 70RHE D LIS, MoRBERDET, EBOBEE
WDZ7477 V33> ENRNBEECHENLGAEYRBICHE>TVET
M. RENLBESIXERTY,
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m micrograd.engine import Value

oo =El26n)

return (x-1) * x * (x+1) + 1

micrograd#l|

https://github.com/karpathy/micrograd

solve(f,
x=Value(0.),
eta=0.1,
eps=le-3,
iterations=10):
=1

for step in range(iterations):
VA =R1i()
x.grad = @
y.backward()
if abs(x.grad) < eps:

break

x -= eta *x x.grad
t+=1
return X

BIZ LMD Z 475U &L Tmicrogradz{E5 &, &lZEDTA—RIZZD
£ £,
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from micrograd.engine import Value

1 (x=1) * x * (x+1) + 1

solve(f,
x=Value(0.),
eta=0.1,
eps=le-3,
iterations=10):

X ) in range(iterations):
= f(x)

.grad = 0

.backward()

if abs(x.grad) < eps:

break
x -= eta *x x.grad
t+=1
eturn X

BEAMZFCEIET S I em L, MR EBSonEd,
INHBEHY DR TT,
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MDA REL v XU T

A scene with complex geometry and visibility (1.8M triangles) Gradients with respect to scene parameters that affect visibility

[Mitsuba3] [Loubet2019]

CHOBEEBMODEZFZ, LYy XU J7ICET 2EBEBICHNALIZDD,
HWoAEL XY Te HoREL Y X7 —TY,
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Rendered image

Scene parameters [Zeltner2021]

IXFE HL KXY HEEERRE L, WO EBEELE LT
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Materials Camera Li - 1*{% *

g=f@) - f(x)

Rendered image

Scene parameters [Zeltner2021]

WA EEA ST E RO TICEZRDZ ZENTELDITTT N,
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Rendered image

[Zeltner2021]

Scene parameters

LY XU IHRHARIREICENIE, EL XY v Izdded, Bakosd
ZENTELDIFTY,
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WL gy AR

WMoRgEL v XY v EBAWSEZ E T, Bz, R—XHEEATHIENT
%9,

EDSIZTDERAN, AOTYFDOERAIIHRD LT, BENRTA—K x &
KOBDEOSBREL R v IBEEEZET,
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WAAEEL v XS HBAWNIE, BIROEDMDRBAEB LI EATE, B2/0
IWEEE L TSI ENTEDLDTT,
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Parameter error plot

b

om.mm image

Initial Image

Reference Image

ERICINEZEELTHEFT L ZOLHIC, R—XMNEEIN, REHNKE

MeashTnhE X9,
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B PyTorch3D
RENLHH B e

* PyTorch3D

° i .
nvdiffrast anvdiffrast
° Modular Primitives for High-Performance Differentiable Rendering
* Mitsuba 3

: Mitsuba3

MARIEEL v X 7 —DIREK E LTI,
INLD3ID2DLYEIHN, HiFonxd,
PyTorch3D & nvdiffrastiz 7 X & 7 4
Mitsuba3lgL A L —> >
EWSEWVWDDHY FT,
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https://pytorch3d.org/
https://nvlabs.github.io/nvdiffrast/
https://www.mitsuba-renderer.org/

Mitsuba 3

MR —IMHOAEL A PL— T L VXD
s DrIITIC & 5 &R ANTET
s Python/XA > T 4 &

MltS ba 3

[YSICAI 3ASED RENDER

SE. Bt TlEMitsuba3zR—X 7L —LT7—2o ¢ LTHWAZ  ICLEL
7=

Mitsuba3lZ¥EB R — X O#4> a8 Em/4 fL—> v L XT7TT,
Wenzel JakobFECOMIRED A N — K IC X > THEINTE Y,
%L DT A NTRIEENT-. EEE?&I//& Dy THERICEFTENLH Y £9,

DrJjit& W) Just-In-Timea > /X4 Z Xy 7TV REWNEL TWT, FEBICH
RAEFETEZRFHELTVWET,

Python/NA > 7 4 > ' TAPIDR AR I LT UL T, Pythonh o OFFANIEFIC
fHE T,
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https://www.mitsuba-renderer.org/

DRrJiT: A Just-In-Time Compiler for Differentiable Rendering

WENZEL JAKOB, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
SEBASTIEN SPEIERER, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
NICOLAS ROUSSEL, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
DELIO VICINI, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Primal rendering

mode == dr
dr.backwa

6L += dr.forward_to(Lo)

Forward-mode derivative Reverse-mode derivative

Dr.JitiZMitsuba3d /X 7 T > KT,
PythonTEZEIN/-IFIFAHL XYY IV PBRDFY 2 —& A E
%

llvm*2OptiX, cudah —RILTERICETDOTE S,

WOREEEE I — FA24E L T<NBJustinTimea > /34 7 T3,
CDAVNRAZTOEMNTT, PythonTEELEZY 1 — KB INDD
FEFEICERICEITEINT,

BERBILAEITO) ZENTEDDTT,
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AR BETT

CZFTEHRBLTCELHMYAIEL X 72AWT, EROAEETY X T A
HESYESELMNICOWTERBBL £,
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BROFETHIZEE & 4T L 7=

* X-Rite MA-T12
* Synopsys Mini-Diff v2

BRA L 72 D 13X-Rite ®DMAT12 £ . Synopsys®Minidiff v2 T3,
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) Xrite PANTONE®

X-Rite MA-T12

22w s. i—uEinE |
AGRE - REOREIC
* Pros

¢« JILARY MILDHIEEE

- 2 L7508

X 7 I/—— 7*&%@@1&%?51@% R—2 T IVEAES G
= MA-T12 / MA-T6

* Cons
o« VT IIAENEE

BYFRY ) —ViMF

TIORFv—%
AI—EitRELT
F4vTF -

[XRite:MAT12]

MAT12(x. XRitettDZBELHBIEETTT,

A ARAH2HE. HEARDEHME. 10nmZ A DHHTORIENRIEETT,
SRICEBBEOEWVAGBE, FEHEYyHTF v 7 INLE LEIED
Xy hTIAH,

Banh o AF AR, HETARE D ICEEICET, HAEbETHI2Y VT
IWLDETEIT A Z ENTE EFH A,

ZORDHY ., hAZEYDRHZDT, 7L—JRFREELHETDHIEN
TZX9,
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Introduction to
XDNA

o« AT 4T VILDNE
s tUY—DEREBENMNENTH D
- EE-TW3

[XRite:xDNA]

MAT1I2DOWZZOAEOERNIZOF 7 4 v IILPDFATEY 5D TT A
FIFZDOERIZIFFAEBEVA WS DA ENTH Y ITENNETT,
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We describe a measurement direction using:

I (=5} DZSEIUN
* The illumination angle from surface normal, él_é — = i
N7 |\ =

* The detection aspecular angle, and

® The detection azimuth angle from the illumination

s XFHLIFL TS
* BRDFIZXYFMHZ-uph EmE S L L

direction.

We separate the angles with the text ‘as' and 'az'.
As an example, the measurement with illumination
direction 45°, detection aspecular angle 25°, and
detection azimuth 90° is denoted 45a525az90. The
(x,y,z) coordinates of the measurement direction

as [ az [ are then (sin(")*sin(l), sin(l1)*cos([),
cos(L)).

B, —HOXEHINELRICXFEITLTEY ., SmRBICIEETOIR/—AN
WEEINET,
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S no Ml |-D| 2 //
ini-Di V2uu

- BRDFI%E R Cafnera
— Mini-DiffA & 3 % 18t L £ 9
e Pros - H U TR AR K E K5
. 1ENBOBEEH L&y
. BLEU —hﬂi;—giﬁ%i%h‘ét@ﬁ‘éﬂl%
¢ Cons - hASHBSDFDEERELET
. BEELSMDICTE —aVEa—A—THMELET
C SL—U ST S MMEETE AL © HSAET
- BEMIE
s Fr— bR

) LIGHT TEC

[Synopsys:Minidiff]

Minidiff 345572 L > X ERGBD A X =2 H A2 FHWT,
AFAEIEAFE, HEHMIE324005ME & WL D

FEBICBLY TN AEBLZ N TEHBRDFEHAIEE T,

7272l DHTIEHY) FBADT, EBRBEIZEVWEIIEZF A,

F/o. KEZROFEFWICE T, L= 0T hanY y SIVIZER
TZXHA,

L# LBRDFEHAEE L L TIRIFBICERA DIRADT, K—2 T LIHD
BUN AR TS,

128



Mini-Diff

CDZDODEMERAEDE T, TNETNORFEZ/MOI. N1 7 U v FEHA
g5 &ICLEL

MAT12 CEHRI L 7281 IC L > T, Minidiff o T — & 2 &H1E L. &=EMNA
AT -2 & LTIRVWET,
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RIS, INHLOEMALHETELTIT—42%2ES W7V 7 F 77T
BLIAZHALES,
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T X

* Python
* Mitsuba 3 + DrJIT
* colour-science

* 30001 T#F1&E

c ADEMmBE 7 A—< v k
« H71(Ejson
« CPUEAT

RKEDBERITZIDLDICH>TWET, PythonTDERET, CPUBIETT,
TEIET—200—K %250 TH3000/TaIE IR > TWET,
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KMEIEA T IL T XA

. ETHIBRDFTF—%& %2 E— K
. BBt I ERBRDF & & A,
. BREEKRD B

L NTA =R EFET D
. TRV IRY

KMIELATILITYXLIZZDE S BRAT Yy FICHY £97,
HHTF—%Z2DO0— K L.

BEIROBRDF A 4R L.

EREARD,

INT A —REFEL L.

INRT 2 FTHYIRT,
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LAB_NAME L1gnt lec

SYSTEM_NAME Mini-Diff V2
APERTURE Circular

SAMPLE_NAME BLUE_FLOWER

MEAS_NAME BRDF

FILE_NAME BLUE_FLOWER.astm
MEAS_DATE 2022/11/17
MEAS_TIME 19:41:23

NUM_POINTS 12964
VARS theta_i,phi_i,theta_s,465nm,525nm,630nm

.14159265358979,0,0,0.123491747543674,0.08734765225974914,0.139365520337643
.14159265358979,0.0174532925199433,0,0.129129540972326,0.0893321032447395,0.1335814183
.14159265358979,0.0349065850398866,0,0.133694190171798,0.0883066641977171,0.1278781272
.14159265358979,0.08523598775598299,0,0.141221537363785,0.0932413266387739,0.1394697509
.14159265358979,0.08698131700797732,0,0.141789583138289,0.0918856376858154,0.1280149014
.14159265358979,0.0872664625997165,0,0.137599633353517,0.0887833496909198,0.1246535058
3.14159265358979.0.10471975511966.0.0.132325965338796.0.0857679604966609.0.121446925985

F9. AT —4z0—FLEY,
INZENDHEZGED OENEINTL LD,
AFfAmE, HHAME. £ L TRERDES T,
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xmlns:cc="http://colorexchangeformat.com/CxF3-core"

>lorSpecification="CSMAT12">31.708279 37.605686 39.448635 40.598629 41.85688
>lorSpecification="CSMAT12">32.299641 37.175255 39.962502 41.087498 42.25970
JlorSpecification="CSMAT12">31.221897 36.813454 39.341209 40.339275 41.61008
lorSpecification="CSMAT12">32.735294 38.243427 40.890301 42.418228 43.547386
lorSpecification="CSMAT12">32.946964 38.453926 41.002228 42.436390 43.517738
lorSpecification="CSMAT12">32.069225 37.323818 40.047043 41.310455 42.535149
>lorSpecification="CSMAT12">37.902721 44.030754 45.837276 46.997581 48.45482
lorSpecification="CSMAT12">32.197853 37.936268 40.923790 42.576370 43.910122
lorSpecification="CSMAT12">31.9310823 37.595879 40.403072 41.590093 43.309326
lorSpecification="CSMAT12">31.510662 37.859792 39.992554 41.399536 42.645531

LlorSpecification="CSMAT12">33.093243 38.38789@ 40.996788 42.354538 43.455624
alarSnecification="CSMAT12" 325204926 40 1A280A7 42 .9A1299 44 029157 AL 02493

T2 LMATL2IEND K RPAETT — X NHTEET DT,
INeEECEHZHAVTRGBIZE L THLABTI2LENHY £7,

134



=28 M=l \
colour-science 7 4 7 7 ) Z=F|

ef set(self, xyz, wi, wo, norm=[@, 1, @], angleText='"): . Ll___pA\\

self.angleText = angleText e ]
self.weight = 1 t2aipun COLOUR
self.xyz = xyz
self.xyY = colour.XYZ to_xyY(xyz) https://www.colour-science.org/
self.rgb2020 = colour.XYZ_to_RGB(

xyz, None, None, colour.RGB_COLOURSPACES['ITU-R BT.2028'].matrix_XYZ_to_RGB, None, None)
self.wi
self.wo
self.sph_i = brdfCoords.vec2sph(wi)
self.sph_o = brdfCoords.vec2sph(wo)
self.wAspecular = brdfCoords.reflect(wi, np.array(norm))

wi
wo

RGB~DZH#a(Z |Lcolour-scienceE WHBEIFE S A 75U AFBLE LT,
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F—RTJTa—3

14957965 ©.11524687 ©.13160311] : .42708683
07093149 ©.03466007 ©.0096372 ] : cxf .02765429
11791757 .064449 0.0326983 ] : cxf .04642319
11506455 .0556839 0.01482082] : cxf .04897182
11823291 ©.05668038 0.01345644] : cxf .05071046
10099927 ©.04815045 0.81057459] : cxf .04475575
07735714 .03710801 ©.00918833] : cxf .03401516
08217986 .03950139 0.00895608] : cxf .03389929
08277538 ©.03929334 0.00810543] : cxf .03625901
0851261 .04045343 ©0.00893285] : cxf .0361903
0610163 .02923802 0.0069528 ] : cxf .02390673
08512751 .04130508 ©.01099128] : cxf .03575325
0.11078061 0.05665505 0.02129282] : cxf .04449619
14.17437061 14.5948761  15.59998407] : cxf [ 0.5986751
12116354 .05876835 0.01531262] : cxf .05254206
10349954 .04901424 ©0.0104251 ] : cxf .04486685 02199012 00110744]
07617298 ©0.0371944  0.01033454] : cxf .03228106 01593542 00123547]
09777386 .03709313 0.00847412] : cxf .03186512 ©.01559819 ©.00087971]
08211449 ©.03929248 0.00949585] : cxf .03607707 ©.01761852 ©.00092134]

n=C SSRGS SHLAGH0T=0w00000 7003w .0359506 0.01759851 ©.00103989]
solved color correction matrix::
[[ 68.39229671 -164.5441908 91.83874049]

[ 72.17105491 -174.28226165 97.514078381]
[ 82.00970738 -198.63936786 111.35992448]] [Cheung2004]

62147895
0148167

02372686
02439364
02483727
02199577
01685276
01682705
01771468
01770412
01178654
01779958
02300704

0.5694437

0264683

11922314]
00413073]
003996491
00245432]
00157564]
001180681
0012467 ]
0013426 ]
000907511
000973691
000880291
00204271]
00444262]
0.53219684]
003499621

astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [
astm [

COPOOOPOOO®®

COOWOOOOOPOIOOOOOW
COOWOOOPOOOOOOO®® H

bCovooo®

TODFRRDT—4E 72—V a vy LTk TWBAbITTTA, EBEICIE
BEIETINA RO TEGRFRAT ) v T HNMTTWET,

Minidiff@ 7 —% & MAT1I20 7 —%&h 5. BLAROY > 7L EHE L.
Cheung o IC & %2004 FDF A=AV TERMETIZRDOTUWET,
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BRDF D 4 %

* Python dict’ mi.load_dict() 9 %
» Mitsuba 3/&BSDF & FF.33, BRDF+BTDF=BSDF

if basecolorKey:
keys.append( 'base_color.value'

RKIZ, BELIROBRDFA 7Y 27 bA24ERKL £,

Mitsuba3 T, ¥—>ICW L T&REILEITO DT, ¥—NICHRRIIC
BRDF# 72 7 bA2ERT 20ELH Y £7,
Mitsuba3|ZfHAAADBRDFZ WL DH > TWT, FEFICETHE (C4RL LA
HAesszenceEfd,
PythonDEEEZERCF — T — R ENRTA KB ERZRFEL T, loadd5&ZFD
FERESENTEET,
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‘type’ ClEE %7 E.RN

if basecolorKey:
keys.append( 'base_color.value'

Z ZTlE. PrincpledBRDFE 4L TWETH., BDOBRDFZHEELT 255

HIFEAERKRICECZEDATE LT,

ZDHGEIE, 22D type F—T7—FZ2BHAWET,
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1]0 1.0, 1.0 Egii_@{b/\oi )< _Q%%}
XELTHL

1T DasSeCOLOrRey:
keys.append( 'base_color.value'

FERIC, BEMLIEWATIA—RBREDBRELTEEET,
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71 A X L\BRDF

* Python 7' 7 7' 1 >

* mi.BSDF 7 7 X % k7

s DrITHA ERICNTEITT 5 |
« A DBRDFH RBEILTZE 5

HHAAHRTIEZ WBRDFH ., Python7 274 VO TERICEET S Z &N
TZX9,

LAdH. PythonTEHANTWBICH Db BT, Ny IV RD
DrJITb\’ﬂ%LLVI\/I/Wd-U)PCUDA/Wﬂ-U AV /NAIL L T NDDT,
FEBICHRERICETEINEFT L., WOHQDFEINAETNIZEE RSO FDE X
%lﬁﬁT ’C@Lo

TIAFyDILy Ty THRELMDINET,

Z DA EE ST, PrincipledUADBRDFD /T XA —&&HRKDHD Z & HT]
EIC Y £ L7,
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optimize(targetBSDF,

measures, Basic |Oop

steps, keys,
1r=0.01) ->

opt = mi.ad.Adam(1lr=1r)

params = mi.traverse(targetBSDF) . IOSSF?%%&’CEE\?IE%SK&)%

z;i[;;y‘;eiséarams[key] ® E/Et%i)ilj\ é < f-:‘: %)jj_l-m % E ijj%%ﬁéj\
TRH D

params.update(opt) A i:gjg—c\%%ﬁ—g»é

in range(steps):
s lossEAFAN EZE DE|

loss = measures.loss( targetBSDF )
dr.backward( loss )
opt.step()

params.update(opt)

ZHOLTA—FLZEAET—% EBRDFICH LT, @b/ —7%ME L x4,
Z9T9, BRDOF7 4 v T4 VI DEREIE, 7mo/-INEITFTETFTCLESD
<7,

HHEAAZNIEIREEL THR Y BB L =@ b /L — 7 T A,
EERXWIZIZINTEITOa—RT, ST UTLDONRTIA—KEENTETCLE
WE 9,

BEDREETY AT LA TEMA10000TOC++E2 AV TFHF AL TWED
IZHERB EEFERTY,
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BEEFRIZZDEDICNRTA—=—ZAZE L TWEFT,
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optimize(targetBSDF,
measures,

Steps, keys, Optimizer
1r=0.01) ->
opt = mi.ad.Adam(1lr=1r)
params = mi.traverse(targetBSDF)
or key in keys:
opt[key] = params[key]

params.update(opt)

in range(steps):

loss = measures.loss( targetBSDF )

dr.backward( loss )

opt.step()

params.update(opt)

EICRTY 7H2B>THEL LD,
FI—FEYIC. mitsuba3fBAAADF T T4 A T EHEL ET,
SGDEADAMZAIAT B Z &N TEET,
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optimize(targetBSDF,
measures, S P D r\ — \ — £
steps, keys, / / 7 /N

1r=0.01) ->
mi.ad.Adam(1lr=1r)
params = mi.traverse(targetBSDF) Q *&Tjﬂ_ﬁji‘@ == f\ t 0)—:&@

or key in keys:

opt[key] = params[key] L /\7)< & i/—/@':F‘ \-—% >

params.update(opt) N *Aai}‘j,_qjj i__ET}I/%/[/E7

in range(steps): ] CG’C‘i /—/75:{"5%)

loss = measures.loss( targetBSDF )
dr.backward( loss )
opt.step()

params.update(opt)

RIC, V=& FIN=L, REILTENRNTA—REZYX T YT LET,
I EMFEE 7L —LT—7 EWMPREEL VXY VT DRERENTT,
EHE2E T T L2 EEREL L £7,

SEI 77, ARERZTET S EEITRELET,

WOAIEEL > X > 7 TIEZ DIBEFEHE T,
V—VEERIIFTIN—RXTEZEICTLHS T,
LYy &X Uy ZICERORWAHE S I 75 Lz @b 2 iTWEJ,
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optimize(targetBSDF,

measures, |OSS % :I? &b %

steps, keys,
1r=0.01) ->

mi.ad.Adam(1lr=1r)

params = mi.traverse(targetBSDF) . EEli/J\'fk, L/ 7": U “OSS% jz &b ZO

or key in keys:
opt[key] = params[key]

c BEREEL FABOE
params.update(opt) e losslT & T K /NS L HD tﬁg L

LME

in range(steps):
loss = measures.loss( targetBSDF )
dr.backward( loss )
opt.step()

params.update(opt)

ZIhomELCRTY 7T, BEfEEDAREKRDET,
EELOREDEWIIOWTEHRAL 7,

M%iﬁﬁt%WL@%T¢

OX(E, EICHNESLTERZDELVWAADL @L\T¢

DFY, BEAAOXRELTHLWLWTT L, LS S5HbDEARELTH
BULWDOTT A,

Loss& 87 & NN & 35 oto’C HFERICBRONET,

2D, lossZ ., =@ ﬂﬁd)ﬂ? ) EF9,
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optimize(targetBSDF,

., B8N T 5

i.ad.Adam(1lr=1r)

params = mi.traverse(targetBSDF) L] |0557§j %/J\'fb? Za @@E% j( &b ZD
for key in keys:
opt[key] = params[key]

params.update(opt)

ange(steps):

loss = measures.loss( targetBSDF )

dr.backward( loss )

opt.step()

params.update(opt)

ot E Ko,
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optimize(targetBSDF,
measures,
steps, keys,
1r=0.01) ->

.ad.Adam(1lr=1r)

params = mi.traverse(targetBSDF)

for key in keys:

opt[key] = params[key]

params.update(opt)

ange(steps):

loss = measures.loss( targetBSDF )

dr.backward( loss )

opt.step()

params.update(opt)

/ N f} ;K ___‘ﬁz ;5% E%i%gf L/ 35 1§_o
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optimize(targetBSDF,
measures, | - % ﬁ?zl:,fak
steps, keys, OSS [
1r=0.01) ->
opt = mi.ad.Adam(1lr=1r)
L= 3 S
params = mi.traverse(targetBSDF) O |OSS® 54 E+®E [/ % [/ ’Cé}’( /9% i ZD
r key in keys:
opt[key] = params[key]
params.update(opt)

in range(steps):

loss = measures.loss( targetBSDF )

dr.backward( loss )

opt.step()

params.update(opt)

DFY, mEL—TDITEAEL lossEBOHEEITKEL TWLWET,
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f absolutelLoss(self, bsdf):

values = createBSDFSamples(bsdf, self.wi_soa, self.wo
dr.sqr(self.rgb_soca[@] - values[@]) |OSS
dr.sqr(self.rgb_soa[l] - values[1])
dr.sqr(self.rgb_soa[2] - values[2])

er

eg
eb

return dr.sqrt(er+eg+eb)*self.lumWeight*self.cosWeigh o
cBEVSNS

f lightLoss(self, bsdf): * JzAzBz,
values = createBSDFSamples(bsdf, self.wi_soa, self.wo - |Cth,
xyz = colorUtil.Rec202@_ to_XYZ(values)
err = dr.mean(dr.sqr(self.xyz_soa[1] - xyz[1])) * oklab...

return err ® %‘%)%MSE7$§E
f chromalLoss(self, bsdf): ® %EEYUD&UDLOSS

values = createBSDFSamples(bsdf, self.wi_soa, self.wo
xyz = colorUtil.Rec202@ to_XYZ(values)

delta = colorUtil.deltaEz(xyz, self.xyz_soa)

return dr.sqr(delta)

f loss(self, bsdf, achromatic=False):
return self.lightLoss(bsdf) if achromatic else self.a

ElEW R lossBIE B 1A H Mitsuba3D#gE 2 FFLWALILFERICS > TILICEL Z
ENTETET,
HATF—20FNFNDOAHEAE TCBRDFOEA K, Hifig —FBEA KD
TWET,

SFEIFheEECEEEALLZY LI-oTTH. R, BEaFErEmD
ZELTVWWERZHLE LTz, Bk 2 ZEBBERBELDT-DHIC, BEDH
DEZEZHDORBEHBAAHALTUVET,

Shl, ZO0RBROT—X% 72— a3y L THBLTULWETA,
EFICEBEDLODR Y=Y v TR L TWAZELHY .,
HiindETAXRELTWET,
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createBSDFSamples (bsdf, wi, wo):

si = dr.zeros(mi.SurfaceInteraction3f)

si.wi = wi

values = bsdf.eval(mi.BSDFContext(), si, wo)
return values

OXETEICHWSBRDFY 7 v 7L fHAAABEBPBEEINTE Y., JE
BICHETY,

AFIART FILEHERS LD YU X M ZBAEL T, Mitsuba3 DA & BEE
AR T

SRICY TV IRERODY X MR ELONET,

150



optimize(targetBSDF, measures, steps, keys, achromatic= , log=@, paramClamp= ’
roughnessRange=[0, 1],
metallicRange=[0@, 1],
clearcoatRange=[0, 1],
1r=0.081, threshold=1e-3) —>

BB/ —7

opt = mi.ad.Adam(1lr=1r)
errf_prev = 0.

. » mi.adAdam%Z Z D X £{FE - 7=
params = mi.traverse(targetBSDF) —
for key in keys: s SGD & MIFUNERAHED - 7=
opt [key] = params [key] o /\o_j_}l/7—_ y IE\

params.update(opt) o ME D EFL WL AIEHR
for step in range(steps):
err = @.

for measure in measures:
err = err + dr.sum(measure.loss(targetBSDF, achromatic=achromatic))

penalty = @
for key in keys:

penalty += dr.sqr(opt[key] - 0.5)
err = err + penalty

eccf s de cum(arc) 18]/ Jen(err)

ERoI-FEOEBEILL—-TIEH 5D LEMTT,

=B FEE LTlE, AddamzBLWTWE T,

SGDA EIFINEIEL., HEWVRELHY £HA,
NRFIWNTABICZEINRTA=ZMBEDEHSCHWELH Y, EETT,
ElEWR, D FL LWL TWBRERIFEIIHF Y D> TWLWEHA,
BTWEYEHo7F DD ELNWKDT, A>oTWET,
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diff = abs(errf_prev - errf)
if diff < threshold:
Frinr( 'diff {diff} < threshold {threshold}' f%ii:
break
VL

if log > @ step > @ step % log == 0:
print(f'step {step} / {steps} —— err {errf} diff {di

« R¥IE
dr.backward(err)
opt.step() d 7 3 > 70

if paramClamp:
for key in keys:
if "metallic’ key:
opt[keyl = dr.clamp(
opt keyl metallicRange[@], metallicRange[1])
5 key:
dr.clamp(
opt | keyl roughnessRange[@], roughnessRange([1])
‘clearcoat' key:
opt[key] = dr.clamp(
opt[key], clearcoatRange[@], clearcoatRange[1])
else:
opt[keyl = dr.clamp(opt[key], 0.0, 1.0)

errf_prev = errf
params.update(opt)

EBEIL—7ORTIIOXDENEE* BT, NEHEEZ L TWET,

IR E L FER ICHM T, SOLIAINAER! E 25— FIEEIT

WEHA,

INTA—=RGZVTHEETT,

Principled BRDFI|Z/¥XT X —&Z D& A'0-1 T,

WRIA=R%Z V707 HEFEEMBE->TLEFVETOT, HEWVLEE
LLHY xH A,

PERAETDE7 7V THICERICESADS L, BERLYPICAY F
ERS

IO ERE IR EHZFE-THIDPLEFICBATESZFENDHY 5
T9,
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—EEREL

Optimizel¥EWL FHE 5

nessRange,

icRange, & |Ebasecolor=(1,1,1) THEE1L

2R (Zbasecolor $ 1A & TERIEAL

rr={achrom

TRty MIZDEE T, lossz DY BR 7\

print(

DB IL— T D—ERAMANIC DERBEILEAELTVWET,
BRDFF‘%"‘;‘( XA — 7D IERE ;,um&t&t&b BHiihEETIIRARICHES 2
EDH BT
:E&“I%L‘E‘*ft%ﬁh\ MHEZLZESETWET,
Tty bMIxnFE, OREHEYYEZ DT TEENAIRETT,
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Connecting Measured BRDFs to Analytic BRDFs by Data-Driven
Diffuse-Specular Separation

TIANCHENG SUN, University of California, San Diego
HENRIK WANN JENSEN, University of California, San Diego
RAVI RAMAMOORTHI, University of California, San Diego

e “ “ “ “

\

violet-acrylic specular-orange- 8 parameter our analytic fit traditional analytic fit

diffuse part fi:ifl}fuzzlz:[}:; phenolic reconstruction (fast, stable) (local optimum)

(a) Diffuse-Specular (b) Measured BRDF (c) Compact Measured (d) Relating and Fitting
Separation Editing BRDF Model to Analytic BRDFs

[Tiancheng2018]

D ZERBEEEIZUCY T 4 T I DTiancheng Sunk S I & 5.
WXOTATTHHEITLTVWET,
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achromatic reflectance full BRDF

Ll

zoldqnclallic-painl 2

— KPS RE

c BOICEEOAERNT — —
¢ Metallic
* Roughness

e Clearcoat Step 1: analytic Step 2: measured diffuse- Step 3: color
. approximation specular separation restoration
IC3EEMSET

* Basecolor Fig. 2. An overview of our diffuse-specular separation algorithm using 3-
o Metallic step optimization. We first fit an analytic BRDF to the achromatic reflectance
(average reflectance across color channels) of the target measured BRDF.
Then, we use the analytic BRDF as guidance to separate the diffuse and
¢ Clearcoat specular parts of the measured BRDF. Finally, we restore the colors for each

part. Note that since we render the BRDFs under a full environment map,

the images may have some color even though the BRDFs are achromatic in

steps 1and 2. [Tiancheng2018]

* Roughness

BIRAYIC

= iﬁif@a&@%’( Metallic Roughness ClearcoatZz &1 L £ 9,
RIZ. RGBZEEE L 7-6Z=T. Basecolor b & 7-F@txITWET,
RIEDT I =7 i@*ﬁl@i“ﬁ’é%}“ﬁﬁéﬂ’cﬁ I
FRTAIBRDFETILICH 1T 2R ZRIE T 2 F5& L CEATY,
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#5 R ISON

e /N—T gV

- Bf

« BRI AR

e INAIN—/XT AR
S EE
s TRy I

FERIZISONTZ 7 A ILICHEBD L, BERDODCCY —ILIC/RT X —2&EFELTWE
g%f@ﬁﬁtﬁ%%s@x&?—&uﬁgaﬁw%wmﬁﬁur$<;5
%;éFii;ayﬁiﬁthH\ﬁ?—&@774»%@2%ﬁﬁbf
?iiéﬁ%ut@nﬁﬁ774»ﬁﬁﬁ$ﬁ¢5@amﬁﬁﬁmﬁuﬁﬁ
CmYET,

156



faSREZT D B R B

targetBSDF_params.update()

scene = mi.load_dict(matpreview.matpreviewScene(targetBSDF, spp=128))
image = mi.render(scene)

figure = plt.figure()

subplt = figure.add_subplot()
subplt.axis("off")
subplt.imshow(image **x (1.0 / 2.2))

if args.savepreview:
mi.util.write_bitmap(args.savepreview, image)

Ly &Y 5% HZF bmitsuba3n AT HAoIERICEHETT,

BB EINIZNTA =R H 2 —RICANT, — %L Lrenderd 572
7T

EELL VAV IRERZB2IENTEET,
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QLR B ]

20.66s user 1.48s system 120% cpu 18.393 total

« M1 Max MBP T & 20/ g4

s Python=EZE & L TlE+2 28R W
s DrITH Y H & D

cREROL VXYV ITEBREEMNST 250 LD 5

MBERIZIE LT WT—2hEI N TEDY £34. Ftn/ — rPCT
BELZ2000h B 19E1#E T,
FIF2TCPYythonTEEINTWVWBDIZZDODAE— R THWLWTWA DL, Dr.lit
&k BEETT,

159



initWi(self, samples):

xyz = []

ref = []

for index in range(len(samples)):
xyz.append(samples [index].wil[@]) <
xyz.append(samples[index].wi[1]) D rJ |T Lj: SOA 75\ ﬂ“t
xyz.append(samples [index].wil2])
ref.append(samples[index].wAspecular([@])
ref.append(samples[index].wAspecular([1])
ref.append(samples[index].wAspecular([2])

unravel([x,y,z,X,y,z,....]) C
[xxx.LIyy. 1,222 1D %

self.wi_soa = dr.unravel{Array3f, dr.llvm.ad.Flo ) oL ITEELERILI NS
self.reflect = dr.unravel(Array3f, dr.llvm.ad.F1l ) BELSIMDA&A 7= L

initWo(self, samples):

xyz = [] Numpy & |F & A ERER

for index in rm‘ugz:(lenls.amples,'): COEXHICIEND ETARE
xyz.append(samples [index].wo[@])
xyz.append(samples [index].wo[1]) WX 72 Creshape & AMEE S
xyz.append(samples[index].wo[2])

WA (S ravel
self.wo_soa = dr.unravel(Array3f, dr.llvm.ad.Float(xyz))

DULRERICHY FTH, DrITOBRBEABARICR T 27-®(121%. Structure

of arrayzfEWL £ 4,

Numpy’ca),i’*’“c BN TWAHIFEAICPONTLELD LNEEA,
ZTBICT77A40DHbH— R LTELT—X7%EFArray of structurelZ/ 2 2

tb‘yh\b‘c‘:,b\h\i?o

BEEOFCUunravelETEBA LT OEZZLTYSE, RVLWSIMDRZ

ILDEHITEESIN, ETHEERICAY X9,

CH+EIPRD 2 7=-DT, ZOEZXHIZBENDETICEHSLE L,
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absoluteLoss_AoS(self, bsdf): SOA C——
—
for i in range(len(self.wi)): L/ 7L\ L \iE /_\
si = dr.zeros(mi.Surface raction3f) (3\ I:|

si.wi = self.wili

value = bsdf.eval(mi.BSDFContext(),self.wili],self.woli

er = (self.rgb[i] [0] - value(0])

eg = (self.rgb[il [1] - value[1]

eb = (self.rgbli] [2] - value[2])

cosWoAspecular = dr.dot(self.wo,self.reflect)

err = err + (er *x er + eg % eg + eb x eb) * cosWoAspecular
return dr.sqrt(err)

. EL\

absoluteLoss_SoA(self, bsdf):

values = createBSDFSamples(bsdf, self.wi_soa, self.wo_soa)
er = dr.sqr(self.rgb_soa[@] - values[@])

eg = sqr(self.rgb_soall] - values[1])

eb = dr.sqr(self.rgb_soal2] - values[2])

cosWoAspecular = dr.dot(self.wo_soa, self.reflect)

return dr.sqrt(er+eg+eb)*cosWoAspecular
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RGL EPFLT — X X — X DB

[MERLBRDF]
[RGL:MaterialDB]
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RGL EPFLE D ELER

Metallic 0.8655744194984436 0.87732505798339844
Roughness 0.0 0.46252202987670898
Clearcoat 1.0 0

Basecolor 149/164/176 25/25/32
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RGL EPFLE D ELER

Metallic 0.17855437099933624 0.86925488710403442
Roughness 0.6273486614227295 0.74151664972305298
Clearcoat 0 0.33530408143997192
Basecolor 185/19/99 102/0/56
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Metallic 0.6983160972595215
Roughness 0.8893020153045654
Clearcoat 0.4315818250179291
Basecolor 208, -99, -28
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Metallic 0.8469352126121521
Roughness 0.5463969707489014
Clearcoat 0.5685068368911743
Basecolor 129,-54,-8
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(Mitsuba 3)}1“';\
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