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Lighting is crucial to realism and aesthetics.
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Relighting has wide applications, ...

Guo et al. [SIGGRAPH Asia 2019]

VR and AR



Relighting has wide applications, ...

Guo et al. [SIGGRAPH Asia 2019] Google’s Portrait Light

VR and AR Photo Enhancement



... but it is hard.

Local Non-Local



... but it is hard.

Geometry: bumpy normals = noisy render

Local Non-Local



... but it is hard.

BRDFs: high-
dimensional &

spatially-varying

Local Non-Local



... but it is hard.

Shadowing: non-
local geometry
casting shadows

Geometry: bumpy normals = noisy render

BRDFs: high-
dimensional &

spatially-varying

Local Non-Local



... but it is hard.

Shadowing: non-
local geometry
casting shadows

Geometry: bumpy normals = noisy render

BRDFs: high- Global lllumination
dimensional &

spatially-varying

Local Non-Local



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis
ECCV 2020

12



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

v NeRF

€Xr + (st |+O
half)

Volume
Density

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis

ECCV 2020 13



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

v NeRF

€Xr + (st |+O
half)

Volume
Density

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis

ECCV 2020 14



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

v NeRF NeRF

L (1st | -0 + 2nd | C
half) half)

Volume RGB
Density Color

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis
ECCV 2020



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

Ry = ‘[}L‘
v & A
w @ & N0 50 3 o
% 9 .

i S . (‘97 gb)
7 . View Synthesis
| | NeRF NeRF
L (1st | -0 + 2nd | C
half) half)
Volume RGB
Density Color

NeRF

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis

ECCV 2020 16



Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng

NeRF
(1st
half)

Volume
Density

NeRF
(2nd
half)

RGB

Color

NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis

ECCV 2020

NeRF

Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

View Synthesis
X Relighting
X Material Editing

17



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

v NeRF NeRF

L (1st | -0 + 2nd | C
half) half)

Volume RGB
Density Color

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis
ECCV 2020



Neural Radiance Fields (NeRF) Mildenhall et al. 2020]

v NeRF

€Xr + (st |+O
half)

Volume
Density

Ben Mildenhall*, Pratul P. Srinivasan*, Matthew Tancik*, Jonathan T. Barron, Ravi Ramamoorthi, Ren Ng
NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis

ECCV 2020 19



Normals Visibility

BRDF Albedo

20



NeRFactor

X (1st | +O

Volume
Density

Xiuming Zhang, Pratul P. Srinivasan, Boyang Deng, Paul Debevec, William T. Freeman, Jonathan T. Barron
NeRFactor: Neural Factorization of Shape and Reflectance Under an Unknown lllumination

arXiv 21



NeRFactor

X (1st | +~O

Lsurf

expected
ray term.

22



NeRFactor

& o8 <
v & n
W p I e N/
R 5 Lsurf
T8 Bgt opUgd
Y €
4 g P By’
N g b expected
@ 2
ray term.
NeRF \
€T | (Ist |
half)

NeRF's Surface XYZs

23



NeRFactor

X (1st | +~O

Lsurf

expected
ray term.

24



NeRFactor

Lsurf

expected
ray term.

25



NeRFactor

& o8 <
~ & ~N
W &F N pa v
R 5 Lsurf
T Bgt g Psd
5;’</S: @ @ «'-,i
q g B By ®
N g b expected
Q &
ray term.
NeRF \
€T | (Ist |
half)
d
dx

NeRF’'s Surface Normals

26



NeRFactor

Lsurf

expected
ray term.

27



NeRFactor

accumulated
transmittance

Lsurf
expected
ray term.
NeRF
L+ (st =0
half)
d

28



NeRFactor

accumulated
transmittance

8 Lsurf
;8 expected
ray term.
NeRF
L+ (st +O
half)
4
dx

NeRF’s Light Visibility



NeRFactor

accumulated
transmittance

Lsurf
expected
ray term.
NeRF
L+ (st =0
half)
d

30



NeRFactor

accumulated
transmittance

Lsurf
expected
ray term.

NeRF
4 b (1st O
half)
a4
dx

Normal
MLP n

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

31



NeRFactor

accumulated
transmittance

@ Lsurf

expected
ray term.
NeRF
L+ (st =0
half)
d
dx

Normal
MLP T

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

NeRFactor

32



NeRFactor

Wi
accumulated
transmittance

S A
e N 7
5 @ : -
expected
ray term.
NeRF
L (1st O
half)
d
dx

pseudo-GT as sup.
Light

Visibility
MLP

Normal
MLP n

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

NeRFactor

33



NeRFactor

Wi
accumulated
transmittance

5 -
- & N
@ 7 Lsurf
expected
ray term.
NeRF
€T (1st O
half)
d
dx

pseudo-GT as sup.
Light

Visibility
MLP

Normal
MLP T

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

NeRFactor

34



NeRFactor

Wi
accumulated
transmittance
Lsurf
expected
ray term.

NeRF

X (1st [+O

half)
a4
dx

pseudo-GT as sup.
Light

Visibility
MLP

Normal
MLP n

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

35



NeRFactor

Wi
accumulated
transmittance

Lsurf
) expected
ray term.
NeRF
X (1st [+O
half)
a4
dx

Wojciech Matusik, Hanspeter Pfister, Matt Brand, Leonard McMillan
A Data-Driven Reflectance Model
TOG 2003

pseudo-GT as sup.
Light

Visibility
MLP

Normal
MLP

[]: pre-trained; frozen

[]: pre-trained; jointly

ZBRDF
BRDF

MLP

n

pseudo-GT as sup.

finetuned

_0. 8.Ee0
Q86 VEEGFEV «
Ce@PER @
LU 000y
EEGeCEENee
Ge. & _0.. 00
wilevw W @ _w
FEEEEUEYee
SLEESONNEe
wBeOE & @u

MERL Dataset
[Matusik et al. 2003]

36



NeRFactor

Wi
accumulated
transmittance

Lsurf
) expected
ray term.
NeRF
X (1st [+O
half)
a4
dx

Wojciech Matusik, Hanspeter Pfister, Matt Brand, Leonard McMillan
A Data-Driven Reflectance Model
TOG 2003

pseudo-GT as sup.
Light

Visibility
MLP

Normal
MLP

ZBRDF

n

pseudo-GT as sup.

[]: pre-trained; frozen

[]: pre-trained; jointly finetuned

_0. 8.Ee0
Q86 VEEGFEV «
Ce@PER @
LU 000y
EEGeCEENee
Ge. & _0.. 00
wilevw W @ _w
FEEEEUEYee
SLEESONNEe
wBeOE & @u

MERL Dataset
[Matusik et al. 2003]

BRDF
MLP

(wi7 wO) (¢d7 Qha ed

37



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

Wj Light []: pre-trained; jointly finetuned
accumulated Visibility
transmittance MLP
Lsurf ZBRDF
BRDF
MLP
expected
ray term.
NeRF (Wj,wo) (¢d70h79d)
£ (1st +O Normal
half) mep | TV
d

dx pseudo-GT as sup.



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

W; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP .

BRDF
X
surf |dentity ZBRDF
MLP BRDF
MLP
expected
ray term.
NeRF (wi, wo )+ (Pg, On, 0q)
X+ (Ist +O Normal
half) MLP T
d

dx pseudo-GT as sup.



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

W; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP .

BRDF
X
surf |dentity ZBRDF
MLP BRDF
MLP
expected
ray term. “BRDF
NeRF (wi, wo )+ (Pg, On, 0q)
X+ (Ist +O Normal
half) MLP n
d

dx pseudo-GT as sup.

40



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

W; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP .

BRDF
£
surf |dentity ZBRDF
MLP BRDF
expected MEP
ray term. A:\kﬂ)igo CL ZB RDF
NeRF (wi, wo )+ (Pg, On, 0q)
€X (st [+O Normal
half) MLP n
d

dx pseudo-GT as sup.

41



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

W; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP .

BRDF
£
surf |dentity ZBRDF
MLP BRDF
MLP
expected Albedo a
ray term.
MLP
NeRF (wi, wo )+ (Pg, On, 0q)
€X (st [+O Normal
half) MLP n
d

dx pseudo-GT as sup.




NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

W; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP .

BRDF
£
surf |dentity ZBRDF
MLP BRDF
MLP
expected Albedo a
ray term.
MLP
NeRF (wi, wo )+ (Pg, On, 0q)
X+ (Ist | +O Normal
half) MLP T
d

dx pseudo-GT as sup.



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

Wj Light []: pre-trained; jointly finetuned
accumulated Visibility []: trained from scratch
transmittance MLP

BRDF
Psurf |dentity ZBRDF
MLP BRDF
MLP
expfded Albedo a
ray term. MLP
NeRF (wth) (de,eh,ed)
L (Ist >0 Normal
half) mp [T
a Light

dx pseudo-GT as sup. (lat.-long. map)




NeRFactor

Wi
accumulated
transmittance

Lsurf
expected
ray term.

NeRF
X (1st [+O
half)
a4
dx

pseudo-GT as sup.
Light

Visibility
MLP

BRDF
|dentity
MLP

Albedo
MLP

Normal
MLP

ZBRDF

a

n

pseudo-GT as sup.

[]: pre-trained; frozen
[]: pre-trained; jointly finetuned

[]: trained from scratch

BRDF

MLP Render

(Wj,wo) (¢d70h76d)

Light
(lat.-long. map)

45



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

w; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP '

BRDF
xr
surf Identity |+ ZBRDF
MLP EIRDIF Render
C expected MLF
ray term. A:\k/l)igO a
NeRF (wi, wo )+ (Pg, On, 0q)
£ (st | +O Normal
half) MLP n
d Light
dx pseudo-GT as sup. (lat.-long. map)

Xiuming Zhang, Pratul P. Srinivasan, Boyang Deng, Paul Debevec, William T. Freeman, Jonathan T. Barron
NeRFactor: Neural Factorization of Shape and Reflectance Under an Unknown lllumination
arXiv

46



NeRFactor

pseudo-GT as sup. []: pre-trained; frozen

w; Light []: pre-trained; jointly finetuned
accumulated Visibility [: trained from scratch
transmittance MLP '

BRDF
xr
surf Identity |+ ZBRDF
MLP EIRDIF Render
expected MLE
ray term. A:\k/l)igO a
NeRF (wi, wo )+ (Pg, On, 0q)
£ (st | +O Normal
half) MLP n
d Light
dx pseudo-GT as sup. (lat.-long. map)

L1 smoothness regularization

47



Results

on Appearance Factorization, Free-Viewpoint Relighting, & Material Editing
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Ablation Studies



NeRF’'s shape is too noisy for relighting.
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Smoothness constraints are crucial.

No Smooth.

Surface Normals BRDFs Relighting



Geometry pretraining improves shape and reflectance.
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Learned BRDFs are more optimization-friendly.
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Baseline Comparisons



SIRFS does not exploit multiple views.
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Philip et al. do not support arbitrary relighting.
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Key differences:
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One-Bounce
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Neural Visibility Fields (NeRV)

heed B -

\/‘; (b) Light Visibility (c) Direct Illumination (d) Indirect Illumination

N\ b

(f) Normals (g) Albedo (h) Roughness (i) Shadow Map (j) Direct

(a) Our Rendered Image
(Novel View and Lighting)




Neural Visibility Fields (NeRV)

|
gx( 4§ -§ & E
8 (b) Light Visibility

(c) Direct Illumination (d) Indirect Illumination (e) BRDF

(a) Our Rendered Image
(Novel View and Lighting)

=N
* ‘h/

(f) Normals (g) Albedo (h) Roughness (i) Shadow Map (j) Direct (k) Indirect




NeRV models (first-bounce) indirect illumination.
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NeRV optimizes geometry from scratch.
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NeRV learns from multiple known lighting conditions.
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NeRV Results

Novel Views and Lighting

Material Editing
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NeRFactor:

Paper, videos, code, & data:
https://people.csail.mit.edu/
xiuming/projects/nerfactor
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NeRF doesn't require geometry, but doesn’t support relighting.

NeRF

Mildenhall*, Srinivasan*, Tancik*, Barron,
Ramamoorthi, Ng

ECCV 2020

T8, = /O TV (x(t), €)o (x(6)) Le(x(2), wo) d,

V(x(t), c) = exp (- /O t o (x(s)) ds> .

X Not relightable

Neural Reflectance Fields

Bi*, Xu*, Srinivasan, Mildenhall, Sunkavalli,
Hasan, Hold-Geoffroy, Kriegman,
Ramamoorthi

arXiv 2020

Lewo) = [ V0, ol (x(0) w0 dt
L,.(x,w,) :/SLi(x,wi)R(x,wi,wo) dw; ,

X Trainable only with lights collocated with cameras

X direct illumination only

* indicates equal contribution

NeRV: Neural Reflectance and Visibility Fields for Relighting and View
Synthesis

Srinivasan, Deng, Zhang, Tancik, Mildenhall, Barron
arXiv 2020

Direct lighting (amortizing visibility computation):

/ V(x(t), ¢)o (x(t)) / 7 (x(8), w3) B (x(6), i) R(x(£), w3, wo) dwidt
0 S

Indirect lighting (one bounce only & hard surface assumptlon)

// (t" ,)E( ("), —wi) R(X'(t"), w;, -wi ) dw;

), Wi, W, )dw;

Trainable with any lights (including full light probes)

Considers one-bounce indirect illumination



