
POINTNERF
POINT-BASED NEURAL RADIANCE FIELDS 

2 0 2 2 ,  X u  e t  a l . ,
U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a  a n d  A d o b e  R e s e a r c h



N e R F :  R e p r e s e n t i n g  s c e n e s  a s  n e u r a l  r a d i a n c e  f i e l d s  f o r  v i e w  s y n t h e s i s  
2 0 2 0 ,  M i l d e n h a l l  e t  a l .

N E R F



P O I N T N E R F

P o i n t N e R F :  P o i n t - b a s e d  N e u r a l  R a d i a n c e  F i e l d s
2 0 2 2 ,  X u  e t  a l .
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N e u r a l  P o i n t - b a s e d  G r a p h i c s
2 0 2 0 ,  A l i e v e t  a l .

N E U R A L  P B G
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A D O P :  A p p r o x i m a t e  D i f f e r e n t i a b l e  O n e - p i x e l  P o i n t  R e n d e r i n g
2 0 2 2 ,  R ü c k e r t e t  a l .

A D O P



P o i n t N e R F :  P o i n t - b a s e d  N e u r a l  R a d i a n c e  F i e l d s
2 0 2 2 ,  X u  e t  a l .

V O L U M E  
R G B  +  𝝈

R E N D E R
K N N

C A M E R A

P O I N T N E R F



P o i n t N e R F :  P o i n t - b a s e d  N e u r a l  R a d i a n c e  F i e l d s
2 0 2 2 ,  X u  e t  a l .
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V O L U M E  R E N D E R I N G  A N D  R A D I A N C E  F I E L D S

𝒄 = #
𝑴

𝝉 𝒋 (𝟏 − 𝒆𝒙𝒑(−𝝈 𝒋∆ 𝒋 ) ) 𝒓 𝒋 , 𝝉 𝒋 = 𝒆𝒙𝒑(− #
𝒕$𝟏

𝒋&𝟏

𝝈 𝒕∆ 𝒕 )

A c c u m u l a t e d  r a d i a n c e  c  f r o m  M  s a m p l e d  s h a d i n g  p o i n t s  x j a l o n g  a  r a y

𝑪 = 1
𝟎

𝑻
𝝉 ( 𝒕 )𝝈 ( 𝒕 ) 𝒓 ( 𝒕 )𝒅 𝒕 , 𝝉 ( 𝒕 ) = 𝒆𝒙𝒑(− 1

𝟎

𝒕
𝝈(𝒔 )𝒅𝒔 )

𝒄 = #
𝑴

( 𝝉 𝒋 − 𝝉 𝒋)𝟏 ) 𝒓 𝒋

L o c a l  a n d  G l o b a l  I l l u m i n a t i o n  i n  t h e  V o l u m e  R e n d e r i n g  I n t e g r a l  
S e c t i o n  2 . 3 ,  1 9 9 8 ,  M a x  a n d  C h e n



P O I N T- B A S E D  R A D I A N C E  F I E L D

𝑷 = { (𝒑 𝒊 , 𝒇 𝒊 , 𝜸 𝒊 ) | 𝒊 = 𝟏 , … , 𝑵 }

(𝝈 , 𝒓 ) = 𝑷𝒐 𝒊𝒏 𝒕𝑵𝒆𝑹𝑭(𝒙 , 𝒅 , 𝒑 𝟏 , 𝒇 𝟏 , 𝜸 𝟏 , … , 𝒑𝑲 , 𝒇𝑲 , 𝜸𝑲 )

𝒇 𝒊 , 𝒙 = 𝑭(𝒇 𝒊 , 𝒙 − 𝒑 𝒊 ) → 𝒇 𝒙 = #
𝒊

𝜸 𝒊
𝝎 𝒊

∑𝒕 𝝎 𝒕
𝒇 𝒊 , 𝒙 , 𝝎 𝒊 =

𝟏
∥ 𝒑 𝒊 − 𝒙 ∥

𝒓 = 𝑹(𝒇 𝒙 , 𝒅 )

𝝈 𝒊 = 𝑻(𝒇 𝒊 , 𝒙 ) → 𝝈 = #
𝒊

𝜸 𝒊
𝝎 𝒊

∑𝒕 𝝎 𝒕
𝝈 𝒊 , 𝝎 𝒊 =

𝟏
∥ 𝒑 𝒊 − 𝒙 ∥



P o i n t N e R F :  P o i n t - b a s e d  N e u r a l  R a d i a n c e  F i e l d s
2 0 2 2 ,  X u  e t  a l .
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I N I T I A L  P O I N T- B A S E D  R A D I A N C E  F I E L D S



C O L M A P  P O I N T  I N I T I A L I S AT I O N

P O I N T  P R U N I N G

P r u n e  p o i n t s  i n  l o w  d e n s i t y  r e g i o n s

P r u n e  i f  𝜸 𝒊 < 𝟎 . 𝟏 ,  e v e r y  1 0 k  i t e r a t i o n s

F o r  C O L M A P,  s t a r t  w i t h  𝜸 𝒊 = 𝟎 . 𝟑 f o r  a l l  p o i n t s

P O I N T  G R O W I N G

G r o w  p o i n t  n e a r  t h e  s u r f a c e  b o u n d a r y  i n  h i g h  v o l u m e  d e n s i t y  r e g i o n s

G r o w  i f  𝝈𝒎𝒂𝒙 a l o n g  t h e  r a y  f o r  s h a d i n g  p o i n t  x  > 𝑻 𝒐𝒑𝒂𝒄𝒊 𝒕𝒚
a n d  t h e  n e a r e s t  n e u r a l  p o i n t  > 𝑻 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆



P O I N T  P R U N I N G  A N D  G R O W I N G



P O I N T  P R U N I N G  A N D  G R O W I N G



N E T W O R K  P R E D I C T I O N  P O I N T  I N I T I A L I S AT I O N

M V S N E T

M u l t i - v i e w  s t e r e o  d e p t h  m a p  i n f e r e n c e  f r o m  i m a g e s  n e t w o r k ,  t h e n  
u n p r o j e c t e d  t o  3 D

{𝒑 𝒊 , 𝜸 𝒊 } = 𝑮 𝒑 ,𝜸 ( 𝑰 , 𝝓 )

V G G  N E T W O R K

P o i n t  f e a t u r e s  o b t a i n e d  f r o m  C N N  2 D  i m a g e  f e a t u r e  m a p  e x t r a c t o r

{ 𝒇 𝒊 } = 𝑮 𝒇 ( 𝑰 )

C o m b i n e  p o i n t s  f r o m  a l l  v i e w s  i n t o  a  u n i q u e  p e r  s c e n e  p o i n t  c l o u d



F U L L  P I P E L I N E

E n d  t o  e n d  t r a i n i n g  o n  t h e  D T U 1 d a t a s e t

F a s t  a n d  g o o d  n e u r a l  p o i n t  i n i t i a l i z a t i o n  +  r e a s o n a b l e  M L P  w e i g h t s

O p t i m i z a t i o n  f o r  2 0 k  i t e r a t i o n s  ∼ 4 0  m i n

ℒ = ℒ 𝒓𝒆𝒏𝒅𝒆𝒓 + 𝜶ℒ 𝒔𝒑𝒂𝒓𝒔𝒆

ℒ 𝒔𝒑𝒂𝒓𝒔𝒆 =
𝟏
|𝜸 | #

𝒊

𝒍 𝒐𝒈(𝜸 𝒊 ) + 𝒍𝒐𝒈(𝟏 − 𝜸 𝒊 )

[ 1 ]  L a r g e  s c a l e  m u l t i - v i e w  s t e r e o p s i s  e v a l u a t i o n
2 0 1 4 ,  J e n s e n  e t  a l .



E VA L U AT I O N  D T U



P o i n t N e R F 1 k P o i n t N e R F 1 0 k M V S N e R F 1 0 k I B R N e t 1 0 k N e R F 2 0 0 k

P S N R  ↑ 2 8 . 4 3 3 0 . 1 2 2 8 . 5 0 3 1 . 3 5 2 7 . 0 1

S S I M  ↑ 0 . 9 2 9 0 . 9 5 7 0 . 9 3 3 0 . 9 5 6 0 . 9 0 2

L P I P S V G G ↓ 0 . 1 8 3 0 . 1 1 7 0 . 1 7 9 0 . 1 3 1 0 . 2 6 3

T i m e  ↓ 2 m i n 2 0 m i n 2 4 m i n 1 h 1 0 h

E VA L U AT I O N  D T U



E VA L U AT I O N  S Y N T H E T I C



NPBG N e R F P N R F 2 0 k I B R N e t NSVF P N R F 2 0 0 k P N R F C 2 0 0 k

P S N R  ↑ 24.56 31.01 30.71 28.14 31.75 33.31 31.77

S S I M  ↑ 0.923 0.947 0.967 0.942 0.964 0.978 0.973

L P I P S V G G ↓ 0.109 0.081 0.081 0.072 - 0.049 0.062

L P I P S A l e x ↓ 0.095 - 0.050 - 0.047 0.027 0.040

E VA L U AT I O N  S Y N T H E T I C



QUESTIONS?


