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What	is	aliasing?
• Aliasing	occurs	when	the	sampling	rate is	below	the Nyquist	frequency
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Jaggies	(锯齿) Moiré	pattern	(摩尔纹) Wagon	wheel	effect	(车轮效应)

Factors for	aliasing:
• Discrete	sampling
• Sampling	rate	is	low
• Repetitive	pattern

Principles	for	anti-aliasing
• Area-sampling	(Pre-filtering)
• Multi-sampling



Aliasing in NeRF
• The	aliasing	in	NeRF	is	due	to	the	point	sampling	in	the	image	
plane	and	3D	space

NeRF:	Representing	Scenes	as	Neural	Radiance	Fields	for	View	Synthesis,	ECCV’20
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Pioneer	of	Anti-aliased	NeRF
• Mip-NeRF:	A	Multiscale	Representation	for	Anti-Aliasing	Neural	
Radiance	Fields,	Barron	et	al.	ICCV’21	(Oral,	Best	Paper	Honorable	
Mention)
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Anti-Aliasing	(Quality)	vs.	Speed
• Tri-MipRF:	Tri-Mip	Representation	for	Efficient	Anti-Aliasing	
Neural	Radiance	Fields

Quality

Sp
ee
d

NeRF Mip-NeRF

Instant-ngp

Suffers	from	aliasing

Da
ys
	fo
r	r
ec
on
st
ru
ct
io
n

5

Tri-MipRF

ICCV’23	

Best	Paper	Finalist



Tri-MipRF
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Tri-MipRF
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Anti-Aliasing	by	Multi-sampling
• Zip-NeRF:	Anti-Aliased	Grid-Based	Neural	Radiance	Fields,	Barron	
et	al.	ICCV’23	(Oral,	Best	Paper	Finalist)
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Tri-MipRF	(pre-filtering)
• Pros:

• Quality-Efficiency	balance
• high-quality	anti-aliasing
• fast	training	(~5min)	and	
rendering	(real-time	support)

• Compact	plane	representation
• friendly	with	NN

• Cons:
• Isotropic	approximation
• Weak	for	unbounded		scenes

Zip-NeRF	(multi-sampling)
• Pros:

• High-quality
• SOTA	quality	for	unbounded	scenes

• Anisotropic	anti-aliasing
• Unify	isotropic	and	anisotropic	
anti-aliasing

• Cons:
• Slow	training	and	rendering
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Tri-MipRF	vs.	Zip-NeRF



Anisotropic	Anti-Aliasing
• Isotropic	area-sampling	leads	to	ambiguity,	we	need	anisotropic	
area-sampling
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Anisotropic	Anti-Aliasing
• Mipmap encoding • Ripmap	encoding
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Memory	consumption:
	 1	+	1/4	+	1/16	+	1/64	+	1/256	+	…		=	?4/3

Memory	consumption:
	 4



Anisotropic	Anti-Aliasing
• Mipmap	vs.	Ripmap encoding
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Anisotropic	Anti-Aliasing
• Tri-plane	vs.	Platonic	projection
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Rip-NeRF
• Rip-NeRF:	Anti-aliasing	Radiance	Fields	with	Ripmap-Encoded	
Platonic	Solids,	SIGGRAPH’24
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Rip-NeRF
• Rip-NeRF:	Anti-aliasing	Radiance	Fields	with	Ripmap-Encoded	
Platonic	Solids	
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Rip-NeRF
• Quantitative	results	on	ms-Blender
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Zip-NeRF
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Rip-NeRF
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Rip-NeRF
• Anti-Aliasing	performance
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Rip-NeRF
• Ablations
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Rip-NeRF
• Limitations:	weak	for	unbounded	scenes

• Reasons:
• non-vaguely-convex	shapes	lead	to	information	from	self-occluded	
locations	being	projected	onto	the	same	2D	area

• space	warping	encourages	more	locations	along	a	non-linear	curve	to	be	
projected	onto	the	same	2D	area

• Potential	exploration	direction:
• advanced	3D-to-2D	mapping	(potentially	manifold-based)	function
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Rip-NeRF
• Summary

• Anisotropic	area-sampling	is	crucial	for	the	quality	of	anti-aliasing

• We	propose	the	Platonic	projection	and	Ripmap	encoding	to	address	the	
anisotropy	in	3D	and	2D	space,	respectively

• Rip-NeRF	achieves	SOTA	quality	on	bounded	scenes	with	a	relative	faster	
training	and	more	compact	memory	consumption	compared	against	Zip-
NeRF
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Anti-aliasing	in	3DGS
• Does	3DGS	suffer	from	aliasing?				YES
• Mip-Splatting:	Alias-free	3D	Gaussian	Splatting,	Yu	et	al.	2024,	
CVPR’24	(Oral)
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Anti-aliasing	in	3DGS
• Our	solution:	Anti-aliasing	via	Analytic	Integration

25



Analytic-Splatting
• Analytic-Splatting:	Anti-Aliased	3D	Gaussian	Splatting	via	Analytic	
Integration
• Core	idea:	integral	over	the	pixel	footprint
• Challenges:

• Non-axis-aligned	2D	Gaussian	integration
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Analytic-Splatting
• Analytic-Splatting:	Anti-Aliased	3D	Gaussian	Splatting	via	Analytic	
Integration
• Core	idea:	integral	over	the	pixel	footprint
• Challenges:

• Non-axis-aligned	2D	Gaussian	integration
• Efficient	analytic	integration
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Analytic-Splatting
• Comparisons	among	different	methods
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Analytic-Splatting
• Error	amylysis
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Analytic-Splatting:	results
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Analytic-Splatting:	results
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Analytic-Splatting:	results
• MS-Mip-NeRF	360	dataset	
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Beyond	Anti-Aliasing
• Technologies	developed	in	anti-aliasing	are	useful	beyond	the	anti-
aliasing,	i.e.	cases	that	requires	integration
• BRDF	integration
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Inverse	rendering
• Inverse	Rendering	of	Glossy	Objects	via	the	Neural	Plenoptic	
Function	and	Radiance	Fields,	CVPR’24
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Summary
• Anti-Aliasing	is	crucial	for	the	rendering	quality	in	both	NeRF	and	
3DGS

• Multi-sampling	and	Area-sampling	are	two	main	streams	of	
strategies	for	anti-aliasing

• Anisotropy	should	be	considered	in	the	anti-aliasing

• Anti-aliasing	technologies	can	be	useful	for	other	integration-
related	tasks
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Thank	You!
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More	resources	are	available	on	my	webpage


