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ARC-NeRF: Area Ray Casting for Broader Unseen View 
Coverage in Few-shot Object Rendering



• NeRF suffers from a severe performance degradation with only a sparse
set of inputs.

Motivation



• Ray augmentation methods:
> More augmented rays => higher training cost
> Many potentially useful rays in unseen views remain unused.
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• Ray augmentation methods:
> More augmented rays => higher training cost
> Many potentially useful rays in unseen views remain unused.

Motivation

>> Area Ray covers a broad area of unseen views.



• Area Ray:
> Adaptive high-frequency regularization
> Achieves better training efficiency than brute-force ray augmentation 

Motivation



• Reparameterize the metric distance 𝑡
as 𝑡̃ to derive the variance #𝜎!".

Area Ray



• Reparameterize the metric distance 𝑡
as 𝑡̃ to derive the variance #𝜎!".

• Derive a base radius #𝜌 of the Area Ray 
using the trigonometric function.

Area Ray



• Area Ray:
#𝐫 𝑡 = (𝐨 + 𝑡 +𝐝,

where +𝐝 = −.𝐧 and (𝐨 = 𝐩# − 𝑡# +𝐝.
• High-frequency details are more

tightly regularized in pixels with lower
photo-consistency.
=> Adaptive high-frequency reg.
[1]

Area Ray

[1]	Barron,	Jonathan	T.,	et	al.	"Mip-nerf:	A	multiscale	representation	for	anti-aliasing	neural	radiance	fields."	ICCV	2021.



Luminance Consistency Regularization

• Luminance maps offer a “free lunch” training signal that can be easily 
extracted from RGB images.



Luminance Consistency Regularization

• Luminance maps offer a “free lunch” training signal that can be easily 
extracted from RGB images.

1) Compute the GT relative luminance of a target pixel:

𝑦$% = 2
̅'
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where ̅𝑐 = 𝑐$%"." is the linear RGB value obtained from gamma-
compressed input via a simple power transformation.



Luminance Consistency Regularization

• Luminance maps offer a “free lunch” training signal that can be easily 
extracted from RGB images.

2) Predict the per-sample luminance 𝑦0 along a ray and aggregate the final 
luminance 6𝑦 by volume rendering:

6𝑦 𝐫 = 2
012
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Analysis

• FreeNeRF: hard masking of high-frequencies in early training

• Ours: adaptive frequency regularization based on ray–pixel consistency (angle-based)
→ Sharper details at just 25K iters, even better than fully trained FreeNeRF



Analysis

• Single Area Ray with adaptive regularization outperforms multicasting multiple augmented 
rays across the same region.

• ARC-NeRF improves rendering quality and training efficiency without the cost of 
processing extra rays.



Analysis

• ARC-NeRF produces sharper relative 
luminance maps compared to other baselines.

• Luminance estimation provides additional 
supervision to blending weights via shared 
rendering pipeline.



Analysis

• Replacing FlipNeRF’s reflection rays with Area Ray improves SSIM and LPIPS.

• Using only Llum. without Area Ray leads to degraded performance.
> View-dependent nature of reflection rays conflicts with Llum., causing mismatch.

• Combining Area Ray with Llum. yields best results, especially in PSNR with sharper fine 
details.



Results
Realistic Synthetic 360 DTU 3-view

Shiny Blender 4-view
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Results

3-view; Notable improvement in the detail of the tail.

9-view; Brick textures are also more consistently reproduced.

6-view; Apple surface textures are more stably 
reconstructed across changing views.



Thank you!


