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NeRF

Images + accurate camera poses

3D scene representation

BARF (ours)

Images + imperfect camera poses

3D scene representation
+ registered camera poses

˝

˝ ˝

[1] Mildenhall et al. “NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis.” ECCV 2020.

Neural Radiance Fields[1] (NeRF) are powerful for learning
3D scene representations for photorealistic view synthesis.
However, accurate camera poses are a strict requirement.

Question: Can we optimize the 3D scene representation
while solving for the camera poses at the same time?

Answer: Yes! But not naïvely through just backprop…

camera
center

𝐮

image
plane

𝐱 𝐜
σ

color (RGB)
volume
density

input 3D
coordinates �

(x
)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

neural network
(MLP)positional

encoding

network 
params.

camera
pose

frames

RGBRGB
(rendered)

NeRF in a nutshell

We want to 

optimize the 

poses as well!

encourages representation with high frequency
detrimental to gradient-based registration!!

𝑓! 𝑥 = 𝑓" 𝑥 + 𝑐
𝑓" 𝑥

gets stuck in suboptimal solutions

smooth signals è coherent updates

SOLUTION       :
make it coarse-to-fine!

Resolve large pose misalignment & 
coarse scene representation

Refine granular pose misalignment & 
high-fidelity scene representation

Gradually activate higher-
frequency components in 

positional encoding Check out our project page for more details and discussions!

https://chenhsuanlin.bitbucket.io/bundle-adjusting-NeRF
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3D: NeRF on real-world scenes

2D: image alignment
Goal: align the given 5 

image patches & 
optimize a neural 

image representation! 

Code & models also available!!!


