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Joint optimization of NeRF and camera poses from a 
monocular video

Output: Scene geometry and camera poses.
The scene geometry is represented via NeRF.                   

Input: Monocular video



Related Works
• Prior methods jointly optimizes:

• NeRF to represent the global scene  
geometry in the world space.

•  Camera-to-world mapppings.

➔Struggle in case large motions.

• Our contributions:

• Optimize local scene geometry using a 
time-dependent NeRF.  

• Model camera continous motions. 

• Present a training pipeline:

• handle large camera motions. 

• and accurately reconstruct the 
scene geometry. 

SCNeRF (ICCV21)

NoPe-NeRF (CVPR2024)



• Time-dependent NeRF:
• Represents local scene at any timestep. 

• Enable the estimation of camera motions 
over a short time interval. 

• Continous camera motion modelling:
• Represent the continous motion as angular 

velocity and velocity at time 𝑡.

• Avoid direct optimization of large motions. 

• Camera motion over a longer time interval 
can be obtained by intergrating the 
predicted continous motions. 

Method



Training Pipeline
• Early training:

• Goal: Learn accurate local scene geometry 
and camera continuous motion.

• Jointly optimize the time-dependent NeRF 
and the motion network. 

• Later training:
• Goal: Learn accurate global scene 

geometry given the correct camera 
motions.

• Select a world timestep 𝑡𝑤  and compute 
the camera poses. 

• Fine-tune the time-dependent NeRF in 
the world space.
• Follow NeRF standard training pipeline. 
• Input timestep is always 𝑡𝑤.

• End-to-end trainable. 



Results









Thanks for watching

Let’s have a chat if you find this 
work interesting!

Morning session, Saturday June 14
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Github page
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