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 What can we do with PVO? 

Monocular Videos Panoptic 3D map with Pose Original Video Edited Video
Video EditingPVO Running Demo

Motion Control

Copy & Paste A Car

Move A Car to New Scene

VKITTI2 Seq 01

VKITTI2 Seq 02

VKITTI2 Seq 20



Visual Odometry (VO)
• Input: monocular video
• Output: camera trajectory
• should recognize the dynamic 
objects of the video.

Video Panoptic Segmentation (VPS)
• Input: monocular video
• Output: consistent video segmentation
• does not explicitly distinguish dynamic or 

not

 Related Work 

Problem:  without recognizing their relevance



Pros
• Accurate: more accurate than 
   prior work 
• Robust: few catastrophic failures
• Generalizable: trained on synthetic     
monular input, generalizes to real 
monular,stereo, RGB-D

Cons
• not good enough in dynamic scenes
• not robust in indoor scenes
• more memory consumption and loop-

closure in long sequences

 DROID-SLAM 

DROID-SLAM[Teed et al., 2021]



DROID-SLAM
• RAFT

• Feature Extraction
• Computing visual similarity

• Correlation Pyramid

• Correlation Lookup 

• Iterative Updates

• Supervision
• Updates Operator

• correspondence:
• update: 
• dense BA: 
• trainning loss: pose, flow, depth loss

• Problem:  dynamic objects lead to ambiguity in optical flow estimation
• No correlation constraint on the weights of the pixels of each instance.

DROID-SLAM[Teed et al., 2021]

RAFT[Teed et al., 2020]



• motion-semantics network:
• loss functions may contradict each other.

• PVO:
• Unify VPS and VO to model the scene 
   comprehensively
•

• Mutually beneficial through recurrent iterative 
optimization

• VPS helps VO: adjust weight for stuff and thing
• VO helps VPS: tracking and fusion from 2D to 3D 





Panoptic-Enhanced VO Module
• Panoptic-Aware Dynamic Mask

• stuff-->static
• thing with high dynamic probability
   --> dynamic (each instance)

• Panoptic-Aware Confidence
• remove dynamic interference
• keep the static feature 



VO-Enhanced VPS Module
• VO-Aware Online Fusion

Robust in occlusion case



VKITTI2
• Robust in Dynamic Scene

• Trajectory Comparison

TUM RGBD Dynamic
• Outperform DROID-SLAM 

  



• Ablation study on VKITTI2

• VPS on Cityscapes, VIPER



Monocular Video

VPS Result

VO Result

Final PVO Result
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Monocular Video

VPS Result
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PVO Edited Video

Original Video

Baseline Edited Video



Original Video

PVO Edited Video



PVO Edited Video

Original Video



• PVO can unify VO and VPS, and make them mutually reinforcing by 
recurrent iterative optimization

• PVO can perform robustly than DROID-SLAM in dynamic scenes
• PVO can be applied to video editing for motion control.

• Future work:
• Loop closure in SLAM
• Low-cost SLAM
• Apply PVO to AutoDriving Simulation.



Thank you for your watching!

code: https://github.com/zju3dv/pvo homepage: zju3dv.github.io/pvo/

https://github.com/zju3dv/pvo
https://zju3dv.github.io/pvo/


