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Introduction

ClusterVO is a stereo Visual Odometry which simultaneously clusters and estimates 
the motion of both ego and surrounding rigid clusters/objects. 

Unlike previous solutions relying on batch input or imposing priors on scene structure 
or dynamic object models, our method is online, general and applicable in various 
scenarios including indoor scene understanding and autonomous driving. 
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System Pipeline
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Core Components



Multi-level Probabilistic Association

• For each new frame, we need to 
robustly associate detected 
features and semantic bounding 
boxes to map landmarks and 
clusters.
• Association probabilities for the 

two levels are calculated based on 
stereo triangulation uncertainty.
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Heterogeneous CRF

• The cluster assignment 𝐪! of each landmark i observed in the 
current frame is assigned by a Conditional Random Field model 
combining semantic (2D), spatial (3D) and motion information, 
which we call 'Heterogeneous CRF'.
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• The energy function for state optimization is defined separately for static and 
dynamic parts:

Sliding-Window State Optimization

• We employ a novel double-track frame management 
design to maintain keyframes in dynamic scenes. 
• Temporal track frames allow for enough observations to 

track fast-moving clusters.
• Spatial track frames help create enough parallax for 

accurate triangulation.
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Dynamic clusters
Dynamic BA Term + 

Smoothness

Static scene and Camera pose
BA Term + Marginalization



Results: Indoor Dataset
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Results: KITTI Raw Dataset
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Comparisons
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Ego-Motion on KITTI raw Dataset

Object Detection on KITTI Trajectory Accuracy on OMD



Thank You!


