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Introduction

● Man-made environments provide rich

structural information (e.g. planes...)

● Estimation of planes enables scene 

understanding (e.g. AR / VR)

● Constraining 3D features to planes 

through point-on-plane 

regularization can improve efficiency 

(reduce state)
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Key Contributions:

● Novel plane detection and tracking with 

only a monocular camera

● Efficient filter-based VIO with planar 

regularities

● Open sourced code and dataset



Monocular Plane Feature Detection and Tracking
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● Sparse Point Features:

○ FAST detection 

○ KLT provides frame-to-frame tracking
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Monocular Plane Feature Detection and Tracking
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Shown efficient and robust from 

real-world experiments 

(e.g. ~3-4 ms on EuRoC Mav)
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Plane:

Planar Regularities

● Stack linearized bearing      and 

regularity measurements 

Point: 

Point-on-plane regularity

Camera bearing meas.

● MSCKF and SLAM feature updates to 

balance accuracy and efficiency

● Planar regularities can constrain both 

in-state and out-of-state features

SLAM planes shown impressive performance by 

providing long-term tracking and regularization 



Experimental Results: Detection and tracking

● Planes can be tracked much 

longer than points to better 

constrain the motion

● Efficient to include planes 

without an additional sensor
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Efficient plane detection and 

tracking performance!

*All computational results were performed in a single thread on an Intel(R) Xeon(R) E3-1505Mv6 @ 3.00GHz.



Experimental Results
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Table 1: Simulation RPE results (degree / cm). M: MSCKF 

feature, S: SLAM feature, PT: Point, PL: Plane.

● Impressive performance gain by 

introducing SLAM planes

● Consistent estimation with planar 

regularities!

● Including planes improves VIO accuracy!

● Efficient performance

● Outperform state-of-the-art point-based 

systems

Table 2: Real-world AR Table Dataset (degree / cm)
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● Novel plane detection and tracking on 

monocular camera

● Efficient filter-based VIO with planar

regularities to improve accuracy

● Open sourced code and dataset

Monocular Visual-Inertial Odometry 

with Planar Regularities
Chuchu Chen*, Patrick Geneva*,

Yuxiang Peng, Woosik Lee, and Guoquan Huang

mailto:ccchu@udel.edu
http://chuchuchen.net

