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Motivation

Aided inertial navigation system with point and 
plane features. Note that some points are lying 

on the planes. 

Contributions

System Model

A tightly-coupled estimator for aided INS with 
both point and plane features, applicable to a 
vision sensor along with a generic depth 
sensor. 

We detect planar point features and enforce 
point-on-plane constraints in estimation. 

We introduce a simple but effective plane 
feature initialization approach for state 
estimation.  

Aided inertial navigation is 
one of the most popular 6DOF 
pose estimation methods. 

Geometric features (point 
and plane) should be used for 
the aided INS.  

Geometric constraints (i.e. 
point-on-plane) should be 
exploited to improve 
estimator. 

Plane Feature Initialization

Point-on-Plane

● State vector: 

● Generic point measurement

● Plane measurement

● Plane extraction from point cloud: ● Both the initial estimate and covariance  
of plane feature need to be initialized for 
KF algorithm:

●Exploit the structural constraints from 
the environments: pt-on-plane:

●The constraints can be treated as extra 
cost term added to the estimator as:

Simulation
●Monte-Carlo simulations 

Results

Future Work
● Improve the plane matching algorithm. 
● Based on observability constrained EKF  improve 

the consistency. 

Experiments

CP Plane Feature

● Plane data association:

● An MLE can be formulated as:

● The initialized estimate and covariance: 

●Pt-on-plane constraints detection are 
based on the pt to plane distance: 

●Mahalanobis distance will be 
computed based the above equation:  

●Mahalanobis distance test. If the distance 
smaller than a lower threshold, this plane 
will be associated to a current plane. If 
larger than a high threshold,  a new plane 
will be initialized.  

● If the pt-on-plane constraint is 
accepted, this constraint will be treated 
as a measurement into the estimator.  

● Pt+plane is better 
than plane only.

●Pt-on-plane can 
improve the 
accuracy.  
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