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Motivation
➢ Visual-Inertial Navigation System (VINS) has been widely 

used in 6D pose tracking for mobile robots

➢ Online calibration can benefit system performance.

○ Camera extrinsics, intrinsics, and cam-imu time offset

○ Limited investigation of IMU intrinsics
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➢ Does online IMU intrinsic calibration improve 
performance? 

○ IMU intrinsic observability? 

○ Any degenerate motions? 



➢ System State (including IMU, intrinsics and feature): 

➢ System ODE: 

➢ Visual Feats: 

➢ 4 IMU model variants (15 DoF):

➢ The corrected IMU readings can be listed as:

 

where         represents scale and skew correction to {w} or {a} 

IMU Intrinsic Model
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○ imu1
○ imu3

○ imu2*
○ imu4

* imu2 is used for the rest of the paper.

skewness

scaleness



★ Any combination of these degenerate 
motions is still degenerate.
○ 1-axis rotation (e.g. MAVs)
○ Constant accel x motion (e.g. cars)
○ Planar motion (e.g. cars)

Observability Analysis
➢ The observability matrix can be built:

➢ Degenerate motions
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★ Given fully-excited motions, even with 
monocular camera, IMU intrinsic 
parameters will be observable. 



Simulation: General Motion
➢ Simulation Setup

○ OpenVINS simulator with IMU-camera pair
○ 4 variants are tested with Monte-Carlo
○ 216 meter with 3 motion profiles
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➢ Fully-excited motion, full calibration, all converge !

All 3 sigma bounds 
and errors decrease 

towards zero!



Simulation: Degenerate Motions
➢ 1-axis rotation: dw1, dw2, dw3
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➢ Constant a_x:  da1, pitch and yaw of 

Parameters fail to converge 
and gain information

Parameters fail to converge 
and gain information



Real-World: TUM and KAIST
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Handheld Motions: 
Improved Accuracy!

Planar Motions:
Hurts Performance!

VIO RMSE: 1.5 deg 13.03 meters (0.12%)

VIO + IMU Calib: 1.41 deg 23.13 meters (0.22%)

10km Urban 39 Trajectory
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➢ Observability and degenerate motion analysis for 
IMU intrinsics

➢ Extensive evaluations in simulation and real-world

➢ Future: Full VINS calibration analysis

Recommended for fully-excited motions

Not recommended for underactuated motions
(most non-handheld will be degenerate)

https://docs.google.com/file/d/1NjyBS8FLDIqvMdWrz2LcTerIGzQX98pg/preview

