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1. Visual-inertial estimation
• Visual-inertial navigation system (VINS) or SLAM holds great 

potentials in practical applications:

• Goal: To estimate 3D motion & scene understanding using 
IMUs and cameras onboard unmanned aerial vehicles (UAVs)

• Technical challenges when extending to multi-UAVs:
qConsistent, distributed, cooperative visual-inertial 
estimation under resource constraints

Pixel coordinates:

IMU kinematics:

2. OpenVINS: A Research Platform for Visual-Inertial 
Estimation [IROS2021]

Key Features:
§ On manifold sliding window visual-inertial Kalman filter
with modular type system for state management
§ Online camera and IMU calibration
§ First-Estimate Jacobians (FEJ) for consistent estimation
§ Five different feature representation methods
§ Static and dynamic state initialization
§ Extendable visual-inertial simulator and extensive 

toolbox for algorithm evaluation and plotting

Extensions:
§ ov_plane - A real-time monocular VIO

leverage environmental planes
§ ov_secondary – Secondary pose graph
§ ov_mapping – Multi-session mapping
§ vicon2gt – Ground truth gen. for VIO eval.

3. FEJ2: A Consistent Visual-Inertial State 
Estimator Design [ICRA2022]

§ Filter-based VINS is inconsistent due to the information gain 
along unobservable directions

§ First-Estimate Jacobian (FEJ) improves consistency and shown 
impressive performance but introduce unmodelled errors

§ FEJ2: model and address the unmodelled errors to improve 
both consistency and accuracy

§ Key ideas: Derive a more accurate linear model to 
compensate the unmodelled errors of FEJ

§ Extensive simulation and real-world experiments:
§ Standard estimator is inconsistent
§ FEJ2 achieve the smallest error and most ideal NEES values
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6. Broader impact
• Offer great social benefits by enabling 

UAVs to work in human non-accessible 
or unspecified environments

• Foster innovative applications in 
robotics such as aerial transportation during humanitarian aid 
and disaster relief, thus boosting economic development

• Promote hands-on learning in undergraduate education and 
enrich graduate curriculum, and create opportunities for 
students to perform meaningful robotics research

5. Distributed Cooperative Localization [IROS 2021]

• Visual-Inertial Cooperative Localization (CL) can improve localization accuracy
• Distributed method is more scalable, robust, and efficient than centralized
• Our approach: An efficient distributed state estimator for multi-robot CL 

which does not require simultaneous viewing of the common features:
q Consistent estimation w/ Covariance Intersection (CI)
q Efficient common SLAM and VIO feature updates
q Historical loop-closure matching across time and robots to reduced drift

4. Online MAV parameter Identification [IROS 2022]

• Novel tightly-coupled Schmidt Kalman filter (SKF)-based visual 
inertial estimator to identify MAV parameters online

• Protects consistent motion estimation (VIO)
• Ensure accurate and robust online parameter identification

Historical matching able to outperform all other 
methods (even the centralized)!

Inclusion of common features always improves
both centralized and decentralized estimators.

The 3-sigma bound of FEJ2 is broader FEJ2 has better accuracy and consistency 
especially under large measurement noise

ΔH captures the errors of using 
the first-estimate Jacobians for 
update which is ignored by FEJ!

Parameters quickly converge!

OpenVINS outperforms SOTA systems! Online intrinsics calib.

Video Demo
https://www.youtube.com/
watch?v=boHBcVoMKk8
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