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Tightly-Coupled GNSS-LiDAR-Inertial State Estimator for Mapping and Autonomous Driving
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Hardware

Why use GNSS (Global Navigation Satellite System) with L1O (LiDAR-Inertial Odometry)? Ublox-f9p + Tallysman TW8889
e Velodyne VLP-16

- Microstrain 3DM-GX-25

Clearpath Husky

* GNSS provide absolute position, which can allevate long-term drift of state estimator.

Why tightly-coupled GNSS factor?
* GNSS PVT fix position have high uncertainty 1n z-axis.

* LIO state estimator cannot minimize z-axis error with loosely-coupled approach.

* Tightly-coupling raw GNSS measurements
— mitigate slowly-drifting z-axis error by jointly optimizing a factor graph.

* GNSS-LiDAR-Inertial system

Why should we handle NLOS (Non-Line-of-sight) signal? mounted on UGV.
* Tested autonomous driving with

* NLOS satellites can aftect the accuracy of raw GNSS pseudorange measurement. estimated states. (video QR —)

* With accurate LiIDAR pointcloud submap, we can check 1f the measurement 1s in NLOS.
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Method

Sliding window for GNSS-LIO optimization
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Prior pose factor LiDAR odometry factor Clock bias factor Code pseudorange factor
IMU preintegration factor Clock bias rate factor Doppler shift factor
* Used GNSS raw measurement factors + clock factors with LiDAR, IMU factors » Detect NLOS satellites using LIDAR pointcloud submap
* Sliding window-based 3-step coarse-to-fine GNSS 1nitialization  Weight the measurement based on the pointcloud density

Result (Acquired Dataset) Result (Public Dataset)

TST sequence of UrbanNav [2] Dataset
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Lower ATE (absolute trajectory error) than LIO-SAM about 11.5 times lower z-axis error Handling NLOS signal yields the best ATE
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