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Brief Introduction
• Simultaneous Localization and Mapping remains one of the most 

robust in localization.
• Especially 3D SLAM but usually requires high-end sensors.

*https://www.flyeye.io/drone-acronym-tof/ 3



Resolutions of Various Velodyne LiDARs

*AWSIM Simulation on Unity 4
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Design of Sedans vs. Shuttles

*https://www.pixmoving.com/ 5



Datasets

*G. Wan, X. Yang, R. Cai, H. Li, Y. Zhou, H. Wang, and S. Song. robust and precise vehicle localization based on multi-sensor fusion in di-
verse city scenes. pages 4670–4677, 2018. 6
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Objectives
• Development of calibration procedures for multiple Velodyne 

sensors with limited Field of View (FoV).
• Implementation of a point cloud fusion algorithm utilizing the PCL 

library to extend the effective FoV.
• Experimental validation of the proposed methods in unbalanced and 

highly complex environments.
• Comprehensive benchmarking of the system’s 3D SLAM 

performance.

*https://autowarefoundation.github.io/autoware-documentation/main/design/ 7



System Framework
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Ground Plane LiDAR Calibration
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Fuse Pointcloud
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• Set up the Velodynes to be same frequency (10Hz).
• Apply certain threshold so that the fused frame is within a certain 

time difference (10ms)
• The Pointcloud is fused in relation to the base_link.



LiDAR-IMU Calibration
• Use GRILL-Calib
• Overview of GRILL-Calib system framework

*TaeYoung Kim, Gyuhyeon Pak, and Euntai Kim. Gril-calib: Targetless ground robot imu-lidar extrinsic calibration method using ground 
plane motion constraints. IEEE Robotics and Automation Letters, 9(6):5409–5416, 2024. 11



Experimental (Dataset)

• RTK with 10 centimeters 
covariance as ground truth.
• The trajectories 

then compared with the 
ground truth using Root 
Mean Squared Error (RMSE).
• The metrics 

only involve 2D coordinates
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Results
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Limitation and Future Works
• Limitation:

oOnly tested with slow speed
o Failed to integrate IMU pre-integration
oStill rely on GPS Coordinates

• Future Works:
oBetter Model for IMU pre-integration
o Test with relatively high-speed area
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