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Robust to Lidar Sparsity
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Abstract: In this paper, we introduce the software/hardware system that can reliably calculate the
distance from sensor to the model regardless of point cloud density. As the 3d point cloud map is
widely adopted for SLAM and computer vision, the accuracy of point cloud map is of great
importance. However, the 3D point cloud map obtained from Lidar may reveal different point cloud
density depending on the choice of sensor, measurement distance and the object shape. Currently,
when measuring map accuracy, high reflective bands are used to generate specific points in point cloud
map where distances are measured manually. This manual process is time and labor consuming being
highly affected by Lidar sparsity level. To overcome these problems, this paper presents a hardware
design that leverage high intensity point from three planar surface. Furthermore, by calculating
distance from sensor to the device, we verified that the automated method is much faster than the
manual procedure and robust to sparsity by testing with RGB-D camera and Lidar. As will be shown,
the system performance is not limited to indoor environment by progressing the experiment using

Lidar sensor at outdoor environment.
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[Fig. 1] System Diagram: point cloud data gathered from RGB-D
camera or Lidar goes through high intensity extraction to delete
the outliers. Median point filtering is used only in Lidar data.
RanSaC, SVD are used to get the specific functions that represents
the planes in model and the plate thickness error calibration is
done to get rid of error occurred by the thickness of plates
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[Fig. 2] Model picture: Left picture - 3D modeling of the designed
model for indoor experiment using solidworks. Right picture -
model used for indoor experiment printed with 3D printer
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[Fig. 3] Model picture: Model used for outdoor experiment
made with aluminum and high luminance sheet paper
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[Fig. 4] Automated Point Cloud Distance Calculation - flow
chart: Flow chart of the working process of methodology
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[Fig. 5] Depth camera pictured model: the planes are easy to
distinguish because of high reflectivity. (Infrared data covered
on depth camera)
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[Fig. 6] Lidar point cloud high intensity points at outside: the
left up image is the original cloud point data that has higher or
same intensity with the model. The right down image is
closed-up image for the model
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[Fig. 7] Depth camera data detailed process: Left up picture is
the original high reflection data. Right up picture is the K-mean
Clustered data. (into two planes) Left down picture is the inlier
data after the RanSaC method. Right down picture is the plane
function after the SVD method with the inlier data
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[Fig. 8] Explanation about the correction of plate’s thickness:
As there’s difference between the plane cross point and center
point, there should be t/1.732 error correction for both two cases
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[Fig. 9] Explanation about the direction decision about the plate
thickness error: there can be two cases (center vector and
correction direction’s difference) which should be decided by
the planes’ median points’ place
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[Fig. 10] Indoor Experiment 1: 2 m distance between RGB-D
camera and model. The vertical and horizontal lines at the
ground are all equal as 0.5 m
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[Fig. 11] Indoor Experiment 2: 1 m distance between RGB-D
camera and high intensity material (for hand collecting)
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[Fig. 12] Result of indoor experiment data calculated by the
presented methodology
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5.2.1 Husky System
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[Fig. 16] Husky system: Outdoor Lidar, GPS, IMU data collecting
working system using ROS system

[Fig. 17] Outdoor Experiment: husky system running around
the presented high intensity point generating model

[Fig. 18] Outdoor Experiment Cases: Progressed 6 experiments
(orange lines) by placing two models at each alphabet points
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[Fig. 19] Outside Experiment Result: Result after K-mean
Clustering. Different colors represents the different planes

Ransac Inliers

Z axis

y axis -6

[Fig. 20] Outside Experiment Result 2: Result after RanSaC.
Black points are the position of models calculated by this
paper’s algorithm

[Table 1] Outside experiment result
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Trial 1 765m | 7.6811m | 0.0311m | 0.407%

Trial2 | 1542m | 14.9955m | 04245m | 2.753%

Trial3 | 2043m | 202414m | 0.1886m | 0.923%

Trial 4 959m | 92524m | 03376m | 3.520%

Trial 5 1717m [17.1029m | 0.067Im | 0.391%

Trial 6 9.09m | 92097m | 0.1197m | 1317%
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