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Rapid Calibration Method of Intrinsic Parameters
for DIY 3D Laser Scanner
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Abstract: A calibration method of intrinsic parameters was proposed, which aimed at optimizing both the
flatness and the area of planar patches detected from the point cloud. Either region growing algorithm or
improved Random Sample Consensus (RANSAC) algorithm was chosen to extract planes according to
different cases. A hybrid optimization algorithm (i.e. NMS-ABC) integrating the Nelder-Mead Simplex
algorithm with the Artificial Bees Colony algorithm was proposed to calculate parameters, by means of
which the intrinsic calibration of the DIY system was successfully implemented. Simulation experiments
were performed using synthetic data based on known intrinsic parameters, which demonstrated the
efficiency of NMS-ABC hybrid algorithm. Actual calibration experiments were conducted with multiple
groups of point cloud data acquired in different scenes. Results indicate that both the percentage of planar
inliers and the total flatness are improved after calibration. Besides, the calibration results will be more
stable and reliable when the number of detected planes is not less than 3. Position precision test was
conducted, and position precision of the DIY scanner was improved to the level of 3 mm @4 m after
calibration. By increasing installation errors artificially and then contrasting point coulds as well as
extracted planes before and after calibration, it is visually validated that the proposed calibration method
is correct and effective.
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Fig.1 DIY 3D laser scanner to be calibrated and measurement coordinate system
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Table 1 Key technical specifications for the LMS511 2D laser scanner

Item Value
Operating range/m 0.7-80
Field of view/(®) 190
Angular resolution/ (%) 0.167/0.25/0.5/0.667/1
Scan frequency/Hz 25/35/50/75/100
Measurement accuracy/mm +12
Divergence angle/mrad 4.7
Laser wavelength/nm 905
Weight/kg 3.7
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Table 2 Experimental results of simulated data

Caof) NMS ABC NMS-ABC
ground truth/(%) Estimated result/(°)  Estimated result/(°)  Estimated result/(°)
(0, 0.5) X (0.35, 0.79) (—0.05, 0.44)
0, 1.00 X (0.19, 0.68) (0.06, 0.95)
0, 2.0) X (—0.17, 2.53) (—0.11, 1.96)
(0.5, 0 X 0.24, —0.2D (0.47, 0.05)
(1.0, O X (0.68, —0.27) (1.09, —0.04)
(2.0, 0 X (1.58, 0.34) (1.89, —0.06)
(1.0, 1.0» X (1.26, 1.15) (1.08, 0.93)
(3.0, 3.0) X (3.40, 2.55) (3.10, 2.95)
(5.0, 5.0 X (5.37, 4.78) (4.87, 4.91)
(10.0,10.0) X (10.87, 10.64) (10.10,9.83)

(=2}
-3

Average elapsed time/s 692.4 148.1
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Table 3 Intrinsic calibration results of multiple groups of point clouds

Data Total number of points Number of big planes used Calibration result/(°)  Elapsed time/s
Point cloud 1 7 350 2 (0.02,0.61) 103.8
Point cloud 2 9 835 3 (—0.07,0.49) 112.4
Point cloud 3 14 017 4 (—0.10,0.45) 145.1
Point cloud 4 129 203 5 (—0.09,0.47) 239.8
Point cloud 4 129 203 6 (—0.10,0.50) 246.4
Point cloud 4 129 203 7 (—0.09,0.48) 251.3
Point cloud 4 129 203 8 (—0.11,0.46) 258.9
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(a) Point cloud 1 after calibration (b) Point cloud 2 after calibration (c) Point cloud 3 after calibration (d) Point cloud 4 after calibration
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Fig.7 Display results after calibration of multiple groups of point clouds
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Table 4 Comparison of point clouds quality before and after calibration

D Objective function value E Plane inliers ratio P /(%) Overall flatness o+/mm
ata
Before calibration After Before calibration After Before calibration After

Point cloud 1 (2 planes) 16.8 X 10° 16.2 84.2 86.6 3.5 3.3
Point cloud 2 (3 planes) 18.9xX10° 18.1 80.7 83.5 3.4 3.1
Point cloud 3 (4 planes) 25.2X10° 24.5 63.4 67.8 3.7 3.2
Point cloud 4 (5 planes) 23.3X10° 21.8 47.5 50.3 3.6 3.2
Point cloud 4 (6 planes) 26.8X10° 23.2 54.1 56.9 3.7 3.3
Point cloud 4 (7 planes) 27.1X10° 24.7 60.2 63.1 3.8 3.3
Point cloud 4 (8 planes) 26.7X10° 24.6 65.0 67.7 3.8 3.4
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Table 5 Comparison of position precision before and after calibration

Horizontal resolution
0.167° 0.126° 0.084°
Before calibration 2.79 2.84 2.61
After calibration 2.46 2.48 2.11
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Fig.9 Comparison of point clouds before and after calibration (after increasing installation errors artificially)
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