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Step-By-Step Automatic Calibration Algorithm for

Exterior Parameters of 3D Lidar Mounted on Vehicle
State Key Laboratory of Automotive Simulation and Control
Abstract

Chen Guibin, Gao Zhenhai

implementation

He Lei

The calibration of exterior parameters of a 3D lidar is the basis of an intelligent vehicle perceiving
low precision, and relying on other sensors
the first step calibration

Jilin University, Changchun, Jilin 130022, China
environment through the lidar. Aiming at the major problems of common calibration methods including cumbersome

algorithm. The first step is to get the ground equation by fitting the ground point cloud, construct the levelness
centers.

function, and complete the calibration of the pitch angle, roll angle, and longitudinal displacement of the lidar by
Key words

1 displa
the second step calibration needs to collect multi-frame point clouds containing the same
calibration pole during the vehicle moving along a straight line. The calibration pole is clustered to get the clustering
angle is calculated according to the slope of the fitted straight line
proposed algorithm can reach the magnitude order of 10

laser technique
fitting; clustering

we propose a step-by-step automatic calibration
optimizing the levelness function with the particle swarm optimization (PSQO) algorithm. Based on the completion of
OCIS codes

1

The linear equation with multi-frame clustering centers is fitted in the two-dimensional plane

— .

, and the yaw
The results show that the precision of the
=

The calibration precision
EILAE BEE N TR

, and the algorithm takes 0.5 s 1s1
and efficiency are greatly improved, and actual engineering demands can be satisfied. The two steps are done
3D lidar; step-by-step automatic calibration; particle swarm optimization algorithm

automatically by the program, and the calibration results with high-precision can be acquired without other sensors
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Fig. 3 The second step calibration algorithm principle. (a) Clustering center of calibration rod;
(b) multi-frame same calibration rod clustering center with reference to the lidar coordinate system
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Table 1 PSO parameters selected in simulation

Parameter Content Value
N ax Maximum number of iteration 200
N, Number of particles 40

E, Threshold of f value 10 °
C, Individual learning factor 2.0
C, Social learning factor 2.0
w Inertia weight 0.6
U max Maximum flight speed 0.8
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Fig. 4 Calibration error Fig. 5 Ground levelness function f value
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Table 2 Results of multiple simulation

Deviation /(°)
Ground levelness
function f'value

Number of experiment Parameter Target value  Experimental value Deviation f value  Number of iteration

a /(D 5.0 5.0008 0.0008

1 B/ 1.0 0.9963 0.0037 1.824X10°° 61
Az /m 1.0 1.0001 0.0001
a /() 7.5 7.5037 0.0037

2 B/ 1.8 1.7847 0.0153 1.778X107° 58
Az /m 1.4 1.3998 0.0002
a /() 10.0 10.0094 0.0094

3 B/ 2.5 2.4621 0.0379 1.934X10°°¢ 71
Az /m 1.7 1.7004 0.0004
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Table 3 Adjusted PSO Parameters

Parameter Content Value
N ax Maximum number of iteration 500
N, Number of particles 60
E, Threshold of f value 10°®
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