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Design and Implementation of Vehicle Laser

Scanner’s External Parameter Calibration

YAO Lignbi, WANG Zhifei, SUN Huili
(College of Surveying and Geo-Informatics,
Shanghai 200092, China)

Tongji University,

Abstract: This paper proposes a method to calibrate the
location and gesture of laser scanner in a mobile mapping
system. Firstly, vehicle and laser scanner coordinate systems
were defined to simplify the calibration of the scanner as the
calculation of transformation parameters. Secondly, a total
station was taken to observe the coordinates of common points
which consist of center of standard target ball and feature
With the help of the observed
horizontal

point of the scanner.

coordinates in a coordinate system, the
transformation parameters of the vehicle and scanner
coordinate systems were figured out. Finally, the method was
proven to be good in repeatability through multiple
experiments. The reliability is also be proven by the process
of data collected on Yixian elevated road with the mobile

mapping system.
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Fig.1 Coordinate system of vehicle
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Fig.2 Coordinate system of scanner(unit: mm)
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Fig.3 Principle of scanner’s calibration
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Fig.4 Calculation of common point’s coordinate
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Tab.1 Coordinate of vehicle feature points

in total station system m
B SV PR ER T A hR
Xr YT Zr
C 2.642 0. 867 0.071
C 1. 658 0. 882 0. 045
Cs 1. 690 1. 377 0.317
Cy 1.6755 1. 860 3 0.0511
Cs 2.661 6 1.845 5 0.079 1
Cs 3.9251 1.362 0 —0,198 0
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Tab.2 Transformation parameters from vehicle

system to total station system
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Fig.5 Circle fitting
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Tab.3 Coordinate of common points in scanner

system and total station system
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A Xs/m Ys/m Zs/m Xt/m  Yr/m  Zr/m
201 0 —0.0630 0 4.2684 1.3639 —0.607 8
202 —1.6536 0.0329—0.7833 4.190 8 —0.2730 —1.4255
203 1.5443 0.0289—0.8418 4.1660 2.9205 —1.4310
204 2.2372 0.0213—0.8509 4.1458 3.6051 —1.4314
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Tab.4 Transformation parameters from scanner

system to total station system

Xrs/m Yis/m  Zws/m ers/() Prs/(O) yrs/ (%)

4.2047 1.3638 —0.6145 0.0014 0.8924  269.259 8
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Tab.5 Transformation parameters from scanner

system to vehicle system

Xcs/m Yes/m Zes/m acs/ (D) /3(;5/(0) yes/ ()

2.4883 —0.0041 —0.6816 358.4242 0.5091 268.8997
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Tab.6 Empirical value of transformation parameters from scanner’s system to vehicle system

Xcs/m Yes/m Zcs/m

acs/ (%)

Bes/ (O yes/ ()

2.490 04-0. 010 0 +0.010 0 —0. 680 040.010 0

358. 000 0£1. 000 0

360. 000 0£1. 000 0 268. 000 0=1. 000 0
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Tab.7 Other two calibration results
i H Xcs/m Yes/m Zes/m acs/ () Bes/ ) ves/ ()
2K 2.494 2 —0.007 7 —0. 684 6 357.461 6 0.783 6 268.797 5
#E3IWR 2.481 2 0,001 1 —0.683 4 358.420 5 359.549 1 269.276 0
Bk 7 53R 5 MM BHEMEEX L, SR AR 8 .
£8 BIN2KBRELHEREE 1 XBEELEREE
Tab.8 Comparison of other two calibration results with the 1 st calibration results
iH AXcs/mm AYcs/mm AZcs/mm Aacs/ (D) ABes/ () Ayes/ )
E2R 5.900 0 —3.600 0 3. 000 0 —0.962 6 0.274 5 —0.102 2
FIW —7.1000 5.200 0 —1. 800 0 —0. 003 7 —0.960 0 0.376 3
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Tab.9 Mean square errors of transformation

parameters in three experiments
€Xeg g g sa(s/(a) e/;CS/(O) eycs/(°)
+6.5000 =4.4000 =+1.5000 =0.554 7 +0.648 2 £0.252 0
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Tab.10 External parameters of three scanners
Hif Xcs/m Yes/m Zes/m acs/ (") Bes/ ) yes/ ()
1 —0.026 6 0. 468 4 0.184 5 357.539 4 357.963 9 316. 876 9
2 2.487 9 —0.003 6 —0.683 2 358,102 1 0.280 6 268,001 1
3 —0.026 0 —0.453 9 0,175 6 359. 038 8 358,277 2 312,214 9
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