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Calibration of installation angles for mobile LiDAR scanner system
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Abstract: Mobile LiDAR system is a multi-sensor integrated system, including laser scanner (LS), global
positioning system(GPS), inertial navigation system(INS), and so on. Space registration is the key to get
high precision 3D mapping. The installation angle error of LS is one of the main factors which influence
the measurement accuracy. The related coordinate systems and transformations were introduced first. A
method using vertical facade of a building wall to calibrate installation angles between LS and INS was
proposed. A vehicle-borne LiDAR 3D mapping system was built to test the method.
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Fig.1 Coordinate systems of mobile LiDAR system
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Fig.2 System calibration of mobile LiDAR system
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(b) Near and far scanner reuslts

32 WEER
3.2.1 MERL FM e AR
TE BUHK 0 BE B AR S R s, R O
WA T A A, BT R S 50m,
E%UAﬁWWLm%TE% THA A BT R
] 2Z 1) (9 BE B, SR i RO AR 1) 68 30 U AR AT 40
B VSRS AR 1) 22 (B) A B SR AT LA VR 1) AR
0] B 22 B AR 25 A0 . R 8(a) R A R R LAY B AR L
Tm%WEamﬁW%ﬁ%mmﬁ&F%LT%w
N, KR RTRS PR R S0 VR T RO AT T R ROy
) LA B A 0.198 9 m A1 0.065 0 m , X o ] 78 [ 1%
2580 0.3929° AT ] 352 22 f1 R —0.128 4°

2.1016x10

2.1016x10°

3.2.2 fuE i iR £ AR

A R A
ERE( R &/ Pt Xy

EANLEVERUINGIN

FR 52 M), A IBUAE T P O A il s A [] —

=M

N 1) 22 ' 15 25 AR X
LA, T AR DR A 1o R 1) 22 B R 2 A

L= BURT DR

TS T 1) 2 AR T SR O

PG ERER T ) E R s RN 1.106 6 m, X b A )

GEIRZEM N 0.790 0°,

@9%@%%Fﬁﬁ%&ﬂ

il 58 A TP T 0 9, ARG R AT R R A B B AR BB
i 1 A BT
2.1016x10" 2.1016x10"

——Near ——Near
2.1018x10°t —Far 2.1018x10° Far
2.1020x10°t 2.1020x10°

£ 2.1022x10% £ 2.1022x10¢
2.1024x10° 2.1024x10°%
2.1026x10°F 2.1026x10°F
2.1028x10' 3 5 2.1028x10% 5 5
y/m y/m
(a) KA (b) K H

(a) Without calibration

(b) After calibration

PO AT 1] 22 % 22 R KR AT T O i A5 000 B 1A T 3 Y

Fig.9 Bottom of wall of near and far scanning

before and after yaw error calibration

o G A A B O A 22 R 2 A O AR A
M a=-0.1284° M7& 7] B=0.3929° i l7] y=0.7900°
PR U A 0 B8 R A b RS S 9 KO 4 A i 10
Fim ., WLVE W AR E S = E A PR A
RAF R~ WRER AF M HE S o ol T 4 A AN A T EORS
AR R S SRR — W

20 mm, A KRG JE 5%

— Top —— Top
2.1018x10°F — Bottom 2.1018x10°F — Bottom
2.1020x10% 2.1020x10°

£ 2.1022¢10% £ 2.1002¢10%
2.1024x107 2.1024x10°
2.1026x107 2.1026x10°
2.1028x10 . 2.1028x10°; .
y/m y/m
(a) 4w (b) Kite

(a) Without calibration (b) After calibration

Pl 8 A0 7 1o FART A 16) 22 B 0% 2% AR R R R B R LR iy
Fig.8 Top and bottom of wall before and after

roll and pitch errors calibration

R,
2.1016x10* 2.1016x10*

* Near * Near
2.1018x10°F * Far 2.1018x10°F * Far
2.1020x10°F 2.1020x10*f

g 2.1022x10°F g 2.1022x10°F
® 2.1024x10°f = 2.1024x10°F
2.1026x10°F 2.1026x10°f
2.1028x10°F 2.1028x10°f /
4 " * L
2.1030><10_5 0 5 2.1030><10_5 0 5
y/m y/m
(a) o HT (b) KR

(a) Without calibration (b) After calibration
P10 1 VR AT H B i A AR 5 RS 43 A
Fig.10 Horizontal distribution of point cloud of wall of

near and far scanning



% 10 4 MAEHF . AR LIDAR B# 254 2 B# £ AKRK 3297
by vehicle-borne lidar [J]. Infrared and Laser Engineering,
R o B 2009, 38(3): 438-440. (in Chinese)

T A EDRS B B R AL A R, BT R A A %
SR E A, KRB AR S RN SR
MR, U AT BB AT LA B A A A 4
Ao TR M 328 5 G A RS TR IR, B R R RS A R
T[] B R 22 B 451 3 A R T Sl A I A i B
R AR, NZ A B BRI S = D TR R G
143z Bl e J3E i ol g

TS BN AR S, 0K AL AR AR B
B 5 AR O B K2 A pn AR L O T BR A AR
R R R ABURE DL A A SF- 35 28 26 B2 0 0L 19 7K
A A JCAR K - A s 2R B K P T

5CERHIE S AT RE AL, SCPITE A
e BB IE A R R E AR Y, AT DUAE AR G e
T v O ) 18 R T R A I b A A

5 % 1

F AW = E R R R R R BB L
GPS \INS %8 — K ZE G R G, RGR R
R L B SO R T — RS F
BROCHEAM RGN L B IREMEK IS, FIH
WA ERIEE B, RREHM MWK, T H R R
i a5, 2 — i T B A R A AR B R R 2R A A
0975 o MU U 3R Gt AT T L0 B0 iE , 556
S5 5 WoR BT 4R Oy vk B AT AT PR RS

S E Lk

[1] Xu Jinjun, Zhang Minwei. Status and development of

terrestrial laser scanner [J]. Bulletin of Surveying and
Mapping, 2007(1): 47-50. (in Chinese)

PR, R R HE = 4R RO AC BUR S R R
i 225 42, 2007(1): 47-50.

[2]  Shen Yan, Li Lei, Ruan Youtian. Mobile mapping technology

[3]

[4]

[5]

[6]

[7]

[8]

[9]

W™, B, BUA M. REOLIN 2 E ORI a5 EOL T
T, 2009, 38(3): 438-440.

Pfeifer N, Mandiburser G. Topography laser ranging and
scanning: principle and processing [R]. Taylor & Francis
Group, LLC, 2008: 315-316.

Shi Bo, Lu Xiushan, Wang Dong, et al. Space and time
registration of vehicle-borne 3D measurement system based
on muti-sensor fusion [J]. Transducer and Microsystem
Technologies, 2007, 26(9): 14—19. (in Chinese)

AU, P, A, A BT 2 AR IR A Y AR B I
ARG a B HET]. LA S R 48, 2007, 26(9): 14-19.
Kang Yongwei, Zhong Ruofei, Wu Yu. Research of calibrating
vehicle laser scanner’s external parameters [J]. Infrared and
Laser Engineering, 2008, 37(S): 249-253. (in Chinese)
BEa M, B &, R A BRBOL T AL 2 bR 2 T i
HYBIEFE[T]. £040 5300 T.#2, 2008, 37(S): 249-253.

Wang Cheng, Menenti M, Stoll M P, et al. Error analysis
and correction of airborne LiDAR data [J]. Journal of
Remote Sensing, 2007, 11(3): 390-397. (in Chinese)

F %, Menenti M, Stoll M P, 5. Hl#k 0% 5 A BUE i 1% 22 5
e B K K [T]. 38 B4 4, 2007, 11(3): 390-397.

Habib A, Kersting A P, Bang K. Impact of LiDAR system
calibration on the relative and absolute accuracy of the
adjusted point cloud [C]//EuroCOW Workshop on Integrated
Systems for Sensor Georeferencing and Navigation, Working
Group 1/5, Spin, 2010: 171-195.

Zhang Hande, Liu Yanxiong, Bie Jun, et al. Optimized
design for airborne LiDAR calibration test [J]. Marine
Science Bulletin, 2011, 30(1): 7—11. (in Chinese)

SRDCTE, XM, GIA, 4. BL4L LIDAR F 8l 5 4k
e BTH[I]. W@ AR, 2011, 30(1): 7-11.

Wang Dong, Lu Xiushan. Realization of multi-coordination
system conversion on vehicle-borne 3D  information
acquisition system [J]. Science of Surveying and Mapping,
2007, 32(4): 35-37. (in Chinese)

FEL, AFN. FRAZRFEERERR P Z LI R L
BeLBLT). M2 BE2E, 2007, 32(4): 35-37.



