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Structural parameter calibration of the Cam-LiDAR

system based on cross vector
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Abstract: The measurement system consisted of vision and 3D laser ranging is the main sensing device for motion estimation and
environment modeling. To realize the unification of the sensing data coordinate system of the measurement system, a method for
calibrating the structural parameters of the vision and 3D laser ranging system based on the self-combination of space vectors is proposed
in this article. Tt mainly includes three aspects; 1) The plane calibration method is used to solve the internal parameters of the camera
and the normal vector of the plane target in the camera coordinate system and the plane iterative fitting algorithm is utilized to solve the
normal vector of the plane target in the LIDAR coordinate system. The plane target normal vector set is established under two coordinate
systems. 2) According to the angle between the vectors, the cross vector is independently selected in the plane target normal vector
combination, and the structural parameter calibration parameters are established to solve the objective function, and the calibration
objective function of structure parameters is established. 3) The nonlinear optimization algorithm is used to solve the least-squares
problem and obtain the optimal estimation of external parameters. The effectiveness and accuracy of the method are evaluated by
simulation and actual calibration experiments. Results show that the error between the image object-side projection and the 3D point
cloud of this method is less than 30 mm (30), which not only satisfies high-precision 3D measurement but also has a high calibration
efficiency. It meets the requirements of accurate measurement of sensor fusion measurement.
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and LiDAR system
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3.3 HMABERZNERBENIRELS RBELMN
BEHOGTE IR 3D A 2 i W7 3 (BN 0, 7 25 0
oe(1,2,+-,10) cm 1 F AT AR e B4R (00 2 i



5510 1]

EAWE G T SOUR R LSO I B R S5 S 5br 191

BN 10, D5 BUCEGEE R 100, G ) 5 2 0 A B T
PRESR I E S R AR A 6 Pk,

20
—o— AutowareJ7 V% o
1.5+ —®— Unnikrishnan _e—
et RO _g--2-2
C 0| A _ac°
< &
= P
05t .‘—-—-“".
' e . .
0 2 1 6 8 10
X/em
(a) AR EREL T
(a) Angle calibration error statistics
100
| —&— AutowareJ5i%
801 —e@- Unnikrishnan 7 3:
e RRHEERACT
E OO —a- HEHIITIE
g —f
=40
20

x/cm
(b) PLEAREIRZES

(b) Position calibration error statistics

Blo frEiRzEsEbn e bihs i fs ]H G R

Fig. 6 The relationship between the mean calibration of the

pose error and the size of the calibration target

i 6 T, DAL IS 2 A A0 O AR E RS JEE 45 BT A 1
P BEbRE W HE AR A O TR T8 A 2 0 eoH T2 A 1 R T
R ABARDE A 22 285 A B0 72 5 B A B it 2 £ 00 o JEE
OB DI NTIOR: )\ VT WIS el i8S R K DS
PR F MR 7 AR R 0T A A T 28 25 A1 SRR Sk P95 1) i
JITAT b BOAR P T b B 2 L A 3 DRI, M 7 ) S T
G AR ZEA AR , (AR AR AL R TR L S A AR E
FEANBE R G AR AT AR AL

4 EWIESSH

ST S B AR SCHE B R R AT S B v AR 4L, A
&7 i , AR SCR R B B X D o R GRS 454 2
B rhra . G YLR A ZED UH SLARFAML (£E IR
f=4 mm, H K1 280 pixel x720 pixel , B H I F Lk
A 12 em) |, 06 TE 5K ] RSlidar RS-16 5 ik (4 %0h 16,
WG R 905 nm, 5 2 MR 250 +2 em, I
0. 4~150 m, 35 il 7KL A 360°, 3 5 M 37 1 [F
£15°, SLEGEIACE M HE T REE R 0.2°) K A5 Ik
0 [ AR R R A 22 ) A I 3 S R
SEM 1 400 mmx 1 000 mm, # &4 K /N R 1 300 mm x
1 000 mm , B HI0HE R ST 8 100 mm , A5 2 g6 1, 760
HHLIGHTZY 3 000 mm KbFEHLREE 15 Wi AR 1) B4 5 a5
ZEE R FHSCHR ] 20 1 BT 4 53005 X R AR ML N 3 S 5k ik
TThRaE , R SCHR[ 22 1 7R 383 £ Ohs e #E AR - 1 7

2 B M AR SO AR 30k 5 SCHK [ 5-6 ] BT R 533 X A
B2 F MBS EGEATARE , b SRR B A 250
PRAESRUNGE 2 iR,

7 RRBE- O B s DN BT R Ho s S b 14
Fig. 7 Vision-LiDAR measurement unit and its

calibration target diagram
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Table 2 Camera intrinsic parameters calibration

SR T#HER L 2#FAGHL
FEHE £/ mm 1 400. 01 1.401.15
k =-0.175 5, k,=-0.1718,
12 ] W A% &
k,=0.028 8 k,=0.002 58
T (953.52,555.98) (980. 40,542. 51)
e SR 6,,.,=[-0.0101,0.009 8,-0.000 1]
SR BEL T = (=119.996,-0. 006, -0. 053 8)

4.1 SMNBSHIRERMABERZREARBER

U 3 Frm , FLEE SR 43 5 A A SO #5300 530
K[ 8 ] BTS2 33 bn 15 2], LA K iy WA AR AL 43 501 5 38
JCTE AR E K A 2 B SL AL SE AR L Z 8] SN S bR 2
S5 1R 8 S B HOL T IR 8 = BIERAR ML IE R AL b
A TR ER,
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Table 3 Calibration results of external parameters of

vision-LiDAR measurement system

ZH (Pitch, Yaw, Roll)/(°) (tx, ty, tz)/mm
FIHL  SCHR[6]  (-56.47,-84.33,146.98) (-234.8,95.4,24.2)
1 AX (-55.07,-81.02,145.12)  (231.2,94.1,25.1)
FIBL SCHR[6]  (-45.20,-86.05,136.12)  (-346.9,39.7,9.0)
2 AL (-45.35,-85.87,135.98)  (349.4,41.2,10.1)
sk SCHR[6] (=0.017,0.018,-0.01)  (124.3,1.6,4.2)
MIBL A (-0.013,0.0095,-0.006)  (123.4,0.8,1.8)
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Fig. 8 Vision-Lidar measurement unit and its calibration

target diagram
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calibration accuracy evaluation
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