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2D LiDAR Calibration of Linear Movement Based on Standard Sphere

LIU Chang' ,LUO Yin',WANG Yanbo',SUN Limei’

(1. Shenyang Ligong University , Shenyang 110159 ,China; 2. Shenyang Jianzhu University , Shenyang 110168 , China)

Abstract ; In the 3D scene scanning task using a 2D light detection and ranging mounted on a linear
motion mechanism,the moving direction of the 2D light detection and ranging needs to be calibra-
ted in advance. To address the calibration problem,a method using a standard sphere with a known
diameter as calibration instrument was proposed. First,the standard sphere was scanned by the light
detection and ranging at different positions of the linear motion mechanism. The coordinates of the
sphere center in the light detection and ranging frame were estimated by fitting the scanning circle
equation by Least Square Method using the scanning points. Then the moving direction was esti-
mated initially. Second, using the constraint that all scanning points were on the sphere,the moving
direction was optimized by an iterative process. Then the final calibration results were achieved. In
the real experiment,a basketball was used as the standard sphere calibration instrument. A 2D light
detection and ranging mounted on a linear motion mechanism was calibrated using the proposed
method. The results showed that the average error of the distance between the scanning points and
the fitted sphere was 0. 75 mm. Using the same device to measure a cuboid instrument box whose
size was known , the results showed the height error of the box was 0. 13 mm,and the average angle
error was 0. 87°. The experimental results verified the effectiveness of the proposed method.
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Fig.1 Illustration of calibration principle
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Fig.2 Calibration flow chart
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Table 1 Calibration results and errors

m Vx Vy vy E,/mm
0 0.006 3 -0.0257 0.999 7 4.64
20 0.064 0 -0.077 8 0.994 9 0.75
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3 Fig

AR SRR 42 sh LI H5 28 2D BOt
KXt AT 3D HA T O TR ik s 3T ) bR
SE IR, 4 H — bR AR vEBR AR R b 22 2 B A0 b
FETEE  BRAE b EEX BR AT R VR 4 R AT 3k
P2 S5 A Ak A, TR B 4t — Ff LT A 9 4
SEERIE N 2 AR A A T i AR A T
FrRE e, BAhRE SE50 v LUBE BRAVE AR Bk AR
TE A9 B S ) BRI A A B R 2
0. 75 mm , 7RG BE HE AR T 7 R FH AR ) 26 )
CLHRST K 5 A R A 04T D 6, 45 31 g 1R
2574 0. 13 mm, fi PR 228 0. 87°, figif 2 —
FRCIN S ARG SR ARSI YA X SR FH 22 bl
FO¥E#R 2D PO TR B X 5k T 3D H LA H
B PR sl 5 (%) 1 AT — 7 48 5

S & 3k ( References) :

[1] TV, ERRK, £#4. 5T GPS MINABOEH AW LNES
AR geict [ 1], B T %242, 2020,39(2) < 13 - 17,
34.
YU Y,WANG T G, WANG M. Design of driverless vehicle
navigation system based on GPS and four-layer LiDAR[J].
Journal of Shenyang Ligong University,2020,39 (2):13 -
17,34. (in Chinese)

[2] ZE0E05, 8P BT OGBS RARPLEL G /9 B br A I
[T]. B IR 2021 ,44(5) ;112 - 117.
LI Y F,HUANG Y P. Target detection based on the fusion of
LiDAR and camera[ J]. Electronic Measurement Technology ,
2021,44(5) ;112 —117. (in Chinese)

[3] SHAO W W,ZHANG H D,WU Y X, et al. Application of fu-
sion 2D LiDAR and binocular vision in robot locating obsta-
cles[ J]. Journal of Intelligent & Fuzzy Systems, 2021, 41
(3):4387 -4394.

(4] s, Red. kT8 2000 B AG T A9 I3 5T B9 SLAM B30 i
[J]. VEBREL T RAA2441 2024 ,43(2) :45 - 51.
YANG N,CHENG L. SLAM algorithm in large scenes based
on efficient loop detection[J]. Journal of Shenyang Ligong
University,2024 ,43(2) :45 -51. (in Chinese)



% 6 X RE R TARERG AL 2D B FEAFL 41
[5] ANDROULAKIS V,SOTTILE J, SCHAFRIK S, et al. Navi- Science and Engineering,2018,15(1) :251 —263.
gation system for a semi-autonomous shuttle car in room and [14] WANG Z,FAN J F,JING F S, et al. An efficient calibration
pillar coal mines based on 2D LiDAR scanners[ J]. Tunnel- method of line structured light vision sensor in robotic eye-in-
ling and Underground Space Technology,2021,117:104149. hand system [ J ]. IEEE Sensors Journal, 2020, 20 ( 11 ).
[6] ZHANG B,PENG Z X,ZENG B, et al. 2DLIW-SLAM: 2D 6200 — 6208.
LiDAR-inertial-wheel odometry with real-time loop closure [15] Ufitmsl, 5k/ME, PN T, 55, 3 T Bk IMOG T IR/ =48 T8
[J]. Measurement Science and Technology,2024,35 (7): SUE MG T]. ot 5 405 ,2022,52(2) 188 — 195.
075205. SHI R Z,ZHANG X J,SUN L Y, et al. Research on 3D shape
(7] XU, 2M, STIRAL, 55, Mlhis & L 2D oL B B A7 &4, reconstruction method based on single-line LiDAR[ J]. Laser
LI, I SRR 24,2023 ,37 (1) .87 - 95. & Infrared ,2022,52(2) :188 — 195. (iin Chinese)
LIU C,JIANG N,JIA J Q, et al. Pose determination of 2D Li- [16] BENGS:, FOSEAL, Gofam. —4Esot ik i Semt = e E g Jy
DAR on uniaxial turntable[ J]. Journal of Electronic Measure- H[T]. 254 ,2023(10) :67 -73.
ment and Instrumentation, 2023,37 (1) :87 - 95. (in Chi- CHEN T Y,SUN L S,CHE D F. Real-time 3D reconstructive
nese) techniques for 2D LiDAR [ J ]. Bulletin of Surveying and
[8] s, Bissll, T, %%, 4ot 3 ik S0 = 4 ik i 38 Mapping 2023(10) :67 -73. (in Chinese)
L] EMRREESAR (T4 ,2012,42(S1) (91 - 95. [17] BUETF. Pl =400 SR R BT LR Gedr e [T].
SHANG T,HE H C, WANG X, et al. Algorithm research on WL K222 4R ( T22RR) ,2006,40(12) 2130 —2133.
realizing three-dimensional imaging using two-dimensional la- XIANG Z Y. Fast 3D scanning laser radar system design and
ser radar [ J]. Journal of Jilin University ( Engineering and calibration[ J ]. Journal of Zhejiang University ( Engineering
Technology Edition) ,2012,42(S1) ;91 —95. (in Chinese) Science ) ,2006,40(12) ;2130 —2133. (in Chinese)
[9] WANG S H,QIAO Z F,HUANG J H. A calibration method (18] ZEWI ,MEE e, Mhuf T —Fh Z4EBOC T IR R Gihn i ik
of external parameters of 2D laser in rotary 3D scanning[ J]. [J]. Ot 5414 ,2022,52(2) ;182 - 187.
Optoelectronics Letters,2022,18(12) ;730 - 736. LI S Q,XING X L,LINJ Y. A calibration method for 3D Li-
[10] YIN S B,GUO Y,REN Y J, et al. A novel TCF calibration DAR system[ J]. Laser & Infrared,2022,52(2) ;182 —187.
method for robotic visual measurement system [ J]. Optik, (iin Chinese)
2014,125(23) :6920 - 6925. [19] AAFAr AEPRIL. —FhEET 2D BOLE WA R G br e Ty
[11] XU X H,ZHU D H,ZHANG H Y, et al. TCP-based calibra- (1), #6544 ,2017,47(10) 1234 - 1237.
tion in robot-assisted belt grinding of aero-engine blades using YU Q Q,CUI Z S. Calibration of scanning system based on
scanner measurements [ J ]. The International Journal of Ad- 2D laser radar[ J |. Laser & Infrared,2017,47 (10) 1234 —
vanced Manufacturing Technology ,2017,90(1) :635 —647. 1237. (in Chinese)
[12] s, B4 48 BRmhal. J b i R A (9 42 BOG 38 I3 4 1 [20] WIVLRZAEEM ™ AR FE Be. —FhEE T 2D BOLTHE S
Pl AT HRBRE T[], HLas A ,2022,44(3) 1321 -332. =Y Z AR A MR S8 CN112630795A[ PT. 2021 - 04 -
GAO J F,LIANG D T,CHEN Y K. A hand-eye calibration 09.
method of line laser profile scanning robot based on standard [21] BB (FEID) A RAF. —Fh EHZ2 shHLH F 2D 3ok
cylinder[ J]. Robot,2022 ,44(3) ;321 —332. (in Chinese) FIRMSN S5 E J7 1k : CN114994648 A[ P]. 2022 - 09 —02.
[13] CHEN W Y,DU J, XIONG W, et al. A noise-tolerant algo-
rithm for robot-sensor calibration using a planar disk of arbi- (i Eomta . FIBEZE)
trary 3-D orientation [ J ]. IEEE Transactions on Automation
(J:j%% 35 ﬁ Instrumentation ,2025,40(1) :6 — 10. (in Chinese)
[17] XUBREE , skiig , skBT , % £ T TWR B9 WLS Fil KF @il &%

[16]

I, B4 T IH AL JEF DS-TWR I ] 22 (i) HE L
iERZS T Wk DAC R VR (R T A
(1).:6-10.

LI W Y,GONG X X,XU Z Y,et al. Research on the optimi-

zation of DS-TWR-oriented positioning algorithm for non-

A 3k 51 3%, 2025, 40

line-of-sight environments in workshops [ J]. Automation &

WAL T]. LB TR 522441, 2024 ,43(6) -8 - 12.
LIU S T,ZHANG Y Y,ZHANG H, et al. Indoor positioning
based on TWR fusion of WLS and KF[J]. Journal of Sheny-
ang Ligong University 2024 ,43(6) :8 — 12. (in Chinese)
ST FIBEEE)



