FASEFIH o Vol.45, No.3
5?)23 5;5% ?%H g MaEA ROBOT (i\/lay, 20023

DOI: 10.13973/j.cnki.robot.220023

—fhEiER LIDAR-IMU BESHRE S X

FRF, MXF
(WL KGR S BT TR, Wil M 310063)

T O BT HATERA LIDAR-IMU BXCAFR R 77 VAR RS BN ™ B B3 R = KT TH 1 52 2 A 88 T bs e i
BARM A, 3R T —FhE N LIDAR-IMU BEAFRE T . B, ELEHEMBEINT EMRER. A5 %k
PAEERO M [ LRAFAE, I (R A 2 2R R AE AN T A DG BC XS SR I SR AR B 20 s LR, TEEARMRALI BE it 77— Rl XU B
IR T, ARG R IEARAL I T U TR Z BT T BE R RALE, R EA A PR REAR AT Mol 8, T4
THARE RIS, R B R 5 N S0 ST 1 = AR Xz AT T AR, 45 RR W, A7+
FRAINTSHNR CAREZELN 2 mm, FERAIMTSEPR BARMEZE L8 0.04°, 0T 200 AR E 7 ik 3

KHIA: WoLEHIL; MMM ERIG; ARE; RIS 24T

FE45ES: TP391.4 NERFRIRAD: A XEHRS: 1002-0446(2023)-03-0267-09

A Robust LiDAR-IMU Joint Calibration Method

WANG Lingxuan, XIANG Zhiyu
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Abstract: Current mainstream LiDAR-IMU (inertial measurement unit) joint calibration methods are of low accuracy in
complex environments where there are serious occlusions or insufficient large planar surfaces. Facing that problem, a robust
LiDAR-IMU joint calibration method is proposed. Firstly, line features are introduced in the matching construction stage,
for they are not susceptive to occlusions and are of high localization accuracy. Both line feature matching pairs and planar
patch matching pairs are constructed to strengthen the calibration constraint. Secondly, a two-stage optimization pipeline is
constructed in the iterative optimization stage, where adaptive loss weights are designed according to the geometric residuals
for each round of iterative optimization. Thus excellent convergence can be achieved by the optimization process, and the
accuracy of the calibration method is improved. The proposed method is tested with the open-source outdoor dataset and
the self-built indoor dataset. The results show that the calibration standard deviation of the proposed method for translation
external parameters is about 2 mm and the calibration standard deviation for rotating external parameters is about 0.04 °,

which is much better than the state-of-the-art methods.
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PALECNEM M LR, Kk LI-Calib ¥ & 7754 2
TR S BN S VRS BRI 1T 38 I 2R AR A T AT A
M ZE AR A PR — S KT A A I B (ol Gk
B _E RV, M3 i n) 2 7 1) b BRI
B — D SRR EAIERT 7 PR S HUN AL TR B
TN, EINZRARFIE AN Bh A5 A E I RRAS X R S 501
bR tEReiR 3] 7, FR#EZEZN 1 mm.

R T HEESERSLRE R
Tab.1 Experimental results based on self-built datasets
PAREA x /m y/m z/m WEem /) A ) WA /)
FEMEFEY 0.0645 £ 0.0147  0.0442 £ 0.0183  —0.2457 £ 0.0266  179.43 £0.78 6.37 £0.76  2.90 + 0.44
+L 0.0752 £0.0103  0.0480 £0.0163 —0.2520 £0.0187 179.49+0.07 6.09 £0.21 2.65 %+ 0.07
+LW 0.0710 £ 0.0032  0.0428 £ 0.0014 —0.2579 £0.0021 179.51 £0.06 6.18 £0.02 2.69 + 0.05
®2 FETIFREREER SR LS R
Tab.2 Experimental results based on open-source datasets
FRIRES Jiik x/m y /m z/m BEEA /) A /) B )
FHETTI M 0.0015 +0.0028  —0.1066 £ 0.0043 —0.1506 & 0.0049 180.16 +0.02 179.70 4 0.02  89.21 + 0.02
IMU1 +L —0.0002 £+ 0.0014 —0.1071 +£0.0011 —0.1469 4+ 0.0020 180.15 +0.02 179.72 +0.01 89.20 £ 0.04
+LW 0.0004 £ 0.0010 —0.1075 £ 0.0008 —0.1448 £ 0.0014 180.15 £+ 0.02 179.72 £ 0.01 89.20 £ 0.04
FEMEFEIY 01014 4£0.0012  —0.0179 4 0.0020 —0.1439 4- 0.0053 180.39 & 0.01 179.80 4 0.02 88.55 & 0.02
IMU2 +L 0.1025 £ 0.0010 —0.0176 £ 0.0022 —0.1437 £ 0.0033 180.38 = 0.02 179.83 £0.01 88.56 & 0.03
+LW 0.1025 £ 0.0005 —0.0179 £ 0.0018 —0.1422 £ 0.0026 180.38 £ 0.02 179.82 £0.01 88.56 + 0.03
ALY —0.0733 4 0.0016  0.0703 + 0.0027 —0.1467 4-0.0024 —0.22 £0.01 0.83 £0.02 133.26 + 0.01
IMU3 +L —0.0732 £ 0.0010  0.0689 £+ 0.0020 —0.1457 +0.0012 —0.21 £0.01 0.81 £0.02 133.27 £+ 0.04
+LW —0.0730 £ 0.0008 0.0689 £ 0.0014 —0.1438 £+ 0.0014 —0.22 +0.01 0.82£0.02 133.27 £0.03
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Fig.4 The global mapping results of each round of iterative optimization

T ie S B bR €, LI-Calib A5 52 H3% AR
HEZE 297 0.02°, 17 34 10 2% 45 i B2 39 0 3 25 AU E
XTI S H b i R RE RS B A A B e A
AIREAE, 13t T T VT F AR 28 730 T e
SRR € R RER B m AR E RS, MHT
FEANHFEONTEYT, N R BT 1) B2k 45 4
PR R R IE BN M B, (RIS T 5 N ERFFAETL
A I BELZR 7 AR BRI, a3 T 5 S50H) F 1) R 2R UL
e 29 SR AE e i AR AL S BECABN], X T e 2
HObT T K P I S A7 TE I B
34 EMESIE

AR SES RN E B SIS A A, SEER AR v E
B, ZHIEENXERRANDAZYRME
MBS, MW 3 AT LA, ZH SN R L 4
MBCAE 2, BYWERZ, BB F e ik
BmE, RURE IS, FRMOCE TPk E
(1) LIDAR-IMU Bk % 5 52 572 4 LA &4 (AR 2
SERL, TMNEN GINREFE R AR, W TR RE R
B, AT CAPRHCH S A AE RRAE,  FERE I LT IS
ML R = AT &, M2 LiDAR-IMU B &
P 78 FE N IR S IR PRI A A s G P AN e 1k

NIRRT A @R A AN R A kAT
SEMESEEG, %P A B e R BRI 2 N T —
AEREHIRR, BRESFah TR &EE, K
PEIREE L T P, R R AR, fh R
(e IE s A R ZY, IR B o 2= f 32 Bl i AR B

NP,

X b g I AR R — R I A R s I AT
AL R Ze R s i, 1E bR e A —
A G R, BT SR E 4 R IMU
JERe k. PRI FPOLHIA S IMU Z 8 f ks
EANTRSEEEA S, AT DLse P e g — %6
bR LSS . St IX AN IR 71, m gt
HAT T 15 e EARIR A, SR MmAE 524
B 4 fros. Horb, B 1I~5 RN B 1
AR, BPEF BB IR AR A adE T
MIAUCE AR, 25 5 5emi 4 & S = Hh BN B 1
IEARRAL IS e 2R 6~15 $ AR EL 2 11k
RAACFRE, BRI B 30 76 18 29 AR s T DT L
LIRS B, BT s ZRUCAC LY . AT LUK IS
T BEAHR G, ArEEiEnT Lgk— D, &
TEEE 15 5o, BB 2 MR is 8 T8k
B SRS 1S RNEREahES R, LR
B R B, 5INZRHFAE I AR T R R4
LiDAR-IMU B & 45 i S5 bR € FE B A S A 1.

4 Z5i5RE (Conclusion and prospect)
g%F H #7 F9  LIDAR-IMU Bk & F5 € J7 514
PR R IR R BRI A I, $
T — &M LIDAR-IMU BtA bR ik, G4 4E
FESI B FE G bR e Bk, J e R 2R AR AR
VT T AT Fr DT ECYS, SR HOCHE LW, Xt
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RACHT B, 46 XU BOEARR AR, AR s R4t
IEARBETT HE N RAE, (010 A 5 4 Hl
Sh. I R H 0 S AN T VR A S iz AT
MK S VPAL S5 R, ACHEERA R E LS
IMU Fr € B 262K, R IAEUR A Z A K
BT THI 137 5t e S ok P AR 52

H HT Y LiDAR-IMU BX & 5 € 7592 R 68 SCHREXT
FHP & RENBLEIE T €, MEBNS
GRS R, T BN R A B 1 S AR 2 A
o NTIERNX—TGR, A VFZ 7 TH P 575 2
i, bhtn: (1) H AR A E A kA A 1 e
M DAY A SER PR R R, TR Uk R 3 R ] e PRGN
SR BCRAER AR B 45 Hs () IEEFCF & s
SEF, I R RERET | AN B (i b
MINER), BEBUAEERE, Xo0hre FHikm
SR I R R . DR TE S 4 R A SR 2R AT
SERT, TR BRI 7 28 2R RN 1% 2 ] 751,
8L

SR EIR AR A BB T T RS B R R 2 T A
FARNE AR AR ST 78 H 45 T B SR AN B
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