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Abstract: High-precision mapping and positioning is an important prerequisite for autonomous navigation of
unmanned vehicles, and in view of the insufficient utilization of observation information by existing loosely coupled
fusion methods and the low matching accuracy of traditional closed-loop detection methods, a tightly coupled laser
SLAM method based on scan context optimization-Optimized SC-LIO-SAM, is proposed in the paper. First, The IMU
debiases the point cloud through pre-integration and provides initial pose estimation for the laser odometer. The laser
odometer matches the feature point cloud of the current frame with the local map by sliding the window. Then, Based
on the scan context, the feature cloud is encoded to generate point cloud descriptors to achieve efficient closed-loop
detection. Base on the LIO-SAM framework, the IMU pre-integration factor, laser odometry factor, GPS factor and
closed-loop factor are inserted into the global factor gragh, lastly the global node optimization is updated on Bayesian
tree. In order to verify the effctiveness of the proposed method, the performance of Optimized SC-LIO-SAM was
evaluated by KITTI dataset and compared with LOAM, LEGO-LOAM and LIO-SAM, and the experimental results
show that the positioning accuracy of Optimized SC-LIO-SAM is significantly improved compared with LOAM,
LEGO-LOAM, LIO-SAM and the classical algorithm. Finally, the algorithm is applied to the open-source dataset to
prove that Optimized SC-LIO-SAM can build a globally consistent map.
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SAMEAKE FEXF L 1. F24KB.  H A APEN
Y AL 2R 22, FT PR AN R AR I 1 A R — B
RPE A XA 23 1% 22, FH T 38 AF J=) 5 e 4% S - #% 11
ER . RHFmax ik KR ZE, minhix/MzZ1E,
mean AT JiR %, rmse NI T RIR 2, std AbRAEZE.

FART F, FEOOH 4k £ il v, AR S HE
FJAPEF] °F 15 % % # tk TLOAM. LEGO-LOAM.,
LIO-SAM%3 ] P& A& 763.79%+ 9.13%. 17.11%,
APE] ¥ J5 #i i% % #H Il TLOAM. LEGO-LOAM.
LIO-SAMZ%) il (&A% 777.21% 41.10%- 26.63%;
AL H VL WRPER A 35 1% 22 A8 Lk TLOAM.  LIO-
SAMARFEAK T 74.14%, SLEGO-LOAME: T, RPE[]
Y5 AR A% Z A1 EE FLOAM. LEGO-LOAM. LIO-
SAMZ) HlIF#AK 1 65.57% 20.75%+ 65.29%. 1E074L
4 D PE AR S BT IAPERYT F ¥ 1% 2 A
tt FLOAM. LEGO-LOAM. LIO-SAMZ%} 5 B ik
790.94%. 92.33%. 90.84%, APE[] Y J7 i i% %
# . FLOAM. LEGO-LOAM. LIO-SAMZ} %l [
ik 778.74% . 82.06%- 78.82%; 7 %% KJRPEI]
7 ¥R Z A B FLOAM. LEGO-LOAM. LIO-
SAMZ) 5| F&AK T 82.22% 42.86%+ 90.36%, RPEf]
)75 4% 22 40 L FLOAM. LEGO-LOAM. LIO-
SAM% 5| B 17 67.00%, 19.51% 84.31%.H1 It AT
W, Optimized SC-LIO-SAMTC i 2 & f [ ¥ FF it
F2 1E KRR [B] A 20 5 o (1) 8 e M 8 ZE A T LOAM,
LEGO-LOAM 5LIO-SAM%Z5 5%

TR 1 77 92 AEKIT T 42007 471 FE HE 1
A B A7 W AR A a0 37k, Optimized SC-LIO-
SAME & BEAK T PR e A ik 22, FRAl 2 4 £
o3 B (x,y,yaw)JE & B2 B SO TR ()RS . GPSIA T
(AN LA B i R PA A A U £ 75 Optimized SC-LIO-
SAM I B AT [F) i 22 32 BRI T =0 B . BHUR A A
REAT A PRI SRS B8, X T 6 N 78 P4 M T 5
AR EAE VS

E 3 KITTIHEEFFIL B @



ERN F A TR T A R38R ASLAM F ik

F= 1 KITTIHIEEOFFNRELE

N P KITTI 00
T3 g o
max/m min/m mean/m rmse/m std/m
APE 27.49 2.63 10.44 12.33 6.56
LOAM
RPE 1.90 0.007 1.16 1.22 0.38
APE 14.55 2.85 4.16 4.77 2.32
LEGO-LOAM
RPE 9.30 0.013 0.30 0.53 0.43
APE 9.99 2.58 4.56 3.83 1.60
LIO-SAM
RPE 1.91 0.007 1.16 1.21 0.38
APE 4.98 2.83 3.78 2.81 0.50
0O-SC-LIO-SAM
RPE 1.70 0.02 0.30 0.42 0.29
®2 KITTIBEEOTFIIRELR
L ire= KITTI 07
Vs S
7~ max/m min/m mean/m rmse/m std/m
APE 2.71 2.44 2.54 2.54 0.07
LOAM
RPE 1.73 0.003 0.90 1.00 0.445
APE 3.50 2.84 3.00 3.01 0.16
LEGO-LOAM
RPE 3.08 0.008 0.28 0.41 0.31
APE 3.07 1.69 2.51 2.55 0.41
LIO-SAM
RPE 5.85 0.004 1.66 1.99 1.09
APE 0.95 0.11 0.23 0.54 0.05
O-SC-LIO-SAM
RPE 0.85 0.001 0.16 0.33 0.12

N T ¥ iFOptimized  SC-LIO-SAMI¥) 7] #5 &
P, FEAD % Intel(R) Pentium(R) CPUMI8GB RAMLL
JUbuntul8.04°F & HiHHAL I, it Fiit00/7 515k
P8 5 B 1 Bt B A B B[R] G RS AT R
K, [AK;, FNOptimized SC-LIO-SAMYE AR
BEHGHEAT T ARAGKE I, TRATTTHE T R A2 0007
FI R IR T B R, A SRR3R

®3  0FFITENEEBITHEIEL

T7i Time(ms/frame) Time(ms/loop frame)
LOAM 100 -
LEGO-LOAM 70.5 133
LIO-SAM 127 239
O-SC-LIO-SAM 84.6 155
HART &, FE00K 4 5 1 Mo b, AR STV

B BT KR 4 ) &b BRI 1] AH B T LOAM 5 LIO-SAM 2>
AR T 15.4% 533.4%, A SCHEIE A BRI R
B 18] A6 bE T LIO-SAMEE & 135.1%, LOAMIK K

A AR IS, PRV A [ B ) T N JR] L
B, LEGO-LOAM2 [ 7] Jo N 4= i 2 A = 4t ]
Rk, BEARIBAT R S T AR R L. (15
EEM 2, LEGO-LOAM ¥R IR FH GTSAMJE K
FHICPAL 2 [5] B8t 5 7= A= R P 3, A SCEVEAE T 3
R DR B 5 B E 51 PR S xRk FE A TR
{E2 eI R I AT g o [RIBRAE B B3R K3
FN, ARSCHTHEH I IR BE RE IR A IR 75 (1 2 A RS
[F B+ B A2 L PE TG N2 3 ) S MK
3.2 ETFCOONEOF IR ¥ #E & /Y SLIG 30 iF

N 5640 BT $2 H Optimized  SC-LIO-SAMI) &
B, RN R AR R VR BOEE £ b, [ BT S LOAM.
LEGO-LOAM. LIO-SAM% 513 ik 47 % b, JF
£ 45 £5 K FHCOONEO M B\ & A7 £ 41 £2126, 2 i@
IINEOR minif 3¢ & #% 5)) Ji& i LA A 5% AL I 2K
LRI R 1L X 2= 2 [ () LSS

Blap om /i = 4 3t - M 2 1 45 R, Ko



]

5

*x R

& 4

Kl(a) SLOAMB %15 2 1 g I 45 3, [8(b) NLEGO-
LOAMB /3 B i 45 8, Bl (c) ALIO-SAMAS 3|
[ g 3, EI(d) AR S HE fOptimized SC-LIO-
SAMBFA5 3 1) 2 P 45 L.

FH 38 T DU RO SLAMSE 7243 31 ) — 4 Hh ] 5
7 i ST H, LOAMUS VL [R  if = PA 3A A ) A%
B, [E B S TR bR AR B AR E, Hig s
MM, AREME — LA, LEGO-LOAME %
K FGTSAM/ZE SEIL T 15 B 147 [ PR AL M, {H el P&l (b)
2 7 HE AL AT DA H, 2R 45 T0 70 S BT A 1 1A 3R,
TR B A AT SR AR AE — 52 A, RO B 1) A

. LIO-SAMZA ks it B 7 EsL B 1 2 4% 28 1Y
BHA, BB EREE AW =4 K. A

SRAE B R b, — 7 TH SR FILIO-SAMI AE 42 1
T DU ST B 0 48 B O A SR v S IR TR A A
JtRAk, 3 —J7 T HE T4 R SO PR P AR e
BEAT T AOCACTAT P2 A B PRI, BBl (o) 5 B (d) i
EROJTHEAL T LUR H, AR g 1) = 4 I A
JR AR TLIO-SAM& V. [l b S 38 ik BH, A SCHE
fJOptimized SC-LIO-SAME i ] DAL 4 i — 5 1)
= YiHh .
4 % it

SRR AT s 1 Rl 5 S B R
FATE Gy, LA K A% G5 P 0 far I J7 325 DG TS RS B2 IR 55

AP EE M E AT EE

), BT R T LR SR B AR A B
HSLAMJT . %77 12K FILIO-SAMAE 42, JE-T- Uit
HHr A P 185 P Ab SRR SE LR 7 B A R AL,
AT DL 25k 7 B 2R G Bt i 8] 7= A= Hh BRI 22, (R A
BT BRSO RIS DA AT AR A, KOs
FLRR TH AR H R B R AE 55 2 BEAT G B T B 2
A, IS SR 7 A R T R R IR,
GEHE T PRI BT 5 T 8], R TR AL B Y R R
PE. FEKITTIEHE 42 b st 45 R B, Frde i
AL RAREWENKEE,  [F HAE00% 4 & I
()4 SR T BT H VA LE KB 50 R 1) 84 1
7ECOONEOT i i 4 52 b B S0 45 2 P 45 SAIE B,
BT W B SRR R A R A R — B = 4R 1. S 4b,
AR SC R 2 1 = 2 b P R AL IR B 3 A R
MTENZEARN A1 FE R, R R0 TAE R AE M7 %
el E ARG AR T
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