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Lidar/MEMS IMU/Odometer integrated tightly navigation algorithm
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Abstract: To improve the robustness and stability of the robot navigation system in an unknown and complex environment, a Lidar/
MEMS IMU/Odometer integrated tightly navigation algorithm is proposed. Firstly, the algorithm corrects the distortion point cloud
generated by the lidar movement through the pre-integration of the MEMS IMU/Odometer to improve the feature matching efficiency
between two frames of the point cloud. Secondly, the linearly interpolation of the pre-integrated robot posture is implemented according to
the timestamp to obtain the rough position change between two frames of the point cloud. This rough pose changing is used as the initial
value of the optimization algorithm iteration to reduce the number of iterations of the optimization algorithm. Then, the motion constraint
of MEMS IMU/Odometer is added to the back-end optimization, and the multi-sensor joint optimization is used to improve the positioning
accuracy of the robot. Finally, the simulation experiment is carried out using the data set. The indoor and outdoor opening and closing
loop experiments are implemented by using the four-wheeled trolley. Experiments show that the average outdoor open-loop positioning
error of this algorithm is reduced by 51.01% and 24. 75% respectively compared with the traditional algorithms ALOAM and LEGO-
LOAM, respectively, and it can maintain high accuracy when the movement such as cornering is intense.
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Fig. 1 Basic idea of the compact combination algorithm
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Fig.2 Point cloud distortion
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Fig.3 Point cloud distortion correction process
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Fig. 4  Overall structure of the trolley system
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Table 1 Statistics of simulation results of different rotation and translation amplitudes
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Fig. 13 Schematic diagram of outdoor closed-loop trajectory
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Fig. 16  Comparison of outdoor closed-loop error
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Table 4 Error of outdoor closed-loop experiment

TE A 1R 25N A-LOAM 573 LEGO-LOAM  ASCHE
FENL R ZEHE/ m 3.725 1. 820 0.558
SRR L% 0.72 0.35 0.10
FENL R ZERRUEZE/m 1.598 0.712 0. 362
SRR L% 0.31 0.14 0.07

3 & it

RSO EOC ML 5B S AR & 2
T — AR O B iR/ MEMS IMU/ BLAR 1T 5 40
A RAE i T MEMS IMU/ BR800 7B 43, %
WO IR sl AR B AR 5 HEA TR IR, B R P I
25 Z [E) (R AIE DG 8538 5 AR A TR i A 7 R MR A 1, 75 3
LW 1) (57 b VR Ay AL S8 06 2 AR, D AL 58
BRI R S 80 | 5E AT S S | & Ab
PRSI OIE B4 A Bk, L LB RIE, TigEEN
WIEEAS FFIRIE IR AR T LR & i R SR AE
TG GPS {55 I (9 i s v K5 1B, EL A AR G A4 1o P A1
S0 AT, (ER T S0 A5 AR R B (] A BR 1, A% SCAfF 5%
HIVRBEFN) BEATAT AN R, A 15 IS SR o 2 3 AT ik 5
SE3, TE—LE LM RRIEAR B 5t NS BY R AR 4%,
T SE 00 A PR BR ], AR AR XA AR AT, %
BT A e, B A B AR T B 1) AT SR AEAE S
R, 2 SRR DL AR A g B T I B 9/ N G
PRI E ) ) BBLRE



557 1 AR 4 OB A/ MEMS IMU/ FLRE 540 A S0 147
2 Lk mapping; Low-drift, robust, and fast [ C ]. IEEE
1] HANAFI D, ABUEEJELA Y M, ZAKARIA M F. Wall International Conference on Robotics & Automation,

(2]

(3]

(4]

[5]

[6]

(7]

(8]

(9]

follower autonomous robot development applying fuzzy

incremental controller [ J ]. Intelligent Control and
Automation, 2013, 4 (1), DOI. 10. 4236/ica. 2013.
41003.

ZHANG S, XIAO L, NIE Y, et al. Lidar odometry and
mapping based on two-stage feature extraction[ C]. 39th
Chinese Control Conference (CCC) ,2020.

i, XU, MEMS A28 22 BEORIFFE[J]. A
B A 5 ,2021,40(5) :133-136,178.

WANG J, LIU Q. Research on MEMS sensor error
[J].
Measurment, 2021,40(5) :133-136,178.

modeling  technology Instrumentation  and

ALISMAIL H, BAKER L. D, BROWNING B. Continuous
SLAM from

trajectory estimation for 3D actuated
lidar[ C]. IEEE International Conference on Robotics &
Automation,2014.

ZEREAE R, bk, — Pl T e sh AR TR R
PR AL Sl B TR LA B BB B 2 2 0 2R 3/ 4 Bk i R B¢
HBEHAESMAG[]]. & T %#1,2019,40(11);
2241-2249.

LI Q SH,ZHAO Y,WANG J D. A vision aided MEMS-
SINS/GPS ultra-tight coupled navigation. system suitable
for high dynamic and strong interference environment| J].
Acta Armamentarii, 2019,40( 11) :2241-2249.

ZHANG J, SINGH S. Low-drift and real-time lidar
odometry and mapping[ J]. Autonomous Robots, 2017,
41(2) :401-416.

INEIE R, Z AR, 5. HET GIS Al SLAM HI#L
I ATIE PR A AL ], AR 2R, 2017,
38(3) :586-592.

SUN M H, YANG SH W, YI X D, et al. Autonomous
navigation of robot in large-scale environments based on

GIS and SLAM [ ] ].
Instrument. ,2017,38(3) :586-592.

Chinese Journal of Scientific

ZHANG J, SINGH S. LOAM: Lidar odometry and

mapping in real-time [ C |. Robotics; Science and

Systems Conference,2014.

ZHANG J, SINGH S. Visual-lidar odometry and

2015.
[10] JIANG W C. Implementation of odometry with EKF in
hector SLAM methods [ J ]. International Journal of

Automation & Smart Technology, 2018, 8(1) :9-18.
[11] SHAN T, ENGLOT B. LEGO-LOAM: Lightweight and
eround-optimized lidar odometry and mapping on variable
terrain [ C ]. IEEE/RSJ International Conference on

Intelligent Robots and Systems (IROS) , 2018.
[12] WU Y, DING Z. Research on laser navigation mapping
and path planning of tracked mobile robot based on hector
SLAM[ C]. 2018 International Conference on Intelligent
Informatics and Biomedical Sciences, IEEE Computer
Society, 2018.
[13] MUR-ARTAL R, MONTIEL J] M M, TARDOS J D.
ORB-SLAM: A versatile and accurate monocular slam
system [ J]. IEEE Transactions on Robotics, 2015,
31(5):1147-1163.
JAIR BT, BB 3D Ot ik SLAM Bk LE
WL AR, 2021 ,42(9) 1 13-27.

ZHOU ZH G,CAO J W,DI SH F. Overview of 3D Lidar

[14]

SLAM algorithms [ J ]. Chinese Journal of Scientific
Instrument , 2021,42(9) ;13-27.

TE B, AL, 5. WOLTEIRE AR L BR Y
FIRBTT]. AR 2021 ,42(5) :89-91.
WANG X, LI D F, HUANG SH SH, et al. Design of

[15]

algorithm for removal of lidar motion distortion [ J].

Process Automation Instrumentation, 2021, 42 (5):

89-91.
EE®E T

SRR GEEE#) , 1995 4F TIIdL T
AP K 2E3R A5 2% 124 4, 2008 4FF pE L Tl
REFARAF G A 207, B PE L Tl K2 2
B, NS BARHUE A
E-mail ; zhangfubin@ nwpu. edu. cn
Zhang Fubin ( Corresponding author) received his B. Sc.
degree from Northwestern Polytechnical University in 1995, and
Ph.D. degree from Northwestern Polytechnical University in

2008. He is currently a professor at Northwestern Polytechnical



148 % # L F ¥

43

University. His main research interests include carrier navigation
and positioning technology.

FE 2020 4F F it E 5l A6 A 1
S0, B PY AL Tl R 2 At 1, 3 #5807
] Z A Rl SLAM,,

E-mail ; 1946001745@ qq. com

Wang Kai received his B. Sc. degree from
China University of Mining and Technology in 2020. He is
currently a M. Sc. candidate at Northwestern Polytechnic
University. His main research interests include multi-sensor
fusion SLAM.

BT, 2018 AR FRLKRFARFGF 157
,2021 45 TP AL Tolk R 2R -2 A6,
R b AT AT T B AR L A B 3
EWFTTT NP AR S 5T

E-mail ; ctps0175@ outlook. com

Liao Weifei received his B.Sc. degree from Chang’ an

University in 2018 and M. Sc. degree from Northwestern
Polytechnical University in 2021. He is currently a staff
member at the Technology Center of China Flight Test
Establishment. His main research interests include airborne
navigation system test.

PN L2019 4F TR ZREFAT7 1o
fir,2022 4F T PHIL Ll K2R 12 67,
RIS 5] R AL R RS SLAM,

E-mail : 1046026154 @ (q. com

d:h

from Chang’ an University in 2019, and M. Sec.

Sun Chenghao received his B. Sc. degree
degree from
Northwestern Polytechnical University in 2022. His main research

interests include multi-sensor fusion SLAM.



