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A localization method of wall-climbing robot based
on lidar and improved AMCL

Wang Zirun, Yan Bixi, Dong Mingli, Wang Jun,Sun Peng

(Key Laboratory of the Ministry of the Education for Optoelecronic Measurement Technology and Instrument ,

Betjing Information Science & Technology University , Beijing 100192, China)

Abstract : In practical applications, the boiler wall-climbing robot has some problems, such as limited use of wheel encoders and inertial
measurement units (IMU) , and easy slippage between the wheels and the metal water wall. In the view of the above factors leading to
the decline of robot global localization and pose tracking performance, a robot global localization method based on the laser odometry and
the improved adaptive Monte Carlo localization (AMCL) is proposed. Firstly, the laser odometry based on PL-ICP method is adopted to
replace the traditional wheel and inertia odometry. Secondly, the idea of DNA cross mutation in genetics is introduced into the particle
sampling process of AMCL algorithm to design an improved AMCL method based on genetic algorithm, which is able to alleviate the
problems of posture tracking performance degradation and slow location recovery caused by AMCL particle depletion. Experimental
results show that the absolute localization error of this method is controlled within 12. 7 ¢m and the accuracy is 32. 4% higher than that of
AMCL method. The localization result of this method is almost unaffected when the robot slips slightly. The speed of the system to restore
the localization is 35% higher than that of the ordinary AMCL method when the robot slips greatly.

Keywords : adaptive Monte Carlo; PL-ICP; genetic algorithm; particles depletion; pose tracking
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Fig. 1 Mechanical structure of the climbing-wall robot
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Fig. 2 Climbing-wall robot
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Fig.3 Hardware structure of the climbing-wall robot
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Fig.4 ICP and PL-ICP algorithm matching principle
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Fig. 5 Particles depletion
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Fig. 6 Simulation world and global map
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Fig. 8 Distance error comparison
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Table 1 Localization result error statistics cm

L DARZS b IoNTS S X %l RMSE 1§ il IN"S~ Y i RMSE ERS INTS = #i B RMSE
AMCL 23.7 14.4 21.8 12. 1 31.4 18.8
Cartographer-pure Localization 34.8 9.8 32.9 8.4 36.6 13.0

AT 16. 1 9.4

15.0 8.3 20.3 12.7
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Fig.9 Diagram of instantaneous slip point
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Fig. 10  Comparison of particle distribution during stable running
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Fig. 11  Distance error comparison
T2 AR A B A I AR SC T 0k 3 2 A 8 1 R ARG T
TIHNRN T o ARG A Sl AR AN R 7 v R SR oL
R[] AT B A SO 50 8 AMCL PR 52 5 o 1Y) 3 BE 2
T2 35% , kb Cartographer HEERZ 30% (BE/ 4 N
B e Ak 8 S s T /)N 3 T2 e 1) T B0 B B I AT
(GED

R2 FENRERE

Table 2 Localization recovery time s
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Localization
AT 0 1.2 2.5 5.4

ASCREH T — P THOE AT S5t AMCL f94
SR ERLTT I, M RS B 1o ] P e 2 AR A A SR 2 R A



226 S #% X R #

i 43 %

AMCL 3723 B 3 M BE O AR A R) R, 28 246 X 5 oL 5 6 56
T, AR SO 15 B8 246 o8 5 0 A B 00 T et T 1 B AR 0 Y
AMCL DL} Cartographer 77 %, 48 X 22 o7 1% 25 ¥ il #F
12 em ZE47 KEBEHE AMCL $& 71 32. 4% ; 77 {3 45 R ER 52 56
o BT 4 AEHLER BRI 1 S S AL ATEB AT
RAFTH DL, A EBAIE T AR SCO7 V6 A oL 5 BR R M g
LT AMCL #1 Cartographer T, BBEeT i sh iR
0.3 m If , BLAS N ERLIL-F- A2 50, S shiE o 0.5,
1.3 m I, RGEKALSE A A ) 535300 1.2.2.5.5. 4 5, 1k
AEH AMCL $2 71 35% o A SCHRE B 7 TR BEALAS A A 1 H]
HoRkG A SRR, ST T LA BRI Se  JRRIE T T R
AR, %07 SR T BA AL SR SR FR B HIL
a NS BAT R B TR A

B A2 (7 ) R AR BA AR RTS8 25 ), oK
Heid L ) HAL Iy AN AL B A 45 T ARy i
e BT P a8 N E BLTERE
Sk
(1] 3R280, XIFRE, ATATTE. B KV BE BRI AL 6%
AHIBEFESIF R [T]. AU S H5E ,2018,34(1)
1-4,7.
ZHANG X J, LIU CH H, YU ZH Q. Research and
development of water wall wall wear testing robot [ J ].
Machine Design & Research,2018,34(1) :1-4,7.
B, RN, FR/NER, S KA RE TR AL K
BLas AR J]. HigRSil R =24k, 2008(S1) ;
93-96.
LU X Q, LIU G, ZHENG X X, et al. High temperature
corrosion mechanism and robot detection technology of the
water wall tube [ J ].
University 2008 (S1) :93-96.
Wrosit, 6N, Fadl, S ST R H AL
FERITIELFR[T]. HLERA, 2021,43(3) :373-384.
CHEN Z H, PET H'Y, WANG J K, et al. Survey of
[J1.

Journal of Shanghai Jiaotong

monocular camera-based visual relocalization
Robot,2021,43(3) :373-384.

DELLAERT F, FOX D, BURGARD W, et al. Monte
Carlo localization for mobile robots[ C]. Proceedings of
the 1999 IEEE International Conference on Robotics and
Automation, May 10-15, 1999, Detroit, USA, 1999
1322-1328.

W, &R, BRR, 55 BE RS SRk
PerR sl as N ATk [T]. AR R,
2021,42(7) :226-233.

YANG AO L, JIN H Z, CHEN L, et al. Mobile robot
relocalization method fusing deep learning and particle
filtering [ J ].
2021,42(7) :226-233.

Chinese Journal of Scientific Instrument,

(6]

[11]

[14]

KUPTAMETEE C, AUNSRI N. A review of resampling
techniques in
Measurement, 2022, 110836.

FbR S SCRE AR BT, 55, R T B B A AR B iR
Hi e AMCL FE5E (3 593 [ J/OL ] LK TR 274t .
1-12[ 2022-10-29].

JIANG L, NIE W K, ZHU J Y, et al. Improved AMCL

relocation algorithm based on semantic map with corner

particle filtering framework [ J ].

information[ J/OL]. Journal of Mechanical Engineering:;
1-12[ 2022-10-29].

YING W, SUN S. An improved Monte Carlo localization
using optimized iterative closest point for mobile
robots[ J].
4(1) . 20-30.

ZHANG L, ZAPATA R, LEPINAY P. Self-adaptive
Monte Carlo localization for mobile robots using range
finders[ J]. Robotica, 2012, 30(2) : 229-244.
SRIBCE, AR, gk, TR0 SR AR DT IR 1
AMCL 5% 1/0L] . R 2 AR K2 2441 1-
10[ 2022-07-27].

ZHANG SH F, LI Y Y, ZHANG T. Adaptive Monte
Carlo localization algorithm based on fast affine template
matching [ J/OL ].
Aeronautics and Astronautics: 1- 10[ 2022-07-27].
REISW P N, SILVA G J, JUNIOR O M, et al. An

extended analysis on tuning the parameters of adaptive

Cognitive Computation and Systems, 2022,

Journal of Beijing University of

Monte Carlo localization ROS package in an automated
guided vehicle [ J ].
Advanced Manufacturing Technology, 2021, 117 (5):
1975-1995.

sk, E9L, B C AF HOR T IA/MEMS IMU/
P B4l SHE L [T ], AR AR 2 0, 2022,
43(7) :139-148.

ZHANG F B, WANG K, LIAO W F, et al.
MEMS IMU/Odometer
algorithm[ J]. Chinese Journal of Scientific Instrument,
2022,43(7) : 139-148.

BLIBERE AR SO, XA, A5, BT & B e A Bl
FOOL BLRR TSR 7 ik [0 ] AR A R 22 41, 2021,
42(1) :39-48.

JIAXH, XUW F, LIUJ Y, et al. Solving method of
lidar odometry based on IMU [ J]. Chinese Journal of
Scientific Instrument,2021,42( 1) :39-48.

WU J, YAORT, ZHENG Y L, et al. Research on map

The International Journal of

Lidar/

integrated  tightly navigation

construction and location of laboratory service robot based
on iterative closest point [ J]. International Journal of

Circuits, Systems and Signal Processing,2020:14.
PN, SETTRE, XIS, S5, Bla Fe AR AR RO RO



123

FE A ST HOLER IS S AMCL BOIEBENLE: A E (07 1 227

[16]

[17]

[21]

Moz B B ESRE (D], IR AR A
2021,35(7) :156-162.

SUN W, YUANHN, LIUN M,
algorithm combining contour features for line laser point
clouds [ J ].
Instrumentation ,2021,35(7) :156-162.
CENSI A. An ICP
metric[ C]. 2008 IEEE International Conference on
Robotics and Automation, IEEE, 2008 19-25.
KA, 5K, BRILAR, 45, B TP A TRALA
NS RBEMRILENIE[T]. AR, 2015,
36(4) :935-942.

ZHU Q G, ZHANG X J, CHEN W D,

the square-root cubature particle filter based mobile robot

et al. Fast registration

Journal of Electronic Measurement and

variant using a point-to-line

et al. Study on

Monte Carlo localization algorithm [ J]. Chinese Journal
of Scientific Instrument,2015,36(4) :935-942.

AR, R, 4R5E, . BT LA ABOGEN Y —
Pkt AMCL 535 [T]. BOG56H FoAUE #2021,
58(20) .479-487.

FENG J M, PEI D, ZOU Y, et al. An improved AMCL
algorithm based on robot laser localization[ J]. Laser &
Optoelectronics Progress,2021,58(20) :479-487.

SHI H, YANG J Y, SHI J SH,
assisted probabilistic localization method for
environment|[ J |. Sensors,2022,22(19): 7114.
FRAGE, VI, thahbn, . JETHOLE B R R ShL
a NEMHEFE[T]. BT & 5S4k, 2021,
35(9) .1-9.

JIAO CH J, JIANG M, XU J S, et al.

positioning  of

et al. Vision-sensor-

indoor

Research on

mobile  robot based on laser

information[ J]. Journal of Electronic Measurement and
Instrumentation, 2021,35(9) :1-9.

YIN SH, ZHU X P.
application to fault detection of nonlinear system [ J ].
IEEE Transactions 2015,
62(6) . 3852-3861.

XUHEHE, MRHEHT, Bk, 45, T e 5k ) g
R g P R AESRIE AT ()], BT 565 B4k,
2021,43(12) :3459-3466.

Intelligent particle filter and its

on Industrial Electronics,

LIUH T, LIN M Y, CHEN Y H,
resampling strategy of intelligent particle filter based on

[J].
Information Technology,2021,43(12) :3459-3466.

EEEN

et al. A study on

genetic algorithm Journal of Electronics &

EFi,2016 4 TALRUE BRHOR 4R
Fep i, SO AL RS BRHE R # A F
FELE , EEWTTETT 10 A 2L I Rl 5 i % 5
PLEs N2 S A
1010463414@ qq. com

Wang Zirun received his B. Sc.

E-mail ;
degree
from Beijing Information Science & Technology University
(BISTU) in 2016. He is currently a master student at BISTU.
His main research interests include localization and mapping of
mobile robot based on multi-sensor fusion.
Fews s, 1992 4E TR TR AT
207, 1998 AFF AU UL Toll~F B 2R A5 5t
e, B AL AR BB R o, R
WF5E 5 ) SRy S HAS: DN 5 R )
E-mail ; yanbx@ bistu. edu. cn
Yan Bixi received his B. Sc. degree from
Beijing Institute of Technology (BIT) in 1992, and received his
M. Sc. degree from Beijing Institute of Machinery Industry in
1998. He is currently a professor at BISTU. His main research
interests include photoelectric detection and visual measurement.
ERAR GEfEEE) 1986 F T AT
WP R AG 2 A, 1989 4R TAAE Tl K
RS20, 2009 AT AU TR 3k
Frl e, BUA AL RUE B R R A R,
Lo e S 3 | P o3 1) Al L D B A SRS e
il
E-mail; dongml@ bistu. edu. cn
Dong Mingli ( Corresponding author) received her B. Sc.
degree from Hefei University of Technology ( HFUT) in 1986,
received her M. Sc. degree from HFUT in 1989, and received her
Ph. D. degree from BIT in 2009. She is currently a professor and
a Ph. D.

photoelectric and visual inspection.

advisor at BISTU. Her main research interests include



