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Research on motion planning of construction robots
based on improved A" and TEB algorithm
XU Dingming, LI Zixin, ZHANG Yijun
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Aiming at the motion planning problem of mobile operation robots in building environment, an improved A" algorithm
combined with the Timed Elastic Band ( TEB) algorithm is proposed to control the robot’s motion, and the construction robot could
dock in a close distance on the wall parallel to the drilling position. It can be verified from the simulation and experiments that
compared with the traditional A™ algorithm, the improved A" algorithm has higher time—effectiveness and smoother path, which is
convenient for the construction robot to generate better global path trajectory. TEB algorithm is integrated to solve the local path
planning at a certain frequency in real time. Lidar is responsible for locating and obtaining obstacle information during the robot
movement, thus completing the motion planning task efficiently. Furtherly, improvement measures are proposed, which can
optimize the mapping location parameters, and improve the global and local path planning algorithms to compensate the robot motion
errors, so as to achieve better navigation effect.
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Fig. 1 Flowchart of A * algorithm
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Fig. 6 Simulation scene simulation diagram
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Tab. 1 Objects size table of simulation scene

Wik HoE R+ gt
A 1 K500 mm & 500 mm & 1 000 mm &
B 1 £ 2500 mm %% 500 mm & 1 000 mm A
C 1 K 2500 mm %E 2 500 mm # 1 000 mm M
D 1 £ 5000 mm 3 2 500 mm & 1 000 mm &]
E 1 £ 5000 mm 3 2 500 mm & 1 000 mm &]
F 1 K 10 000 mm $& 5 000 mm 5 1 000 mm E]
G 1 K 15000 mm % 5 000 mm {5 1 000 mm E]
H 1 K 10000 mm $& 10 000 mm 75 1 000 mm &]
i 4 EHA 5000 mm {2 500 mm &]
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Fig. 7 Simulation results diagram
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Tab. 2 Statistical table of simulation calculation results
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3 WS ANEEhALIEWIEIES 5

3.1 XHEE

TELER AN L AT SEER gk, 7 & B A i B
FEIH LA ALBH UTS— 101X 06 T 5 B A [ R 45
H/NERCA B R 7 N B TAEPLE R 0L, A
NEEACAAEN L, MHLECA 17 AR AL,
HUAMMALEE L HLHER 223 A ubantul18.04 [ #AF R 5E
F1 ROS(melodic) , 7ELEZE MM T, FHL, AHLLL
K MAHURAIHLATE L 1P B AR , AL AL 42
BLA] S BT FE MR IR

TERTHS W SE 9837 5 h ] cartographer Bk
Ty REf AT PR 55 b P 1) R s AT AT Y R I 9
s, HIE 9 AIHL, J5 3l teleop_twist_joy A FHEHE
71 25 LI emdvel2can Sy B 45 ) 4571 A ST IR
B, 31762 local. launch , 38 & %1 B ) F 4
VG PC A ST IR S A7, A B 0 6 T i ) A L R Ao 1
Fro ABEAEIE 10 FR,



60 oBe

/robot_state_publisher

nt

ht

Jagv_odometry
Jscan
Jagvljoint_states
/hokuyo
Jagvlemdvel
Nteleop_twist_joy Jemdvel2can
B9

2N A | S T A ¢ 812 %
it
I
Af /robot_pose_publisher
I
/tf /(mt(;ﬂ‘dphkr ()(x'll])eul(v_gi(l n(l]“‘
/submap_list i B ; - /map /move_base/goal
Jcartographer_node I
I
/move_base_node
Jscan
Jagvlemdvel

MEEFEFETTRE

Fig. 9 Running nodes graph of the fusion algorithm program

B 10 cartographer IRiEE &

Fig. 10 cartographer environment construction
3.2 RIWIE

AR B T O R SS A AL i SRR
BE, Ve B PR B 0 Bk I AT R AT I, A IS
SHRAENLAT NI IR AL S AT BRIt AC Sk
PEATEEL
3.2.1 f&4 AT FIE SR RHIE

Wy RUEE i 11 Fos, B, fi
HB /N g AL AR S R P DL S, 1 3R AR
G HIE RSPl as AAE 2 $R I B AL 55N
IR AT SR R A R B AR, 3 FR AL A AR AR 5L
I AP A R B AR A IR SR AR B A . RS TR A0 S5
AR AR AN SCRS SR N BT IR A S
cartographer AT (A HhL (5], 25 72 H bR £ 07 19 A B
7 ) AL AR AR R B AR, TEB 530325 S Ui 42
JRI AR AR R R B AR, R RS 4, P R
SR E K IEAE 5 AT ALALE, SEPRERUERL A% A
LRt HUA B KA I T BE B S A AT T
FTALOLE T T s B S bl A A B3k 5 1L 28K
P e B AL AR R R 0

B 11 HIFEIIERE

Fig. 11 Field experiment verification diagram

ZESTALOL AL Hlas Nz sh LI Fe an &l 12 e
Ao B2 1 FRblgs AR, 2 TR e Rz, 3
TR TR ERAR 4 FoRKPERE |5 Rt T LA B
Horb SRAE TR SR th ok e R AR, 248
i 10 41526 A B, ST AR ) 42 R AR R B A 1 2
ANEIR A AR, S MEBL AR N BB AT RO

(a) 1655 A" BRI

(b) itk A~ BRI &
B HAL3E NIE T MR E LI B

Experimental diagram of construction robots motion

12
Fig. 12

planning verification
3.2.2 Bk AT BIESLR BRI

[Fi] B T 5 S o Al A R SR Pk, Al 10 25250
U AT R N R R AR G AT RE R U,
W/ TR AR O BIA R B AR AR



512 4]

M, 45 RFHLEABG SR AT 5 TEB 5k piz shLI it 7e 61

Jir i BT 1) A A SR A A R 1) B 2K
MR R R B SR Y R AT

4 LERIB

(D3R H MR A BILRA TEB kit 7
SRR A IE S 6], IR AT TSR EE, mAkoE
LSRN R B A5 A AT 4T AL A s v 1Y)
145 B0 T SIS N IZR s A Rk, Hoh 42
e AT RBE RS AT BIRCRE A R
P R A T A AL N A R 1) 4 ) i AR
Bk,

(2) RGEoMT EE STAL A% T F bt e, 12 11 1 —
AR SR . T DA L O A I S v Sk H AR
T I DC AR R A5 /b /N e A AR BB, A b
NG R B SRR R T R Bl 4 s B AR T
I A ke A 4 R 5 R S AR R Bk
AMEHLEE NGB 3R 2 | LIk B T A9 SRR

[1] GULF, MIR I, ABUALIGAH L, et al. A Consolidated Review of

Path Planning and Optimization Techniques: Technical
Perspectives and Future Directions [ J]. Electronics, 2021, 10
(18) : 2250.

[2] ZHU Kai, ZHANG Tao. Deep reinforcement learning based mobile
robot navigation; A review [ J ].

Technology, 2021, 26(5) : 674-691.

Tsinghua Science and

[3] KB, B2 A%, 5. B ahbLas A A 2 s Al R T i oy
(1], A s iR KeEr2=4l, 2022,48(06) :1013-1021.

[4] WIS, skde NG, 55 BUHE N TR E R Pl A BE 12 R
TR LY ] HLAR S U, 2021,49(03) :6-10.

[5] KASHYAP A K, PARHI D R. Obstacle avoidance and path
planning of humanoid robot using fuzzy logic controller aided owl
search algorithm in complicated workspaces[ J]. Industrial Robot
The International Journal of Robotics Research and Application,
2021.

[6] XIFR, A IMRIE, 5. FET BIM W EESIHLa A B E 300
RS OEACIEFE[ 1], HHEHL TR 55 ,2022,58(15) :302-308.

[7] AGARWAL D, BHARTI P S. Implementing modified swarm
intelligence algorithm based on Slime moulds for path planning and
obstacle avoidance problem in mobile robots [ J]. Applied Soft
Computing, 2021, 107 107372.

[8] ZE/KiE. ST 3G TEB Bk A ESAFERI[D]. HUM ATHE
FRHER2E,2020.

[9] MUGARZA I, MUGARZA J C. A coloured Petri net—and D *
Lite—based traffic controller for automated guided vehicles [ J].
Electronics, 2021, 10(18) . 2235.

[10] J5 R, 2508 1. BT A~ « 5 DWA L& iR =
ML ABARHLRILT] . AW, 2021 ,52(01) 1 14-22.

[11] 5820 2 %5 k. B0y A~ + BB BE BB a8 A B A2 LR
[7]. HLFR8F,2021,44(02) :362-367.

[12]QI J, YANG H, SUN H. MOD-RRT # : A sampling - based
algorithm for robot path planning in dynamic environment [ J].
IEEE Transactions on Industrial Electronics, 2020, 63(8) ; 7244—
7251.

[13]LYU D, CHEN Ziwei, CAI Zesu, et al. Robot path planning by
leveraging the graph — encoded Floyd algorithm [ J ]. Future
Generation Computer Systems, 2021, 122; 204-208.

(35 54 1)

[ 1] BRSCE, BRI, AR ICR Y fE 5 R K 1] Bl
2022(02) :38-39.

(2] Brfik. SERZMGE PR REBRMARK[I]. EBEF, 2021, 37

(10) :1-4.

XUBAR, WESCHh, TKH. 55 KA MF T B T LA BL5E 1 2R AR KR

EILI]. AL LR SR ,2020,42(07) :1253-1261.

[4] BHERE, SRS, FETITRE T 146 AU 28 100 4 AR bk I AG
T[], BotE Ot TR, 2020, 57(04) :128-134.

(5] RS, A, HEF G IR 5N T IRES T2 M 2%
BRI [ 1] RIS B, 2016(03) :52-57.

(6] B8, X5k, sk, 55, & T Bk B4k 22 M 26 0 55 168 0 )
[J]. BHEHER S TR, 2019, 19(32) :236-243.

[7] MUHAMMA D K, KHAN S, PALADE V, et al. Edge intelligence—
assisted smoke detection in foggy surveillance environments[J].
IEEE Transactions on Industrial Informatics, 2020,16(2) ;1067 -
1075.

[8] KHAN S, MUHAMMAD K, MUMTAZ S, et al. Energy —efficient
deep CNN for smoke detection in foggy IoT environment [ J].
IEEE Internet of Things Journal, 2019, 6(6) : 9237-9245.

[9] OZBEK M E, YILDIZ U E. Smoke detection from foggy environment
based on color spaces| J]. International Journal of Applied Mathematics

[3

[

Electronics and Computers, 2021, 9(3): 72-78.

[ 10]MA Ningning, ZHANG Xiangyu, ZHENG Haitao, et al. ShuffleNet
V2. Practical guidelines for efficient CNN architecture design[ C]//
European Conference on Computer Vision. Cham: Springer, 2018
1-19.

[ 11 JHENDRYCKS D, GIMPEL K. Gaussian error linear units ( GELUs)
[J]. arXiv preprint arXiv;1606.08415, 2016.

[12] LIN M, CHEN Q, YAN S. Network in network [ J]. arXiv
preprint arXiv:1312.4400, 2013.

[13]BASHA S H S, DUBEY S R, PULABAIGARI V, et al. Impact
of fully connected layers on performance of convolutional neural
networks for image classification[ J]. Neurocomputing, 2020,378
112-119.

[14]WANG Qilong, WU Banggu, ZHU Pengfei, et al. ECA—Net;
Efficient channel attention for deep convolutional neural networks
[C]// 2020 IEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR). IEEE, 2020;11534-11542.

[15]SUN Guolei, CHOLAKKAL H, KHAN S, et al. Fine—grained
recognition; Accounting for subtle differences between similar
classes[ C]// Proceedings of the Aaai Conference on Artificial
Intelligence. Honolulu, Hawaii, USA. AAAI, 2019, 34 (07) .
12047-12054.



