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Improved RRT trajectory planning method based on tower model and
bidirectional beetle antennae search algorithm

LU Chao, DU Hai-bo'
(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to improve the automation level of high-altitude operation of a transmission tower and ensure the
safety of high-altitude operation robot equipment, aiming at the problem that traditional RRT and A* algorithms cannot
quickly plan the safe trajectory of a manipulator in the high-altitude complex environment of an angle steel tower, a
two-way beetle informed rapid random expansion tree trajectory planning algorithm (BI-RRT* Connect) based on the
tower model is proposed. Firstly, the working environment of the high-altitude robot is reconstructed digitally, and the
accurate model information of the transmission tower is obtained by using the model registration method. Then,
according to the tower model, the feasible path between the end point of the manipulator and the working target is
sought, and the beetle antennae algorithm is added to improve the random sampling process. Two beetles are used to
find each other to quickly obtain the initial path solution. Finally, the initial path is used as a priori knowledge to
construct the optimal path of the elliptical sampling area. The experimental platform is built in the Unity environment to
compare the proposed algorithm with four traditional algorithms such as RRT* Connect and A*. The experimental
results show that the algorithm has fast solution speed and high solution quality in various operation areas of the
transmission tower.

Keywords: trajectory planning; digital model; RRT; BAS algorithm; sampling method; Unity
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BI-RRT* Connect 0.35 47.38 100




%34

M A2 F AT B A fe s XM 69 73t RRT #uid MR 77 ik 961

0.35s; 5 A*. Informed RRT*, RRT* Connect. BAS-
RRT* Connect # k., BI-RRT* Connect 3K fi# Bt 75 I
]355I T 96.9 %. 95.3 %. 71.3 % H1 44.5 %.

FESE R TR v, A B AR HE PR TR 21 AT AT 1) i ok
Ti FICH R AT R, B, 738 5L IR A
I5e % iR ) SR AR P2 AR A L . i 11 R, 5
Foh [F12K 5 2 B, BI-RRT* Connect SR fif i 5 5 bR,
U2 54 YRR - BIHIa6ME, H. 602 S K
RELAE. 7 LUE B, R Informed RRT* BEWE i
A B A% I 3RA5 i ot A, (EL & S PR T WU i 1) 5K
i TR PR AN 5, R AR LRI I TR AT AR A G X ) Bk
HIBAS HEAE SR L 77 0 RA RS, (HR1E
[i] 5 s 8] P SR AR K. 55K, BI-RRT* Connect
FEX A 5L FI BAS FE R LA b, i — B85 T A
18 B AR A I TE A i, A UE B RR W AE CRAIE R 4T
AT ST 118 (] 52 A4 B P ) i e el B2, LR A% 4R R
RIBARAR, T S35 52 T SRR K

200
- - -BI-RRT*Connect
160} —— RRT*Connect
& Inforemd RRT*
P
@ 120
o
80t
4ol=—== : :
0 1 2 3 4
AR/ 10°

E11 SKERRESTEE

3.2 X8R 2 PR T

W X3 2 B 6 RN IS R 5 =M AR AE
TE R, MRS AR i e s A8 b5 A [243, 235, - 214], Hix
B AR AR [221, 256, — 215], FIR WAL B B
X3 1 W EAE, 5 FhEEI R AL Fout thin & 8
Fion. X3 2 EL#esk /N, RRT* Connect £1 BAS-RRT*
Connect A {173 A AN WX I, 1 82 4%, (H A2 BRAARARNAT)
SR K. BI-RRT* Connect AT 3K % & B F X 18 /2
], KM T BT B R, PR AR MR AR BE /N, SRS 2 B
LTS B AR IR AL - 25 B 42 A ARl Th 4
% 2 fR.

2 X2 hEEEMEEIERIIE

AT S PRI (s PRI BRI %
A* 1.74 33.52 100
Informed RRT* 0.96 35.51 98
RRT* Connect* 0.61 41.54 100
BAS-RRT* Connect 0.49 40.36 100
BI-RRT*-Connect 0.30 34.35 100

1T XU, A3 A1 BE /), Informed RRT*AE B
AT 05 g 1) P B PR, SR M Bt B/, (B R i (1]

R K F HoAth &% BI-RRT* Connect fIT 75 3 &I B 1]
5, 5 A*. Informed-RRT*, RRT* Connect. BAS-
RRT* Connect A k., BI-RRT* Connect 3R fi# fit 7 i
KU 1) 3 53808 7 82.7 % 68.7 % 50.8 % Al 38.7 %.
BI-RRT* Connect V-3 B AL AT IRBE = T A%, 5
Informed RRT*. RRT* Connect. BAS-RRT* Connect
FHEE, 23BN T 3.2 %. 17.3 % AT 14.9 %, iXF£ W] BI-
RRT* Connect 7E8% /)N X 35 P [FI A B AG A2oe 1 e, =R
iR o v FR AL
3.3 X3 3 HESEI AT

WOE X4 3 4 AR AR 5 A w0,
FtR b A B T Bk, WL R o A AR AR O [213,
547, — 182], H 5 U AR A [185, 576, — 190],
RV E 5 X3k 1 BEAF, 5 FhEVER R
LT an P 8 Firam. X3k 3 K/NIE R, AR AE AR 1)
2 435, RRT* Connect B ZE7E X 38045 1, #4200
K, BAS-RRT* Connect i £k B S8 75 [X 35 22 1], 5
PRI AR, AR R H B AR AR FE g, D398 7 AR AR
5 R A2 A% . 1 BI-RRT* Connect K 4 4% 5 3]
WIGE AR, MR AR DX 38 9 DA A, Tk 31 PRt sk i
IR, SEUS 3 FE AT 3 LRI 0] P35 % AR
WAl N2 N2 3 Fion.

®3XHE 3 PREAMEEIBIRRILL

HIEAR SFEIRIN E)/s - PR REIE/%
A* 1.19 30.89 100
Informed RRT* 0.88 33.36 96
RRT* Connect* 0.52 45.6 100
BAS-RRT* Connect 0.39 41.56 100
BI-RRT* Connect 0.27 32.22 100

[0 R 5 IR S I 24 5%, BI-RRT*
Connect FyEAISR EH L. 5 A*. Informed RRT*.
RRT* Connect. BAS-RRT* Connect #f] L, BI-RRT*
Connect KA IR TE 250N T 77.3 % 69.3 You
48.1 % A1 30.7 %, (H2&, B x5 MEA RIEARE
ISR AR A SR 725 T A* I e L, 5 HAh [ SR Bk
FHEE, SR 28 A2 AT 0 /N T 3.4 %. 29.3 %
22.5 %. ST E, BT H ol B AE = 4 m AR
Wi B R RIae 70, HARL X 8085 2%, TH
HUBCK, BI-RRT* Connect 555 HAth 59% 1 H2 ik
HH .

4 4

BUBRE UZE JK — B2 6 N R G AE b A0 3 1)
RUR) R, B0 A% 48 RRT 59245 Hin LRI =y B AE L 3
B R ISR R I E B M B8R T2 A, b
Hor WK FE AN fm, AE B2 A A B3 0 HG A2 23 [A) 918 61K 1 20



962 = # 5 & K £40%
B SR s e SR A T R AR EE A, A SCRR T 238: 122057.

— PR A B S ALY () BI-RRT* Connect 5325, FIT #2
A T S8 RRT* Connect ZVET8 N T R 4700
KFEISHE, 456 25 & 20 KORPBER T Wl LG i - 3R i
B], $rm 7RG AS IR B2, FEAR N Informed RAY IS 2
FTARALER AR, A PEAl e i Sk i e bk, Jlod &
MBS B IS SE R 1 3 A S I0 X bL o A, SE

K4k

RUSUE T e th SRR R 23R rh T PO AR e

bR I & i 42, K B T BI-RRT* Connect 515
HAER SRS, A AR T AL G EAF AR 1) 0] 3.
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