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Fig. 1 Schematic diagram of the spatial discretization process
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Fig.2 Schematic diagram of the energy transfer process
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Fig. 7 Schematic diagram of the path planning performance

Dy H i ferp, [ R4S R0 BG4 23 5 R
PR G GE G R TARIR, LAIX 20 AN T B i 4 2
B, SR RFRBENLI T SR IEREC R ALk
SR 5 A I LR A B R AR . R ER S H
B st 73 531 PTG R € B AR T o AEAR ORI 9
HAPRT, BB AN, HARL G BETD 5%
Rl B AR P ), X L R ] A RO S TR
ZERRT*HIL MY R 1H

NPRUEGE T A SE P, AR A I A2 B 17 50 9K,
TSR YOI HL R A B AR B AR ML [R] A
P R 2, JFHCP S EARE D R W R br . 45



6 Mtk E =

IEPERERE X LE N 1 TR

&1 ETBETDRIBEM LB
Tab.1 Comparison of the path planning data based on BETD

Al PR PR mm | P IFERS/ms | P30T Y SR
RRT 1324 393 2015
RRT* 1176 670 1885
RRT-Connect 1416 225 1381
APF-RRT* 1163 826 2391
ASCE: 1091 70 345

MBS R BERF , A SCRE AR B A2 - K
FE 1091 mm, AHE T 1558 RRT LSRR 17. 6%,
AT RRT*A 4540 7. 2%, AT RRT-Connect 55
P46 5 22. 9%, M T APF-RRT* 5 % 45 4 6. 2%
IXFRY, BETD 530338 2ok #0000 £ 5 iy % 422 v ) A i
A %05 | 5 RRT*3E A iU P 1 B A28 o

MRS, A SCEZAFFER 70 ms,
T HAbXT B L. M T RRTE L, AR CE LA
FE I [H) 47 R 82. 2%, AHHX T RRT* 5374 4 4 89. 6%,
AH % F RRT-Connect 5.7 45 4 68. 9%, AH#:F APF-
RRT*B VL4645 91. 5%, X5 25 T BETD 574 78 #L K1)
HIIA PR RO DGR IE , K> T RRT*SATE
TR X E B, R E T T RRCE,

T 1 S B8O Lo it — 2P BIE 73X — 4518, A
SCHER YT R S 345, & RRT B L
17.1%, RRT*# 1) 18.3%, RRT-Connect &% 1Y
25.0%, APF-RRT*BLMY 14. 4%, 17 55 50 /0 H
WL T AL 25 4 B RS T S Ak . B BT AR
WRA, SR DL B R 454 8 B T T AT 38 1E
PR, R T EIR B R EER, X
RECRIE T BRI

LEAMHT AT, 454 BETD A RRT* 0 v: 18 i 3
] BB H A% 16 TR I PR B v i i m s T AT, R
XL AR A SR R, A RENL A L
w T ERWEPNE B FEERLRIET
BETD Sk e 48 T B AR LRI ROR | 4 AR K DA I
I/ TR ST ) B R, R S LR Y S
PRI FHBEE T R AT A
5.2 EFHBEMRUMRRT*EEHBE

T B AIE DOHO S RRT* 8032 60 %1 i 42 78 4 BE Al
SR AR T, XL ST RRT*B AL 2 A0 4
BEARMUN FHEE B A Ak 503 BE LAk, X e AT
Jo R AR FE RN R AR AL . 18] 8 T/ A AR /S 1)
BN, B8, PR £ oA RRT*HA 1 4] 46 i
7, el N EmALE R, aaihdk T
WAL S B A 8% 4E . DOHO S5 b, W Pl ik (5

1B O BE N 30°
800
700
600

500

y/mm

400

300

200

100

0 100 200 300 400 500 600 700 800
x/mm

E8 DOHOEELR
Fig. 8 Results of the DOHO algorithm

HEI 8 AT, PR OLALA ROHER TR 1R B AR Y
TURGATIR, 752 A U BR AR s iy B Al b W25 40
JLTRSARACRE s P R LA gk — 28 A X iR s A AL
J5 BRAR T K AR BE R T BEATAE I, SRR L3
I, TR T UM iz s R A RE AR AE

PEACBOR I E B rin sk 2 s . &l iR eg ik
i, BAEKE4E T 63.37 mm, XL AL R N
5.53%; A(EMCHERN b IEAT 3 O, BEAR I XS
b 400 B 6 A2 45 /5 T 81,83 mm, A X AR AL iR EE
7.13%. [, BEAR G EEAT MA E BY )N, - R
R W GE, AT S HUMUE PRz s EK .

2 ETFTDOHOMBEEMIIEIEIILL
Tab.2 Comparison of the path planning data based on DOHO

JsHl A YE X B mm | 4R R %
AR KL 63.37 5.53
AR AL 81.83 7.13

D5 ELZ5 R F 0, DOHO B EAE Ry 5 Ab BHAR e fig
% TN R TR IR S R AR FR MR TR, A AR T
T RRT*F LRI B4R 00 0, S HLARUES () 5E B 0,
AL T R0 IE s .
5.3 HHBBREAKNBE

T WRUE TR SR A AT R, A Matlab B {4 3R
BT 6 [ B URS HLBRE (19 T4 25 [ g 78 |
IR E

P E R E 3R AR B, /N
BE B A 200 mm. HLARE BRI IR ST M E IR E N

2 1 1 1 1 e
gw’ gﬂ? gTr, 5’“’9 _E'ﬂ-a O]rada E*’j\‘?&—p%

1 1 1

1 .
Rean A e O B = - _
FEE M| 3T 0, 3T ™ 3T 0]rad. HLAK

T B AR S T A 9 BT 7 o

—



PRk, 55

T e 5 502U R RRT* AR MU 5k 7

(b) Kl
B9 HHEITIE=E

Fig. 9 Robotic arm working space

EAFUEIT I, AR SCR W A% L STERTE T HLAR
T R S ) 1L 30 A e e R, 7 AR i R R R RE
Pl py R b, HUBCE 25 SR 547 75 5 s 49y il f2
MBS o B XX — R, AR SCHET B3N 134T
5 B -1 1) RIE R A SR, 9 5R P 908 2l 2 22 figp 4
G55 A% S U 38 J) ES SRR T R SR, DT AT R T
KR AR )R

BEARSCHRL S RRT L . RRT*EAFEATXT L,
RRT 5445 2 19 B 42 0 P 10 (a) 7R, RRT*55 1544
B EE AL A0 10(b) BT s, AR SCHE AR 2 A9 A2
K 10(c) Fis o

Z/m

(a) RRTH 4

Z/lm

Z/m

(c) ATCEE%
E10 EHREMYEEIL
Fig. 10 Comparison of path planning algorithms

ANRIP RN RS anR 3 s o
RKIAH, EMERIBITHET, ASCEEMIL
RRT # RRT*55 3%, HA SRR I (] | S 0
PR RE AR A 5 5 X A5 45 T BETD 53
It R R A5 S, AT RO R T X RRT A
FHIE5R, FEHEF T RRT*E L ARERCE, B
Foek T HAERARPRE Bk,

R3I BEMAYNBETLL
Tab.3 Comparison of the path planning data

L NCRTR 1R A /ms AR K S /mm Rigat

RRT &k 342.7 1316.918 5 1921

RRT*H.7k% 770. 4 1091.3279 1855

KN @RS 213.2 983. 963 378
6 it

BN RRTRA T RRehc ) 7 o 4950 o 1 2 2 R 05
AR AR AR | B A R R IR, R
— P TR 5 5 Rt RRT*5H%

1) $RHBETD 53k o i i 55 v i vy ml 3k
P ROFAE 8 RRTAE B R ] B8 AR A, 7E—E R
BB T ARG RRT* R H H .



8 Mtk E =

2) $Ei DOHO B . R EIIL NS . 55—
BrBC, S IUAR S SIBR LIS R K R R B
BB, JE T KA AR U] 5 i i = A S 3 B A T T
Ak

3) ¥ BETD 5 DOHO @ A RRT*HEZE, FEM, “Hi
Ab BRI -5 Ab B = g kbR R, e iRE
ZRINEE T LA B AR BRI RORAG . B4R T A5
MERBHR AL T —Fh RGP P L

PF LA R R, AR IRAEE A58 N RIS
WEMPEREILS . Hrb, 454 BETD 1Y RRT*H.%AH
4 F RRT. RRT*, RRT-Connect & APF-RRT*%#. %,
PR A% 48 2 I 6] 45 4 68. 9%~91. 5%, B& AR K FE 45
6.2%~22.9%, ¥ &N AL i X LB 14. 4%~
25.0%. FEMCIERE ., 51 A DOHO #ibe gk 17 J5 kb B,
Al — AR K, JF R E s KA T,
RS A0 T A LB B S B iz sh R

Z % X W

[1] YANG C,FANG Z Q,REN HY et al. Interval uncertainty-orient-
ed impedance force control for space manipulator with time-depen-
dent reliability[ J]. Acta Astronautica,2024,222:207-218.

[2] ZHANGJW,BAIC C,YUE C P,etal. Deep MARL-based resil-
ient motion planning for decentralized space manipulator [J].
Space: Science & Technology,2024,4:145.

[3] XUK,ZHUANG X H,QIAO A W, et al. Design and analysis of a
novel deployable grasping manipulator for space object capture
[J]. Acta Astronautica,2024,224:266-280.

[4] WEN H, YANG X, WANG J Y, et al. Environment-adaptive path
planning method for industrial robot manipulators [J]. IEEE/
ASME Transactions on Mechatronics,2026,31(1):372-381.

[5] JF5EHh, TR, EARME, . SETHiERIMED M3 n) B #%0

PLADAENL I NIB B FALBE S 7T ]. UL 3, 2026,50(2) :
129-137.
JING Xiaodi, WANG Liangwen, WANG Dongxia, et al. Kinemat-
ics modeling and simulation of a self-moving wrapping robot
based on ellipsoidal item packaging [J]. Journal of Mechanical
Transmission,2026,50(2) : 129-137.

(6] WILHE, 5E L2, JRIRENI, 25 . BT Bt BB 1 38 SUR Ak

IS RCHURE U Ll (1. HUbkAL2),2024,48(11):71-78.
HU Jiangtao, DANG Yugong, ZHOU Zhigang, et al. Trajectory
planning of crossed roller bearing automatic assembly robotic arms
based on the improved gray wolf optimizer [J]. Journal of
Mechanical Transmission,2024,48(11):71-78.

(7] Sk¥RM, HIET, #7200, 55 Bk RO AL LIRS ML A
BB AR LT ], LB A% 30 ,2024,48(8) : 49-56.

ZHANG Zhenhe, YANG Daoyu, SHU Yibin, et al. Application of

[10]

[12]

[13]

[14]

[15]

[16]

[17]

an improved particle swarm optimization algorithm in the robotic
arm of a handling robot[J]. Journal of Mechanical Transmission,
2024,48(8) :49-56.

XTF, B4, W07, % AT AP A RCM AU ) iz 32
DR EHMETT T[T ], MU S),2025,49(8) :46-52.

LIU Fen, WANG Rui, HUANG Fang, et al. Research on modeling
and compensation of generalized kinematic error of RCM
manipulators for minimally invasive surgery robots[J]. Journal of
Mechanical Transmission,2025,49(8) :46-52.

AESCHL RN B 4F L NISEASG H O I R S MU 12 30
R AT 0], HLBRERIE ,2024,46(4) :952-958.

LI Wenxia, ZHAO Zhigang, ZHAO Xiangtang, et al. Kinematic
characteristics analysis of rigid-flexible coupling series-parallel
rehabilitation manipulator [J].

2024,46(4):952-958.

Journal of Mechanical Strength,

SACHAN S, SHUKLA T, SWARNKAR P, et al. Intelligent con-
trol of surgical robot for telesurgery : an application to smart health-
care systems [J]. IET Circuits, Devices & Systems, 2024, 2024
(1):2119507.

XNZF RIS, 7,5 BTG A ZEE T BT 5004k
[J]. WLMAE01,2024,48(5) :54-61.

LIU Fen, SONG Liqiang, HUANG Fang, et al. Design and optimi-
zation of the master manipulator of minimally invasive surgery ro-
bots[J]. Journal of Mechanical Transmission,2024,48(5) :54-61.
ZHAO X X, WANG K, ZHANG P Y, et al. An improved RRT*
path planning algorithm combining Gaussian distributed sampling
and depth strategy for robotic arm of fruit-picking robot[J]. Com-
puters and Electronics in Agriculture,2026,240:111244.

WANG M H,ZHOU Z D, WANG Y L, et al. Design and experi-
ment of facility elevated planting strawberry continuous picking
manipulator[ J]. Computers and Electronics in Agriculture, 2025,
228:109703.

ZHANG B,XIA Y Y,GU Y, et al. Application of improved RRT
algorithm by multi-strategy fusion in path planning for robotic
manipulator: a case study of multi-posture dragon fruit picking[J].
Computers and Electronics in Agriculture,2026,242:111285.
GAMMELL J D, SRINIVASA S S, BARFOOT T D. Informed
RRT*: optimal sampling-based path planning focused via direct
sampling of an admissible ellipsoidal heuristic [ C]//2014 IEEE/
RSJ International Conference on Intelligent Robots and Systems.
IEEE,2014:2997-3004.

HUANG Y, LEE H H. Adaptive informed RRT*: asymptotically
optimal path planning with elliptical sampling pools in narrow pas-
sages [J].
tems,2024,22(1):241-251.

JEBHRE i . T SO0 A O Informed-RRT* Y 42 KL R
SRkI]. MUkAL3h,2025,49(2) :93-100.

YAN Guiseng, YANG Jie. Path planning algorithm based on the

International Journal of Control, Automation and Sys-

improved Informed-RRT* using the sea-horse optimizer[J]. Jour-



PR, 25 ZETRER 51 50 R UH RRT* B4R AL 51k 9

[21]

nal of Mechanical Transmission,2025,49(2):93-100.

XISE T, B, A R TR A I 2P K RRT F: i AL
BRI ], BLbiAL 3, 2024,48(12) :82-86.

LIU Yafei, LIU Fang, DONG Rong, et al. Path planning of manip-
ulators based on the norm adaptive step-size RRT algorithm [J].
Journal of Mechanical Transmission,2024,48(12) :82-86.

PR PRS . BT 0 FE AP RRT 90U L as A B ) g% 42

A ICABLER AR LRI SEIE D], B2l R 2 2441, 2024, 58 (4)
511-524.

LIU Wengian, SHAN Liang, ZHANG Weilong, et al. Unmanned
aerial vehicle path planning algorithm based on improved
Informed RRT* in complex environment [ J]. Journal of Shanghai

Jiao Tong University,2024,58(4) :511-524.

[22] KANG T W,KANG J G,JUNG J W. A bidirectional interpolation
BRIT]. PLEA,2020,42(5):606-616.
method for post-processing in sampling-based robot path planning
LI Yang, XU Da. Cooperative path planning of dual-arm robot
. ) . [J]. Sensors,2021,21(21):7425.
based on attractive force self-adaptive step siz¢ RRT[J]. Robot,
(23] WrrdE, B e, 84 B . BGH Informed-RRT* (1455 S HLAS A %

2020,42(5):606-616.

LIU CL,XIAO F L,MAY,et al. An enhanced RRT* algorithm
with biased sampling and dynamic stepsize strategy for ship route
planning in the high-risk areas[J]. Ocean Engineering,2025,332:
121466.

RIS )], LRSI, 2023,59(19) :75-81.
JIN Wuxuan, MA Xianghua, ZHAO Jinliang. Research on path
planning algorithm of mobile robot based on improved Informed-

RRT*[J]. Computer Engineering and Applications,2023,59(19):

XUSCAE, gt skAR IR, % . & ZRIAEE T I T2 Informed RRT* 75-81.

RRT* path planning algorithm based on energy guidance and hierarchical

optimization

CHEN Feixiang MA Yuwen LIU Xuzan YANG Shuofei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: [Objective] In order to address the issues of excessive sampling blindness and poor path quality faced by
traditional rapidly-exploring random tree star (RRT*) algorithms in complex environments, an enhanced RRT* algorithm was
proposed based on the bidirectional energy tunnel detection (BETD) and the dual-objective hierarchical optimization (DOHO).
[Methods] A three-stage progressive optimization framework was employed in the proposed algorithm. During the pre-
processing phase, path intermediate points with high accessibility were screened by the BETD algorithm, providing directional
nodes for subsequent expansion. In the path planning phase, the RRT* was guided by these intermediate points to achieve
efficient expansion. During the post-processing phase, the DOHO algorithm was employed to perform dual optimization of both
path length and smoothness on the initial path. 2D and 3D simulation platforms were established in Matlab to validate the
system performance. [Results] Simulation results indicate that the RRT* algorithm incorporating BETD reduces path search time
by 68.9% to 91.5% and shortens path length by 6.2% to 22.9% compared to RRT, RRT*, RRT-Connect, and artificial potential
field-RRT* algorithms. The number of expanded nodes accounts for merely 14.4% to 25.0% of those in the comparison
algorithms. When compared to the traditional RRT* algorithm, the RRT* algorithm incorporating DOHO reduces path length by
7.13% and significantly improves path smoothness.

Key words: RRT* algorithm; Path planning; Energy guidance; Node-oriented sampling; Hierarchical optimization
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