§56 % 7 i B S N - T Vol. 56 No. 7
2022 4F 7 H JOURNAL OF XI” AN JIAOTONG UNIVERSITY Jul. 2022

HLEE A B 12 10 %1 bR a3 37 R R L At
5% B B 5%
ER, B, BER

(L. P22 3200 K2 AR BT B TR R BB A E s 5280 %, 710049, PO
2. VUL AT 30 2 DR T A8 HLBO™ il B AR B 52 W EE AT S g &, 710049, T4 20)

FE. ARy BRI (RRD ik ERZAX TP AARGYT ALK . TRT XS,
FHEBFERBE ARG AXNGBERKFFA R ET —Fkitey RRT k. #4584
KN B ARG Rk B NS E R AL TR £ &) B AR S B AT R 09 B B AR 4% Rp B
WBF R AR BE BT R KR VA EBAFRE WL KRG RGeS RAZEFT LR, A
ZABHEMENTHENBARTTFELE, HASKHHEREEAN. 54K RRT Hixm. &
e RRT A AR Y T AT SH AN %2 B2, MY T 19.56%, B B H X BF 1 K K B
&RV T 54.08% . 2R & T R AARKR] 02 %,

XKW RRT %o AREAEAERT BRI K TH FRALR
mESES. TP306.1 XEiirEMG: A

DOI. 10.7652/xjtuxb202207001 XEHE. 0253-987X(2022)07-0001-08

Research on Improvement of Rapidly Exploring Random Tree Algorithm
in Robot Path Planning

WANG Shuo'?, DUAN Rongkai'?, LIAO Yuhe'*

(1. Key Laboratory of Education Ministry for Modern Design and Rotor-Bearing System, Xi’an Jiaotong University,
Xi’an 710049, China; 2. Shaanxi Key Laboratory of Mechanical Product Quality Assurance and Diagnostics,
Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to solve the problems of the basic rapidly exploring random tree (RRT)
algorithm in path planning, such as large randomness, excessive redundant nodes, oscillation
around the target point and long planned paths, an improved RRT algorithm was proposed.
Firstly, the algorithm applies the target bias strategy and introduces dynamic weight coefficient
to make the tree expand to the target point as much as possible while avoiding obstacles instantly.
Next, the oscillation of the tree near the target point is reduced by using the adaptive expansion
step. Finally, the path is pruned and smoothed by cubic B-spline curves. Simulation results show
that compared with the basic RRT algorithm, the improved RRT algorithm effectively reduces
the number of redundant nodes, the planned path is shorter by 19. 56 % , and the planning time is
greatly reduced by 54.08% , which effectively improves the efficiency of path planning.
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Fig. 1 Basic RRT algorithm extension diagram
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Fig. 2 Expansion diagram after introducing weight coefficients

B R e AR AR R DU 2 Bk E

Toew = Tnearess + p et
H Lgoal — Lny t H
(1 o p> Lrand — Lnearest e (1>
H Lrand — Lnearest H

A p MEERERBL0<<p<<1. 3 p=>0.5 I
TSR 1] H AR ST 180 5 25 p<70. 5 I 357 4 K
I B BIL 77 16

H T B A 1 2% T B I e 5 0 14 £ R R B AR
MRS p BB G n] AR 3 R A5 490 B9 1 00 A S
07 3 8y 285 A 0 T AR L T S R B R 5 5
SCHRL24 T4 h —Flofs N T8Ik 5 RRT AL S
BT %5 RS S AR R BOERCR AL R
Je H1 T A AR B 1Y A AN I 3 BT 51 ) R g
KPR RCRIF A . AR S Bk AR

http: // zkxb. xjtu. edu. cn

W RE R b b — 2 3R — B p (B S 25 0 4% 00 B
R 2 2% 08 H A 5 07 RS S A O (p >
0.5) AR fid 1) H AR sl 2EAT 7 . WERBENY 2
5 Toearen Z IV HGFE LR L 15 [ 05 1) B8 A 5 A2 il 95 DU
B oo AT A . 50 2% R BEHLTT 1] [ &R 5 &
TS LU R AE p (B p<20. 5, DU R AE PRI T
BEATH) . WERBY Toew T T Z A ELR L 5 Bt
TP A A WK e DAY SRR . AR UL 3
AT =8 XM p M T SGEW 6
% 7E A 1] A3 57 1 [ B DR 3 e T e 54
2.2 HERFRHK

BN R e 22 BUR 2RI SR H AR R 2o
Z T BB R A /N T B B AR A A A A
HERE e Tl 2o FHIE . — G BLR 0 T B AR
JERH R PR R ¢ BIERT A8 2o M 2yon
ZIE]F B RS Ry (A e) 3 B PRI o G SRR Ak 25 DA 2D
Koo BEATY 45 by 1 OB B 1Y L e £ H AR A
Pl U 7 + B3 5 B0 B A0 B8 AN S8 o et A4 R ] g el
TR i1y HLAf 3% A A H A s B o b 3 38 T A
A B M AR B 28 T . N il PR3 — Tl AL, AR S e
e WA 5 W5 bs i Z 18] 19 B 3 7 3t 47 94

:Tiigo ia*ﬁ%ﬁﬁﬂg@ﬁﬁﬁ%ﬁﬂﬂ e 9% Incarcst;ﬂ] X goal
ZIEIEE KT e Bl ve=e1 52 Touren T 20 Z AT B
%ﬁ[x’e]ﬁ[ﬂmﬁgﬁﬁj‘9e:82: H Lgoal — Lneare st H o

W 7 7 R AP R 3 R 2 T R s B A [
3 R On i B /R 97 A K L R % B 3l 25
BERHO .

(b) B Wi 9 2 Ky s B
3 e A A& A K YRR
Fig. 3 Expansion diagram of fixed and adaptive expansion

steps




4 [T 7B S NI = R 9556 %
2.3 BEISHMAEELIE

51 A 3 25 B R KUF R R 10 BE AL K K |
IN LR B T A1 A2 o A SO T I N s
A% SC XA A R A B 0 5 AR A AT 0T R A et o
AL s TR B ABRE G PR LA A RN

A A B A L S % 2 K A R 7 L
B0 1A DR AL e FF I ARG I I 85715 15 v TR
o B e B 226 B R B 2 1) A R BTN A
PR WO e R e 22 06 B BT A A I A

Iz B e, Z 1] 0 42 RN B A ) 2 (8] & AR T Al AR
DS R 2 IR E S UL B2 B, 35 I 3 H A
B o » BCJEHE TR AT RS B IR AT 1% 422, 15 3]
B BEAR . X AR BT A T AR R M s > T ER AR By

YA B A 1 455 S EATY IR A B AN
Bl A MO RE Y B AR AT A8 - 2 12 P AL R D A7 i
DR ARl S A R s PN i Y
W P X B AR AT P I AL FE . ST B AR SR
il 2 K5 4 5 - B 05 5 i i A o ol 0 T i
H =W BHEAILG 2 il 2 R8N e S )
PR T R AR D AR SCEE T =R B
2% 2 0 B A A B AR EAT P T AL B

KW B R R & ] 2R

pu) = id,B,.K(u), (1 =0,1,2,+,m) (2)
Horbrod; Dy M2 47 0 B T0U R, BRAR A9 35 45105 B i K

B RSS2k 9 R A K Uy BOH £ Y 5 )

LA U:[uoaul 9“"“11+K+ljy%ﬁ§o EW\ B #/%EEEQX—

Ao L BR B
BM::%%—u“%&ﬁ—3u+l)
_ 1 3 2
B, = +Gu’ —6u’ 40
1 (3)
B, = K(* 3u 4+ 6u* +3u+1)
B, = %us

2.4 it RRT EiERE

LR DA LA Ok 45 it . 2o i RRT 5330
FEEE 4 R,

k) RRT BRI R .

(D 7E H 52 A B8 R 2 T H AR B 20 5
PIRLK e WWIIGRTH €1 » H ARSI SBIE A

(2) 25 BB BL R A S 2 ana » 300 I 3 R AR 43 B ST
T Zocarest » BE W T care T 2000 Z 0] 1 BB 02 5 K

http: // zkxb. xjtu. edu. cn

Fxnen A INEN

FEH

XnearestF15

SR E AR Yoasee’™
p1Ple=e Rl Looal HIH N
Xnew 7
|
L x| [%e]| [%e| [Ex
Iy W W ety BN o) ER
we | | am | | wm| | #e

Bl 4 B RRT Bk
Fig. 4 The flow chart of improved RRT algorithm

T e

(AN BR (2) Z R0l /2 T e 1 BE AL B 51
AR RZEL pr BB A 2o G e B BN
Bl o TE e MIERE 1 5] ARE RE po B HT
B T o

COFTIM e T T pearess Z N0 FE LR L SR A5 S A
Yy & A i AR R R R R ae ITA YT R
P75 WIAE S JT e BUE A ERE BB ARCE REL p. 19
FH A Zoew o

KT 2 BT 2 e Z AT B HE LR L SR 15 F B
54 & A wlE T AR R AR R L B e AT
B 5 GR [l 2 B (2)

6 R e A 2ot Z B BF S S A5 /N T AL A0
U 25 T 2o, T E BR AL N 2, FRER IR K T
FRIE A F2 A1 A BN 5 B H AR S AR

(7) 5% A5 B 10 B0 R 5 A% 0 47 B R Ak B Al 2
Wh .

3 FELIE

3.1 #litaEEMXBE

Tt ) RRT 503K (9 RCR 2847 3631k » £E
matlab FHEAT T ZHEAS A IR B R OO 2. WY
o V] 5 5 2 e 0 00+ L2 I A Y B 9 BE 06 Pk
W 3#E T B AT ) . PRI SR 9 R/ 800 mm X 800




87

mm, BE R £ AL FR (50 mm. 50 mm) . H bR 51 A R
(750 mm, 750 mm) , ¥JIEY B K e, =50 mm, H
PR AR A =20 mm, 73 i 1] RRT 553  RRT-
star 53 [EEACE REOW RRT 5735 (51 A A &
PR MR SOk ) RRT 573 7F 47 6 42 24
XFHEAr T o S 1 R AR ) O 1] e [ E A AR R
RRT 52 M ALE 28 p BE N 0.8, AR STkttt iy
RRT 5L MALE R 5 p BUE K 0. 8 CH b5 i J5 1)
R EFEO 0. 2CBEALTT B R & E SR .
R 2R AR AR L 10 % A o O B 3 ) LR 45 2R
Kl 5 Fros .

£ 1N 4 M EAER Z RS Y ARG T 4 5 k47
500 WA LRI BT A 1 7 2 RO . B R WL 7R %
A28 TR ) osF R B AR A BE 3k S T SR AR B B Y
RRT Bk A A RRT 55351 RRT-star 55548
AW BRI, Bk RRT L MIEEA RRT 5
M B« A B R B R k2D 54. 08 %6, B AR K BE U D

800

R

700—‘\&\\‘ -\T\/\. y ab\ EJ

600 6\/% \\ | .x E
,%—\'*;i i <\\

500 = Y\

400

y/mm

300

200

£ 100
I

00 200 300 400 500 -\| 600 700 800
TP T ‘ mm | PERTET

A B AN R A2

(a)JEA RRT B3k

800

y/mm

:
0 100 200 300 400 500 FSOO 700 800
PR H e wmm | PRI FEHE
(B = ) AN ER AT

(b)RRT-star 2 3=

http: // zkxb. xjtu. edu. cn

T A HILAR N AR R R bR R AL AR B 0 e T 5 5
800 MBI
700} H
L7
o
600 =
500 Fat
5
= )
800
(o) [ EALE R A RRT 5k
800
700 H
an
600 =
500 =
I

400

& [100
j=1
0

y/mm

800

x/mm

(ki RRT &
5 4 B RRT 5592 /Y 42 BRI 245
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Table 1 Path planning data of four algorithms

RS BRI /s BAR B/ mm
JA RRT 3.31 1415.63
RRT-star 128. 41 1 204. 83
[ E AR R B RRT 3.83 1 082. 34
i) RRT 1.52 1138.71




6 [ 7 . ]

PN

&

1% 556 &

3.2 HERYRSKMHE

Oy — A0 A6 8 B A AT AR ORI R AP
A A » A4 52 A DR 45 D7 030 85 R G A 2 O A2 1Y
ST LTI A 3R D Yk S B A
K, 05 By A 5 R 6 FT R, Bl LLE 3, A
RRT FEAE FAR AL 2o ML KA TR (B 6C2))
Ml BEN Y A KR RRT 5 2RI 2o
I H b 22 1] A RS Bl 2 R R TR P K A Al
W T IR 5 - TG B 1k AR H bR R (E 6(b))

800 T

Y\/ .
00t A
7001 ¢ ol — \ EI
Y i PR
600 : =
e e N
X Q
500 Y
£ 400 K
- \ .
300} | I
200
=g / \ 1
i 1100 \ . \ 7
PR A
AN SN
o A
0 100\ 200 300 400 500 \ 600 700 800
BRI A% 1 mm | PRI
(B EX:0N S

(a)JEA RRT &3k

800

y/mm

BRI AE =
) SRR

HURIH AT FE 12 x/mm
BEMHL

(WLBIA BIEMN T R K RRT 5k
Bl 6 PR RRT S0 i % A2 AR 25

Fig. 6 Path planning data of two algorithms

2 NEEA RRT J ik UG A BN Y D
K RRT HkFI e 9 RRT B LK Z iy
PREER 73 E AT 500 W AR AL ) B A B 3 5
. BERML5IABE N LKA RRT 83k
A RRT 5k A B2 52 T ok A 3k .

http: // zkxb. xjtu. edu. cn

SIABENY A K RRT ik fEEA RRT &
ARG A IR B () sk 20 34 7496, B AR K b
2.08% , HE—2 1 EHE Sy Brid R L AN R A 3E R
PR RRT 53k 78 B A2 R0 3l B[] 0 i A8 <
XA 8RR b5 RRT 5540 L3445 A Bk
ZEHE . PR 7 AR B R o [ B R S A R AL
MAERNY R KA B2,
2 3 A ke R AAAR HAE

Table 2 Path planning data of three algorithms

BEAS RIS ] B AR

ik /s /mm
A RRT 3.31 1415. 63
RRTUXGIA B @ N fE 28 1K 2.16 1386.17
Uit RRT 1. 52 1138.71

3.3 ERRTFELEMRE

T WA TUAR Y R AR R B A Y 3 L 5
AR 4 3% A BE AT BT A SR =R B KR SR AT
AL BE, matlab o (7 HAERUNE 7 R

MIEL 7 ARl DU S BB R 1 A 5 5 A
AR A -0 Ak B A 3% A D DB A A B B AT
B B SF- 3 RE % B 4 3 2 L A% iz B P AR
PEEOR .

4zt B

BEXF A RRT 53035 M 5C Be ik BF 5 47 76 11 1)
AL ARSCEHR T — Akt 19 RRT 53k . %5 k8
WGBS CE R BN A& LY &AL 0> T
PR R BERLIE LA R AE H AR A B AR 5 B s OF
XA ML e B B A AT BT BRI =K B ORE AR T

800

B ALEE (R

700 . S B
. .

oy

600 I H
500 E
s

"

400

y/mm

300

200

£ 100
J= L

0 " . . .
0 800

MR FEF 7~ ] v/mm
Ay AR AT

() By R A 7




ES L A AL A B AR R v R LR B 3% 1 B 5T 7

y/mm

x/mm

(b - 1 4k 2
B AR T 8 A B A Ak B

7
Fig. 7 Path smoothing and pruning

WH, AFILEAE Z AW B A RRT 8Bk #E17 T 2
B —ENSHME.

MR R HHA RRT LA L, AR 2
(A 5CPE R AR R P 32 SR BAE LR LA J7 I

(D 5JEA RRT B A, ki RRT 53k
HEAT P& AR A0 BT 55 08 B () K AN L 7505 LR T
5 A B R ) ) 92D 54, 804 5

(2) H5HEA RRT B AH L, s i RRT 5k
TR Y 6 A2 BE WD AR LR BT L AR R R b D
T 19.56%;

¥ i i) RRT 55 k4] 25 0 R0 15 31 19 % 45
HEAT Y ASORIT- 0 A0 3L S L B 09 B AR B BT 0 O
P BB T 4 b i JE DL N2 3l 1 80K .

B3

(1] BRSREG. W4, S5, SR AR M0 3% 19 3k T

A LA N B AL B 3 A [T]. 75 %2 52 1 R 24 2 4l
2021, 55(5): 92-101.
CHEN Lerui, CAO Jianfu, HU Heyu. Fault mecha-
nism analysis for heavy-load industrial robot with non-
linear spectrum [ J]. Journal of Xi’an Jiaotong Univer-
sity, 2021, 55(5): 92-101.

(2] #H—J=. BREL. RS A N2 0 0 2 B L& A &%
AR T REOC AL T A ] [T ], 70 A0 Ko 2e 4l
2021, 55(3): 175-185.

JIANG Yichen, CHEN Gang. Particle swarm optimi-
zation sliding mode steering control of driving robot in-
tegrated with adaptive curve preview [J]. Journal of

Xi’an Jiaotong University, 2021, 55(3): 175-185.

http: // zkxb. xjtu

[3]

(5]

[6]

[7]

[8]

(9]

[10]

. edu. cn

B, BHH, N S BMENLES NI R R K
ER TSR R4 BF (). o R . 2022(2) 1 63-
67.

JU Xingquan, MAO Xintao, ZAI Shougang, et al.
Development and application analysis of cooperative ro-
bot in aerospace field [J]. Aerospace China, 2022(2):
63-67.

NG SRR, RIENE, SF. B AR N BRE B B 2
BLas ANABLR S8 ST e i & [T, 794 52l
KA, 2020, 54(8): 67-76.

MU Xiaoqi» ZHANG Xiaodong. XU Haipeng, et al.
Dynamic stability analysis models for human-robot sys-
tems of elderly-assistant robots helping elderly prevent
falling [J].
2020, 54(8): 67-76.

AJEIL F H, IBRAHEEM I K, AZAR A T, et al

Journal of Xi’an Jiaotong University,

Grid-based mobile robot path planning using aging-
based ant colony optimization algorithm in static and
dynamic environments [J]. Sensors, 2020, 20(7).
1880.

ZHONG Xunyu, TIAN Jun, HU Huosheng, et al.
Hybrid path planning based on safe A* algorithm and
adaptive window approach for mobile robot in large-
scale dynamic environment [J]. Journal of Intelligent
&. Robotic Systems, 2020, 99(1);: 65-77.

B, IR, JET ot AL A R S AL AR A BR AR R
R LT Ut 2 it R OR 2% 2 4l . 2020, 46(4): 703-
711.

WEI Tong, LONG Chen. Path planning for mobile ro-
bot based on improved genetic algorithm [J]. Journal
of Beijing University of Aeronautics and Astronautics,
2020, 46(4). 703-711.

B, A, WA, & ST UOE AT BRI
A (] Hlgs A, 2018, 40(6): 903-910.
ZHAO Xiao, WANG Zheng, HUANG Chengkan, et
al. Mobile robot path planning based on an improved
A" algorithm [J]. Robot, 2018, 40(6): 903-910.
LIANG Ye, WANG Lindong. Applying genetic algo-
rithm and ant colony optimization algorithm into ma-
rine investigation path planning model [J]. Soft Com-
puting, 2020, 24(11); 8199-8210.

XUSEAS . XUMG, BoN&, 5. R RE#E B UL ork Ui
FRH AR T AL ARt [T, 749 % 5838 R
#4 . 2016, 50(10): 93-98.

LIU Guijie. LIU Peng. MU Weilei, et al. A path op-
timization algorithm for AUV using an improved ant
colony algorithm with optimal energy consumption

[J]. Journal of Xi’an Jiaotong University, 2016, 50




8 Ho% K S A 55 56 &
(10): 93-98. LIU Enhai, GAO Wenbin, KONG Ruiping, et al. Im-

[11] WANG Jiankun, CHI Wenzheng. LI Chenming., et al. proved RRT path planning algorithm [J]. Computer
Neural RRT"” ; learning-based optimal path planning Engineering and Design, 2019, 40(8). 2253-2258.
[J]. IEEE Transactions on Automation Science and [19] skak R, 2. SEHlpLEs A 25 55 8 1F 24 a0 i 3 3L
Engineering, 2020, 17(4); 1748-1758. Jiwrge L) A dURS A shfin TH AR, 2018(7) .

[12] KUFFNER J J, LAVALLE S M. RRT-connect: an 1-4, 9.
efficient approach to single-query path planning [C] / ZHANG Yonggui, LI Hailong. Trajectory planning
Proceedings of 2000 IEEE International Conference on research for removing forging crack with milling robot
Robotics and Automation  vol. 2. Piscataway, NJ, [J]. Modular Machine Tool & Automatic Manufactur-
USA. IEEE, 2000: 995-1001. ing Technique, 2018(7): 1-4, 9.

[13] Z4h. =M. WHE, %. 5T %k RRT-Connect [20] XUksy, Rk, %hHE. # Tt RRT B %A Robo-
LB IR B A2 R [T, Blds AR S5 R, Cup Hlgs NS EAR R [T HLES A, 2017, 39(1) .
2021(2) . 28-32. 8-15.

LI Lei, WU Xiang, BAO Xiangwei, et al. Grasping LIU Chengju, HAN Jungiang, AN Kang. Dynamic
path planning of manipulator based on improved RRT- path planning based on an improved RRT algorithm for
Connect algorithm [J]. Robot Technique and Applica- RoboCup robot [J]. Robot, 2017, 39(1): 8-15.

tion, 2021(2) . 28-32. (210 XIWEA . sk, Edefd. 5T B0l RRT /982000 5

[14] KARAMAN S, FRAZZOLI E. Incremental sampling- w01 Ak AR SR, 2019, 38(5): 96-100.
based algorithms for optimal motion planning [J]. The LIU Xiaogian, ZHANG Hui, WANG Yingjian. Im-
International Journal of Robotics Research, 2011, 30 proved path planning algorithm of RRT [J]. Tech-
(7). 846-894. niques of Automation and Applications, 2019, 38(5) .

[15] JEONG IB, LEE S]], KIM J H. Quick-RRT" : trian- 96-100.
gular inequality-based implementation of RRT" with [22] IR, k3, B3, 3T okt RRT W IB1RVL 4%
improved initial solution and convergence rate [ J]. Ex- AR B (T]. sfCH & T/, 2022(2): 46-51.
pert Systems with Applications, 2019, 123: 82-90. JING Zecheng, ZHANG Qiuju, YANG Rui. Obstacle

[16] Z=d7, 5k, =M K, % LTt RRT 454 BREA avoidance method for nuclear decommissioning robot
ALV iz s 5 [I/OL ). 5B ML il & & based on improved RRT [J]. Modern Manufacturing
45 [2021-09-03]. http: // kns. cnki. net/kems/detail/ Engineering, 2022(2): 46-51.

11. 5946. TP. 20211022. 1559. 022. html. (23] JREEA, AR, DR, & Tk RRT 8L 08
LI Yang, ZHANG Lei, LI Pengfei, et al. Motion VLR MR [T, B R, 2021, 44
planning method of manipulator based on improved (23): 48-53.

RRT combined with B-spline [J/OL]. Computer Inte- ZHANG Jiandong, WANG Dong, MA Lidong. et al.
grated Manufacturing Systems [ 2021-09-03]. http: / Path planning of mobile manipulator based on im-
kns. cnki. net/kems/detail/11. 5946. TP. 20211022. 155 proved RRT algorithm [J]. Electronic Measurement
9. 022. html. Technology, 2021, 44(23); 48-53.

[17] &, 2Rk, 864, 5. 5 T8t RRT B 6- [24] #ide. JURVUMUE ) Ak %] (DI Hul . Bk
DOF #l#g A28l [J]. 8y A5 8%, 2020, %, 2018.

37(9): 221-226. [25] &R, &F8fl, X, % JET Ut RRT BN

LI Ji, SHI Chenfa, SHAO Lei, et al. Path planning of gk 1] AEVURS A sk TH AR, 2021(2) .

6-DOF robot based on improved RRT algorithm []]. 22-24, 29.

Computer Applications and Software, 2020, 37 (9): LI Jinliang, SHU Hanru, LIU Dejian, et al. Path

221-226. planning algorithm based on improved RRT [J]. Mod-
(18] XU, mooat, fLE . 28, sk ny RRT p&42 50 K1) ular Machine Tool & Automatic Manufacturing Tech-

By [J) IPEVL TR S %, 2019, 40(8): 2253-
2258.

http: // zkxb. xjtu. edu. cn

nique, 2021(2) . 22-24, 29.

(e AME AEFD






