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[Abstract] In addressing the issues of suboptimal solutions and poor exploration performance in narrow passages of
intelligent car path planning using the Rapidly—exploring Random Tree—Connect (RRT-Connect) algorithm, this paper
improves the RRT—Connect algorithm in expansion strategy and path smoothing based on an analysis of the basic principle of
the RRT-Connect algorithm. Firstly, in terms of expansion strategy, a probability bias method is introduced to screen random
points, and an expansion method based on artificial potential fields is used to shorten paths and reduce computation time.
Secondly, regarding path smoothing, a third—order B-spline curve is introduced to optimize the path and generate a smooth
path, ensuring that the path meet the dynamic characteristics of intelligent cars. Finally, the superiority of the improved RRT-
Connect algorithm is demonstrated through comparative simulation. The results show that in environments with simple
obstacles, complex obstacles and narrow paths, the average time and path length of the improved RRT-Connect algorithm are
superior to those of the traditional RRT-Connect algorithm.

Key words: Path planning, Rapidly—exploring Random Tree (RRT), Probability bias method,
Artificial potential fields
(SIAMC] R, £ 75 BT oot XU P 5 Jre B ATLAR 55 0k 10 30 BB VA48 AR LR AT 5 0. 54 TR U, 2024(10):
31-36.
ZHANG M Y, WANG J. Research on Intelligent Vehicle Path Planning Based on Improved RRT-Connect
Algorithm[J]. Automotive Engineer, 2024(10): 31-36.

- 7. T R 2R b B T L 3B % 4 il
'E V20 TKHE@%@%MU%?MM@M@
ERFGET B IO 4 R A BCREE . F AT, 4 LA BR AR 7 B 2

LTI H 1 RE AR AT H (ZR2021QF031) 5 i [ - 5 BF2# 5L 415 H (2023M743757) .
2024 &£ %108 | 31



TRIIA , A5 BT B XU PRk 97 R BERLA 55325 1O 3 RE IR A B AR LRI IF 5

HrRshr (Dijkstra) BEEE" AT BVER GRAL FEED IORY
BLOVEM ME R % 2k &l ¥ (Probabilistic Roadmap
Method, PRM)™, P 3 & & B #HL # (Rapidly-
exploring Random Tree , RRT) B7£"4%5 . 1R (L5 1Y
PR AR RN AL A A A SR ] et | PR AR R R A
A )R

Horp  RRT BT T RAEZH R 8 5 Tl
PR L AN SUEAS 2] 1)z L HIR S
EAATE LR B 20 T 08 A AR K A e . D fi
PR RRT S35 7R A i BECR AR 1), Kuffner £
T R R YT BE AL A (Rapidly—exploring
Random Tree—Connect, RRT—Connect ) 5 5%, # £
RORKMESE Tt . Karaman 55 82 1 7 RRT 5,
DLtk RRT 5505 B A2 ML 30 52 2 B A JR i dse P 1Y)
(A, Gammell %7€ RRT A LAl B A7 0010, 42
H T Informed—RRT 335" i i 5 | AHT BRPIRZS 1
AR XS SRR A B () R A2 [E) A T T 4K

AR SCHE T 5 w0 s A F- 1 55 7 X RRT—
Connect 5572 -7 20 , 51 A ARE 2 0 ) 325 7 326 P L
M IFIET N TG TP R =R BAE it £k
DAL A O B8 A2, B 8 4 MATLAB {7 FL &G IE
HGHFETEA R PN i HAR R B

2 3 RRT-Connect E Lz

21 EARRTE&EiEE RRT-Connect & ik
RRT 5312 1y 3 22 JEVARUR: DA I A28 00 ) 7y ke A5 A
SRR AL SR 38 I BEALRAE 4 5 G e
TR WA — A BEBLY A, BE LA o — A
45 5 21 2k AR o5 B 3T DX 38 A K5 1 A5 32 R AT
ARATF IR 547 B 2 H AR s B AR . %8 RRT
SR AE A ) L B b B T T R AR AL A 2
AR EAR , T BORK B LA TR/ 28 AR
K 45 Wik o
RRT-Connect K T —Fh 5728 A8 X ) P Ji 114 Bl

MU AL BVAE RRT 583 BE ML A BCRAE i I ) L
FE AR LR L (R 4G A X, R H BR X, R A R
K, I HAERR Ry Rt A v, WA AR #1022 3k
)X 7 AT s 7 T it . FE T J Sk ff i AR g | A
T A R AREALR T DL A BREE K 2 A s
R B U R AIOR | 4 1 AR ] A AR
RRT %43 il RRT-Connect 83 1 A2 DAL AT B 1
WE 1 . {HHF RRT-Connect 2.7 K §8 MAR 2
Bt RRT B ALIBORE 7 o8 114 By , FoAE AN R PRBE
2| REIRIE

) TAERCRIR TR ARG E o RN, Sk R
A ARSER A REALIE | B HAE 22 Bt 19 B2 28 3R 58 F XL
R G AR5 1]

(b)RRT-Connect #- 35
1 RRTH3%5 RRT-Connect F- 324 R
22 ETFMREOEMBENSFIEMLTE
ARSI AR 28 Al [ 325 %8 28 ) B ML e 2 A 7
TE o IR S A B ATL AR R 2 R e
R BEMLEC T 1) Bl LS 0 (R, DU) 7 i [ v
BEMLZE I 2 D FELAL X, PR X, 5 HFR S X, Z
(] 1 B 2 R B AT LA, S B s X, PR B 1Y
SRR R P i e A R AL 5 X5 2 328 B B L
BN T BOE I RN, DUPRE o 32 B BEAIL A X,
LB ATE ) B AR X, 0 83 B E A 158
515 RRT-Connect 5535 (4 & J7 ], MMERGE A 11
S B, IR R A B AR TR AL , LUK B 46 4 B A
KEMHN.
23 ETFAIBBNT BAAMEH
N T 3373 1) JEAR X 585 s i 9 Je Oy =X
PEAT R, B S 7R AR T S N g | ) s R R
s |, Emmms AR S, WY AR
X rand X near

Koo =X s
|| and - Xm:zu' ||

(1)




TRIIA , A5 BT B XU PRk 97 R BERLA 55325 1O 3 RE IR A B AR LRI IF 5

X, X R AT s YRR

A SCAE IR LA B AR AL X, TR X,
By 7, A REE N

X=X s et ™y Ko™

[ X=X |

Kbk 28 TS X, 8 X, 8951

A FH T X, TR X, B R e A oA i
ll S et , 00 TR R 5 DU 38 5 ) e o) B )
HEAT Rk
24 BET=XRBEEHZNBREMRK

RRT-Connect 15 719 2 A 5B AT 1T A2 5
ARG — A, SRR A B AR S AR AR
FEAEZEE o A XoF st [l R, ) FH =1k B A 2% il 4 X i
A PARIA T AL PR, D4R 5 AR KR

B 4% i 2 T DA AR IE i 26 1 B — B # 2 F-
0, HAEA BRI NS AT 5, PRI T B AR JR 3 pRER A]
DLIE ) JRy i SEHE Ak B 4 Jmy % . IR BRESR I ZR R
BP (),

P.()= iBj.}(Z)CH‘,-

=1 (2)
[t

rrrrr

103 -3 ¢

T 3 -6 3 ofc.

=—\¢ v ¢t 1 !

6l 15 0 3 olc.|®
14 1 olc

b el0 B8, €, o8 § Bl 2 i AN
S B(0H = B RS I AN 0 R

3 3 RRT-Connect EE T EISIE

AT R RRT-Connect B EAN A RS T
B AR R SR AR SCHE MATLAB P43 1 ¥4 A7 7E
T B A 00 O 24 e 0 0 R AN B A B A 1) B 35
&, Hb E R /N R 1000 mmx1 000 mm, 3% &K H
20 mm , L RRT-Connect Bk 1951 1 ZECH 1.3,
MEZR (B R 0.2, AT RE AR AL H
3.1 EREFYIMNE TR

ARSI Y T B R RS 3R K RRT-Connect 55
5 MG RRT-Connect 575 1 42 R0 475 B L 25
RWE 2 Uros . H K 2 AT A, RRT-Connect 124
RRT—-Connect 5 1 1) 1% 12 K B 43 5 b 567 mm F1
532 mm. 1B 2¢ AT LA 4808 =0 B AR AR b B
Ja A R A BEAR A . W, RRT-Connect Fl12i
#E RRT—Connect 51 1912 17 15 4] 433 2 1.300 s il
0.747 s, Bt RRT-Connect 5.7 BT B 55

= = —YRAROAIR L)
PR AL LD
HLI) Y B2

(a)RRT-Connect 7%

- = = PRI
PN )
e

B

(b) 23k RRT-Connect 5.7

() ¥ask RRT-Connect 532 Joy i il A 1]
2 fA] B BE A% 9 5 85 F RRT-Connect 5 5 5 Bt iff RRT-
Connect 5 FLRI BEARRT L 45 4

&1 3 7 SRy 22 005 ELAR A B B B A K B TN A
BRI 7S], AT LAE Y 2l RRT-Connect 57 H
A WA B R AR e PR . 3R 1 TR O ok RRT-
Connect .15 5 RRT-Connect 57 R PE BEXT b 25
] PAB i E S, St RRT-Connect 76 Fr A5 A2 4 i
Az A7 1] 5 1 B S A8 T 1% 48 19 RRT-Connect 5.

2024 & #1081 | 33



TRIIA , A5 BT B XU PRk 97 R BERLA 55325 1O 3 RE IR A B AR LRI IF 5

750 - - - = RRT-Connect
— i RRT-Connect

0 5 10 15 20
P5 5T
(a) BRI
3.5
- - - = RRT-Connect
3.0 -7 P RRT—C()I}HC(!I
I’ " i 1‘ 1”\
225 ! l‘ l’ ‘l : " :l \\
= / L \ [
-:320 /’ "l 1‘ ‘: “ l'\ \": 1
1\5 II l‘l’ ‘u‘ '\ N !
s ! =TT
1.0
0.5
0 5 10 15 20
i BT
(b)izf7HFa]

K13 RRT-Connect Bk 58 RRT-Connect Bk fa EENT
R1 AEEBYRET 2ME LM LER

(=R -4 A K fmm SEYFERT /s
RRT-Connect 637.2 2.09
ik RRT-Connect 545.5 1.09

3.2 EZREF[FYMBE RFINE THHEREIE

3 T 22 B ) 1) 52 20 A 058 FOpE 78 B AR PR IE
AT R AR 4 8 5 s . JFI204K
15 B BV SRR Sy A28 4K J3E RN B T AR I 1) e ¢
B, R 2R . mIE 4T, Z RS T,
et ) RRT—-Connect 587 KL (1) B A% B BP0,
HY e 2 AT, HP- BB AR K BE O 1 616 mm, - X FE I
3.14 s, T RRT-Connect B3,

YRR
(A#ItA )
bR
(AZ0)

— MR

(a)RRT-Connect 5.7
4 | REIRI

YR
(AR L)
bR A
(M)

—— Wt
T

(b) 2t RRT-Connect 3.7
K4 529 35 K RRT-Connect &3 5 ot #f RRT-
Connect B3 HLRI A2 b 4% R

7

<

- - - PR
CABIER 5
(NZ5)

— MRy AT

(a)RRT-Connect 1%

L > )

@
_ PR
(MWt )
iR
(L)
IR AR
- B

(b) Bt RRT-Connect 557
&5 378 B% 42 BR 85 R RRT-Connect 9% 5 2 #F RRT-
Connect BRI AT HL 45
R2 EXEBYWNEERFNET 2ME XML LER

" TR K | PR
3P’ Si (EW
I A (RS FE /rm s
i RRT-Connect 1892 7.90
Z R -
2 RRT-Connect 1616 3.14
e RRT-Connect 1183 4.16
We7g p Az -
P i RRT-Connect 1167 2.80




SKREAH A T B P e R 53 1

AEVUA B AR LI TS

51 5 RN 2 B HE AR B BRARFREE T, 1Y)
Mk RRT-Connect B3, B K M 1 167 mm,
SEEIRERT 2.8 s, KT 4 FNE 5 456 2% 2 i xT L, 3
W2k RRT-Connect 5547 5045 1 AR K Al
AT 1]

ARV IREE T 05 BA5 R R W], & 5T e
RRT-Connect 55 A4 B e 2 %42 W A T RRT-
Connect 1%, H 2t RRT-Connect 815 1)~ Y FE RS
FH2E 80N, BB 1) % A28 300 80 %6 52 B 355 5% i ¢
AN S A TS AR B DLARAT TR B

4 LEFRIE

A RRT-Connect FYETEY & HEME FI PR AL

U 455 T HEA T RCHE , M MATLAB X 2k BEF 5 A

JRREAEA [ PREE N R MERER ILIEAT 1 X LL A,

AR AR 0K AR L SR I Ty T e T el ik

ERVERE . ZOREH] AT RRT-Connect 5345,

DUHE SRR AR LAY B A AP S RN B

AR SO TAE R g4 55 2 BT A nY Kotz
FroR5 , R — L TP RS bR T 0L 22 Bl 25 P i
WA T 1 R G BB AR LR SR AT
2 % X

(1] RIL—, ZEPF, BROCHE . il Dijkstra #1 PID 5535 19 % N

Foahtllas N Rl s A AN []. 22 B Tl R4l (A 48
FEERL), 2023, 40(1): 59-64.
SONG J Y, LI D, CHEN W B. Local Path Planning of
Indoor Mobile Robot Based on Dijkstra and PID Algorithm
[JI. Journal of Anhui University of Technology (Natural
Science Edition), 2023, 40(1): 59-64.

[2] kAR, Ay, AU, 45 JE T A5 A RRTH GE

A s A LR SRR 0. TS HL AR R, 2017, 26(8):
127-133.
FENG L C, LIANG H W, DU M B, et al. Guiding—Area
RRT Path Planning Algorithm Based on A* for Intelligent
Vehicle[J]. Computer Systems & Applications, 2017, 26(8):
127-133.

(3] Z=H/k, 008, ok, &5 BT N TLIER - A 38 1 ot AL A

fE A HIL e A B AR ML D7 2 0], AR R 2= 41k, 2022, 43
(4): 282-290.
LI Y S, WAN Y, ZHANG Y, et al. Path Planning for
Warehouse Robot Based on the Artificial Bee Colony—
Adaptive  Genetic  Algorithm[J]. Chinese Journal of
Scientific Instrument, 2022, 43(4): 282-290.

(4] ZEYL, BOIHE . T OOk 1 % N RS Sh Pl & A
BRI o7l oR, 2019, 42(11): 65-69.

LIANG K, MAO ] L. Path Planning of Indoor Mobile Robot
Based on Improved Ant Colony Algorithm[]J]. Electronic
Measurement Technology, 2019, 42(11): 65-69.

[5] XU, & TUE, 250 3C. B T Blo PRM B3 11 A2 LA
WEFEL. THRBLB WS, 2012, 29(1): 104-106+139.

LIU Y, ZHANG W G, LI G W. Study on Path Planning
Based on Improved PRM Method[J]. Application Research
of Computers, 2012, 29(1): 104-106+139.

(6] EPUE, i FA . 5T U0 RRT*BE R Sl A BR AR R0

RIBFFELN]. W74 (A SR BLA D, 2022, 44(4): 22~
31.
YIN F, XIE Q S. Research on Mobile Robot Path Planning
Based on Improved RRT* Algorithm[]J].
Xiangtan University (Natural Science Edition), 2022, 44(4):
22-31.

[7] BECERRA I, SUOMALAINEN M, LOZANO E, et al
Human Perception—Optimized Planning for Comfortable
VR-Based Telepresence[J]. IEEE Robotics and Automation
Letters, 2020, 5(4): 6489-6496.

(8] MHusyik, B, TR . BTt Bi-RRT+*5IA R ZhAL
ar AR RN oG55, 2022, 29(2): 76-81.

YE H D, HUANG S, TU H Y. Path Planning of Mobile
Robot Based on Improved Bi—-RRT* Algorithm[J].
Electronics Optics & Control, 2022, 29(2): 76-81.

[9] KUFFNER JJ, LAVALLE S M. RRT-Connect: An Efficient

Approach to Single=Query Path Planning[C]/ IEEE

Journal  of

International Conference on Robotics and Automation. San
Francisco, CA, USA: IEEE, 2000.

[10] HE LA, WA, 558 . BT uol RRTAY RS ShHLas A
AR MR B ()] T FHL TR, 2019, 45(5): 285-290+
297.

PEI'Y J, YANG C J, YANG L L. Path Planning Algorithm
for Mobile Robot Based on Improved RRT*[J]. Computer
Engineering, 2019, 45(5): 285-290+297.

[11] KARAMAN S, FRAZZOLI E. Incremental Sampling—Based
Algorithms for Optimal Motion Planning[C]// Robotics:
Science and Systems. Zaragoza, Spain: The Robotics:
Science and Systems Foundation, 2010.

[12] J e fi, # 55, XU 4" . Dubins-Informed RRT* 53 ML

WAL 12 3. A Sh AR 5 R, 2020, 39(10): 67—
74.
ZHOU H X, CHENG Y, LIU W C. Manipulator Motion
Planning Based on Dubins—Informed RRT* Algorithm[J].
Technology and Application of Automation, 2020, 39(10):
67-74.

[13] GAMMELL J D, SRINIVASA S S, BARFOOT T D.
Informed RRT*: Optimal Sampling-Based Path Planning

2024 &£ H 108 | 35



TRIIA , A5 BT B XU PRk 97 R BERLA 55325 1O 3 RE IR A B AR LRI IF 5

Focused via Direct Sampling of an Admissible Ellipsoidal
Heuristic[C]// 2014 IEEE/RS] International Conference on
Intelligent Robots and Systems. Chicago, 1L, USA: IEEE,
2014.

[14] ¥ HE, 2 P4 . 3 T2k RRT-Connect 212 B HLAR R %

PRI PR S #2022, 39(3): 260-265.
HAN K, CHENG W D. Path Planning of Robot Arm Based
on Improved RRT Algorithm[J]. Computer Applications and
Software, 2022, 39(3): 260-265.

(1512, 258, WA . 6T 2k RRT S0 O HLBRE A2

ML I EER, 2021, 44(16): 45-49.

ZHAO H, LI Q D, ZHANG M Y. Path Planning Method of
Manipulator Based on Improved RRT Algorithm[J].
Electronic Measurement Technology, 2021, 44(16): 45-49.

[16] A%, 5K, RUEME . AR5 SIHLAR AN T 33714

PRI, B 5 R, 2010, 27(2): 152-158.
ZHU Y, ZHANG T, SONG J Y. Path Planning for
Nonholonomic Mobile Robots Using Artificial Potential

Field Method[J]. Control Theory and Applications, 2010, 27
(2): 152-158.

(7] 73, AR, il e, 46 T = BRI E A

BRI AL A T AR SEN]. Y BB TR 24 2R 4R, 2019, 38
(5): 71-75.

YU Y, ZHOU J W, FENG Y B, et al. Research on
Trajectory Optimization of Unmanned Vehicle Based on
Cubic B=Spline Interpolation[J]. Journal of Shenyang
Ligong University, 2019, 38(5): 71-75.

(18] BRARTE, AMARAR, X A . T =k B AR A il 4k i 42 7Y

AGV BAR LRI WFFEI]. AL A 5 4256, 2022, 30(4):
177-181+189.
QIAN D H, SUN L L, ZHAO W. Study of Forklift AGV
Path Planning Based on Cubic B-Spline Curve[]].
Computer Measurement & Control, 2022, 30(4): 177-181+
189.

(FeALgmE B B
PR H 2 2024 4F 4 H 24 H .

(REFERMERES

CRBFAR ) I 5 P B 88— 1A A A BRAA W) I [ N A R AT BRG0S0 AR ZE A 1, 3R
o A R T 0 2 H S A ) b R 5 SO A (CSCD) SR T | v SO 33 1) b R RO 3 )
RCCSE P [FAZ O AR T (A) A i O 285 ) (AD WORIA T  H AR A ARIR AR B A B8 1) .EBSCO
SR B PRS2 ) B 27 AR S RO O (EuroPub ) $CHE 2R WSR3 1)

QREFADZGE VIAHGE R 48 42 SRRt WFE sl 550 T i TR 55 0 I AR 32, IR e e i
2P ER AT IAZ DA AR AR R S 2 1 5

QRAEHAR VA FE B 0 QU DM g TR 57 R IG5 T R CT R SR IR A HoR i
L )RR AL A7 B AL R BB IR A HAR R RS S ITEE SN E R R ) R 48 g ik KB
U, T RE PR A BB RE VR A BOR ST, KWL A I8, o ) R RHIE A T AR BOR A BUIRSs , W Fe R4 TR
BORBIHr e S $2 T+ Tk ) 4t

CARZEHR YV 5 A BRI A: W TAREH AR N B HOARE BN G R AH N BAS 35 W AR , 5 e [ 5 o s K 4
H A ARFE L i 5 AHAD H 50T H SRR R B R R s L e e T

1SRRI I E 6 000~8 000 73 Fil 2 1A 5

2 TEHERHOE SCEOR R SCRE L i SO R I 180 A5 A

3. SCEE L INAT 3 T A e ) AR AS U R T IS R 228 SR, ELAE SCHR AR STk |HIAL 5

4. 30 FEAEE AR PR A A4S A AR V) HRBR A IFFE T ) S AR SR A 5

5. R i PR 25 o A AR R AR PR 5T DR 48 TP, X A

6.1 — 24

7 ATV D0 sl F5 A, T 65 i P90 3l U W B 0 J B, T B R DAS Pty e b RS AR AR RS
Pk < hitp://qcjs.chpt.cnki.net

CRERAR) IR

36 | EREI R


http://qcjs.faw.com.cn/CN/volumn/home.shtml

