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Research on Path Planning of Robotic Arm Based on TR-RRT Algorithm
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Abstract; To enable robots to perform tasks efficiently in complex environments, it is necessary for
them not only to have a certain computing power foundation but also to effectively optimize the
path planning algorithm. For the problems of large computational load and low path search efficien-
cy when the traditional RRT algorithm is applied in complex environments,a target constraint RRT
algorithm ( TR-RRT ) is proposed. By introducing strategies such as target bias, constraint point guid-
ance ,redundant point removal ,dynamic step size,,and cubic spline interpolation,the search ability is
enhanced, the search efficiency is improved, and the planned path is smoothed. To verify the per-
formance of the improved algorithm,simulation experiments are conducted in two-dimensional , three-
dimensional environments,and the Gazebo environment,and compared with the RRT,the RRT-Con-
nect,and the Informed-RRT " algorithm. The results show that the improved algorithm outperforms
the comparison algorithms in terms of planning time ,path length,and node number in different exper-
imental environments,significantly improving the efficiency and stability of path planning.

Key words: RRT algorithm ; path planning ;target bias;dynamic step size

BEE R A g R LE A G RS 2 R LR 2 A LR . LS
P RS0 AR E I, 7 TP SO BRI B 45T A AT A 55, 7 7 R e A ] ) 31— 5%

FsEHA. 2025 -03 -29
E£WMAB . EZEESV AR H (2022 YFB3303902)
YEE BN RIOFE(2001—) 5 BEAF9E A s B KT (1983 —) il 1EE , 5, U1,



18 % M

¥ I XK ¥ F Ik

%45 %

BAOCHATAT A X ANESR LA N B & B
THERE ), T BRIk L T A R, L
PRI Z2 AR FR 45, PRI, BIL s A B B A Rl
WhoE B T A B A PR S,

Harw H R R EEFEAH AR
B RRT 7L RRT Fuk 9 45 A" Bk
SRSy A SR AR R AR B R R R AT
HRIT 0], BENS 7E i 245 A B rh AR IE I A2 1) B L 1
5o e BTE =48 TAEAREE b 5y LIRS 25 [a] 1
Ve BT R 2B BRI AR RIE |
BORCT M, RRT ™ Bk 2 R B LA
e, Hom i BEALRAE T X 58 i v 4k 2 0] 1) i 50
XERR ], 2 e B AR5 M A Th i 1T i BE
{HFFEHLR AR R & S BT AR I e 2=, H
TE =452 [0 FH I 55 AT IR Al 434G DU 5 A2
b, [FIRE TR T F 5 e R BB, RRT 533k 38 i
TE T AEZS 0] v B AL AR RO AR 25 40 R AR & I A2, A
P HAE L, AT BRI R 6E ) U TR 48
T R 75 B B — Y PR 58 v RE 08 R AR g
PEAR AH AR SE e P A TR AR P R R 22 IR AR AN
V- SRR AN I AR (IR, U HAE S 22 455
TR G B Jm B8 2 i 3 B0 A R B A AU AR
IS RRT 53k A B AR AR 25 SR 7 S B K It
ARBEAE AL R HIBEAG T HLas AP TR S5 IRCR

R R bR AR B R R AR N B A
T Z ek 8 0 Bi-RRT 255" Fl Informed-
RRT "Bk 45 (H X BB A SR A7 A — 22 1Y =)
REME , AR B AR 1 i M AR e PR S 7 IfT

FEXP LA RRT M H AT A B A A e R 3%
AR A2 FUASRG if) Je i 28 AR AN 5 - i 5
) 0, A SCHR H —FP H AR 29 % RRT (target restraint
RRT,TR-RRT) Fvk i 5 505 #Y 29 R s X HE &
e b W s B A AN S R 7 (T 1 s
I R, DA AR S A R ACR A SRRy
B iR PR ELR S S K B R B IR R
AE )7 ff FIE T Dijkstra 8L T4 B BRI WS 1E
AT EEARBYAL  (H FH =R B A 25478 1R 5 W X A 40 1)
AT, W Y SRS K Gaze-
bo PRE T 7 BLSC IR B IEAS SO R A RE

1 HXEEEN
1.1 RRT &%

RRT 5k 8 REL i S E N A R G H &
TEE e AR BB, S ikl A R4

R ERARGE Az KA S A 0 7 k) 2T A7
FEFREMT

1) A A R EE RIAE 2R . LA UR A7 B AR T 0
HENTZS GG BN 0 R S BR AR A FR TP LA
AEFR , R R AHAR T R A

2) 78 [ REMLEE A S BB iR ik L K AR
TAE DX A B BE L B FR A5, 2% 5 0 25 8] 53 A1 1
PE SR ]

3) AR s E A < S BEHLE S, RS &R
SIS PGEE ALY BIRPR G5 #4 h 5 B AR s LR
BT T R i R AT A B 2 4 23 R o B R
HATIRAL

4) BEFESEAPERAE B SRl RS U B AR AT
] [ 7 A0 R AT I AP AR R 1% B A AT R A
WA 25 9T P AR TC R i P BELR , DUDKE 3759
S AR LI HEST I

5) LS IX SR < B 2 A R T RN, R
i i 2 w3 B ARSI, 8 S S A R
B B /NFR e K B, N7 2 N0 E B 9T IR AR
FEESE A

6 ) HL3TR I a] F AL L 2 B AR I 4% B T E i 2
FRIXI8 , 2 4038 4o D28 0 1) A o 34 408 B AT
R T7 B e B Al AT
1.2 RRT-Connect £i&

RRT-Connect 5™ J2 ¢ 4 B0 5] 45 38K )
2 MMEACR AL ARG 58 RRT 556 5Ll
RIS RN, W E T T AR RAOR,
5 )38 FH T R 4k 2 8] s sl R ]

RRT-Connect %7K T RRT &3k i 4% .0 B AE
A BEN LR R AR A ZS B, AR S A TR
IF A PR BEAILAS . —BRB (T,) DR IH L g, 2
R, 55— B (T,) NEFR A g B 1S PERAY 1
T A R SR W S IR ) 4 R Y R R
DI A S B R R 4R B A AT A, B
TR BRI S LR A g, T, B
9 RHAE,, FHREE BT B Goew » T Qe T 11
BTN I Qe s A 7T, ) T, A8 BAA T 32 2 4
1, BU Y HE 5 s 22y e, 2 23k T, J7 Y
IR BN F KO BRI GE AR 28 e R A4 £f €1 5K
IS 2 5 2 AR Y A DT — R
(49 P8 Sl BT, 365 F T A5 [) L 28 I A S A A RIE A
JCRE RGN £ 37 7% 2 58 U AR AR, 5 RRT 55
A0 H , RRT-Connect 35 72 fd FH XUAE 2 B 9 S
REAE TR 2 B AR A%, B T & 4 R 0%
I #h , RRT-Connect i LA K 4f ) 3171k g



%1

RA=3 % . L T TR-RRT ik 09 WA 34 12 LR A 2 19

Al3E O 22 A R B A O AR R A R, B
RRT-Connect FIEBAFTE Jm RV . 7E B 22 A5 vh
5o B BHE BRI A 2 9 E LT, Al RE s
A R Z2 1 S A BR R B SR L B AR IR I Pk g
WA T 20K SF S BB E |, T B A 52 B o v it
1TI%

2 EEy

2.1 BWFRERREE
Ry AR BRI B SR FIORS B, AR SCR T H
b BRI X RRT 8kt frtifk, B brf &R
W& O 2E ek
X g0al 5 r<Q

Xnew = ( 1 )
xsample T > Q

P X FFTRABE AL B xR HARKURY
PEEL 32 e 7/ BEAILAE BCRAE ST A B2 5 r R Bl
BB O F b B B AE

TEAL M T BERL AR A R A a5 ) i
H BEE A HAR R B BI(E O, DI IRAF s 423k
FIAR X IR AL AR, 5 A R AR RO, Je A il — >
0 ~1 Z [ BIRENLE ro G02R r BIEA KT Q, 1EHE
FIAR R x 00 VE R RAE R X, BOOLSEY T 18], LA
PRIE G| TR 1] H AR XY R AR r BOfER
T 0, 1l LG 7 A — B I x e TE I
HRAERL X, » PAPRAIESR 28 25 8] 14 e v 7, b
JESE A A AR DX I

i A i SR ] 2k 2 H s DX A A T
s (B R AR A RO, 42 e R AR LI A28
2.2 ARAGISKE

RRT S075 R FHREALAE BCRAE £ A7 A T2
R, BE S A R I R BRI , ARSI
LY T | T A St R ) L, K 249 TR A, (O A
SE R H AR L) JIVES a0 AT R I A

S im) X s S BT A TR R . A R AR Rk
X H
(twl_x)
X =x+h(t) x—22 2
e =X RO ] (2)

AP ox RACY AT AL E R () AR, o e
FN B 58,00 LI HT (AR SCERCH AR 2T 1Y
(DA

T A G| TR RRT S0E AR5 A i
A ISR AYN B i T 73 NI LR 2| PN E Ry
D R LR R AR E HAE R [R5
1R A B 2R AT T AT AR HLI AR

2.3 ET Dijkstra EXH TR ABK

RRT 595 A4 i 00 A2 AN e A T, i 54
DR A TUAS T A AR 7= A R A 9 4, DL
TR AR AT 1 B2 o) SOG4 Dl 2% |l 7K S AL
PR AE) A 401, HL AT RR SE K REAE 5 7E b At 1]
#ahn .,

S BRI S B AR R, AR SCR A
F Dijkstra F 1 I TUA SRS BR S . Dijkstra
SR R AR S B Ay - ) A — A B S O T A i
JITAG T o5 B 0 e A B B N S5 K
SR 0, fff FIAE e BRI (/N HE ) 45 3L Fif
AR FRT 5 I S BA B Fp B B 3 i /N R 4 0
D H A AR A, TH R AR AN AR AR T 0 S A R
B A AT AR AR 2R AT AN B AR R S L
HRAI T A5 2 A3 57 7E B4 T A% e e I s e, D)
B ARSI A5 R J R S T S, IR I ABAS
24 H bR 5 AL BB A B O 2S5 TR AT
SRS FURR Y o5 7 S K4 b X 10 A (i B
Sh 5B B AR S B

TUAS BRI,

1) FERIE A IR 642 L G, W U4 kAT
IR, BRI AR i — R B
NERP={P P, Py} FTTAEEW & P,
MP,(Hhab=1,2, N,Ha#b), HMEZ
B R AR AN 5 B A5 40 A 4R, DUSA A Al LATE B
— AR AR IR B AR s s RN, H
XA ER Sy — A ], 3l 3 Dijkstra
FRAEIZ R 3R ) T B A Y e i AR, 15
KB EG LR L,

2) S — KB RGBT B AR AR T REAR B8 T 47
LRI L B i, ik — 3R T R AR i i
TN AR L, AT IR (E AL P, A6 AR BT A5 =2 ]
DL E IR (G 0. 1 m) BEATBURESRAE , A2 i o
TR MIAE L, . EPXEAR L, , FECR H Di-
jkstra BT TUATS A TES R BT8R, LA RO bR
AR R A I R 2B BRI AR 1 R RS B
AR, ol 0 T o 225

It AR B B A A A B, AT A sk L bR
A AR TP KR TU AR A, B A B AR A B
TRAIRES
2.4 THELKKRE

SRV A R R R B ) 8 8 B ik B R R
RET R Y RTHAERRAS A F AR BIE R K,
BRI ALK, 22K h( ) HHRARKE

h(t) =hy + (hy =) XS (3)



20 % M

2 or Kk ¥ ¥ R

%45 %

A s by WA s BRG]
¥ BCEERF iy EARTH Ry
f=w, xg +w, Xg, (4)
o, 1o, AACE FREL, FH T [ 054 %5 B
A E PR E AN B KN, 0, +w, =1;¢,
g, MFERFYIE R 5 B b A0S ARG R AL
SRR B AS B D0 A AN S AR A - f 4%
D /AN W 5
frw =@ xfag + (1) Xfrn (5
o f o W BTG BIALE H 5 0 Ny ist B2 H 5, H
TR A IR o f o R TH AL BT 3 e
YT ACE R
g5 I R AR AR T R R A X, T
HALN

t —
Xnew:x+|:hmin+(hmax_h’min> anew] X( goal x>

£ g0 x|
(6)
WAL B AT K, ATl AR A AR R
AR R A B AR
2.5 ETF=XBHEHFHEANEEMAL
AR RRT Bk B — @ MR R ), HHAE
B AR R — RPN B AL, AR T
25 MEVL BN THLMUE S Briz g, ik, A%
SCRI =R B B4 X RRT B3k 07 40 A
B AR AT AL EE . =R B RS HAT Ja3
AR SV | BB FE AN R0 B A28 B R s B Y
A T A O B 2L 0 AR
B A 2% 1T £ 118 0 30 3k T il o5 RN S pR B
A, hE—dshls Py, P, -, P, B FEEHN
4 C(u) "IRmN
CWhgwmwi (7)
X u HSHE R BUETEF A [0,1]5N,, (u)
B RESCHE PR L, ol k ARSI B B, AR SO
k=3,
FEPRESGE A U X,k =0 BFRR R

N () l,u,<u<u, (8)
ioll:) =

! 0, A

k=1, MHRRH

u

Uu—1u. Ui —
Ni,k(u) = : Ni,k-l(“) + Ni+1,k_1(u)
U, —u

(9)
A w, AW U S A S, ]
Tl R AEBIEYE, U = {uy,u,, -, u, |, 10 5

m=n+k+1,

+ i i+k+1 i+1

K =K B FE A (E K WS 51 A2t RRT
Sk AR PRFFR R RE I AR 38 T LUAE iR AN ~F-
T HE A HUME 2 3h i e Ae, AR R T B ARy
JhE I TSk S

3 (FEXLI

3 2o 7 S B E AR ST B MR
fif i ' >~ . Intel (R ) i5-12500H CPU, 16. 00 GB
WAF . I 89 05 H 34 Matlab 5 Gazebo, 43
TITE A | = 4E M5 5 Gazebo H 5 b 47
fiE,

3.1 Z#HZFERBE

PEE 10 m x 10 m 4k TAEZS 6], d2 i o
(0,0), HFr A4 (10,10) , 4 3C TR-RRT 945 Y
Hprdm'E BI(E Q W& N 0.3, 20K H RRT &
7% .RRT-Connect #.7% | Informed-RRT ~ 5% | TR-
RRT Bk 05 B2 8e , a5 Rl 1 frs,
[RIE IR AR B, 4 S0 R RR & Bk is 17
R A R AR, 2 R G SR B AR AR
FH AL E R A R AR ) B A

x/m

(b) RRT-Connect®E



%18

RA-# % .4 F TR-RRT &

0 WUAR A PR A2 LR BT A 21

10

&
BN

4

2 -

0 2 4 6 8 10

x/m
(c) Informed-RRTB 3

I ‘.’

| ‘

T @
E ‘
=

4‘
7
1 .
) 2 4 6 8
x/m

(d) TR-RRTE

10

E1 AREFE_#TENHEER
Fig.1 Simulation results of different algorithms in 2D space
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Table 1 Average planning time, path length and node

number of different algorithms in 2D space
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Fig.2 Simulation results of different algorithms

in 3D space
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Table 2 Average planning time, path length and node

number of different algorithms in 3D space
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Table 3 DH parameters of URS robot arm
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Fig.4 Gazebo simulation environment settings
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Table 4 Average planning time of different algorithms

in Gazebo environment
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