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Path planning for intelligent agent based on the KDB-RRT " algorithm

Wei Wenqing'”®  Wei Kun'?  Zhang Jianhui'*
(1. School of Automobile and Transportation , Tianjin University of Technology and Education, Tianjin 300222, China;2. National and

Local Joint Engineering Research Center for Intelligent Vehicle Road Collaboration and Safety Technology , Tianjin 300222, China)

Abstract: To address the challenges of path planning for intelligent agents in complex environments, particularly issues
such as slow algorithm convergence, high path redundancy., and insufficient smoothness, this paper proposes a target-
biased bidirectional RRT " algorithm based on KD-tree (KDB-RRT " ). The algorithm introduces a bidirectional search
strategy based on RRT", incorporates a KD-tree structure to accelerate node lookup, constructs a target-biased
dynamic circular sampling strategy to balance search efficiency, designs a bidirectional growth guidance model based on
gravitational fields, implements adaptive step-size adjustment using the Sigmoid function combined with obstacle
density, and employs the DP algorithm for original path pruning and cubic B-spline curves for path smoothing. The
feasibility of KDB-RRT" is verified in “Z-shaped” and “loop-shaped” simulation environments, and comparative
experiments are conducted with RRT", Bi-RRT, and Improved RRT" algorithms in various complex map
environments. Finally, path planning experiments are performed on a ROS robot. In the “Z-shaped” and “loop-shaped”
simulation environments, compared with the RRT" algorithm, KDB-RRT" reduces the average planning time by
70.2% and 28. 0%, decreases the average path length by 4. 8% and 10. 4%, and increases the node utilization rate by
16.27% and 13.58%, respectively. The results show that the KDB-RRT" algorithm provides a new method for
efficient path planning in unstructured environments, and its dynamic sampling model and path optimization framework
have important reference value for mobile robot navigation systems.

Keywords: path planning; RRT " algorithm; KD-tree; Sigmoid function; DP algorithm
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Fig. 15 Experimental results for the “Z-shaped” environment
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Fig. 16 Experimental results for the “Loop-shaped” environment
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Table 1 Comparative experimental data for

the “Z-shaped” environment

i TR PR CPHERE T AR
W /s KE/em WEAE R/N%
KDB-RRT"  4.10  1258.25 269 54.7
RRT" 13.77  1321.92 827 38.5
F* 2 “EIRHE X b R0 iR

Table 2 Comparative experimental data for

the “Loop-shaped” environment

gk TR P PR R
W /s KE/em R R/ %
KDB-RRT™  0.85 646. 47 70 81. 4
RRT" 3.04 721. 68 230 67.9

B 17 ) A (D) 43 7R T Al KD M 6A RRT
LA KD #4846 79 KDB-RRT™ 588 1 ) B AR 45 R .
MEZE 25  F L 51 A KD # 4k i KDB-RRT ™ %
(B 17(h)) B AR BRI, 5t TR L7 5 SRR R G
TIRH 28 25 6 46 A1 i Pl P 1) CAth 28 45 80 B B I8 F RRT ™ 5%
B 17Ca)) , IF H A% 2 800 5 O 1 S 0 g 2
Xof b Sz 3 B4 3 B . KDB-RRT ™ (%°F ¥ 58 %) i 1] it RRT”
B 12.95 s FEE 1. 13 s, 08T 91. 3060 FH A B K
M 790.79 em 44 FE 747. 06 cm, FEIE 5. 5% ; FEHE R IK
Hdi b 91, 0% 5 35 A5 R A F R 39. 39% . LW X R
B 17(b) R gt o 4 2k 2 50 /0 5 B 17 () 41 (0 21 4k S5 3K
B2 IEE17T(b) AP S NFe SR 17 () BRI %
EHPIRME B . X — I3 25 T KD WX 4 25 8] 19 3h &
S 2RI P L AT Bl A PR R AT A R RS Lk
AT A B B AR s 1) M e A L FE PR AR B AR S A B Y
[i) Hof 45 T 48 R AR o A% TS IO BB AR T A B X S B
R REFE iz B AR PR ™ w5 oK . PRARTHT S 2% 0 48 F5 X L
m 3 i,
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(a) RRT*

(b) KDB-RRT*

K17 BIA KD B9 B A 0Bt X L 52 46 25
Fig. 17 Comparative experimental results of path

superiority with KD-tree integration
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Table 3 Comparative experimental data for path

superiority with KD-tree integration

. SRR PR TRkt R

g Wl /s KB /em WK /Y%
KDB-RRT" 1.13 747.06 97 80. 41

RRT" 12.95 790. 79 1075 41.02

4.4 IHIES|IN DP E LB A H

EF 4.1 14O FEHM map 1. AT A KD # Y
KDB-RRT " 57 #: P AT % 42 BRI AT 55 15 2 400 4 % 42 8] A 51
A DP B3E XS 0146 B A2 AT 5y B AL 3, 51 A DP 5803k 35 B
ALPRRT G A A LR I 18 TR .

&l 18Ca) AT (b) 43 5l F7n T i il KDB-RRT ™ 5. ik KL %l
Jo AT DP 53 B9 45 40 BR8] DP 503 89 R4 40 2 19 it
BEER, WS R v E 7815 50 % 42 2B (0 L] B 5 40
MR Z2 A5 T .51 A DP 5k B9 R Ab B S 19 42 25 T IR
U BRI B A TP AR 4 A5, B B T B AR 1 B AP
RS, BYRAL S Y AR A B AR P A B
LT HARE R THRTE . HARRKE B 769. 20 cm 454
Z -1 758. 37 cm, Wb 10. 83 om; FRAR S S A EON T 18
AN EFL 5 A LRI 72.2%, X —45 BRI, E T
1A DP B35 0B TUARTT 01 76 AR BR A2 42 J% BE 09 [\] B, 3
LT B AR A R s A AR AR T AR A R R
WA ) REAE 3R ST R TR AR E ML AR R R AR A
DFEAR BT LN 4 Fis
4.5 IHiF KDB-RRT &4 H

FETF 401 W 14(b) ~ (D) FE A TR) 2 B9 4 4 3152
BRI B A SCHE Y KDB-RRT ™ 595 RRT™ 5 . Bi-
RRT H3k 3CHk[ 13 Improved RRT™ 58 vk 45 I 42 #1 4)
SR IEAT B O A 0 X B SR 5 DA ST 4 R K] s [ S 2
BEARA BE R4 5 A B BB K] 2 W vk B 4 AT TR %
R MR B HEAT 4307 » LB KDB-RRT ™ 8 1 00 40 4
HARBE S 20, W1 a4 & & K Oy 30, fe REA W N
5000, FLEIIEAT 50 . ARF L REENE 19~21
FT7R
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(a) KDB-RRT*EVEHLRI 85 12
(a) Path planned by the
KDB-RRT* algorithm
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Fig. 18 Comparative experimental results of path

(b) DPEIEBYB AL ELS (B 4%
(b) Path after pruning
with the DP algorithm

superiority after DP-based pruning
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Table 4 Comparative experimental data for path

superiority after DP-based pruning

DP By fifi R FHBERKE/cm S35 455 A B
DP B9 45 /i 769. 20 18
DP 8 % J5 758. 37 5

Bl 19(a) ~ () 7 76 [F KL 4 o [ KDB-RRT " 5 1%
5 RRT 5 . Bi-RRT 53k . C#R[13] 9 Improved RRT”
BUERAEMO LR R, NSRS R LR N, &
SR A FPETE BRI BT F 3 1005 . {H KDB-RRT ™ 5%
FRLA0 11 A% A 4 4 W 1 1) O e O 328 1 i ifh kL AUHE R
SHRL AT AL Y B A 1) 5 T RRT ™ 48 325 W0 500 %) B A2 7 Bl A8
TE I AT TR  Bi-RRT 535 8040 1) i 4% 77 A8 K & 1 7%
25 s Improved RRT * 55 M0 K1) 1 B% 428 8 4Kl R AR f s /N T
B — S KA D, KDB-RRT ™ 8 ik 09 F 2 3L &1
BY AL 1,11 s, 8 RRT " 55 . Bi-RRT % 7% . Improved
RRT 5 945 /8 T 95.8%.,90. 9% F1 97. 6 % 5 F 3 i
B B H 774.89 cm, B RRT % ¥, BiRRT 5 ¥,
Improved RRT™ Bk M4 T 1.1%.2.2%.6.3%; F
WS 9 .8 RRT B BI-RRT H. . Improved
RRT BESAG T 65.4%.81.2%.11. 1% . ANRIE %
FETE 14(b)map 2 X LIS AL OHEPR W3R 5 iR,

#5 L LIEEHE (map 2)

Table 5 Comparative experimental data (map 2)

o AL FHRE CFEEIR LRI

IR [a] /s K /em NG TR/ %
KDB-RRT" 1. 11 774.89 9 100
RRT” 26. 68 783. 60 26 100
Bi-RRT 12.23 791. 87 48 100
Improved RRT" 4. 86 780. 14 10 100

B 14 Co) BB E map 3 #1814 (b) By HL ] map 2 8K
2%, Bl 20(a) ~ () FRIRLE R HE B b B b KDB-RRT ™ 88 3%
5 RRT &% Bi-RRT &, C#k[13]9 Improved RRT”

(c) Bi-RRT

(d) Improved RRT*

19 AL map 2 X L 25 3

BEBARR LR s R, NBRR R LAE R
KDB-RRT " 559 # R (9 % 72 R B A ALl . KDB-RRT™
SRR TR A B AR B 0% ST 0 iR A G R Bk A i AL
P B, i RRT 835 500 A9 5% 42 5 380 0 K nT Il 408 15
AR B Bi-RRT Bk ML B R A RE R Rm
25 s Improved RRT 5 H R () % 4% Bl 2D T 76 45 IR 8K
{B5E25 /1 3k, KDB-RRT ™ 20 36 1 5 35 0 &) e i) %
RRT 3B ¥ .Bi-RRT 5 ¥ Ml Improved RRT " 5 ¥ 43 51 45
BT 97.5%.95. 1% Fl 85. 8% FH A K F & RRT™ &
2 .Bi-RRT 8 ¥ . Improved RRT" 5 1k 43 5l 4 5 8.5% .
4. 8% 2. 5% 5 F- ¥ 5 a5 B RRT™ B35 . BI-RRT B 2%
Improved RRT " 5 4 B3 /> 76. 0% ,93. 0% F1 60. 0%
HAHLRI AL Th A 100%, 8 RRT" % ¥, Bi-RRT 5 3.
Improved RRT" Bk 4T T 3226.26%.0% . AFE
T K 14(c)map 3 X LTI O PR INFR 6 FR .

F 6 ItLbLIGHIE (map 3)

Table 6 Comparative experimental data (map 3)

ok ?iﬁiﬂiﬂ R RS MRIR

i ] /s KJE/cm N TIR/%
KDB-RRT” 1.17 792.48 4 100
RRT” 46.76 866. 32 25 68
Bi-RRT 24.12 832. 49 57 74
Improved RRT " 8.26 812. 37 10 100

P 14(d) i H 18] map 4 9 4 BbH & P o BB AR —
il B 21(a) ~ () FRRFE R FE A HLIE h KDB-RRT ™ 53k 5
RRT #H ¥ B-RRT H ¥k CHA[13]H Improved RRT™ &
AR S S5 R . N 4 BbER AR ML R &5 AT DL
KDB-RRT " 5.3 % 1) #6572 R A B L. KDB-RRT®
Bkt 3014~ 3.5 Wk, 7E 5 A R AT 4 1) A g il R
TSR AU AR GR35 5080 9 4N AU JLART iR 351 Ak 4 3%
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(a) KDB-RRT* (b) RRT*

T
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Fig. 20 Comparative experimental results of

(d) Improved RRT*

AR map 3 XF H S 86 45
different algorithms in map 3

J5 1) RIS 100 % 5 1M RRT 57 % K 45 27 B AL R &
R FE Bk A5 8 o9 B AR RS (24 A48 5D L BRI A T
FAUN 28% s Bi-RRT 5k i R & 1 n T 503k 48 R al®
A= A K i 2 4 (73 A8 50, BRI Dy 2 52045
Improved RRT " 53k B AR b P 87 (W) BB B 00 Mg B 17
SR B LA (EURE R HR A B AR AT AR AE B S 2 A 1 1 (15 A
P R R & 98% . KDB-RRT " 44 12 3 24 #1 %) 5} [7)
UK 1.96 s, % RRT" 84 .Bi-RRT % % .Improved RRT"
B 408 97. 9% .95, 9% A1 77. 2% ;s T H AR K BN
791. 88 cm,# RRT" 5 | Bi-RRT 5 ¥ Improved RRT”
Bk AR 8. 6% .6.4%.2. 2% s P AL 9 AL B
RRT ¥ .Bi-RRT &% . Improved RRT ™ & % , 43 By >
62.5%.87. 7% M1 66.7% . N EETE 14(d) map 4
SIS A O AR BRI ER 7 TR .

#£7 XX EIE (map 4)

Table 7 Comparative experimental data (map 4)

o T # A ?ﬂjﬂﬁﬁé SEEP A LRI

R[] /s K /cm NG TR/ %
KDB-RRT" 1. 96 791. 88 9 100
RRT" 94. 77 866. 13 24 28
Bi-RRT 48.57 842. 31 73 52
Improved RRT" 8.58 809. 31 15 98

25 L A SCAT R 9 KDB-RRT " 53378 3 FlR [ 2 70
) e A ) B v 2 R I R 3 Y AR LS R AR AR
GATEE . XTSI B o AT LU . KDB-RRT ™ 8k
T B £ 18 T B R A7 A LA L, 75 S B R B ] L A
KB FH 88 LR R A X R R B AR SCHR
B9 KDB-RRT ™ 553 B X0 B 580 v sk » 75 22 58 /0 ) 5 A ok 4%
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(a) KDB-RRT* (b) RRT*
| ] ]
ﬂ ﬂ/

(¢) Bi-RRT (d) Improved RRT*
K21 AEE B map 4 XF 1256 45 FF

Fig. 21 Comparative experimental results of

different algorithms in map 4
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Fig. 22 XTARK TARKBOT series ROS robots
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Fig. 23 Experimental environment setup for

intelligent agent path planning

(a) TF—
(a) Scenario 1
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Fig. 24 Results of intelligent agent path planning

(b) Scenario 2

IR B T DA X T R — PR IR R 2 il T AR AT
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Table 8 Experimental data for intelligent agent path planning

st PHREERE/m FHRRIEE/s 25 &4 #E
e — 12.78 3.28 5
iR 13. 43 5.46 =

TSI 25 R W AR SCHE A9 KDB-RRT ™ 8.3k BB 4% 18
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