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Adaptive path planning algorithm based on IRRT " -Connect

Ma Xiaoqun Wang Hao Liu Lei Li Shu

(Liaoning University of Technology,Jinzhou 121001, China)

Abstract: In response to the challenges of slow convergence and suboptimal path optimization in complex obstacle
environments, this paper presents an adaptive path planning algorithm based on IRRT " -Connect that is tailored to the
environmental complexity. This algorithm combines Informed-RRT" and RRT-Connect, namely IRRT" -Connect
algorithm for initial path planning to improve the efficiency of initial path planning; additionally, it introduces a
sampling constraint probability p to confine sampled areas and augment the purposefulness of sampling. Furthermore.
a step length calculation method based on environmental obstacle coefficients is devised to dynamically adjust extension
step lengths, thereby bolstering the algorithm’ s adaptability in traversing complex environments. Through the
comparison of multiple sets of experiments, we show that the number of algorithm nodes is reduced by 9. 75%, and
the path length is reduced by 20. 82% , and the planning time is shortened by 3. 08% , which proves that the improved
IRRT " -Connect adaptive step path planning algorithm has a strong ability to adapt to the environment, high node
utilization, and the planning effect is better.
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Table 1 The algorithm process of RRT Connect

Algorithm 1 RRT-Connect algorithm

1. VoAzw ) E. <0

2: Vi< AautsE, <05

3: G, ~WV,,E);G,<(V,,E,);

4 for i=1ton do

5: vt < Sample O

6: if Extend (G, +x,40,0) 7 Trapped then
7. if Connect (G, ,x,..) =Reached then
8: return G, .G, ;

9: end if

10 end if

11: Swap (G, .G,);

12:  end for
13: return G, .G, ;

Informed RRT " B REEX B ANE 1 s,

L Bl R A DX J
Fig. 1 Elliptical sampling area
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Table 2 The algorithm process of IRRT " -Connect

Algorithm 2 Informed RRT " -Connect

V.<A2un 3 E. <03
V< Az g 1 E, <O
G, <~ (V,,E);G,<(V,,E,);
for i=1 to n do
Cpow <IN,y € X o {Cost (20 ) )3
L rana < Sample (Cpuy sConin »T urt 3 gour ) 3
T peares <= Nearest (G, sX 00 3
ww < Sel f-Adaption-Steer () ;
if Check Path ((Z ey +2 e )) then

© 00 NN O Ul o~ W D=

—
o .

G, <Ulx,uts
11. X wewr < Near(G, sX e sTrrr « ) 3
12. L osin X pearest 3
13: C in<Cost (1, )+ Dist Cost (X yuren 3 ens ) 3
14, for V z,., €X .
15 e Cost(xm)JrDzst Cost (X oy + T e ) 3
17. Zpin <L ear }
18 Conin < Ceww
20 end for
21 Coin < Cost (x,,,,) T Dist Cost (X puurest s ) 3
22 for V z,.,€X ..do
23 Crear < Cost (T 1y ) 3
24 . Crew < Cost (x ) T Dist Cost (T pur 3T pene) 3
28 end for
29: end if
30 if Connect (G, +x ... ) =Reached then
31: return G, .G, ;

32: end if

33: Swap(G,G,);
34: end for

35: return G, ,G,;
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Fig. 2 Schematic diagram of sampling area
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Table 3  Algorithm flow of Sample function

Algorithm 3 Sample Function

1 function Sample ()

2 if c_ max<Inf

3 p< probability (O ;

4. if rand << p

5: Rand _ node<— Min Eil_sample ()
6 else

7 Rand _node<— Elliptic_sample () ;
8 end if

9: else

10 Rand _ node<— Rand _sample () ;
14. end if

15: end function

Hodr, probability O PR BT RE M #3405 24 15 F A 1 A2 AR
Yr {8 578 1k SRR IS B i3 A R p A

p = (c_min/c_best) X ¢ (6)
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Fig. 3 Diagram of adaptive step size extension
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Table 4 Algorithm flow of Adapt Steer function

Algorithm 4 Adapt Steer Function

1: function Adapt Steer (,)

2 cost _ rand <=Dist Cost (X uurey 2 rana ) 3

3. cost_ goal<Dist Cost (X ey s your ) 3

4 Local Map<—Divide Map O ;

5 p<=0bs_area(Local Map) ;

6 Pre step< Adaption step (p) ;

7. A=cost_ goal/cost_rand ;

8 step =min(pre step XA, pre step scost_rand) ;

9. 0 =Angle cost (X eurest s rana ) 3
10 L e = T nearew T step X [cos (0) sin (0)];
11. return x .,

12: end function

Bl Angle cost O PRETIRE T W 5 Z 8] A 1E.
3 FEXBRSH

A S T A HLAL TR 28 12th Gen Intel (R) Core
(TM) i5-12500H, % fl MATLAB 2022a #1758 ¥: 05 K.
5 B H KN 500 X500, 37 A KRy 20, 82 1R o5
0 [ B 3 5 s A b ] o [ P 3 5 T K0 % 4%
WL IR B AT ) F R L HeiR Y R

7 [F) — 7 2 8 75 25 58 F ] IRRT " -Connect 57 75 RJ
JEUA B 5 o Uk R AT 30 IR R LG L IR T AR S

(a) IRRT*-Connect&i%
(a) IRRT * -Connect algorithm

(b)But 5k

(b) Improvement algorithm

1 5P A AR LR 2R

Fig. 4 Effect of path planning in simple environment
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Table 6 Simulation data table in complex environments

B P S B0 L L0 BURC F LL An2 5 TR Rk WRBH MERE 1R [H]
J5 B 18.76 873. 50 0.65 s
x5 HERETHREHESR g 5 16. 93 691. 56 0.63 s
Table 5§ Simulation data table in simple environment e AR —9.75% —20.82% —3.08%
Hk TR EH AR K G|
JEHA s 11.77 553.59 2.39 s MR 6 AL TE R ARG T B A AL RCR T
G RTS 11. 93 510. 73 1.12 s e TS BCE W 9. 75 % Al st (1 45 4 3. 08 Yo EL W] e i
AR A +1.36% —7.74% —53.14% BRERRET 20.82% LT WAL E Z T X 8GR

M2 5 A 7R (R B R A RS T L BN A5 A s A
I AR R AR B B AR K R T 7. 7456, [ B R )
[ AFHE T 53. 14 %, 22 BA7E fA] B BR B5 F 12 08 06 0 R ot e A
PR B A B XS K S0 T B ] e R Rl SR SR AR

KRB R 5 B0 A O B9 5258 AR B AT T L,
IRRT " -Connect kMR BUR FIWNE 4 () FiR B2
R 552. 62, BUHER A BRI SCR B AN 4 (b) B AR 0N
500. 47, 3 5% L AT B3R 0 T S0 AR v A TR B R AR R R
TR O A

A 2 B R R B R M R LR Bk S o O gk b AT
30 WEE B SL 8, IR FH T 459 S5 56 5096 1E b 3 (e, i &
BAEXT I 6 fros .,

e 86 o

5 RE S AR G 00 3 I PR, LA T Y e DX R K e L B
RIS
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(a) IRRT * -Connect algorithm

(b) Btk

(b) Improvement algorithm
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Fig.5 Effect of path planning in complex environment
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