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Narrow and long space path planning based on RSS_GN RRT algorithm
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Abstract: Aiming at the problems of RRT algorithm in narrow and long space, including slow convergence speed and rough planned
path, the RSS_GN RRT algorithm was proposed. To enhance the algorithm’s convergence speed, a guide node-oriented strategy and a
regional sampling strategy was proposed, greatly reducing the search for invalid regions. Next, the sampling angle constraint strategy was
introduced to improve the planned path quality, and adopted the method of parent node expansion selection to effectively solve the
problem of increased iteration times caused by angle constraint. Furthermore, the algorithm can dynamically reconstruct the map and
plan obstacle avoidance path based on the perception information, enhancing its adaptability in the low-speed dynamic environment. The
simulation results show that in a narrow and long channel environment, the RSS_GN RRT algorithm reduces path planning time by
77.3%, 51.9%, 84.7%, 98. 8%, and 60.3% when compared to the RRT, Goal_bias RRT, RRT under angle constraint, Informed
RRT ", and DR-RRT algorithms, respectively. It decreases the number of iterations by 95.9%, 92%, 98.3%, 98.3%, and 89.5%
relative to above algorithms. The average curvature of the path is also reduced by 94.1%, 93.2%, 88.7%, 91%, and 92.9%,
respectively. The simulation results prove that RSS_GN RRT algorithm’ s significant advantages in enhancing planning speed and
optimizing path quality. Simultaneously, this paper uses the Ackerman model car to actually measure the local obstacle avoidance ability
of the algorithm. After testing, the car can reasonably avoid obstacles that appear during driving.
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Fig.2  Guide node-oriented strategy failure diagram
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Fig.3 Guide node extraction process diagram
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1 function GNodeExtract (%, , %4, , Map)

2 SkelePoints«—Skeletonize ( Map)

3 Add ( SkelePoints %, 1% gou1 )

4 SkeleLine«—GetLine ( SkelePoints, %, , %)
5. i=1

6 cNode<— SkeleLine[ 0]

7 while i< len( SkeleLine) -1 do

8 Nodel<«— SkeleLine| i ]

9 Node2<«— SkeleLine[ i+1]

10. if Judge (cNode, Nodel, Node2) is false then
11 cNode<— SkeleLine[ i ]

12 Add ( KeyPoints, cNode)

13. end if

14. i it1

15: end while

16. KeyPoints<—DelExcessPoints ( KeyPoints)

17 end function
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1: function PathSampling( %, , %, , Grid_map, KeyPoints)
2. cNode<—s

start

3 for i=0to i= n do

4 if AreaState( cNode) = true then

5. X e <—GuideSample ( cNode )

6: Add (Tree, x,,,)

7 cNode<—x,,,,

8 else

9: X e <—RandomSample ()

10 if CollisonCheck ( x,,,, ) = false then
11; if AngleCheck (x,,,)= true then
12: Add (Tree,x,,,)

13, else

14. if FindNewParent(x,,,, ) = true then
15; Add ( Tree,x,,, )

16: else

17. continue

18 end if

19. end if

20 if AreaState(«,,, )= true then

new

55 38 &
21; cNode«—x,,,,
22. end if
23; end if
24 . end if
25. if Distance(x,,, | %,,) <d then
26 Pathpoints<—SearchPath ( Tree)
27 break
28. end if
29. end for

30: end function
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Fig. 15 Simulation results in general scene
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Table 1 Comparative experimental results in general scenarios
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Table 2 Comparative experimental results in narrow road scene
AR bR RRT Goal_bias RRT FAREZYT ) RRT Informed RRT* DR-RRT RSS_GN RRT
KX )% % 100 100 12 100 100 100
TR /s 0.11 0. 052 0.163 2.088 0. 063 0. 025
EHIEARUAEL 1271 651 3 004 3 000 493 52
-4/ m ! 1.02 0.88 0.53 0.67 0.84 0.06
K E/m 37 35 33 32.95 30. 89 30
— ﬂ%ﬂﬁé
o KA A
A BRA
g g
= =
0 10 20 30 20
X/m
(b) Goal_bias RRT
(b) Goal_bias RRT
— LRI AR
35 — = ARAL BB X I
® KAEMT A
30 A RBAE
25 A bl [ ——
25
20
£ £ 20
>~ 15 .
15
10 10
5 5
0 : ] 0 v
10 20 30 40 10 20 30
X/m X/m
(c) fELIR T HIRRT (d) Informed RRT*

(c) RRT with angular constraint

Y/m

L J

20 25 30 35
X/m

(¢) DR-RRT
(¢) DR-RRT

5 10 15 40

Kl 17

Y/m

(d) Informed RRT*

10 20 30 40
X/m

(f)RSS_GN RRT
(f)RSS_GN RRT

TERRAE N L 50 T W (15 L4

Fig. 17 Simulation results in narrow entrance scene
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