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Research on intelligent vehicle path planning strategy based on improved JPS

Zhu Zhendong, Yao Qianggiang,Shi Yiheng, Xie Qilin
(School of Mechanical Engineering, Qinghai University, Xining 810016, China)

Abstract ; Jump point search is a fast graph search algorithm widely used in path planning. However, the complexity of the hopping point
search process and the excessive number of node extensions can lead to low search efficiency. To address these limitations, this paper
proposes a global path planning strategy based on an improved JPS algorithm. The proposed approach includes a method to reduce
redundant node extensions and introduces a safe and smooth path generation strategy. First, a directional priority ranking is introduced,
where the search directions are adjusted to prioritize movement toward the goal. Nodes are then expanded sequentially according to this
ranking to search for jump points more efficiently. Second, several path optimization strategies are combined, including safe node
updating, redundant node elimination and path smoothing to ensure the safety and smoothness of paths. The safe node update strategy
reduces the dangerous paths, the redundant node elimination strategy effectively reduces the path length, and the path smoothing strategy
improves the smoothness of the paths by three times quasi-uniform B-spline curve processing. Finally, the performance of the improved
algorithm is verified through simulation and real scenarios. The simulation results show that the improved JPS algorithm reduces the
search time by 19. 0% and 99.92% in complex environments compared to the traditional JPS algorithm and A ™ algorithm, respectively,
and the number of expansion nodes of the improved-JPS algorithm is reduced by 56. 9% compared to the JPS and 98. 9% compared to the
A" algorithm. 98.9%. In more complex real-world environments, tests conducted on a ROS-based intelligent vehicle demonstrate search
time improvements of approximately 20.5% over A* and 28.0% over JPS. These results confirm that the proposed Improved-JPS
algorithm significantly enhances the efficiency and safety of path planning in complex scenarios, validating its effectiveness and
superiority.
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Fig.2 Schematic diagram of the path search process
of JPS algorithm
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Fig.3 Schematic diagram of searching when there is no obstacle
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Fig. 5 Schematic diagram of direction prioritization search

TR AR DT T ) e A TR R RERY A2 307 1, 3
SEZT7 1 5 HARTT ) ) i B A AR 4 2R A 1)
R A TR AR G, (B AT LA A 1 2 DA ] dt =2 (1] ¢
FAR AL

cosf =
(xn _xf) X (xg _x_f) + (yn _yf) x (yg _yf)

(x, =x)" + (y, —y)" %

(x, —x)" + (y, =)’
(7)

(a0 (a, yp) (x,, y,) 0500 SR R 0 2L
TS HARTT L g AR

Xt ¥R RE A s ST S O 1 5 H
B SR ARAE TR A (RS D 1 S E bR
J7 Tl A AR ) | Xt B v 4 BT T RE RS 3 ) 1) A 7
Fr o A RE S /NI 7 1) (B SRR H R O 1 ) B CE A
G| ZR AT

Viarger = U
Vnove — argmin(arccos(M) ) (3)
“move ‘ v ‘ v ‘

Krs v, WNBIKHERR B80T 3 07 A R ek
Jy1a), H 7 AR PR SE RO I, SR 3 ANt sy
6] ;arccos FRANTHEL T 0] Z BRI 5 v,y * Ve ToANTT
HHB I 5B mZ AR (v ] v, | #
AN B (K ) .

e JPS B AR AN 1 R

nnnnn

B 1. MU IPS BRI R TE

1. while Open # ¢ do

2 n «— argmin_{n' € Open| f(n')//f(n')=g(n’)+h(n’)
3 Open «— Open \ {n}

4. if n = Goal then

5: T AR I 220

6 end if

7 Closed «— Closed U {n}

8 D_priority «— Sort_Directions(n, Goal)
9. for each d € D_priority do

10. J < Jump(n, d)

11; it J J2A Rk H J ¢ Closed then
12. g(J) < g(n)+distance(n, J)
13, AD) < g())+h(])

14. if /] ¢ Open or g(J) < g_IH(J) then
15. Open <— Open U {J|

16. came_from(J) < n

17. end if

18: if d N LSEHTTIA then

19; 155 IR AR S 9 )5 1)

20. break

21; end if

22. end if

23. end for

24. end while




198 f# £ ¥

a6t

PEATHE R Dy o] YR Se R, MR % REGZ AR e 9 HE
Pt JR H AT AR SRk A, e Y 3 A7 1) s R Se 2
HR T AR, Wm0y i e 3k 3 A
Rk A CA Sk U SO 3 T i R BR SR 2220 5 AT
Te] S M ), DA ARk ) o D i Al R G S 2K 7 v
B4R, IFHEAT IS SeBk ST R S e Se I 1) R
VA A Ok i YD 3056 2 R 5e oy e, EAE
G KR £ ST SO NI o i PO M e s R 7 DB Y
1Y B AR 7 ) G 7R 48 F e v AR 4 Bk e G 1 H AR
ST a4 e DT 808 /0 3 FR Bk e A B B AR
MRINRCR

R YRR R v AP RN 8 A5 P TR IR A B AT
WalmiRrarE, A S HALE, L ic ke Y R
5 B R A A I ] Y AR TR R AR
B PR AT AR e — I, 3kt B B A I 3 SO B
B R A A R 1 ) S X

3 I RO I Bk Ao DA o B 0T R TPS AT T A
BB ROR /D T AL B R, X R4
PRI B8 2 %% B 1) A% LB, 0 8 T T R
A TR R AU Rk Yy JPS ALK RS e X R R
N 3 AT T A TRER . X — SR — 2B TR
BT R R RS T ARy ) A BEIRIR 2, AR
b7 BRI R A
2.2 BEMRAKRE

1) 224715 R SR SR W

N TR P R fE R, S R A TE G R AR
XFIXAME R AR 2 AR ST R, AR AT
R 0T B 2T S, 5 S

S, =1ip € R* | dist(p,Obstacle) = 8} (9)
.6 HLAMEE , FoR il p SRR R/ NS VIR
dist(p,Obstacle) s p B BEAFHI 1) BT BEES

LA USRS RO TE T AR A9 i
AR R R AT 30T, DA SR 2 A BB AT R, B
PRI, B A AR TR AR 757 s, 4k 31 — 5%
AR RS, A TR I S [ 41 I B B A I, A s
H IR BT RO — AT AR R R, X AR
HREXSTAHLE A (py,pisy) KRR AEAE — AL A2 4
p., WA (10),

Ny =N(p;) OV N(p,) (10)
K N(p) ={qlqRp WEIEE  Hg e S, . HIE
KR JE B XF 4 A ATy 0] AT B R Bl e Y R DL
£ e A B i e

WNIE 6 firs, Y B4 Pl RE B He e b B i ik, A P Ak
XA 6 A, Sl o A AT A P e 0 A S R B AR Y
AR AL, FIITR 5 T LU A 40 A Sy 3 (] 1) 22 4 408 S A
I ORLAE B A 234l B FEAT)

7S S A TR EPRVA S8 S

Fig. 6  Schematic diagram of security update node
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Fig. 11  Planning results of different algorithms on 100100 map
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Table 3 Simulated search data under 100x100 map
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Table 4 Performance comparison of different algorithms
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Table S Performance comparison of different algorithms
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