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Abstract

With the rapid development of vehicle intelligence, a variable neighborhood improved A* algo-
rithm based on the driving risk field is proposed to meet the speed, smoothness, and safety re-
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quirements of intelligent vehicles for global path planning. Firstly, necessary safety spaces and
redundant safety spaces are added to the environmental modeling of raster maps, while retaining
sufficient driving safety margins; In order to improve environmental adaptability, the calculation
method of the heuristic function was improved based on the relationship between the current po-
sition of the vehicle and the position of the target point; At the same time, combining the combined
force of driving risk potential field on vehicles, the algorithm extension search mechanism is im-
proved, and horizontal, vertical, and diagonal expansion strategies are introduced to enhance the
search efficiency of the algorithm; After the completion of the complete path planning algorithm,
the redundant points are removed and the dynamic tangent smoothing algorithm is used to per-
form secondary processing on the path, forming the final smooth vehicle path. Finally, algorithm
comparison was conducted through simulation experiments to verify the improvement of the al-
gorithm in intelligent vehicle path planning performance and driving safety.
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Figure 1.Schematic diagram of safety space setting
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Figure 2. A* Algorithm flowchart
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Table 1. Table of slope and direction correspondence during oblique direction
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Table 2. Table of slope and direction correspondence in both horizontal and vertical directions
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Figure 3. Schematic diagram of expanding search direction
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Figure 4. Improve and expand search strategies
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Figure 6. Improve and expand search strategies

Bl 6. Bt RIZERRHE

TR BRI 7 FTUR
6. AL REERT
1 MATLAB AT 07 2L, JFB 82 0L 70 1 1 AN Sl P SISt PR SRR T A 25 O L

DOI: 10.12677/mos.2024.133217 2376 e RSE TR


https://doi.org/10.12677/mos.2024.133217

MG 4

N T SR RAIE A SO HGE FIE I RE, BESL T R B4 4 A7 AN B R RS A 2 A O M AR, SRS
HIFE 30 x 30, 60 x 60, 100 x 100 iX =Fhth IR/ N N AT B3R IE, U6 RBOE N, 1), b sisrnlik
52 4(30, 30), (60, 60)#1(100, 100). A T FRIESZIGEE FHIA bk, A SCHE H By A B 2 B R 25 4 DY
At AR, A RRECRE 25119 8 4RI R AT xt bk . (R R an e 8 Al 9 fior. ik
Rl RN TR L, A R AR b R, SR T R AR A R TR RS M RR BR AR 2, W6 O RIRI R4,
SR PIALII 5 R A5

o] |
7/

g B

(a) R BRAR (b) P JE AR

Figure 7. Comparison before and after path smoothing
7. FIBRAIREEEMRNT

. -
1 P L -
-'::':- -
maatl e
= Fam -
By =
=dnpr |

k
1 Hmy

my 0
du g

ko

Figure 8. Comparison of planning effects in a rule-based environment

8. MMIRE T HXIBER X EE

DOI: 10.12677/mos.2024.133217 2377 e RSE TR


https://doi.org/10.12677/mos.2024.133217

[ZEISTEE

* © ™ w *
g lmgl < N ™ r~ <
.-.__..rlq_r.. ) 2 & B € 8 « )
‘ a 7o N % ‘
1 = < o f =
:} cﬁfT
'ln...ur H'.-.-
_g ! ._ -l_.
._l_lq_ J.m.
I_ a1l
:*! 211 1 ln 3 o B
£, -t el __...1|_-_..__-. u.__.__. (=N ] S 2 N
o R SRSV FE 8388 =
gt | & P T ua Ll_h ._m_.-..,'u-..u o g w ™ M e} 9 =
z ~ © — z
=~ ~
L R
Wi £
Ihﬁ g
5
= ﬁm [Tol — m&
g Ble ¥ 0 8 o o 5
o =K Q 9] < i
=) © o)} ™ < =Y
1 = | o ™ — Lo e} =%
S AR =T i
= = =
£
(2}
i3]
D
=
[<5)
= - 3 <
.m& g Bow E o B ox|
EE s =y B ou Byl C
= B 8 1 2R d PR e By
5% v SE| R EsEeE X
O ER cu £
0 H ju
< HO 3 <
2 4R BN |E_m |_mm
EL ® oX g
@W 5 S = Ow
cE =z SR s | B
= & 5B g Zg Zs | gk
o & Em|® 27 27 27| Em|m
T R Siny H Eo X o X o SRny =
= SE =8 %8 58| 32
R = < 5
Vo R o &
5 o<
- ) - #K

RS

83
42.5740
160
86.6724

198
42.5740
391
87.7071

174
51.5183
342
99.1579

2378

J&

1

REDEINES
REDEIN Sl

(30 x 30)
FENLIREE
(60 x 60)

BEHLIA

DOI: 10.12677/mos.2024.133217


https://doi.org/10.12677/mos.2024.133217

MG 4

Bk
B HLFF 15 AT R 688 610 248
(100 x 100) PR 140.7975 133.4048 134.1860

W 3 R 4 OB R LT DB th, A SCHEEH FO R %S SR SO IBIEE, FLRIBR 21 K
FE A RFFTE B KT . 22 A T4 h 0 B B O T (A B A B R PRI, WA S0 B
&, TR LR

7. B&

BEXE S AR M A R AR R B AR AN AL, A SCE SeXR A ST VAT T4, 45
Iy 4 B ARG 2 (6K 2 4 asta) . FL R JE BB RSeRS et R Amia sh 75 RIS, SIAAT 4K
B 7R e AN 51 3 AXBREAR T SN AL R T ), IR FESCIRIRIE 1 G R B PE AR AR R
FEGRAE T4 3 AR A, B R 2 M RS AE ALK s, FEAUAL AXSRLERSERE B, X0
RIBRARIEAT TUAR i A B AN BR AR T DAL —IRACBE, $RTH AR R A Rk o 1 O AT Hh 1A e 2% 50t
RIBR AR — D B T R RTUARST R, TR AR R 2 (B B B 22, JFIURERRRSY) . 5 bA
SCT 3 Y A S SR AT DU Rt R T A* SRR R e BB AR L R R ROR

SE K

[11 R4k, FEH, R ek E R M ARG SPR0]. o E B % Tz, 2023(22): 95-97.
[2] Mac, T.T., Copot, C., Tran, D.T. and De Keyser, R. (2016) Heuristic Approachesin Robot Path Planning: A Survey.
Robotics and Autonomous Systems, 86, 13-28. https://doi.org/10.1016/j.robot.2016.08.001

[3] Gochev, K. Safonova, A. and Likhachev, M. (2014) Anytime Tree-Restoring Weighted A* Graph Search. Seventh
Annual Symposium on Combinatorial Search, Prague, 15-17 August 2014, 80-88.

[4] %758, REZE, FUKH, 5 WA EY R AR EIE[I/OL]. MU= 550K, 1-15.
https://doi.org/10.13433/j.cnki.1003-8728.20230223, 2024-03-13.

[5] Min, H., Xiong, X., Wang, P. and Yu, Y., (2021) Autonomous Driving Path Planning Algorithm Based on Improved
A* Algorithm in Unstructured Environment. Proceedings of the Institution of Mechanical Engineers, Part D: Journal
of Automobile Engineering, 235, 513-526. https://doi.org/10.1177/0954407020959741

[6] Aine, S., Swaminathan, S., Narayanan, V., et al. (2016) Multi-Heuristic A*. The International Journal of Robotics Re-
search, 35, 224-243. https://doi.org/10.1177/0278364915594029

[71 Lv, T., Zhao, C. and Bao, J. (2017) A Global Path Planning Algorithm Based on Bidirectional SVGA. J Robot Journal
of Robotics, 2017, Article ID: 8796531. https://doi.org/10.1155/2017/8796531

[8] Singh, Y., Sharma, S., Sutton, R., et al. (2018) A Constrained A* Approach towards Optimal Path Planning for an

Unmanned Surface Vehicle in a Maritime Environment Containing Dynamic Obstacles and Ocean Currents. Ocean
Engineering, 169, 187-201. https://doi.org/10.1016/j.0ceaneng.2018.09.016

[0] femEE. HINABIRG L RERATPIL MU FT[D]: [~k 3] KF: HHMOR, 2023,

[10] Hart, P.E., Nilsson, N.J. and Raphael, B. (1968) A Formal Basis for the Heuristic Determination of Minimum Cost
Paths. IEEE Transactions on Systems Science and Cybernetics, 4, 100-107. https://doi.org/10.1109/TSSC.1968.300136

[11] Jing, X. and Yang, X. (2018) Application and Improvement of Heuristic Function in A* Algorithm. 2018 37th Chinese
Control Conference (CCC), Wuhan, 25-27 July 2018, 2191-2194. https://doi.org/10.23919/ChiCC.2018.8482630
[12] EFERK. AZEGE R RPN S R ) FEAT 7T [D]: [ 2 A8 5], WFm: 55 & Tk K%, 2023.

[13] Khatib, O. (1985) Real-Time Obstacle Avoidance for Manipulators and Mobile Robots. Proceedings.1985 IEEE In-
ternational Conference on Robotics and Automation, St. Louis, 25-28 March 1985, 500-505.
https://doi.org/10.1109/ROBOT.1985.1087247

[14] Chen, H. and Zheng, H. (2022) Research on Full Coverage Path Planning Algorithm of Mobile Robot Based on Astar
Improved Algorithm. Proceedings of the 2022 7th International Conference on Intelligent Information Technology,
Foshan, 25-27 February 2022, 21-27. https://doi.org/10.1145/3524889.3524893

[

DOI: 10.12677/mos.2024.133217 2379 e RSE TR


https://doi.org/10.12677/mos.2024.133217
https://doi.org/10.1016/j.robot.2016.08.001
https://doi.org/10.13433/j.cnki.1003-8728.20230223
https://doi.org/10.1177/0954407020959741
https://doi.org/10.1177/0278364915594029
https://doi.org/10.1155/2017/8796531
https://doi.org/10.1016/j.oceaneng.2018.09.016
https://doi.org/10.1109/TSSC.1968.300136
https://doi.org/10.23919/ChiCC.2018.8482630
https://doi.org/10.1109/ROBOT.1985.1087247
https://doi.org/10.1145/3524889.3524893

[ZEISTEE

[15] Zhang, H., Tao, Y. and Zhu, W. (2023) Global Path Planning of Unmanned Surface Vehicle Based on Improved
A-Star Algorithm. Sensors, 23, Article 6647. https://doi.org/10.3390/s23146647

[16] Long, T. (2023) Improved A-Star Algorithm in Efficiency Enhancing and Path Smoothing. 2023 IEEE International
Conference on Control, Electronics and Computer Technology (ICCECT), Jilin, 28-30 April 2023, 28-31.
https://doi.org/10.1109/ICCECT57938.2023.10141188

[17] Li, X., Gao, X., Zhang, W. and Hao, L. (2022) Smooth and Collision-Free Trajectory Generation in Cluttered Envi-
ronments Using Cubic B-Spline Form. Mechanism and Machine Theory, 169, Article 104606.
https://doi.org/10.1016/j.mechmachtheory.2021.104606

[18] Li, B., Acarman, T., Zhang, Y., Ouyang, Y., Yaman, C., Kong, Q., Zhong, X. and Peng, X. (2021) Optimization-Based
Trajectory Planning for Autonomous Parking with Irregularly Placed Obstacles: A Lightweight Iterative Framework.
IEEE Transactions on Intelligent Transportation Systems, 23, 11970-11981.
https://doi.org/10.1109/T1TS.2021.3109011

DOI: 10.12677/mos.2024.133217 2380 e RSE TR


https://doi.org/10.12677/mos.2024.133217
https://doi.org/10.3390/s23146647
https://doi.org/10.1109/ICCECT57938.2023.10141188
https://doi.org/10.1016/j.mechmachtheory.2021.104606
https://doi.org/10.1109/TITS.2021.3109011

	基于行车风险场的变邻域A*算法车辆路径规划
	摘  要
	关键词
	Vehicle Path Planning Using Variable Neighborhood A* Algorithm Based on Driving Risk Field
	Abstract
	Keywords
	1. 引言
	2. 全局规划地图构建
	2.1. 栅格地图建立
	2.2. 增加安全空间的环境建模

	3. A*算法和行车风险场
	3.1. 传统A*算法
	3.2. 行车风险势场建立

	4. 基于行车风险场的改进A*算法
	4.1. A*算法改进
	4.1.1. 启发函数改进
	4.1.2. 引入代价权重

	4.2. 引入势场导向的改进A*算法

	5. 规划轨迹二次处理
	5.1. 冗余点剔除
	5.1. 路径平滑

	6. 仿真实验及结果分析
	7. 总结
	参考文献

