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Abstract

A trajectory screening method based on the artificial potential field approach is proposed to ad-
dress safety and comfort issues in intelligent vehicle lane changes. Initially, all lane change trajec-
tory clusters are generated using quintic polynomials, and then screened based on vehicle dy-
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namic characteristics to retain trajectories that conform to kinematic characteristics. Additionally,
a shape factor is incorporated into the traditional artificial potential field model for further im-
provement. This improved model establishes safety potential fields for obstacle vehicles and road
boundaries in the lane changing environment. Finally, a loss function incorporating risk value and
lateral impact during lane change is used for secondary screening of remaining trajectories, re-
sulting in optimal lane change trajectories. To validate its feasibility, a two-lane structured road is
utilized as the lane changing environment with active and forced lane changing scenarios. The re-
sults demonstrate that the proposed trajectory planning algorithm meets requirements for both
safety and comfort during lane changes.
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Figure 1. Schematic diagram of the lane change environment
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Figure 2. Selection of the best trajectory sequence
B 2. |EMTFIIEE

wE 2@, EshE st o XSO E . &IME . CPEES /N T saf gy 5, Ktk
WoaE RS K. ki 2(b)Fras, FaiiEyy st sl P58 8, HURREUE N 2.8, 5EH|HIEY =
MR EPILEFS AN 9, KRB EEAN 5.4,
5.2. FRIEEFEM ST

MEMAT P E M R B R T EiEsl, AFERETT A R T RN EE R, 440
AR [ O 3 o) 3 B 4 3 1 R S AN 2% 1 FTas[22]

Table 1. The relationship between occupant comfort and vehicle acceleration
1 REAFEESFERMEEZERXR

IS a (m/s?) e b1 7 I
a<18 (gt
a<3.6 Bk iE

a>5 A&

DOI: 10.12677/0rf.2024.144382 140 BE 51


https://doi.org/10.12677/orf.2024.144382

T, FE

T ) B B (/' s%)

2 3
i) (s)
Figure 3. Lateral acceleration of the vehicle

3. FiHHEENIRE

I 3 W, RPN SROHIE R R, 0 22 9 AR [ E 2 R 1.8 m/s?, i 2 AR AT Bl
FEFR G ETEER . HNK 3 el LU, OB R e R iE s 5t h, IR A AT K+ L #iE
Yyst, BUEHIER DN, TSR

BEAh, ANREFEPE PR EEBRME Y 0.3 g, ASCH g HUEMUME 9.8 mis?. 25 E/NT 0.3 g, NUIEIA

NEFIE .
— EFHiE
47 - BhERIE
e e 'l- ————————————— 0. 3g
il
=
=
-3 T T T T T 1
0 1 2 3 4 5 6

M e (s)

Figure 4. Lateral impact of the vehicle

B 4. FiEER G E

il 4 WL, AR BN ER AR T, Bl BRI R P B AR AR I 0.3 g, DI, fEHUERE
SEAT AR HUE AT G TR EOR, fEsmfI B RE T, 8 G A B R WA B 0.06 s ANEE B BLAY
0.06 s i 1 &FIEPE Ay EERRMEL, 97 YR IE IR IR A& 3 AL B & PR ORI . ZR BPIR, ZRApfE IR 47 Bkd

DOI: 10.12677/0rf.2024.144382 141 BE 51


https://doi.org/10.12677/orf.2024.144382

T, FE

FEFPBEATHIE RS, SR BARMIEL R R IER; FERIR S SBUR SHGER, RFAE KD
PO R P AL TEEIRAS 1

6. B&

ASLUL TR Z B s ORI OB B %, DN T390y BV SE Al g 57 2 el 22 I iy, LA
LA VRIS IEVE Y B AR S5 B B U R AT 0k, B ZR S R eV B R ETER R UL, T B

1) TR WEEN 7 #HEPILRE, UL sh =2 Mzl BRI EAT 25, R i3
AT RIF I TR -

2) BT ANTHG, W RIIER ST MRG0 S T8 i 2 SR, R RN TR S
NTHik, HREE T EMI RS TR RN S, 7T DU HIE 2508 st L I 52 fHxt F4 [ oA
S 2 VR VP (B S HEA o

3) LGN LA EIRHIAEA ., B RAFEIIN, IR RO R 4T ot , w] A
RN & a5t

4) HR 7 A A TE AR LE TN AN R A OB 1B DU, ANVE R IR EAT B R T ) L BIE, 28
FIR S DU B B0l , 8 e VERETE L7 TP R I R B IE A

SE
[11 2%, TEHM. BT LRZ e 8 MPUT R[] o522k (H AR BHERR), 2023, 44(4): 392-398.
[21 TE4L, EA. TANFHGEPL S RS HIRT T[] R TR R (H R FE), 2024, 38(4): 72-78.

[81  ARWRUH, 5. WA PIZETE 22 B 5 22 P A A R R P I [I]. HEIRER TR 2R (18 2R F7), 2023, 37(7):
90-100.

[41 FEE, 23X, 2230, & TR HRZHIA N EBRERER TR KETE, 2021, 43(7):
978-986+1004

[5] EuE, & ot N TR R s/ ME B AR R[], AEVURS B shitin TR, 2024(5): 36-39

[6] B, . BTl N LA EMNLENL A R B AR R RI[T]. R R 2R (H AR ), 2024, 50(2):
113-120.

[71 M2k, s, $ES. T AN TRGIEN LN E L SRR 70 [0]. Fedids & TR, 2024 1-6.

[8] #fH, SAEZ. BUi A THIGEREEYUE RN KRR, 2023, 48(23): 50-55

[91 #HFE, BARZ, ZEE BTl A THZEMBREMRIT ] H R ERAE BREEAR), 2023, 41(6):
998-1006

[10] Bai, H., Shen, J.F., Wei, L.Y. and Feng, Z.X. (2017) Accelerated Lane-Changing Trajectory Planning of Automated
Vehicles with Vehicle-to-Vehicle Collaboration. Advanced Transportation, 2017, Article ID: 8132769.
https://doi.org/10.1155/2017/8132769

[11] Liu, K., Wen, G.Z., Fu, Y. and Wang, H.L. (2024) A Hierarchical Lane-Changing Trajectory Planning Method Based
on the Least Action Principle. Actuators, 13, Article No. 10. https://doi.org/10.3390/act13010010

[12] SRWIMRE, SGNS, FEHEE. 3T ok N THIZRM N BRI S IR B HI[I]. RE5 E R, 2023: 1-10
[13] ERMRE, & TR EE LN B R E LT MR 77 iE[0]. IREFAR, 2023(11): 19-26.

[14] Yu, C,, etal. (2022) A Novel Dynamic Lane-Changing Trajectory Planning Model for Automated Vehicles Based on
Reinforcement Learning. Advanced Transportation, 2022, Article ID: 8351543. https://doi.org/10.1155/2022/8351543

[15] Wang, Y., et al. (2020) Dynamic Trajectory Planning of Autonomous Lane Change at Medium and Low Speeds Based
on Elastic Soft Constraint of the Safety Domain. Automotive Innovation, 3, 73-87.
https://doi.org/10.1007/s42154-020-00091-4

[16] XUMS, BE9€vK, skE, 5. 4imIEM T8 IR T B EHREP MR F]. VL RS, 2023, 59(24):
271-281.

DOI: 10.12677/0rf.2024.144382 142 BE 51


https://doi.org/10.12677/orf.2024.144382
https://doi.org/10.1155/2017/8132769
https://doi.org/10.3390/act13010010
https://doi.org/10.1155/2022/8351543
https://doi.org/10.1007/s42154-020-00091-4

T, FE

[17]
(18]
[19]

[20]
[21]

[22]

JEXK, VRO, LR, S BT o BRI E e E S U RII]. IR T FE, 2022, 44(6): 831-841.
b, REFEAF, ERIE. R AN A R R B YOS R FIA ] R4 TLRE, 2021, 43(4): 562-570.

EICAL, whid, AT, S HETCH AL B 20 B RS T, 2023, 40(2):
519-525+538.

FIYRT, JIHERR. AT EETE VRN T IR SRR [I]. iR RHY, 2020, 43(1): 124-127.

Hidas, P. (2002) Modelling Lane Changing and Merging in Microscopic Traffic Simulation. Transportation Research
Part C: Emerging Technologies, 10, 351-371.

FiiR T, FeFAT R IENE K R IE PRI [D]: [ A A SC). BH: RWIEE TR, 2021,

DOI: 10.12677/0rf.2024.144382 143 BE 51


https://doi.org/10.12677/orf.2024.144382

	基于改进人工势场法的车辆换道轨迹规划
	摘  要
	关键词
	Vehicle Lane Change Trajectory Planning Based on Improved Artificial Potential Field Method
	Abstract
	Keywords
	1. 引言
	2. 生成换道轨迹
	3. 安全势场模型构建
	3.1. 障碍车辆安全势场
	3.1.1. 人工势场理论
	3.1.2. 人工势场理论

	3.2. 道路安全势场
	3.2.1. 道路边界安全势场
	3.2.2. 道路中心线安全势场


	4. 轨迹筛选
	4.1. 轨迹初次筛选
	4.2. 轨迹二次筛选
	4.2.1. 舒适性
	4.2.2. 安全性


	5. 仿真验证
	5.1. 换道安全性分析
	5.2. 换道舒适性分析

	6. 总结
	参考文献

