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Abstract: To effectively avoid obstacle vehicles during lane-changing and overtaking maneuvers, this
study proposes a dynamic obstacle avoidance strategy based on a unilateral hierarchical guiding potential
field. A unilateral repulsive field for obstacle vehicles is constructed using cubic quasi-uniform B-spline
curves to achieve more accurate risk characterization. A dynamic target attractive field is established to pro-
vide hierarchical path guidance. Additionally, a waypoint oscillation identification and filtering method is in-
troduced to suppress oscillations caused by large simulation steps. For precise trajectory tracking, a
feedforward-augmented LQR predictive controller is designed based on a 2-DOF vehicle model. Co-
simulation using Matlab/Simulink and CarSim. along with HIL tests. confirms the effectiveness and safety
of the proposed strategy. The results show a mean lateral error of less than 0. 08 m, an 18% -25% reduc-
tion in key dynamic metrics such as front-wheel steering angle and sideslip angle. and a 10. 3% reduction in
overtaking distance.

Key words: lane changing; path planning and tracking control; improved artificial potential field
method; linear quadratic regulator (LQR) control; hardware-in-the-loop (HIL )

0 | AT IR E MR N vk A B W, B
T E MM AR B A R P B &
B ML S IR S R g ) 2 T R ST S B TR
5% (artificial potential field, APF) 3l & %

Y %5 HH#3.2025 - 05 - 21 ) ]
354 T « 5077 W 007 P IA 52 T IRT_17RS3) ; 47 BB 7 TR RS, FLAT 45 A A R 3 0 1 5 S I A AT S
R A G S R AR S B 5 S (B17034) TR ,@U{?EE‘JBHAJ%%M&/ IME IR B A2 R %

. 1865 -

(1%




hE LM T AR 28 37 B 2 S 2026 4F 8 H

M AR 5 P K R SR IR DA R B A B
1y Kb LR A5 () A0 R b, R B0 0 FH 22 DA R S B
W s £, MBS T 2 MR B R
FH RO B 1) B AR R 4T B . WU 255 Bl & APF 5
AL 2] T A LR KRS 3 S e SR T AL
Hl. BT B A R R AT R AR,
HUANG % #) # 5 T Frenet 42 5 £ i 3 7%
Y . B A\ R85 s A A5 B PR AL SE 2 4 T ABLE
LR T S 2 A ) W AR A3 B L e
R E AN T, HUS P REREAS %7, 91 A
e fi 40y 2 A S TR ), O R Bl A DL B I 2
T2 R VA 308 44 D3RR 5 AR % i 2  8h 45 &
ANH R BT (1) 3 B P AR

A A I B A o R UE R R ORG B 1 (] B
T AR AT Bl B b B AT B AR MR A T, R
PE R T (LQR) H A PRl g B 6 4 1 o
PR B s BN B SR R R A A T3 ZE i A K
R G0 1 RN 45 52 20T RE 0 BRI A 3 R
) i A LQR #5877 v A 3 G 9F R 32 BR 0 42 48
W, MR LQR7EE 2% T 00 T A9 42 3 i 12
PREEPERE O RCE S T 2 Mk . LENZO
U LQR S5 R0 H 45 A 51 AL K S
TR 45 ] DAY 4 52 56 56 I H B8 5 A SR B T
SR R fA K R, HUANG 25548 36T
Xof A — SOME 2 B T ) ek 2 AE LQR
A Y 7] A A Sy o [ R L S R R T K 4 B
[F] 2 308 R 0] 9 T B0 5 AT A SRR S 4
[P B /3 St o G =T i Nl 1 3 DR N
PID £ 1E 57 56 5% f . OF i Reoe Mk i 4% L 8 o 42
55 2 25 IR ) i 22 2E ORI £ 0 0 R e T

B IR I S e DX T i) R

[SRL VN IE SV KAV AR § Tl 4B
6520 e — G 55 K- B N B o TR R R
FRRAY 55.200 %, & H 3 BlHOR B BN
So AT IZOE B 328 4R R B KOs R L
9 368 YRR A S8 O 8L R A e b e B
/NTF5 km /W BEAT ERE A AR b i 22 4 ) A
SR T OO0 R e AR E P O A L A £ 5 km/h
1 I Bl L . B X %35 5 I APF B
T BEAT R G kR A L 3 K nT RE B B AR AR 5 Y
() AL, AR SO M — ol i T A 4 B - R 4 5] 5 4
T 9 2l 25k B S m L BT T AR R U S
TEALE L JF 45 & LQR B A g g% 42 B B 2 1 &R
G . LS B 8 7 00 A R A o A R R 22 A
A W30 5 K5 0 P O R

1 B3 - ARG % 8% % EAL

R SCAR 1) ) 285 il P SR I R R 45 F 1A 1
7 B R R B AR LR B R P R R . Ak
T PRI AR B A BRASAE R e A
4 5301 -2 9% 5 7 $5 3 (o i 4 S 132 Bl 5 ) 4
% 8 A& B AR 51 1 339 ME #3050 3839 =5
3 AL WL JRy ¥R A AR L O X A A B AR L
P UM 5 i g DU m AT B AR e v . SRS TR I
FRERER A W R G R, O 1 AR S R, TSE B ZR
fifp AN TR] 42 38R B9 LQR S5 R [ K77 6 O i S5
s R GUAR S S 1) 4 o, 5 R 3O R 15
TP 25 BURE e A i R A o A O
H e A S BRI PR R SR R A IR S
S B By A ke

L wmmpe | ) BEEMeED Lo g P4 B Simulink) i

[ BB S b !

Vo memER ) 01— 5 Dodve | R s OB HIE ||

. N BEwLEE | 11— ‘ ;

E Xobss Yobss Vobs i | sEh e b : W& L & i

i P! i T =< ] ] i

Y . Y Va 1 ! ! |

Vom0 [ aEmam | VL[ L
T e e | T | sy | BB e T o b |

| o : Pl '} S R— -

p— i v vl : v

: e ponn [ amman |0 | miesss v mwEsE | )| Carsim#d

OPEERG L s | w0 [T | || s

' S [ P ———— vl :

____________________________________________________ 1 o o 0 o 5 et S

Xy Yv O v vyn @

1 33586 5K AR 45 M AE B
Fig.1 Structural block diagram of dynamic obstacle avoidance strategy
A D7 L AE R R AR IME SR R BRI AE S URMER ) B Skt 2k mTp Ak s B A BR i i
TEAEBE B AR A1 TS H IR I s B S R AR IR S A B AR R T RS S AR
JO7 PR A A5 IR R, AR SCHR M A 3 A5 R B OR IR RE N SEI IR A T AT ROV R )R P A /D XU 5 R 7 R
U SCER B MERER B i BB B e I G S0 i 5 ik A O AT B AR e A ] I R AR T
- 1866 -



T - YT S g 8 4l U —— kit B

ESCH AR R S

ERIE TS T A IR BTN i3e e NI AR it
e 2 EAR 3 i o 5 Y RS K AR B 5 S
FUTEA GRS S S S g i
PE 2T — 90, S o AR 0 AR B I PLR A
ASC3E Sk P9 TE 3R 3% 10 161 A AR D s ok D R i AR
i Hog S S R R RE HE R S U 2 A RE T
I s A0 T AR A AR PR [
11 BEREEBNITHE

ill: 488 P i) 2 PP Al A2 3 R 4 A I P YOG B 4
i s 28 A [A) 22 TE /S P 22 DAY el AT 3 2
Az A T Y I ) A

tre =2,/ vy (1)

S s gy RS I ) 5 o, O 52 45 5 R A 22 T O 1) A
XoF BE B 50, b 5248 B 5 A 2 2 T Y S IR R

X 228 B 3 S %) A B PR VR A L 5 2o (EDRF ER 42
s W A I M Xl 43 o O A B g L 1

F1 BuXOoMEREFEER

Tab.1 Classification of hazard scenarios based on ¢,

Lo B/ s R
(5,+c0) — R (TfER)
(3.5] ZH(ER)
(1,3] =Y (%)

(—co,1] VY 0 1 o 9 )

PRI o B2 4 i £ B 25 Oy

3
D, = 5v, + ds = Sy +

p+0.3

s d W) ) A /N R, R AR S H
B/ 22 A T HEASE AL 00 oy T A R
1.2 BRERISHRABGERNEL

KT e AT A A 00 48 XL A X PR B R A AR
SCHE B IS B e ) S R i O vk LU R
ALK 53 A0 O LB R 254 . e Ah . 51 A HESY
B RS AR AL Fr T S i L% 2 A& i
ARIELEVE L I R T o 4 ) E B S 1k il R
T 38 T A T A HORTRL AN 2 B
N H L LR R K

FO%G  Zkills BE ZuaEIS RI%Y
PERIK S BAfAciidi st AR BHAMZIAR  E(E X
A / A

(2)

B2 BHEmRAHHER
Fig.2 The unilateral motion repulsive potential

field model
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Fig.3 Three-dimensional model of the repulsive

potential field
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Fig.4 The dynamic target attractive potential
field model
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Fig.5 Schematic diagram of target point switching for the controlled vehicle
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Fig.6 Flowchart of oscillation point filtering
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Tab.2 Main parameters of the vehicle body model
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Fig.12 Comparison of evaluation metrics for scenario 1
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Tab.5 Simulation data comparison for scenario 1
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Tab.6 Simulation data comparison for scenario 2
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Tab.7 Simulation data comparison for scenario 3
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