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Research on Automatic Parking Path Planning Method Based on
Improved Hybrid A* Algorithm

BAI Junging, WEI Xuetao, ZHANG Hongmeng
(School of Computer Science, Xi'an Shiyou University, Xi’an 710065, China)

Abstract: In order to solve the problem that traditional A" algorithm and RS curve accelerated search algorithm are diffi-
cult to apply in short-distance automatic parking scene during autonomous driving due to the complexity of environments, an
improved hybrid A* algorithm with reverse search algorithm is proposed. The heuristic value is calculated using the map grid
method and A” algorithm. By detecting whether the body contour line intersects with the simplified obstacle line, it is deter-
mined whether the two will collide, so as to save the search time; The extended directions of the RS curve is employed to en-
sure the smoothness of the path; Through MATLAB simulation in vertical parking and side parking scenes, the improved al-
gorithm is compared with the traditional algorithm. The results show that under the same conditions, the improved hybrid
A" algorithm reduces the average search time in two simulation scenes by 8. 18% and 20. 53% , respectively, with a shorter
and smoother path, thus verifying the superiority of the proposed hybrid A* algorithm based on the reverse search algo-
rithm,

Keywords: automatic parking; path planning; reverse search; hybrid A" algorithm; distance cost of obstacle

0 35|15

WA FAE AT B A2 35 ok 8, &
FATHATE B RAE TR, HdAk T — R A, N
R, HEME, EENEBREGEEHFEZIER,
WG B . BR A E UL RO E RN R ek

s B HE:2024 -07 -15; 1EEIHHI:2024 -08-22,

S5, LR MM BN E SO . A
A% 22 G807 LA 25 3 B3 /e 3 4 i A P A O T el 52
WA A SRR RS, AR R G
HERERREBMMO, — DI04 AR R Ak B %
BER SRS, REAER L. Wik, ik
R R eI R Al = e RIS B N AN P S

EEWE V9% AR E BT 50 A G5BT 5 L BRAE J 8 97 11 4 (YCS23214304)

EERB N BRI 1983 -, &, Wi+, il 2 % .
BWMAEE BT/ E 999 - 5B W4,

SIRAM: HRW. S W KA. T RS A A A S0 AR AR D7 ik B S LT ] LI B S 4 ] . 2025, 33 (1)

226 —234.

¥R MU www. jsjclykz. com



%1

HARW, 4. ETufiRe A Bk A Shin 4 iR 7 ks .+ 227 -

WA,

H AR R R R E A S0 G AR LR g SRR R
UL AR R AR AR R R L TR A A
FReOi T Hoh, BRI R — R DU A
S0 BE A AT A% R A T . B A M A 3k Al R (A
% ER AL AR R B AR S R BRI 20 O A% =2
(], e B 4 7 Oy IO A6 2 () T 9 oy P DX SRS TE R
B o5 TR RS P AR B BOR S 5 A SR AR . b,
PR Z )R, WS SRR S . 2
TRAER AL G RSO B g m . RS
SOOI EREHLEEFE N A RAE AL fi e I X SRR AT
PATE B BE 1A A o %0000 T 0 25 B 19 A ) 1 S 1 i
LA B R T Y BEAR . SR AR SR AR AN JR S e A1 A% T
2R, I H b TREESABEILE . 5 — A A
Y % AR R ) REAT A 22 5 o R RE O AR S Bk ad A A AR
U R SRR AT 7 A 2 AT . R SR WUR S TL . M
LM B RAS . XL B B AR S
AW AT O AR AL R AT A A R R e A R A
[R=I

BAT B AR LRV AP AR AR Z A . A R AR
(N5 T SN X E N A o e S N 2 DU = 3 7
B SCHR L2 B AR i VR A as B 1 A 3A 4R
AT AR R R . Rl o B D A X B AR 2E AT ) Ak
BRI B AR S B A R B G . (H A R A B0 )
B, AR RACREAR, SOREA A A Ay =
] O 1Ak LR A B AR AV 2 AN B B I, X
MR (3] SRR 17— Fhah & AN T80k 1008 B R % 5 ek
B ek BRI B AR R AR I . T ik A
B v PR 288 R R D A B BT s B D TG A B G S 1
AE. Xk (4] fe R iRG A RE %S A WAk KM
WERAMES . DERERFERREG GEZ— B 3
B P B S T e AR e BB . AT AT S A T B AR
LRI ], SR T 5 AR IR AR . X
WA [5 1 o 1M R B AR 0 1 1) AL A BT 25 5 DL
IR 2K b 25 A% B0 R LA DR O R R R, BE— A
Mo 7R R A BAR R BN A SR S RS
5 WA SE PR R R R R R 0 R EEOR . Sk (6]
A 2o B 28 0 2R B T 0 B e A X SR ) e S A R
FIATR A S WA, I AR5 A D1 28R il & Ak 7
TR R T W IR AT 55 A e s e g 22
Ko SCER D7) 27— M T S AT R S S E
M7k (DWA) Rl& r i il ik, g A ik
A Al b BT IR e Rk B D 5 AT R LR B A
R A R R T A8 e A R RS e A Al 8 e 1 4
MOMER . SCHR (8 F Hh — Pl AE 7E Al 5 4 1k 35 858 b A2 7l
R0 T B AR MR . 20 TR R AA e s

SRR, A SR AR O AR R
B9 R . (HECAE SEBR N T, R 2 B 0 R B A% I B
YR EE, HIFE—ENEeRE, ikt
b SCEk (9] BT —METFTUHE AT BN REBE
SRR, R ARk A B TUAR A 4 S Rk
AR, e R AR R T AR
Rt 18T BTG E ., RMNZ TR R W
BEKE, RHRERBCEERM. LTI, B8 —MnA
R RERWRS A Bk, WA T RS A EFN
JTHZE W R &M T 5T AR T 2R 0 B R) A0 AR K
%, FInTEE TR BE N0 EMBREITROR,
1 FWEHESH
1.1 FHMNLER L
HTEMEANAELSE Y, SHELBPZENAE
MR K iz g, HO0 RN 5 % 2 E s 5
BRI . I, ¥ 5220 EMHINE E S e 1 iR
B HERETE . LA T W 2R S B A Y Rl R S AT A
WEBHEMER, B 19, AB.C.D & 5|8 F M
JA 4 AT S Lo E S RhEE, WoORES 58 E; L, L, 4%
= ER AT B G B

D - A

1 ERSME LR

0T AR A A A 2 A R R AT RE O S PR iR A
UL S5 E AT A B2 B e A A, R Y A

AZEWME 1R,

K1 EWMSRE
S8 5 L:¥ A B
T L, m 4. 500
i L m 3. 700
TR w m 2. 600
KR UTHIPSS L, m 0.935
KX VPSS L, m 1. 000
/N 1) [ 2 A2 R m 5.408
o R A5 BACHT A e o rad 0. 600
e K R o ek Wmax rad « s ' 0.600

L2 FEHEHFER

N T RGN S A A R A R i B, S
LR AF IR i PERE A B /N SR AR . BT A AT
ZE RN AT T e e SR, ST AN AL 2 TR Y 2R

¥R MU www. jsjclykz. com



. 228 . TIN5

%33 %

K2 iz g e g

B2, (o) s (e ) 43 500 32078 ZE 40 6 Ja 4l b
O R ARAR o X TR A ShIE 4 W0 S . RS e
AR FARET . EWE B4R N

Z,sing — y,cosp = 0 (D

e o B ZHEAAR R T AR A . o, oy, XS TE]
SR Bl b RAR B

H1 &L 2 77 1 LA DG 3R AT A5 A 40 i s s A
PRKR A

{1‘,. = x; — Lcosg 2
Y, = y; — Lsing
X (2) KFmFasK .

x, = a2, + Lgsing 3

y, = ¥, — Lgcose
e @y o 3, F X )RS A A PO S, ¢ R
718 ZE L 16) R X I [ SRS A A R
Kl ) LA (D) w15
Tysing — y,cosp+ Lo = 0 4
RN ES I Y IS ST IS P 1 AR SV
x; = wvyecos(op+8p)

. (5
yr = vysin(e+0,)

e o, AT R s 0, AT AR R A 1)
FeNIE. AT EE 2 s, S TfE .
P, # G AAAL D . 15

¢ = sind, (6
sl ) Fil (6) LA ) b, 315G
. = v,;Cos@sing
X Yy ' ¢ / 7
¥, = v,singcosd,

BT A58 Sh i, 8] — i 20 i ) il 20 1) 4 5 A
[ PSR B ST N 1 RIS 9 SRS IR P

v, = v,;CO80; (8

B (8 fRARX 6) X (D), ABXTEMNSG
B0 AT 3B B2 R R
tané\,

{ L

M (9 FTHE, MER o A, EHE PO R
B L 2N S TR e L AR fe ¥ M o, HHE,

EWERES SRS, B TEFEEMAR SRR
YRR O, R E T T B W AN B R AR 4 A4
WA A.B.C.D (A5,

B 3mmNESGESE, B9, 0 8ES M.
HPFENESBRY, EWMELAREFRIERE, Rt Z
W oo ARG 1, NN IR A o SE S AT A 0 M
o WORT IR AN R 4 DTS W AR bR, Hoh AR
AR A RN

xy = x;+ (L+L,)cosf— ESin(?

Cosgp

=

— Sy, 9

2
W (10)
ya =y, + (L+ L,)sinf+ 7(:056
Y
0 SNy

3 HHERHA

2 HIBBEBEANEZX
2.1 dlifERN

EHNAERG T, WH & ¥ 2 AT 536
R DR RIS E., ZEASCERHRA A 5%
PEAT AR PR, LT B B 0 AE R, DR ORI &
A% b TR AR A A T AR A i Rl s B A5 2. RUE
A R B B AL bR A AR AR S R AR ) S A S 2 A AR b
B, A A 20 0 e B T AR BRI

A0 B SRR E W B R G A E X, R
FIF = (5 BRI IR FE A FRET R e, XiEq
FleEm T 5. 5. £, AMAESNE, L3
T — A B SRR 0 B /N Y BT AR, DL R AR R
TR F RN EE & aEMY ST EE & (AABB,

¥R MU www. jsjclykz. com



%1

HARW, 4. ETufiRe A Bk A Shin 4 iR 7 ks © 229 -

axis-aligned bounding box). &[] £ [H & (OBB, oriented
bounding box) IR Fl &, 3 Ffu Fl & 1 B4 KX an &l
4 FR . o, AABB A & — R mALS AR
WX E &R, OBBOB & 2A OB &E, K
It AABB L & B B8 TY AR LR, 8
BUN, HEIEER, ARKEMHTHEYK. KO &
S — A YR BRI 8 2 WA JE T IR 1A 1
AR JCIHEE TR R, e EEERE, &
BRI SE TR B, T ZA6T K& 0B A P17 35
AhHE

(a) B0 ST B & (b) sl & (OF=3X: oo

43 Tl DL f 1 &

3 b A0 Bl & ry xk HE B S 5 B s .l adk X ke
W. AABBOHEGESIHFRHLES®. CHES 1D
S TRV AR s A T A% A A At T LB i £ [
& ERWLE TR, e ORIE T D A
B OG0 0 B ok b5 B fek Wy A7 REFREAG I DA ke
S T SO U ) A A A T A 4 R 2 i 4
Yyt

B 53 Fha & X

H AR 5 1 2 A T LA RV 50 2 R 48 B0h A
WET, EWME R R AR R, HIL B R R
AP A SR T2 &MY . ST
FEIA e 2 A P A R PR AR A L R T PR 45 2 R LAY BT A
HEER U A B4 (A PB4 2 s A T I . HLAOR
ROLE 6. B, MRAE 00 B R O T R
WERTE, % R0 5 e # (SAT, separating
axis theorem) HEAT R f8 A I . AR & . 8 S5k 44
Y 56 BE AR TE 31 B4R BN RS AS 4 BrAE O ) b, AR S BT K

TBERE Jer 14 DX [ 2 15 A7 8 R A W 4 49430 52 e 1) 2
TR LR AR, PR — AR A e B AR R 9 4 B e
W) Z I e 5 2 M . Fe 28 A0 SRAT ] — 2530 S5 A ) 2k
FHAE D U A Al 4R

(a) 40 R AT (b) 4 R MR AT Y

P 6 i 4 S il 9 A T T A 1]

T 3 43 o B I R A . @ A
%S BRI R R SAT Bk b I I 5 B 55 4 22 1] 11 AH
ZENE B A T A R A D A AR N R R AR
A T390 ZE P A 2 MOA R 3 5T 1R T AR R LR
TIHERE,

HFESPRIAESRE T, AMUFERRSREGY . @&
FEAE B A AT Y B 2w SOTE 42 LR I dE AR S
o o] Bl A BE AR 1 5 e JE AT A — 2B R R W . S R R IR
bl ES X TR SR A FUN L LN a0 PN R L B RS
HEEARAAZES BR800 2] 7 9050 % 12 v A e i 4
B, RS R MR SIS, Y
JT R B AR AN FEARSC I . ARk LT, AR R
LEfiE., T SRSy REE, F—LREeT
AR ST e I A R R A S I . BRI T AR B LR
W R SRR . SR 4 A B B YR T 3
filt R B
2.2 ETREEEMES A B

A BRI EE B R TR RAM
UL RS AR B AR R M RBIU A &, MART
TR R MBS REEN S, AT BEREA
T A RACE

A BB SRR RGN . O IR B ALY
TR s O R S B R 3 i A Ry T DA O BT 1
T YR AR L B IR AR AL R BRI O L M A
AR BAE B T IR A S SR B R T A
REIEFESREE T, SR, BHE AT BRR AT
KW RWMATE EWB A REME ., HTRA A
Bk RAgwt/ R W AR, HRAWE 7 fisi
BA S AT Sy X, IR ERIERNEDS
HRMIGZMT . MEE MBI E IR A ST
7 3 B 719 o5 A AL S AR I 2 A 2 5 AR ) R 2B Rl
T, 7E By, R Open _ Set &l Close _ Set F Xt

¥R MU www. jsjclykz. com



. 230 - TIN5

o33 %

AT BT, TR A8 Bl R e sUAR e BOR 28 4% S 110 1Y
%}”%ﬁ)ﬁv TR A oo A" Bk SRS
A" B R DT SR e 8 R .

F7 3 a4 e Ty 1A

4
- x\“\
|- é\‘i
(a) A ST idh (b) IR AASIET I R

B8 s AT BESIRG AT HIET AR L

AT R R
) = gln) + h(n) (1D
K, fGo R mn BEANE ; g Fom R RS
FOBN  n I EBRARH s A G s Y 58 B H AR 99 A3
B Ja BAE . — BT RaA TS n B H AR S AT
BEMR LR, A AT RBREART A HENE kK
P2 AL B R AR o 3 R ORI AR
BE A BENRM BRI FG) SR gcG ARG BIAL
U, EBIARAME R, ANFEACEZ [ S E R
[, 28538 00 H AR S B BOR A TF . 2538 K hGo 1AL
A, A DA AT ) T R A A, DT B PR
HE T B bR, A E AR s A 2 B, A R
hCn) BRCEAE . AT RATE B A% B0 Sl o B 302 o 7 1) 29 R
sARAL B bR, AR O 1 M ke B AR .
WIS & RECERERLE AT IR . 2 0T B A
DI R BE B 40, Horh, WKL BLAS BE B e 0 A Ak
I R g AR . JF IR 42 )R fE A ﬁiﬂl?f&*ﬁﬂl?ﬁﬁﬁ

R. Ht, SEERJLREMAEESERE L RE, R
JLEMBEEAKXR.
Distance = +/(x, —x)" + (y, — y,)* (12)

Ay Cosy) AT E AR (2 30) WA G ARRR
WHEMOT . BAE AT AR NER A EITREE H

PRALEEY R AL, AR AR PR AR RIS R . R A RS

M S 3 e 2 T R R EAR T A DU PR R

SR, FE PRI 52 2% (45 4 0 B0 4 0 22 ) BE 8 A 1 1
BLF . RS fh 28 RT g P Oh T B kB O AT 22 MY R
T T B A R A K, RRARRCR AN S O TR
RA A Bk REAEn e etk R T —FE R
LA, BT RMEROES A Bk, WE9
Fis o PRI A R AR - R R,
B B—B (EOBD MASmERSHER, RiIEAS
SRS i, B TR (O-S BY) MR AN ) R AR
F, Jfilad RS AT He . B2, KA Y AT
B, AR Y T R B AR B O B A R R Y B AR AR
L X A AT DU R e B AR R R . A a4
R[]

30n

25mf

20m[

&g lom[
£
10mf-

5m

1
20m  25m

1 1
10m 15m

0]]1 1 1 1 1
-25m -20m -15m -10m -5m Om 5m

b Pl Xl
EERACY S ES
2.3 BEHREXIESR
IEBEHBMARMEREENRSG A Bk, &

IF 1) 4 A AR A A A 10 Brs . HARDBRINE
BB L EHe. BOERW. B8 B R A E R AR
FZRURE . T RG A EME SO LN ARER, I

X A% b I 34T 00 4 A
£ B 2. ¥ 4 1k F Open _ Setl., Open _ Set2,
Close _ Setl fil Close _ Set2, 435l T 17 ZE Wiz sh b

MOF6 T R, © BT SRR A M2 28 5 5 1) s /MR
TR

B 3 T W A T R B b A IR AR A
Close _ Setl ., FEIEA A" SLk M Sl b A F At 4%
Fol T — T g AR

PR 4. FIWT Close _ Set2 " 5 & A 4 Hif 4 '€ 15
M7 AES, Mk ELTE6; Rz, AT -4,

YR 5. LAY FT T s A% ) Close _ Set2 iy
R A /N T 4 T 25 1Y 5 A0 Open _ Set2 iy
SR ? 5 2&, WM ER Close _ set2 A7 24 Hif Al 4%
Ky WY A, IS I Close _ Setl fil Close _ Set2 J5 i i
AR Iz ARSI T — 4 R 0 iR
e

YR 6. FI BT 24 T A S AE Open _ Set2 H17 45
A R TE — Y A R O T Y R, TR

Open _ Setl R =T g AN RZ, &I Close

¥R MU www. jsjclykz. com



%1

Setl 5 Close _ Set2, & g4z,

N TSRO
)

L
Open_Setl. Open_Set2
Close_Setl. Close_Set2]

Il
fEClose_Set1HAE NI A
fEClose_Set2HfE N i

[«
2

=
3 fiOpen_Set1, B
£(n) Fge /NI RV 24T i e A B AR
A5 I Close_Set1H T

&¥FCl i

i an A e o5

MIExClose_Set2th 4
AT R T IAT

ELIRP=viL

4% W Close Set2Hp T

(61 (n) B /DNTAET 24005 280

Qpen_Set2 T £UK)
(

BT AT AT Mk

BRHAW A, JEER

Open_Set1H F—45 &
ff1 £ (n)

10 Wk Bk O 4 AR AR

3 BHIHERMGBESH

SCEAE ] MATLAB R2023a 4 @ 05 5 F &, 7E4Q
A SCAF ST 25m « 25m (i g5, B 4240 . eG4y
SEXRVIRIRE, WA EWAIE . SRS I
BEE R0 46 B O 2158 2m/ss B A Y s Bl 4
BRI KRR E SR, BB 2 A bR %
KRB SRR S A BENECEE, i
AP AR RO AR R RS T,
AT R R RC R . P HBE S, 7R R B
A PEG FRN T 00 %37 5 T AR R S S A il
Fit s FEREIAT & By 2 2 WA AU B/ AR, I
ONR A R I T $iiaC R IDEL S N B NI S L € S LRV
B WA AR R ESE, Wik IR A AT RE M
BT AR G A A B AN 7 10 4 W 22 LR 3
Hh DI B A R
3.1 EEANESXBSSH

I LA PESC A MATLAB fif 5-F G848 1 A 3)
AR N - WAL R e 3 W e o S S R -5 |
R BRE L i o) R DL R HT P SR AT . TR
SEE A N Z 1 A MR IR A AT S B AR
iR A 11 BrR

HERW, &. TSR G A B A NN FEBEER kv + 231 -
GOMpesecececsseccscasoscscassecsscssscsssacsonssas Kﬁﬁ%
i —EATHL
2om —7E R
ZER I
20n et CivA
g
= 15m
2
10m
bm

om . L L L oL . 3 L L
—25m -20m —15m —10m -5m Om 5m 10m 15m 20m 25m

i P Xy
K11 fegifa AT Sk s ie 2

TETE S b, BIGMIE N (22, 8.19, ),
KRy (2.5, 5, —x/2), A 1T R BE]
M FAFFER B R O, R SETR G AT Rk A R %
TRl AR R . HEARAT & 4 iz g A 2R, (AR X Fl
THOLT bR e . RS 2 A R AR A — 5 2
RAMUMHE R AR A —E R R AR . TE
A FE R, RFE IR NS, R R 58 0
PR T SRR Ao B S Ak A AR B AR i 2RI
P 12 N 13 53 531 2 A TG e ik 40 0 AT B 90 I A R B

R A
OM[eoovecosvesssssssccssscccscscscsscscscsscscs ; F%@%@Lﬁ
L =117
2om % B R
L ~ZERT5 1)
20m
§ 15m [
=
10m [
5]]1 o oo oo oo eensens :
Om y : - s
-25m -20m -15m -10m -5m Om
i Pl Xl
B 12 kS ik s AR il £ 8
L B R R BB BN B ORI o e R S R BB s ' F‘%ﬁgﬁ
L —1B1T
2om — %
20 R
m -
515"1» QOCCRICOTOC0
= 9 .
10m |
Bmleccccccccacans S I R R R R
Om L L L " 1 L L L L
-25m -20m -15m -10m -5m Om 5m 10m 15m 20m 25m

i ) Xl

P13 s A i A it R

WL AT 11 S 12, AR I A AT, S
i G AT BRI, BOEMIR S AT IR AR L B
A8 YRR R DD T B A A U A A AR X o
W BREEME R . HOA SRR T ok 5k

¥R MU www. jsjclykz. com



+ 232 - AL 4 5 33 %
TR S, T EARE T R R R, 6 I E AL B K
XL 12 gl 13 A TG AT Y R 4 %Tujyif)u [l FAR K /m
SRR R B Z B AR W R R R . WG B AL g A3 2 LR G B IR
BB TSI LS T R 2 : ARk | A Sk
T e (24,8.4,m) | (2.5,5,—n/2) 26. 2 2.6
B, R AEI S AR T R Ry T s
25 B SR (22, 8.19, m), KR (16,18, | (—2.5.,—x/2) 25.5 23.2
PN (2.5, 5, —n/2) J5, WHBHFHFERNO.1, (—16,7.5,70) (7,5, —x/2) 28.4 27.3
LB E N 2 m/s, WEESIRAG A %k
BE A" BRI R R, AR gy B, T A RO M 3~6 mf LI, EMELEET, MR SG

TR, HERILE 2.
*o WEAER BN L

W) /s | BSOS J5 1 YK/ | I R R/ A | B AR K /m

STk | 12,05 2 242 24.1
BGHEFEEE | 11,35 1 228 22.7
WRIEE 2, B 12 5K 13 a5 R g, 740

FIFT . BEMIRAG A FEME THRERS A 7k,
TETE B PR 50 R 0948 R ) 43 5k A 7 5. 8100, IF
FLAR 2R 3 5w BT 75 1) B9 5 RO AR G e AR R A
ST HE

N T REARAR ST YA AN [R) T ) A% b T A S
MR . R 11 M P B4 AN TR 5 1 A LA

SORMZ S HATIRAE, HE5 R E 3~6,
3 AR A TR E X L
/E+Hﬂlﬂ/%
S % IR Z MR A U@z
AT AT ﬁ(k
(24,8. 4.7 (2.5,5,—x/2) 14.113.2
(—20,14.5.0) | (—7.,5,—xn/2) 10. 6 9.55
(16,18, 7 (—2,5,—x/2) 12.75 11.6
(—16,7.5,m) (7,5,—n/2) 14.2 13.15
4 M E AR FEUUE Dy KB H
BUAR T 19 R B/ IR
i AL % =R A ZIRA YR A
AT Bk A B
(24,8. 4,7 (2.5,5,—7/2) 2 1
(—20,14.5,70) | (—7,5,—x/2) 2 1
(16,18, 7 (—2.,5,—x/2) 2 0
(—16,7.5,m) (7.5,—=n/2) 2 1
#5 EHAERET BT LIL
WA
RN e A 2 S % ZHRA BUHIR G
AT Bk AT Bk
(24,8.4,m) (2.5,5,—7/2) 263 247
(—20,14.5,0 | (—=7,5,—x/2) 213 192
(16,18, 7 (—2,5,—n/2) 256 233
(—16,7.5,m) (7,5,—x/2) 285 274

A BEMEFEERAG A B, EEEAES R TN
SF- 4 2R i [R] > 8. 1804,
3.2 1“U7‘75E|$§t% 5aH
W50 4 R AR T B A 4. SR AR S
*U 3w 5 Ao X ek TR A Af%%ﬁ%%EAAi%
LT R R AT B AR 2, iRl 14 58 15 iR
30m
25m
20m
= 15m
10m

5m

2b5m —20m -15m -10m -5m  Om  b5m
b P Xt

E 14 fBoiis A Bkl Rks

QO cssescescecescacsscacsscesocasccscsssscsscscsasan

Ry
95m I — BITHIE
Sk
% ERITM
" £ ]
g
& lom |
=]
10m
5]]]_""""""": -------------------------
0]]1 1 L 1 1 L L L L
-256m -20m -15m -10m -5m Om 5m 10m 15m 20m 25m
i P Xl

K15 SRS AT BRI R AR A

EHATM | Er S B, BAEAZERN (20,
19.06, ., KEMEN (—3, 2, ., HE 14 @75,
AL RIESG A B NBREN, WAERTET
WAL S R RE IS, EREMATEERELS 2,
BRBWEERMME AR, TERARMEREERE. 5
15 %F b B A0 P SR Bk T AR A A R R B AR
R AR T BN RPN, Bl 2 E
5, BEIETRREENEREmME.

2P, R S, A RIREG A

¥R MU www. jsjclykz. com



%1

HARW, 4. ETufiRe A Bk A Shin 4 iR 7 ks

« 233 -

SRR AN R AR M 5 45 AR O RS R I I L O Ty
B, RO AR KA, SER WK T,

T M AR H
B /s | B8 J5 R/ IR | s 8/ A | IR K/ m
e 5 51 23 3 461 46
SR | 2009 1 419 41.8

HIZE 5. P 14 5IE 15 AR, £ B E A AR 4R 5
MITREZFT. ARG A B UERRG A
SRR FR I R > 9. 13 %0 . HLFE J Il AR VR BORTE
R AR A 5 T W R s

[l BE . A 1 R AR A 3OS B0 A A [ D5 i i 42 BT 3R
LR AR O AE I 11 s B SRR R 5 1)

M2 8~11 Al LIS, FEMFIZMT . SRS
A BEMETERESG A B, EMrnEss T m
- 3548 R B[]y b 20. 53 %,

ZRA TR BRI 7 108 2 A RD 52 56 5 50 0 B 45
B TSR A RmEBERNEAS A BEaiEs
MRS AT BIETEAAR S 5T R e E E A, HAE R
BHEEE. TEE,. RAOUELTRAS A BIRESEER
MR LE, BIHEREHR MR ERSE D E
P
3.3 hEERYHEBKENIIES S

By 25 A5 ) e 2 i A 0 A PR BE AL IR A RS
FERT 5 S A AR U TR R . BEAT A9 BK A R SR
g 16 frR .

O e e ST
25m |- ;_gg%%
"’ i

g 20m - fw_| S:I
- I |

15m h HCL 5

10m |- /

|

Bmflesesvosrccnses . \ B oprrrrreeeceeeneneeneaens

Om 1 1 ; - ; 1 1 1 1

—-25m -20m -15m —10m -5m Om 5m 10m 15m 20m 25m

i ] Xl
16 fegia AW BB RETR

M LR WA G AT B e, AR WL 8~11,
8 MUTTAJEREIA 40 AT
HEESEIEIVE
AR | KAE
UG AR SORIRG ATk
(18,15.7.m) | (—3,2,m 18.95 14.15
(16,14. 7.1 | (2,21 14.7 13.05
(19.15.5.1) | (—4,3.0 13.35 10.1
(—8,14.2,0| (7.3,1) 15.65 12.5
FO TS AR O T 1 BN L
BE WS T4/N
AL | KEE
SRS AR SORIRG ATk
(18,15.7.m) | (—3,2,m 4 2
(16,14. 7.1 | (2,21 3 1
(19.15.5.1) | (—4,3.0 3 1
(—8,14.2,0 | (7.3,1) 4 1
B0 7 AP RETT RUEON T
TR/ A
AN | K G
SRS AT SR OERE AT Sk
(18.,15.7.1) | (—3,2.m 380 284
(16.,14.7.1) | (2,2, 295 262
(19,15.5.1) | (—4,3,7) 268 203
(—8,14.2,0| (7.3, 314 251
R A1 UTTA B AR KB X H
B AR /m
EAAE | KEE
RS AT SO RS ATk
(18,15.7.m) | (—3,2,m) 37.9 28.3
(16,14. 7.1 | (2,21 29.4 26. 1
(19.,15.5.1) | (—4,3.0 26.7 20.2
(—8,14.2,0| (7.3,1) 31.3 25

FEBEAT Bl 25 R A 0 R A 0 A s R . RS LS
(20, 19.06, m, LGN EHN (=3, 2, ©», HE 147
M, 7EHE Y 8y 15 m, K XHk (—20 m, 5 m)
W DX A R B I — A1 5 my 58 1 m (S S FERFY . (8
U B A ) DN A S DAGHEE S 2 m/ s B 7E I DX [ A 7K SF- B 1)
B8, HE D SLH: EIbm, EHNESME S
MBI B L ENEE S, HBRBRYIEITE B S,
S AR, WL TE WA SR s S R
MYEIr, HELIEHE C 5, EMNgkssir. &
K BERYAE D S5 1k, WA E 0.

R b, ISR 5] AR H
LS M A UL S B T R 0 b SR 2 e U B . i
N E IS SRR, T BRI
HEAT SR . K AT LA K7 S N 0 IE AR R B i 1 R
g
4 HRIE

Dl —MEFRmERFENRES A B,
5 b M AS (AR ZE &, RENS B 848 W A I B AR L
R R . SO A L AL G SR A PRI B 5 b 4y
SIE 00 T 8. 18 % Fl 20. 53 % My R N E] . IFfE AR
WL EOP IR

¥R MU www. jsjclykz. com



. 234

TS AL A 5 45

o33 %

2) SERESRARW . A B S A S b B 2 AR A
TIEGET, RAETROERNIES A AZhiAs
SR RE RS B AR 1Y AR R S T 1) R B B A K
AT S A S50 e e e 1 e A LR )AL, O SR B RS
S B L AR A T S AR DR T 5

S TR SR RE BN R EP B EN WVR D i
PR 4 NP Y S g o DA B TN & /W =8 VAT A o VAN P
ik 0 e 1 3 B RS W LA % 4 0 )l R AR A oy T LR
A 30 4 B AR AU Bk AT AT 5, R X s ] 25 2 o7 e R
AGANA I R 2 AT o, X e N —
ZHFTER N A .

LESYE

[1] NIEMEYER K E, SUNG C J. On the importance of graph
search algorithms for DRGEP-based mechanism reduction
methods [JJ. Combustion and Flame, 2011, 158 (8):
1439 - 1443.

[2] DOLGOV D, THRUN S, MONTEMERLO M, et al. Practi-
cal search techniques in path planning for autonomous driving
[J]. Ann Arbor, 2008, 1001 (48105): 18 - 80.

[3] LI X, LI G, BIAN Z . Research on Autonomous Vehicle
Path Planning algorithm Based on Improved RRT % algo-
rithm and Artificial Potential Field Method. [J]. Sensors
(Basel, Switzerland), 2024, 24 (12). 3899 —3899.

[4] SEDIGHI S, NGUYEN D V, KUHNERT K D. Guided

|-

hybrid A-star path planning algorithm for valet parking ap-
plications [C] //2019 5th international conference on con-
trol, automation and robotics (ICCAR). IEEE, 2019. 570
- 975,

[5] ELHOSENY M, THARWAT A, HASSANIEN A E.
Bezier curve based path planning in a dynamic field using
modified genetic algorithm [J]. Journal of Computational
Science, 2018, 25; 339 - 350.

[6] ZHAO Y. Automatic parking planning control method
based on improved A" algorithm [JJ]. ArXiv Preprint
ArXiv: 2406.15429, 2024.

[7]JLTY, JIN R, XU X, et al. A mobile robot path planning
algorithm based on improved A" algorithm and dynamic
window approach [J]. IEEE Access, 2022, 10. 57736
- 57747,

[8] CHU K, KIM J, JO K, et al. Real-time path planning of
autonomous vehicles for unstructured road navigation [J].
International Journal of Automotive Technology, 2015, 16
653 —668.

[9] MIN H, XIONG X, WANG P, et al. Autonomous driving

path planning algorithm based on improved A* algorithm in

unstructured environment [J]. Proceedings of the Institu-
tion of Mechanical Engineers. Part D: Journal of Automo-
bile Engineering, 2021, 235 (2-3): 513 - 526.

(10 £ &k, #h &, PR 00, ST REMLEI R BI040l g B &
T m e (1) fF B 55 M, 2015, 44 (4). 499
- 506.

(112 B, @Yy, £ 55, % BT Lm a3 w0
e (1], RS0 B 4. 2019, 31 (11): 2393
- 2401.

[12] TAZAKI Y, OKUDA H, SUZUKI T. Parking trajectory
planning using multiresolution state roadmaps [J]. IEEE
Transactions on Intelligent Vehicles, 2017, 2 (4). 298
-307.

[13] WU Z, DAI J. JIANG B, et al. Robot path planning
based on artificial potential field with deterministic annea-
ling [J]. ISA Transactions, 2023, 138, 74 — 87

[14] PAPPAS G J, KYRIAKOPOULOS K ]. Stabilization of
non-holonomic vehicles under kinematic constraints [ ] ].
International Journal of Control, 1995, 61 (4). 933
—947.

[15] M. & 52, fEfhe, &5 ETRS A BEFEGN
WAL Z B SR vk (1], PLB R4k, 2023, 59
(24): 290 - 298.

[16] Abdel-Rahman A S, Zahran S, Elnaghi B E, et al. En-
hanced hybrid path planning algorithm based on apf and a-
star [J]. The International Archives of the Photogram-
metry, Remote Sensing and Spatial Information Sciences,
2023, 48 867 - 873.

(17] ZREER. Hoisg, FE. % 5T IPS Bk & sl
AR EE [T B8 A5, 2022, 39
(7). 1985 -1991.

[18] KIM M, AHN J, PARK ]J. Targettree-rrt * ; Continu-
ous-curvature path planning algorithm for autonomous
parking in complex environments [J]. IEEE Transactions
on Automation Science and Engineering, 2022, 21 (1)
606 —617.

[19] DU Z, MIAO Q. ZONG C. Trajectory planning for auto-
mated parking systems using deep reinforcement learning
[J]. International Journal of Automotive Technology,
2020, 21 (4). 881 - 887.

[20] Vorobieva H, Glaser S, Minoiu-Enache N, et al. Auto-
matic parallel parking in tiny spots: Path planning and
control [J]. IEEE Transactions on Intelligent Transpor-
tation Systems, 2014, 16 (1) 396 —410.

[21] SONG P, XIE S, ZHONG Y, et al. A unified creep-speed
control approach for automated parking system [R]. SAE
Technical Paper, 2017.

¥R MU www. jsjclykz. com



