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Abstract: The coastline raid task requires an unmanned surface ship to carry out precise, fixed-point raids in a complex
coastal environment. The terrain of the coastal area is highly varied, with static obstacles such as reefs and shoals, as well
as moving obstacles like floating objects at sea. Moreover, the task must be completed within a strict time frame. There-
fore, real-time, safe, and accurate path planning for the unmanned surface ship is crucial. To address the challenge of bal-

ancing global optimization, efficiency, and safety in path planning, a method that integrates global search and local optimi-
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zation was proposed, based on the A* algorithm and the dynamic window approach (DWA). The A* algorithm computed
the global shortest path in a static environment, while the improved DWA optimized local path obstacle avoidance be-
tween path nodes. The A* algorithm was enhanced by incorporating a heuristic function with dynamic exponential decay
weighting, which reduced the running time and exploration space for global path planning. Additionally, the DWA was im-
proved by introducing an evaluation function based on the angle between the heading of dynamic obstacles and the pre-
dicted trajectory of the unmanned surface ship, as well as a distance evaluation function based on a logistic curve, which
enhanced the real-time responsiveness of local obstacle avoidance. Simulation results demonstrate that the proposed hy-
brid algorithm can search for a near-optimal global solution in real-time, effectively handle both static and dynamic ob-

stacles, and significantly improve the task completion efficiency and stability of the unmanned surface ship in complex

coastal environments.
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il

0 3

HAr, JCAKIM (unmanned surface vessel,
USV) fRKJEiIE, HAEEHE, Hug. 5N
SN H 2, BREME RS S H
i — DN EEH . EREEREBMES T, USV
BHE S AR B TP AT RS A 1) BT . 1R
XA T A %, BEAT AR K R s T A5 R ok
T, WAEMEA. RMER IS5, X
BT BRI AERE o W IR AR A7 AE H AR
RAE YA R, K USV /& 2 H & 52
I REREE /) o R, TREZBATS5 0T I () )™ 4% K,
USV 7 ZELE i O/ 22 4 IO A 42 R PR IE Hh 58 BT 55 .
DR, anfer B vt AR B AR LRI SR, ARG 2
LB IR 2 A2 G P 52, N R 9T I
Mo BT, BEAMRIGEEFE S MR SRS
JRER AR LRI 2R . 4R B AR LRI O USV MR
46 R H AR S AR BR AT BOTE, KRR S IR
By TR AR LRI W AE USV s AT i R, B
XA AS PRI RGP 3EAT SN BRAT T, DA ERAT
W MR EilFARBES Y, MHRES
R4 R AR, B R A oK) R B R e )
A REA RS S B A BERS PR . V25K
RN AR R e R T 2 Mk s, Horp
A*BEL B 1% (dynamic window approach,
DWA) LS A L IR Rl & 7 v 02 1 L B 20
PRACRNIN T 1%

A JR B AR BRI A O R0 Hb B B O R oH AR
ROEIH PR BT, B LR AR B AR R S A
F&. AR (Dijkstra) E0EN B 7 REAL
W (rapidly-exploring random tree, RRT) 43507,

AR R R FEIR R A TR I HL
RIS, A*FLET BRI SR, JCH
2 H AR R BB BOE I, PR 7 B KR
T, SECHEMCRRT . Li %l 4 A W A
RS AN B R R AR, BRAR T L4t A SR
TRAE KU I P N 2 B S A B (R T B8 T
. Lin VR T MBSO A* S, B 7ERE
W B E IR % T 6, R g att,
I SN ARITC R D A, BRI 10T
Ao FUORE I F AR R HOR E S R AL 5
W, AERE T RS REEIFIRAR T AT RN, 4
£ Bt (¥ DWA A (i 22 1 1B BR VAL B & R 234
B rh SEBL T JR R S gh A F AR . ARk
SINT 2AENE], AR AR, D AR
PR . Sl RN SRk AR R IL R AL
BB A BRBE R ZRIE, DU R A*SHIRE=
PR HL a8 N AR FL R P R AR B . KIS AR
I pe G5 A BETR SRR b, K5 RERB AR /R A1
Z IR FEAT A, PLREMEIE Bk oA e SIS A
ERRABTHRY R, e KRR
oo BRZ U SRR A0 HE AT B A5 A S A
Yo BIBR kRS S AE A SRR AR b F e 1, I
Zia N N Eh A RBEATIR & A* ), #hiR
AR Ak PR RO .

JE A FIE ARSI R I B, RE
BOmFR B AR AR, (EAE I ImEh ARG (Al
M A R TN, A SRR TR S
AT, SPBOLERVERISENVERZE . TR RS AE
MR FE RS LSS IR P ST B Bk A, et
W9, FFORERAC ) 2 EA R AT V. WA R
B R S R N T, DWA %, B



< 186 ¢ ekl 51

AR 7%

1997 4 Fox 25142 t DWA LAk, KB WL fEH 3L
fith BN AR AL, DAIE R 4% 2 A8 I N 1 55
Ogren 2"V 1 45 & DWA 145 1| Lyapunov B 3111
WCSHHEAESE, MR T %58 DWA TEShAS IR R ik
PRI R COdk I DWA REREAT R B B A1 v )
WY, RSN E A 2 e, F RIS TR
PEMLEE N5 BG40 2 8] R EE B8 DA 2 Rl ) % 4R L
SRS H AR R BOBUE, A ITTE B AL 3 A8 78
W, RALIEATH MR AR . Lee SR T —Fii s
EA FRICIZIES: 5 DWA I8k 5 s 4 1 AR o Ah
BN ARSI )77 . Dobrevski 25U M Hy 7 —Fif
SEETRIE S I DWA 7712, 18I #2245 R R
RN N [ 1R b4 70 AT 2 2 T DWA A bR 4
(AL, SR B ARG R . Jian 0042
T M T 2 AL A B Bhas g R
RT3V o IR A B4 B AR )2 3,
B 5 i A AT R, 45 G I A AR AL B B3 AT
SRS T, AT A IS B R L R IR IR
AN, 51 FHLENBEFFSE HFR. Yasuda 25!
FEH T — MO DWA, IR E R, TR
A%k b ISE IR SRS 40 A1, AR B o PEAE
AR, MRt FFEb i ErE . ke
AN BV R KO 5NN B K, S5 A
] v b JRERIE AR U], $ v USV 78 & 24 TR 85 v (1) 3k
MERE J7, BARAAT 2245 . FusP145 4 DWA FIRE%
28 (probability roadmap, PRM), 4=zl
BRI AT AR, DUE N ShASREE AR L, $EE
BRI G . TR 5N 243
AW HOMME, @dda2 BRI DWA, 42
R BN EE NAE E 2R B AR EE o ) BR AR ALV A

B2, Ja B AR LRI LA GV 4 i R A
Bi, ShZaeROEF, B T RKEeREkE, B
RIBE RN R A, ERBNJRFICIER, ok
ok Hbri. Bk, 4562 RBAMRIF RIS
RN BNRET7E, W] DASE A 0 S0 i 5 255 5 %
EHATEE P R AR B, IR AP A 3 A
WEITm, RESMREIT W, WHE4E A5 s
MRS S A2 B bR R S I LUE, Shas %
AR AREBUE, IHH2RBEE SR DWA,
T B 5 6 42 KR K5 P2 N 2R . Wang 25V if
155 FH 503k 1 A BRI DR D B AR K PR R A S TR AR
AJREEAR, B R 35 A AR R R R
ST 5 B /NI T S B SR B R, [ B SR F A

1 9| S O <y [ b ifg BRI, HEGIN 1 & %
e H R R R . Han S84 T4
Theta* 5y 3t (2025 & 11 57 (improved dy-
namic window approach, IDWA), HF USV fJ#1%
P SR E 7 B i B K /R St o = L ) PO T VA G
Feim USV 7E B KBNS g A2 FLRITE RE . Yang
AR I\ 21 T B E R R B A R B A N Kk
CRR BRI B A, 0 3 e 1n) f FE VT A R K, e
o AR R R m A, R T ERAR IS I PE AR AT
P o Han'™45 357 SR P 8 47 00 O A% Bk 6 45
) H & AR ECREE 5 R ek B L R ) 4
JREgAE, IF4EE DWA BT /B Rl, DS
ZNASFERS Y (I RERE . Guan 25085 51\ H rifg
TRE A KU R ACAL A* VR ER R S 8], b R AR Ak
PR, FERIFHIRE Q%% (deep Q network, DQN)
2R DWA H AR R BB E 2R3, DL sl 26 12
)2 Ve T . (R EE R B g,
T B8 & 7 SE B M s IR B R A ST v
T B K VB URRIT [a), BRI TSR A s A
TERT PR OB s, — BN A U 75
YNGR, RSP T — o A* 5%, it
SRR RS TR, TS PR AN AN
fHBERARAC . X DWA, - 2285 1 R0k s 1) (e 5 5|
NBNAS BRIV B ERC AT LR T 5 1) S i PR R
Witk ARSCECE R m g R, BEERRE T
RRBE, FL T BT $XDWA,
WD 7 A SR IR BE N AN s RAS, R RS
W (B S AT B AT R . P R 3
H A s R IR 8 A 4 =) O B i 4 B 2 ) s e
Ja R AREBUE, #mFEERRRERSE, RGN
PRAT VT UG A0 AR P 55 RN, ek R AR 1 b AT B
EFXTDWA, 304 Jm B84 e 25 VT4 DR 5 R 1) £ 0k
FBEAPN AT, DAk iR el he . e g Y
¥ 8 HHERRE AN S B HERRE 0, W)
I HT RS H AR A R S 3 A T B R R R
B, MM EBRAAR R ANRE R £HX DWA,
g1\ A SR PR A i B R B VR A BR A, T R AR A .
MG AR I 25 3 A ) 36 T 8 o Ok 3 A T
JA R ERE I A R RS B T RS
HABPEN TR BB E LEE, SR8 ge /7. AR
P00 ) DQN Bk 45 45 2 2 Re AR (1 9k 2 5] 3R 88
Fetk, {Ef£4i DQN B kLA B, W in— 44541
FHIE . ZECNFERIMNEE, 235005 O SEBRE AL T



EipR FIeSs: 2T A* 53 E LIEKTE A2 ) - 187 -

REAT B B RSB M R B U 8. Qu RN
g5 DWA 22 4 Ak 5% > HE SR 1 Bk 42 B K
Jrik, UARE E K NUT 3E 2 ST
Zath . BEAMBRAEH R AP RN T
B TR R SRR, T e B ANIAE R
M TR b A BRI R B AR AR . 1207 R I R AR
S s M TR SR BCRFAE R A* 2 18] R
e R AR A BRER AT BEJE SR H T H R
FLI 22 A T o LA R S R, IR B AR S AN
AL T AT AR R SR, e S5
BT K R B & AR R R, e st T
IRBESRA T S 7S R LA NS B e mE, FHx B 281
ARLE BB, I R FE T MRS BRE (deep
deterministic policy gradient, DDPG) .k 514
S0 BRI ISR, LS N RE 08 m e Rt
ML fE 3) 3 H AR 8.

ARSCHE H Rl SO A* R DWA B2 0L
RITTE S FIEAH LA LN R

(1) BUdkr A*RERENEIE N AR KR BBV 55
FRRHTE, B ROk RZ T SR, T2 i
AR IV, PRI 4 o R AR PR N T

(2) Kt DWA G55 T USV LSS B 1)
TGN, RERETE 2SN[R E A AL 24 T A Rlus
1T, SR HERS , A I RE S USV ik FE i % 17 A
fe S L Hh 3 IE H bR A

(3) WY FR AL Rl BE B8 AT RN i 2 USV R
RAES, RS E R, 2R
HEERRERE T, MR AR S5 AT I RCR 518 5E M
HA B0 ) S o B 77

1 USVEEZE#MR

1.1 SR A BE
LG5 i A*SEWPLR —FE T R R IR R I &
FLHAR S, B8 a1 AR Dijkstra VL)
Al BEAERE R FREE ST . A*EE
THEA T AN T
f(n)=g(n)+h(n) (D

2 2

h(n) = \/(Xgoal_xagem) + (ygoal_yagem) 2)
o, f () R s ARATs g () A9 AT 2 B 24 i
W R, BRI h(n) R
245 B AR R A AT s s

Y gout TN BT BLHIBE . DVAEAR s X s Vagen 2701
NUSV SERF A7 B R AR .

AR AW AR RS (n)E, Ik
Bf (n) /DI SATY B . ARSI A*FILAE L
PR FNALIE 7 27y e ), TG RO R IRl i, i
R A0 AR 2, BH A F Sk
Y, XA ERESRENN, FREENIREN
R FERAR . A SO A*FEREBERE 2. )
REAE BB BAAT 585 s i3 ST
HEAT B

(D JAREARZE (A

AT AR S B HE MBI EIRRIERE, Bk
PR RIS R TR R M SR, A FEAK T
HEMREEIRE, bR RIET, WRAT NI
BN, MEIVEE SRR I N A
ATREMITT S, AR TEIEAR B — 2 S AU B H b o,
IATAT BRI, R AN, SRS BRA 1 AN
RIS FE B9 R B8 AR b B ) 2 9, DU B4
FOH IR R A2 . E R UG Y 100x100 [ 1 &
b, MR KN 10 m, SR 8 AN [l B
ITIRE, WE—A S IS AR R BE B R IR R
A KN, B SRR IR 100x 100 Ak H 18 1 4k
2020 FOMIEAS L P o X P RE B 6 A AR D IR R
PR BT SRR, HR AR B T B
2, [F) I R RFRC LT (1 B AR T

(2) B REREHIBNA AL

AR I 1) A* LT

Sf(n)=g(n)+ah(n)

a=1+e"" (3)

c==1/D g
Horb, o NENESTRECE R INALE 5 c B
R 7, AT DUARE UG AT E H bR SR BRI
¥R A R AU BB . Dy R GE s H bR
MIBRIREE RS, c MMAREHE Dy MRk, A
M AT REEAF 3 5ct, BIERAT AR R I Re
TREF—E0 I, ok (n) PIIMBUE F 2538 AN R 1)
W EAE5, W T T o ff S H i TR EGE
Tz PR A

fe g A* BIERZ M E 1w, KEm
“x” RORNERAN, GERPIE R IR LGN
RIS R 2R REAR . AR KE. S
SR, ZOSEESWaREEN, SEES



188 - R

BT

AR IR R A IR R R T /e R R KR AT
e AT BRI

Bl g A*SRERR 2]

SIS TRECE R ATINBUR R R Nk, B
S INBUE 5 R AAE ah (n) KT JEAR h(n), M
ANTREVE M) 28 R R o X — IR B et A
BOINIE 7 28 Rl LR R L RS, IR REAE PRRFRCILIK
ZRR LRI, ORI N5 AL B A Sh
JERITERE . DUt A* AR R T WK 2 frox, B
IR R AAEIHR, Bk A TR R 5ek
AR, (HFER, BT R o AR,
AT T AR XA T R ER AR I RE ST, e
I RREAEL ST, fRIE TR RIRRRE
AERARII G L XA TEA RO 1 4 S DU R
RKAEREARY RITR, Miudte 1 R
RGBSR 3 eR Hfi fe 75 2K pa AL
HAW IR R RES SR, ERRV a UK,
SRR S AU A] T PRI 1] H AR RR R, T X
IR ER . EFGE H AR o IBW 08, SETETE
KPR g (n), BAIRERAZ B A B, 38 S AE TC 2
DRIRZR o

(3) iy RS R

ERBRR T RRR AN, RETHEARRS
B 7RI, ERREELR, RSB B
ARG, JCHRAER FOKEIAEH, X RhEE
WREXEIMRF . N7 RRX -, fERE L
LR, T S RS R A IR 2

A Ep AR, WE S RMMER R 2 7
U X IS R B A B R B AR, B R
RRAERTE . M, IAREL RS RS,
WpAr PLgk X — i B, EERIR R BR AR kS,
M 3 S AN 0 B (R T SEOF A . 20%20 FR A A% 3 ]
BEAR T ARG X SR B 3 o, P AL
BT TSRS, R R I
HAz .

B2 ool A*SER R A

B3 2020 Al i T BA2 T R AR LA X8

XL A RO G 1R R B AR R 22 1)
(R BT 1 H SRR SR AR L, A ORIESEI 1)
[, w1 BRI T SE . JE L B A B R



EipR FIeSs: 2T A* 53 E LIEKTE A2 ) - 189 -

RN, SRR S RIGER, e
IR BRSPS Rk

A st R s 4 Fros . Pr R —
ol 3ol 3oyl A i BT P S v AR ORI . AR 1%
T, ERPIW TR S A R ERE ST
ST . MRS, Bk A
M, HBEBNAT S SE A, SRk =
A, DURRHE, FIEL G IR, NIRRT A
W ZB i m — DR T EERYIN R, RSl m 8
AT X SRR IE R > R AT T AN L, i
FHERARTEIN-T- I M ELZR AL, RN PRIEESAR AN 5 Pk
YIREE, 3271 T AR R AT AT P

K4 miedistiios s

1.2 BU#EAIDWA
USV Ba 8l A5 802 H T4k USV 7EK i E 1)
B I BAHE L™, RS L2 Y SeaRobotics-
USV X RATHETE, KA TGz 8 7 ik 7
%, RS ARIEE [R)iE ), NGB REOKI B = 4Es
g, R AR — DA USV K 8 224
B0K USV Hig sl RS @I AL B L 38 R ) A 2%
v E(max(v

(v o) =

a)c(max(a)

v+a

BULPFOT BRI T
G(V! o) axheading(u w)+d X distance(v’ o) TV Velocity(v’ o)
(10>

i X At), min(v

min? mi

w+p

AREAE “HEAAAR R T REIR,  ARPRAIR AR M4
Ak Az B, A A E Ok S 2 TR
8] (K S Sy o USV IR 24 3 J5E R A7) JoE 32 42 o) L i gk
TR RS H, BRI IR S 2 U AT
AT IR A A, AR BRI vh A i B I

USV )iz 3 = 45 2 T 5 1] 4 (1 5057 s A ROk
TR . USVERRZHILL L, Mk i)Esh Lk
vy IR o I a A INE L p 2505
o LR LA A A (U BT E TR SRE A3 DU 4 R
PRI EE 04T Ty . WLIE) AR 0, 32 6 B A BT 7 170, ¢
NEHET ] . USVIS s AR 40 R —4E AR bR
BT AR

X, =X, +vxcos b, xAt (4)
V=Y, +vxsin 0, x At (5
0,=0, | +wxNAt (6)

Forfr, Ar A Ta] TA] R o

F=1 USVIERSH

24 BUE
W(m-s Y -1.2~2.5
al(ms %) -0.1~0.5
wl(rad's ) -0.78~0.78
Bl(rad-s %) -0.52~0.52
Bi#/kg 25
USV I BERAEUNT

(V, C()) = {vc(vmin’ vmax)’ a)E(wmin’ wmax)} (7)

(@) = {a (i Auay)- BE(Brine Bros) | (8
b, v v AR M A
W o AR R ME . KA, a s
a, PRI M KM, B B S
S FR B R BN AL

S 18 USV 193 ) 2 G008 % JUE 4 IR #s 7
X, FEEHEA ISR h LR, A
105 A P4 52l 0 PO P2 0

v+amaxxAt))

max’

(9

XAt), min(wmax’ w+ﬂmax XAt))

Hr, heading(v’wﬁ\jﬁﬁﬁﬁfﬁ%@%ﬁl, E N E )

B A v 1 1R 5 H AR BRI A 2 TRV AR R 2
5t distance,  ABERPIIPAOT T R, RSB

v,



© 190 « BReRt - HHEARS

B2 RS IR [ fae NI - velociity,  AHRJE
PR T R A, RSB AL R RN . 28
o, d., yarnlxs RJT LA BEESHER R E
BAEL T HBETHRPRRRERE L . BEIPA bR
LA SRR TR | BEAS A E LA AT R
T i 26 S SR DE RO ATLAT 0328

ARSCHEH T — Pt (1 DWA, Wil 5 s .
L R R R ZRAE 55 N TS B, IR B A BG4 (13
& FLTE fi AN i AT PO, TH 5 USV Tl
D38 5 2 25 B S ) (1) 5 KL R B AN UV 0 138
FIFF PRSI R R EE B . BB T R R T
Logistic BR#, THHE P& AT B AHHE, %68
HOE AN ] 2 2 1) fo R B S U — A B — A g
O TR HIVE I o PR B SR B, A
FARAR Tt o dy, 79 USV BIBSP)  iRAEEE B, dyy
N BRI R 2 A B BB R AR, S8 R e
BRI dy~dy M RO UK, RETEHS
A e A REL P S A 12 O B BB R O PR NAR Bl . X
AR LR S 5 R AR AT I VP R B REDS T A Rt S
Pl 5 REL L 25 1 B2 o) B A AR RS2

A
1
1
1
1
g

) s e

K5 Hulk DWA

R, S A USY BB AR L i
2 S WR 6 L1 1 19 9% S0 P4 T 0 8 angle .
WL IR, TP HIREE S 7%
SRR, AR RS, VAR . Bl
PRV 86 4045 4, SO R 1 DWA RES TR
HEHIF S AR, RO R, (R
USV a4, BRBMELA U F A

FUCE I M DWA BB S F

G =o0x heading(vv o) T dx distance(* o) F7X

(v, ) v,

velocity, +uxangle, an

v,

1 1

1+ec>< (dmm’dlimi«) 2)

—%, dmin < D

Kx

distance (* )=

v, ®

(12)

He, distance(*% wﬁa%ﬁﬁ@ﬁ@%‘%ﬁ?@%&: KNE
., AT REUEMTREE ;. D NEEISYIN i
L Sy B B R AR
1.3 RLEEZE

Bl 6 /R T USV A bR R AL &%, K
BE) A*FILEFI DWA BSR4 &, il
o AR HT AR B AR, THEHE S EH
b LRI A AT, FROERRAN 42 B AR 1 A 1]
{5 F DWA AT R AR LRI, B0/ USV BRI S
WEFF BN AS AT, HARE SR oL B i . @S
LRI T s

AFBEIRAE T &R BRI R LR, DWA fE
P AEREA T AR A B A R B B AT, IXFhEE &
RV S T s o - ol B 1y 7 AN |74
M, SCREE RN BhAS IS o A E I, kAR
FURI P e 1t RO S e [ e 7, 2 ] 3 st R I
R IR B

HIES RN RLERZEY S, HT ARG
YIRS 2 M RUOR AT 20, 24 USV AR 3k [ 4 A7 16
KBB4 USV I, AURHR 3R A2 I
RIMIRES B N Ry BB BB IR 1) 1)t . T Rl 42 e
5 RERIE A R s R R G, (B
HIASXPIAEE T, IHRE— DR TR0 .

KIS /R T i B R NFEE R n . I8
WA SO USY, G 5 SOV BRAS Y, K 2k
NV A R R . RS FR, X USV &L
WA IKIRINT,  BhAS B (1) 2 503 A F A 3 3 30K
WA, USV o4 B8R a6 4 R i f B 42 4k 8201
17, FEXMIEN T, R EMKIE LS usy
TE e X 3 e B A — 2k R A%, T PN BEAR
el R AR, XA R BR M TC VA 2051 5 USV i
BOEIX S BT 0TI — R, ARSCHRH T Rk
FEWE, A B USV B ) P 55 T35 AL 1) e i
145°0F, Rk ik & R ARE I RIPLE . 1ZHLH]
SET YRS IE NS SEEYE R, BKGE
SIASREIGY), TR G BV ER RN SR E 2
Hbr s A R L e, S HBNE. XMy
AR RES H B USV K I B B JE AR RN 25, BB



2 1

FIeSs: 2T A* 53 E LIEKTE A2 ) - 191 -

T X I —>

K6 USV 4EAbr 2 TR & 5%

)
v

AR SROE R

r—

l

Erers

l

[ F T4 A AE NDWART: FAR

~——

¥
( DWAﬁﬁE% ]

[ SEAT, Hath B R

N

v

| mEnamns

7 R EEILGRE

A ROk G il AU, TR OR USV 1E B 2R B IR i v
IMAT Z A AT SS S I3, $RT T BR A AR
R RLE R B2 AL P 5h 2 BG4 5 1 Rt B
FUE 9 PR

SN FERRIALHI il & Bk Re s A AU
JRER AT P NSCAE I ) R, AH TR0 5 A
MBS RSP A T TN, B 78 K3 b 1) 3 A B
SR e AR T A H I, S USV LK E
AATERAE, B0 ER T R AR KR R . AT

0 Rt B0 OB T S A B A B AT B AR
Rl SR AR RV shi S I ae /7, D
PR RO VEBRARIH ZEIT, TCTRTE A VP Ak AT 4 i
12, BRAFBULS R

2 {FESLE

2.1 g
B3 RS A AL B 11 o . Al
IRBEA G, I s AL 7 VAR R TR B AT



<192 - HRERHE HH AR SR H71%
O O
L. K.
: Q ST 1459 o
{7 ¢+ /L
@ ®
O O
K8 JEiEsaa AL M R R A E 10  se4iEgEKErR = E
O '
/////
)
pd
@
@)

K9 KA BES) S R )5 B et i A2

VA2 A KRS 5, TR BRI
N S AL S B B AR R BRI T —
FE H A Ze R, A TR A AT R AT
o R R R, X e AR A B A B T RN
I E USV 1R 5 3 58 T (M B A2 FL R Re 77, IR
SRV B A SR R A v 2800 R HE R 56 BRAT 55

(1) Mt Pl Ay — A e Ak 3

AT, MRS R A A b H 7 =, R
% AR ARSI X, HET “17 R,
H Mg AR AT AT X8, 3T “0” Fon.

(2) WM& B AR id ik

TEAE RS Hh BT, AN 1R L SR

BT SRR MRS AR

MBRINZTE, JEMAAER (0, 0) JTURMI AR &R .

(3D HbA% D — HURR A0 2

N T W ER USV LK T AT I (1 22 2k, #E A
It A R R T, BRI AS 2 RS 1 P
Yo, ASCRECRN—HUCRRAL B, ARG A T AR K
IR S BRI . X AP T5 Rk S T RS
Pt NGB, B ORES AR AR SRS A o

(4 BhEEEY

AP E . L. R A2 A
SBEE SR, e FIG G R s [ Rk
AN, HISENEI S 48P USV S s BB A .



5 2 3 FIeSs: 2T A* 53 E LIEKTE A2 ) -+ 193 -

22 2R/BRERK

ANTF] A* SR AR NS ELUn B 12 s, BRI 1
A AR MBI RR. ERCH, 2REAN
RIS I AL RS ERSYIRIR, TXTERA
LRI T R ZRAT 55 I L 7 5 T AR B AR LR S0
WITEREREAT DT AT, HUBRAN R SEVAAE B AR I
IBAT I (B FIER R 22 18] 3N J7 T AR B o AN R B sk
RA R I 2,

~o= BUEA*SY I
—o— 3CHR[28]
—e 3CHR[32]

12 AN[A A*EE AN

®2 TEBEESLBER

ik IBATHS A/ K /m WR /M

A 0.008001 1153.45 258
SCHR[28] 0.036008 1137.49 1905
SCHR[32] 0.039010 1146.72 1571
SCHR35] 0.135042 1137.49 2027
SCHR[33] 0.059016 1143.55 2267

AICNISATIA] . BRAR K MR R 2 18] 34 &
FRPREAT LU, W AW A R S 2 TR ) 22
Sto ANSCHR IR SOEE IR A SRR R IS AT I R AR AL T
FoAh 55 B e /NS AT I 1) 225 /b, ST BN
77.78%. X — 45 RERHW], AL A*FILAELL
B RPN B TH SRR R, RE G PRI M N AR
MEMES, BAEZENNS. E£ZAHT, $15E
R AR BCR BON L, HARSER e K
FEZ BN B A BRI IR R S A T
S B BN R R ], AR E Y 83.58%,
RUNZFIEREW AR BN R R 22 0] 9 58 B A2 LR

15, BRUED T ALEMREEE, Mt 7
THE AR AR R
2.3 SEBEEEMKI

i WL DWA BB RGP vFA ¥ B U T 3h &
BEASY) 5 B A R, SEUSV BB IR IE
T e i I BN e L/ P N e Y s =R Ll bk e
TS KA, 288 75 BARIIIEE, o0 PR A2
R AR R RS . i H, BT/ USV Y
1B E HEZ B0, Joik PR o5 R B S
MR S ANE . AR X R SR R R S ST
i), DWA TG SRR 3R E, FEERE R
i o B AN A2

AN DWA Sk ax b B 13 frs, BRI
IR A FI BRI . ANF DWA [IIg 4TI (8]
KRR B LB 14 B s, AR DWA FTUSV it
AT B 15 From. MHSSEIGEIRR, &K
T DWA MRS s B 28 s AT LB ]2 496 s, N
e 5 HAR L T B R AT I RIAH LT 20 T 4
4.06%, FADFIE A PATES T B R AW S . AR T3
MEERIESAKE, S0l )51 DWA FIER K B4R IR
T 4.23%, RN I B AR RN AL RE 7T X
AN R S0 T R PE R BN I D, 3 5 Y- S8 (B A Tk 2
I KR ZEE RAF0.12 m/s, Bk DWA 7E AL H#E 5
ARSI AN R ] B R B P . X R
AR B2 Al I i RPN A AV S R S
P, G IR R A . I8 I 8k A 2 HL R 2
MRFER A, Ul DWABILR T USV IEHATERIERT,
AN BT BRI 22 B i [ () 1 0L o

— W33
— %ﬁ%ﬁ%@ju%

EI13 1 A R DWA R AR50 H



194 BRERE S HAR M H7%
60
l2 106860 Al 1 268.600
1200+ 1178.750
50
1000
40
@ E
= = 800
& 30 N
& 600
1N &
20
400
10 200
0 0
IEDWA  SCHK[28]  SCRR[32]  SCHK[35]  SCHR[33] IHEDWA  SCRR[28]  SCHR[32]  SCHR[35]  SCRR[33]
(a) BfTHE] (b) BRERKAE

K14 7NIF DWA FIEAT I i) B AR S b

2sf — 24 BEEEL
K 16 IR T AS[E] il & S92 1E 2 5K Hb B v ) i
20} 7. FERIE IR TARISE LS, HAEME:

(8842 F R R O . A R B AR R H R £
K S s LK 3, TR 16 (a) B /b gy
£ Wy, R R R ER S R, AR SR SR AT

B0l i TR, e R A, 7ETAT PRI ER
R 355 FO AT I T AR 5 A S R o 0

s — DS b FALEL 25 S B AT I T3 T 1 5.04%-
‘%%%i%%%ﬁ 31.40%, 46 B A SO E I 1 28 R 5 R A 2%
e G EA BRI ek
o B b, ARSCHUELERL T B R, B

Bl 15 K DWA 1 USV LTS 726 P i, HS5HMEENBRAKEMEL, BRERTEE

(a) HilE1 (b) HuE2
K16 FEMLE 1 53l 2 v 3 SRR X B



£ 2 3 FIeSs: 2T A* 53 E LIEKTE A2 ) -+ 195 -

N 519%~32.43%. fEME 1. 2, ARCHEERIE
BR BN R E, Bon BN 1 B2
RIRE Ty X et AR, R SCHEL AR08 18 B (1)
A AL B A2, D AN BB SRAT, $EE AT
BARYR . A LEIEW PR AR, £
] b BR8N AR EFAE 2.38 m/s, o B — 3N
BN RE . A SCEVEAE BT A 17 310 ] 3 e 8 %
DI BA % g, ME S5 S, UL R AEH
B2k, REERRIIEIA Hbs. XRH, &K
SCENEAE AL BB S IR RN S B AG WRT, RE
R o A R B 2R ML, $2 /8 USV AT 45 58 B AT
SEE.

AAEE 16 (b) FsBIE R0 =3l i 2
Lypseh, EXTUSVY AR/ QIEE Bl N AE 1R 5% A
BB oL, Wit 7Sk, e,
AN 18 R A A7) (] R Al DL K B ASBEAS A v 47 X 3801
S . FEHLPE 2 R, BEATLAE B 10~100 /S B 25 RS
Y, VAVPAR ER AR AR AL S A T S MR . B)
A PERFYI IR B AN 7 [m BEA LI, S G R
0.1~10.0 m/s. fEHLEI T, ZhAFESY)H E O FH S
T, 100 BNARESYR S E 17 s .

SR ME IR AR R B 18 B s, SR
RN ENAS RIS, IX e A5 4 75 Hb B BE LA
B, BAAFNGEEMTT M. OalEtant ke
LG, USV M S B4 ST ek, e
T USV FE 3 & PR BN 0 ] 38 T B 65 4 JF 58 ik
BRI . BEXBEERESYXEH. B18 (2.
K118 (b) Wiz e A A B BG4 5 A 1B AR L
S ER TAEAFBZIERET, USV R
RIS, DS BRG] i) 40 A7

AR R I B 19 Fros,  BR AR HRIF 2

E 17 1004304 RS2 &

T R S 1) 1 P 20 T o FE 10~50 A3l A& B S 40 1)
Ysed, BAEMRIRIRIEE97% L, Pk
A2 TR I 18] 9 0.34~0.47 5. {HTE 50~100 4N 3
BEERSYN % Escd, BRI R EH T
B 22 80% /v A, - 35 IR % A% 0 K I 1) 164 m =2
0.47~0.86 s. [AII, FlE S50 1A R o £ P i
VEE S XIR 4R T T B AR R T 2, 7E 50~
100 MESYIR ST, IR EH T 1%~6%,
PR 22 A PR AT VA9 21 8 35 UG

3 Z5RiB

AR IR Rl SO A* SRV RN A E DWA I
PN EEIFGINE RIS, A Rtk 18— 55
AR R, o 1 BRI 1R
AL T BRARAE I, BFIRTT T USV R i 2058
RBAEF PRI LA ZHIEEHERI R &

*3 TEMEEEETRMEREER

Hh P ik PAT I /s pESits PR /m AT SEREE (mesT) R RIA L

NS 509 0 1211.08 0 2.38 2

SCHR[28] 553 7.96% 1319.51 8.22% 2.39 2=

1 CHR[32] 536 5.04% 1277.33 5.19% 2.38 =
LHR[35] 536 5.04% 1278.02 5.24% 2.38 2=

SCHR33] 742 31.40% 1792.43 32.43% 2.42 2

A 496 0 1178.75 0 2.38 2

SCiR[28] 530 6.42% 1263.61 6.72% 2.38 %5

2 HR[32] 1201 — 1268.96 7.11% 1.06 i
SCHR35] 516 3.31% 1228.45 4.05% 2.38 2

SCHR33] 524 5.34% 1222.72 3.60% 2.33 i




© 196 * HRER

RO T

(o) mR2

K18 SR MBI R kA2 A

100%  100% 100%

100%

@ 90%

80%

70%

SEHG 1000 AR HLRI R TR

N 60%

50%

—o— G AFEAIHLH]
—o— KRG AL

40% : : :
10 20 30 40

1
50

1
60 70 80 90 100

EIE TR U
B9 BRI 2%

R T (g AsKkagd. #EE. fif. Rir
A EIGEE SRS LU SIASESY) (nHAb S
PASNIRE S/ DI P~ i O W S - v b S i 4
AEST, REMEHAIR USV 7E RS P AR E AT HESS o
i o A*SLER R R R, FHAE AR R
AR TR RE, KRR T 2R
P RRI Y TSR R o 1 S ) DWA FE R AR AR
A BE % SIS I R LA 1], S i R TS
JUARBRAR, SCRIEERE, MG9R T USV R AR 2
BRI IE B, JC AR T AL RS (A

By R AEEY)) B, R SRR AR E 1)
BT IRZS, G T R R R A R
BUORHUAT R ASCGERE A5 8 T USV iz zh 2y
W, R DR AR AR AR AR,
EH RS, B0k USV 7E B 3R 51T g
LA RAHATAE S . Ol DWA BVEH 24
B TIRA R, B T S AN B
M B OR USV BERE RS E o A T b 4% IR 4 )R i A2
At



2 A BT A S E AR TE AN AR L) <197 +
1.0
—o— S| AHMRIPLH
0.8
= 06
=
=
=
Gl
% 04
021
0 1 1 1 1 1 1 i 1
10 20 30 40 50 60 70 80 90 100
SRR
20 AT LIS 25 i )
13196/j.cims.2024.0380.
%%iﬁk H ZHU LY, HU M, WU X, et al. AGV path planning based on A* algo-
i . ) ] rithm reward and punishment mechanism to improve and optimize path

(1] BALADO J" DIAZ-VIL_AR.INO L, ARIAS P, et al. Point clouds for di- selection[J]. Computer Integrated Manufacturing Systems, accepted, doi.

rect pedestrian pathfinding in urban environments[J]. ISPRS Journal of org/10.13196/j.cims.2024.0380.
Photog t d Remote Sensing, 2019, 148: 184-196. g g A . et - o i
o osramnelLy and memole Jensme, =77, 8 [10] BSBE, 4, SR, % . BT 000 A*SLIE MBS NHL 38 A BRFEHL R[],

[2] H#BE, BEZFY . BT HUH RRT -Smart (95 223l A 5T R 106 A\ FE#% HLEE A 2018, 40(6): 903-910
BRI B ReRl 2 SHAR AR, 2022, 4(2): 264-276. o ' '

AR, AR SRR, 2022, 402) o ZHAO X, WANG Z, HUANG C K, et al. Mobile robot path planning
DONG L, XIONG A L. Path planning for unmanned surface vehicle in . .
lox d . K ¢ based . 4 RRT-S ] based on an improved A* algorithm[J]. Robot, 2018, 40(6): 903-910.

complex dynamic environment based on improve; -Smart[J]. . . . . . .

i ) . [11] A R, AR, TR . T Bud AL 3 Rk B &5 A BR AR
Chinese Journal of Intelligent Science and Technology, 2022, 4(2): — | N
264276 RIRFFE[I]. HUBR TFE 244, 2024, 60(20): 315-326.

’ , , . L ZHANG W M, XU S S, ZHANG Y. Research on path planning of in-
[3] DEVAURS D, SIMEON T, CORTES J. Optimal path planning in com-
. . . . door inspection robot based on improved A* algorithm[J]. Journal of
plex cost spaces with sampling-based algorithms[J]. IEEE Transactions N |
M ical Engineering, 2024, 60(20): 315-326.
on Automation Science and Engineering, 2016, 13(2): 415-424. . eiimz; nglne;ermg, 0 ,Eﬁuﬁ( ) o » -
b IR, BEIRA, AL ool A*FLEINLES A e e IR R
[4] HART P E, NILSSON N J, RAPHAEL B. A formal basis for the heu- (12] Sk, § I:F’ *j@’ 5. PR A SRR AR A REFE R AL B 12 0L
S ) E T a2l
ristic determination of minimum cost paths[J]. IEEE Transactions on I, ABTREG T HOR, 2023, 45(2): 513-520. )
Systems Science and Cybernetics, 1968, 4(2): 100-107. ZHANG H J, ZHANG Y D, LIANG R M, et al. Energy-efficient path

[5] i, Bk, 0 FETE, 4% . T BUHR RS i 1 B0 1 T A MRS planning method for robots based on improved A* algorithm[J]. Sys-

TR TE]. B B2 SR 2R, 2019, 1(2): 171-180. tems Engineering and Electronics, 2023, 45(2): 513-520.
S ST A P S 2 I R poRTTEN
XIN J F, ZHANG Y B, BO J G, et al. Study on path planning of un- [13] BRE3C, TT3CHS, #071, %5 . BT Iaah 40 R hpLag A\ B A Al 1],
- v A .
manned surface vessel based on data-driven genetic algorithm[J]. Chi- TSP RIS R 2, 2023, 29(4): 1186-1193.
nese Journal of Intelligent Science and Technology, 2019, 1(2): 171-180. CHEN'Y W, JIANG W S, YANG L, et al. Path planning based on mo-

[6] LIC G, HUANG X, DING J, et al. Global path planning based on a bi- tion constraints for mobile robot[J]. Computer Integrated Manufacturing
directional alternating search A* algorithm for mobile robots[J]. Com- Systems, 2023, 29(4): 1186-1193.
puters & Industrial Engineering, 2022, 168: 108123. [14] GAOY, LI D Z, SUI Z, et al. Trajectory planning and tracking con-

[7] LIN Z, WU K, SHEN R L, et al. An efficient and accurate A-star algo- trol of autonomous vehicles based on improved artificial potential
rithm for autonomous vehicle path planning[J]. IEEE Transactions on field[J]. IEEE Transactions on Vehicular Technology, 2024, 73(9): 12468-
Vehicular Technology, 2024, 73(6): 9003-9008. 12483.

[8] TEvbiak, FHMst, AR4E, 2 ST EOE I A*EVE 5 EAE DB [15] FOX D, BURGARD W, THRUN S. The dynamic window approach to
HLas N BRI HLEE A, 2020, 42(3): 346-353. collision avoidance[J]. IEEE Robotics & Automation Magazine, 1997,
WANG H B, YIN P H, ZHENG W, et al. Mobile robot path planning 4(1): 23-33.
based on improved A* algorithm and dynamic window method[J]. Robot, [16] OGREN P, LEONARD N E. A convergent dynamic window approach
2020, 42(3): 346-353. to obstacle avoidance[J]. IEEE Transactions on Robotics, 2005, 21(2):

[91 ZRifidm, BAWI, SR, 45 3 T A AL Sodt SR AL B AR s 188-195.

I AGV B AR FLRI[T]. vF S HL S B it R 48, 2k, doi.org/10.

[17]

EKME, FKOK, 2RI, A5 RO S IR 1 TS B A B LA D]



© 198 « ekl 51

S5 P, 2019, 34(5): 927-936.
WANG Y X, TIAN Y'Y, LI X, et al. Self-adaptive dynamic window ap-
proach in dense obstacles[J]. Control and Decision, 2019, 34(5): 927-936.

[18] LEE D H, LEE S S, AHN C K, et al. Finite distribution estimation-
based dynamic window approach to reliable obstacle avoidance of mo-
bile robot[J]. IEEE Transactions on Industrial Electronics, 2021, 68(10):
9998-10006.

[19] DOBREVSKI M, SKOCAJ D. Dynamic adaptive dynamic window ap-
proach[J]. IEEE Transactions on Robotics, 2024, 40: 3068-3081.

[20] JIAN Z Q, ZHANG S Y, SUN L F, et al. Long-term dynamic window
approach for kinodynamic local planning in static and crowd environ-
ments[J]. IEEE Robotics and Automation Letters, 2023, 8(6): 3294-
3301.

[21] YASUDA S, KUMAGAI T, YOSHIDA H. Safe and efficient dynamic
window approach for differential mobile robots with stochastic dynamics
using deterministic sampling[J]. IEEE Robotics and Automation Let-
ters, 2023, 8(5): 2614-2621.

[22] ke, B, Wi, . LT U0 DWA 22 T8 AR T E 2> A 2t
BEE). $E ] 5 R, 2023, 38(4): 951-962.

ZHANG W L, SHAN L, CHANG L, et al. Distributed collision avoid-
ance algorithm for multiple unmanned surface vessels based on im-
proved DWA[J]. Control and Decision, 2023, 38(4): 951-962.

[23] FUJ Y, SUN G H, YAO W R, et al. On trajectory Homotopy to ex-
plore and penetrate dynamically of multi-UAV[J]. IEEE Transactions
on Intelligent Transportation Systems, 2022, 23(12): 24008-24019.

[24] EPOK, XL, K4k, 5. ML B IRZ -2 6 1SR LR

SNHLE ARSI, $i] 5 pe 5, 2023, 38(12): 3390-3398.
WANG H B, LIU D Y, ZHENG W, et al. Heterogeneous multi-
objective differential evolution-dynamic window algorithm and appli-
cation for energy-saving motion planning of mobile robot[J]. Control
and Decision, 2023, 38(12): 3390-3398.

[25] B0, 248, Bhdk A . T ol A* L S A E LA A LA A

it L8k e T3V FE )] AR AR, 2021, 42(3): 132-140.
CHI X, LI H, FEI J Y. Research on robot random obstacle avoidance
method based on fusion of improved A* algorithm and dynamic win-
dow method[J]. Chinese Journal of Scientific Instrument, 2021, 42(3):
132-140.

[26] WANG D, CHEN H M, LAO S H, et al. Efficient path planning and
dynamic obstacle avoidance in edge for safe navigation of USV[J].
IEEE Internet of Things Journal, 2024, 11(6): 10084-10094.

[27] HAN S, WANG L, WANG Y T, et al. A dynamically hybrid path plan-
ning for unmanned surface vehicles based on non-uniform Theta* and
improved dynamic windows approach[J]. Ocean Engineering, 2022, 257:
111655.

[28] YANG H X, XU X M, HONG J C. Automatic parking path planning of
tracked vehicle based on improved A* and DWA algorithms[J]. IEEE
Transactions on Transportation Electrification, 2023, 9(1): 283-292.

[29] HAN L, WU X H, SUN X. Hybrid path planning algorithm for mobile
robot based on A* algorithm fused with DWA[C]//Proceedings of the
2023 IEEE 3rd International Conference on Information Technology,
Big Data and Artificial Intelligence (ICIBA). Piscataway: IEEE Press,
2023: 1465-1469.

[30] GUAN W, WANG K. Autonomous collision avoidance of unmanned
surface vehicles based on improved A-star and dynamic window ap-
proach algorithms[J]. IEEE Intelligent Transportation Systems Maga-
zine, 2023, 15(3): 36-50.

[31] REHE, TR, 90, 55 BT A 5B LRI EME ST & B AR

RIWFFLI]. B RERL S SR ZAR, 2023, 5(4): 515-524.

TANG W, TAN X, SUNYY, et al. Research on path planning of material
transportation platform based on A* and dynamic window method[J].
China Industrial Economics, 2023: 1-10.

[32] AB3Z, SR, MK, A5 il ok A* SR A IRAL B A & AT B
BRI SIS IS RS, 2024, 30(1): 184-195.

ZOU W, HAN B C, LI P F, et al. Path planning by integrating im-
proved A* algorithm and optimized dynamic window approach[J].
Computer Integrated Manufacturing Systems, 2024, 30(1): 184-195.

[33] FNAEE, TIRA, HAER . A& A* 5 DWA S KK TN ) 25 B 42

FURI[T]. A2 224, 2024, 45(1): 301-310.
SUN Y T, WANG R J, JIANG D S. Dynamic path planning of surface
ship by combining A* and dynamic window algorithm[J]. Chinese
Journal of Scientific Instrument2024, 45(1): 301-310.

[34] Wiz %, 24, MEH, 5 @G Sk AL RBIS & FER R S

A N BRI, %é’fﬂﬁﬁ%ﬂx, 2024, 36(8): 1884-1894.
LAIR S,DOU L, WU Z, et al. Fusion of improved A* and dynamic
window approach for mobile robot path planning[J]. Journal of System
Simulation, 2024, 36(8): 1884-1894.

[35] EM, AR, 20, 55 . IR A* SR E BRI A BR1T
FRRI[]. T il i R4, 2024, 30(4): 1353-1363.

WANG B, NIE J J, LI HY, et al. Mobile robot path planning based on
optimized A* and dynamic window approach[J]. Computer Integrated
Manufacturing Systems,2024, 30(4): 1353-1363.

[36] M, EEH, S . 2T etk DQN S B AR B A2 ML T7
] ARk SHEOR AR, 2022(3): 418-425.

YU Z, Bl J, YUAN H T. A path planning method for complex naval
battle field based on an improved DQN algorithm[J]. Chinese Journal
of Intelligent Science and Technology, 2022(3): 418-425.

[37] QU T C, XIONG G, ALI H, et al. USV path planning under marine en-
vironment simulation using DWA and safe reinforcement learning[C]//
Proceedings of the 2023 IEEE 19th International Conference on Auto-
mation Science and Engineering (CASE). Piscataway: IEEE Press, 2023:
1-6.

[38] QU T C, XIONG G, ALI H, et al. DWAS-RL: a safety-efficiency bal-
anced reinforcement learning approach for path planning of Unmanned
Surface Vehicles in complex marine environments[J]. Ocean Engineering,
2025,317: 119641.

[39] ALI H, XIONG G, HAIDER M H, et al. Feature selection-based deci-
sion model for UAV path planning on rough terrains[J]. Expert Systems
with Applications, 2023, 232: 120713.

[40] ALI H, XIONG G, QU T C, et al. Autonomous ship navigation with an

enhanced safety collision avoidance technique[J]. ISA Transactions, 2024,

144:271-281.

FHIETY, TR, XM, 45 . 5L TR L IRAL 22 ST BN e WLas N sh

I %‘?ﬁ‘ﬁﬂ%%%ﬂi%?&, 2020, 2(4): 361-371.

FU H Q, TANG K Q, DENG G Z, et al. Motion planning for hexapod

robot using deep reinforcement learning[J]. Chinese Journal of Intelli-

gent Science and Technology, 2020, 2(4): 361-371.

[42] HSU D, LATOMBE J C, MOTWANI R. Path planning in expansive

configuration spaces[C]//Proceedings of the Proceedings of Interna-

[41

tional Conference on Robotics and Automation. Piscataway: IEEE Press,
1997: 2719-2726.

[43] LIU Z X, ZHANG Y M, YU X, et al. Unmanned surface vehicles: an
overview of developments and challenges[J]. Annual Reviews in Con-
trol, 2016, 41: 71-93.



EipR FIeSs: 2T A* 53 E LIEKTE A2 ) -+ 199 -

(fEZ T

1993- ), 5, EEZEREKZENT
[ e U -3 1) s I 1 e o

RERGE.

R (1982- ), 5, i+, PEFYBA
ENACHT T 2 A N L B R G4 I 5 A
K E. LT EREEAR S RE TR
ARBEFE LT R, EER TR R
ARG, BReIEH .

Mg (1987- ), 55, Hid, SEAUMEER
Wit g TR, FEEMT T AE
RELEANRYG. k>,

A (1973- ), B, Wt FEBR
HEM A 2SN T HERS S EE
MR E . LR R RR S R G TR
BORBE T LB FE 51, E W7 A
s R LR

BAM (1978- ), J, Wit PEBFER
B A 2 SN THEER S EE
MR LR ER S R TR
BoRWE LA CRIBET R, EEB TN
HIRRGR BB SEH] WaSCE RS

BEMI (1969- ), 3, fid, FEEZEEH
ML Z AN TR R A& HE A
I, R ERELEARS R4 TR
RBFF AR R, F B R RN E 2
RYCTATEH. Bhehlid. e,



