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Research on Obstacle Avoidance Methods for USV in Complex

Environment

ABSTRACT

With the widespread application of unmanned boats in marine resource
development and military activities, USV have become a current hot
research direction. The primary consideration for autonomous navigation
of USV on the sea surface is to safely and efficiently navigate from the
starting point to the designated endpoint. Therefore, USV first plan the
global optimal path based on the starting point, endpoint, and static
obstacle information in the environment. Then, based on the global path,
USV navigates in real-time and plans local paths for dynamic vessels and
unknown obstacles during real-time navigation. Therefore, this paper
develops a comprehensive integrated collision avoidance algorithm
framework to study the real-time navigation and obstacle avoidance
problems of USV. The main work and innovation points of the paper are
as follows:

For the research on global planning of USV, this paper establishes a
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global path planning model for USV. Considering the problems of many
turning points and long paths in traditional path planning algorithms, as
well as the poor optimization ability and slow convergence of traditional
swarm intelligence algorithms, a hybrid artificial bee swarm particle
swarm algorithm is proposed. Firstly, introduce the basic principles of
traditional artificial bee colony algorithm and analyze its advantages and
disadvantages; Then, the global environment is obtained through electronic
nautical charts, and models of the USV workspace, static obstacle
expansion, and loss function are separately established; Next, the particle
swarm algorithm is introduced into the artificial bee colony algorithm, and
the mechanism of mixing the two algorithms is introduced, proposing a
hybrid artificial bee colony particle swarm algorithm. Finally, comparative
simulation experiments were conducted to verify that the path planned by
the hybrid artificial bee colony particle swarm algorithm has fewer turning
points, is easier for USV to track, is more feasible and superior compared
to traditional algorithm planning, and converges faster and has better
optimization performance compared to traditional swarm intelligence
algorithms, meeting the global optimal path planning requirements for
USV.

A dynamic ship collision avoidance algorithm is proposed based on the
global optimal path to address the dynamic ship obstacle avoidance

problem that complies with Colregs. Firstly, the traditional dynamic
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window method is integrated with Colregs to construct a dynamic ship
collision avoidance algorithm; Then simulate dynamic ships of different
speeds and voyages, and construct scenarios where USV and dynamic
ships encounter different situations;Next, analyze the entire process of
USV from starting navigation to encountering dynamic vessels for
collision avoidance, resuming navigation, and completing navigation;
Finally, through simulation experiments, it was found that the relative
distance between the dynamic vessel and USV is greater than the safe
collision avoidance distance, and USV follows the Colregs to deflect in the
direction; Further validate the effectiveness of the method.

A comprehensive integrated collision avoidance algorithm is
proposed to address the problem of sudden unknown obstacle conflicts on
the sea surface, while considering the collision risk between USV using
dynamic ship collision avoidance algorithms and static obstacles during
real-time navigation. Firstly, by discretizing the global static obstacles,
static obstacle avoidance is incorporated into the dynamic ship collision
avoidance algorithm, and the dynamic ship priority collision avoidance
principle is designed to propose a known obstacle collision avoidance
algorithm; Then, for the collision direction of unknown obstacles relative
to USV, it is divided into forward conflict and lateral conflict situations,
and acceleration avoidance algorithms and parking waiting algorithms are

designed separately for collision avoidance processing; Finally, based on
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the above three algorithms, a comprehensive integrated collision avoidance
algorithm was constructed, and the effectiveness of the algorithm for
comprehensive collision avoidance of global static obstacles, dynamic
ships, and unknown obstacles was verified through simulation experiments.

Lufei Zhang(Electronic Information)

Supervised by Prof. Zhihong Guan

KEY WORDS: Global optimal path, Dynamic vessels, Colregs, Local
path planning , Unknown obstacles , Integrated collision avoidance

algorithm
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ABC+PSO BIEHIRI A A2 2 102K B BT 5 T R ALK AR, 1T LINW-PSO i Sl
JERg, HAEF B MEUEHRICT ABCHPSO &%,

#* 3.2 HEVERED RS B R
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R 33 NBAAUTRED SIS R, H AR R Dy o A ME S i o
P Hbp i g, M EER R, R EEAE S E AR
*® 3.3 BAANUTRHED SR S HOR

LA TR ABC+PSO  A-Star &l RRT #i kI RRT*AL K
PRAZ D A (m) (0,500) (0,500) (0,500) (0,500)
PEAR 2 A (m) (-50,0) (-50,0) (-50,0) (-50,0)
PAR K (m) 1674 1748 2035 1863
HEAREE B 1 14

WL 3.6 £ 3.9, AR ABC+PSO Sk ik H i 425 f i — A4
K A-Star SEVEGESLAE R b I HEAT AR A AL BR A LA B o BT AR LR 0 R A28
BT RN, HAREMANECN 14 4>, DMUEMA BT ABCHPSO Hi%,
HEB KK RRT A1 RRT*SIEF BB T AL FRE 5, BT LRI
PR HE RO KT ABCHPSO 51k, HERAAGE T, KA. ik mT DUEH
PR S5, EEH T4 RAEMEIH, A-Star H3%. RRT 5k, RRT*HILEKE
AT, KERK, BETRZ, AR T TAMERER: 142 ABC+PSO
BOEM TR T LA E=FENERA G, AR IO 2R AT 5B ER,
EH S,

3.6 RENE

AR SEMER TN TR R IR R B, ARG VRN TR R,
E PRI AL R, DARUR BB, R MR 1R SV A i
FLr A I IR A N TIERER TR HIR(ABCH+PSO). tJa, X EIEA MEREAT 15
UE, ESEI SO AL TH 54 PSO S AEHE i) LINW-PSO $iE3E47 %}
b, B0NF T EIE S A 8. FIR 1 A-Star 9%, RRT 551 RRT*H
AR T R E T AT 70 EL, BE T ABC+PSO BEHUKI H 1) #6425 £
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£ 45 SRR RRER R ALK

4.1 5|5

H T8 = R R 0 A R B DL R AR AR A0 B T BR AR A, AR B TTAESE SR A
JE AR R I HEA b, 2 — 250 S0 T N SHE SN AT I A RACBET T8 A\ SR (5
WA R . %3 B S NSRSy I BRifE b gEml oy
(COLREGs)J7 Ml I IR H R A K, BT DAE TS N MEPAT RERE PR 4TI, A 0 2
COLREGs 1E 476 A\ MERERE e 5 i) — A HEE SRR 5.

AEFHFEEIS . B, AR 1T A2 A0 T 51 5, SRR
T BR A RUUAT (R IR S B R A AT A s SRS AT A
ERCBIBNAME R, BRI MR, 5 T B AT RERE, TR A SRR U AN
To NMERERY P58, EAT SCIN ERE, ELBBERETERL: BEANBHIE, HINEE T
B, EFIWATIES SR, BJa, £ MATLAB MR5E Nl AT (5 HSLae, @it git
KOs 53 A 6 % TV 1A U

4.2 SRR B AR
42.1 T ABSmhZSAER e =R

AT TE AR A 5] ) (8 SRR, B C-Enduro, 72 A 42 3 i R BE
55 %0 18] R e B R T NER A KEEiRE ). o TR KEENRE I I EK, C-
Enduro A —A> “ =307 BRlE R 40, B4 KPHRE bR, X7 R VLRSS &
Mo THEFIMRZR B, X P “ =30 RRIR RS, 456 BPAE R ¥ 8 204 I
AT P 0 1 v R R A B R AT ) R G, AL T 1 B SR N R R T e
T A1 JBoR TR MG, 3R 4.2 JB/R T IR AR EORTE, B 4.1 @R T
C-Enduro J& A\ FEE UL o

B3R 4.2 AIANZE AR 2R vk, Wk, KFHRERH, Semk
L, BT ABENTIN A, AT DU AS ST AT FE S 4 2 0 O AE S35 o (RN G % GPS(iE
BERE), AISHAHE 3R A R 4%),Lidar(F5 18), S AR AT S5 AT B s &, 2%
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NI NBENUT AR R SR A S R, RS EULERH
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% 4.2 C-Enduro IR AN H ARG
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AR S 2 P2 PR 2.5 kw [N 76 L T 2

R ITim%e R4t B =R R gt, A TR
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FR AU i ) IR A 223K . RIS TR S 2858 e N FRE S LAT AN A 2kt
Rt (AR5, ZEONTE AR 7 2R G BeTHHER (1 3 R BERE 53k, At U SA I
AR, AR LR B

(DTENMER] ULE LB RS B R ik, ALS SEAE1F i, HiEahd
i AR AR Gt, PAF A R A e L EAE LR EE R .

(2)FE NREIZZ =7 t~F T LA AR b 28 T 1R 3R, (B RERIE ), A 205 18
BT NERIERA R, BT ABCE T NERERRE PR S v, o RS0 R R R 4t
TN DIRIVEE, HIAEER, a2 RN, WINEE AR, —
HAhB M REARIVEE, WIS sh 2 R AT RERE 54 .

Q) EEBNEM R AR, Bl Esh A A RS, s WOESI SN

RAERERE LB R BOA PAT REREIR AT, TC N AE 05 T 25 FE R, AT DL 2 1 6 i
To N M8 R S92 1A 2

» BRIER
/

K42 il sos K
BT UL, WG NESEESE A By sor s -mE 4.2 o, EA
MES SRR L, » EEIARAN, HL, <R, TAEPITERLRE, 2

Lub < sy F Thoar 2 M Te NN 5 B ZSM5 R RESE

4.2.2 & RN+ EEE

TN R AT RE A, O 1 8 e 5 it AT B HeAh A Al e
A8 s o R D 2B A W SRR AU A 20 131 14, 15 5510, IEEIEFTEAN
FEAERUAT I A2 AT BE HH IR AE R L I AR AN AZ SO I8 H RIS = T, 70l 2 1
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TENFE AL TT 0] o T AT 1 S g BT S AAE 5 sh 2 A R A, 5
iEYs, RRERTARSEY S, #E B AW T, Sa st Sk H

i e S EE AN % A1 P, 4 AN REIZAT

112.5°

K43 il Ion s

! ‘
Kl 4.4 ERAHE B8 for 5 El

/ \
) ey s il \

Kl 4.5 AfRAs SR e RZAE Xt Bl

K 43 ARk mE, K 4.4 FE 4.5 50505 D028

B e
/?'\/j—\AJE\

B, B2y RO A REAE AT A R0 1) 75 2Rl 1) 2 A I, B Tk
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NIIBFNTTIA), TR Sk 2 T N SR 4 Vi < R R D) 75 i e 14 R T 1)
BT TNERINAT AL 0, AN RBINUTHIEZ 6, » THRHHZIEM R 5T
FRIARXS 11 A, »
AB,,=[(0-6,,,.+7)%2x] -7 (4-1)

Kt aq,, BRI AL, K55 360 RARE, A6, =A0,,%360 it
15 LB AR AR 7 52 155 T Sl DU ALK B2 AT 008 B, ARS8 TE AN REPIT AL £
B

BB A5 NS BN R M 2 AE (-112.5°,-180°)| J(112.5°,180°) 2
@W,mM%kNE ENAMT HAETC ASESR I B VE Rl e B, HLE 2 Jo AR K
T L, W E iRk 5, B e N FE S 7 22 A -

TS 27 0 NES ShaS A AT M B ZEAE (25,000, 2.57) Z A, B

[180° —AG,, | <257, AR TE TN MELR I B Ve B A BN, L S A EE I 17 A5 R % o

IENGAE X 5 T NMES B R WA M B 2 AE [-1125°,-25°] Z (A0, BJ
67.5" <|A6,,|<177.5", BhASMET R AETC N MELR I E e Bl Y B, b Je A R [ 72 fl

¥,
WA X T NHES BT R A 21 25,1125 Z 8], B

182.5" <|A6,,|<292.5°, AT R AETC N MELRIN 5 FE N B, s I8 N BEE R 1) A5 i
¥,

4.3 THESHE OESNA

43.1 BB OZENRSE

20 40 90 fEAX, FEERNHLAS NBORFRGE K, X T RE A2 AR FI B
SIS BEAT B A R RIRN E R ) 535 75 K H 2846 m. 1997 4F, Dieter Fox. Wolfram
Burgard Al Sebastian Thrun #& )2 & N HLE(DWA), © BIEAEIINLE N
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—A R R R AR R TR

DWA BEERIEH N = AP IR (DTHE SIS 11,2) P St 18 2
H vow) G)YEFHLENIRE; REEAPAT =008, BRI AMENE H b w4
ARG

432 HEEOENXRE
e EOORBI T NERB R B %, M T AERIRIEIRES, FHw

VRN IO N ) A T RN S, ANTE A REE PRI AR, LI A X, y, 0 2R — AR AR

an

X=[xy 6 vw (4-2)

(1) FHBFEAHE
A HU R NLEENAE LIRS T Rl B W Zd B2 VAN f i w23
H SRR DL DR RS . 458 FSCIR B E NSRS A B R S5,
SERNES A RS R R BIME, REERKE Y, « AEERKE W, , LINEE

B KAE B | FINIR FE T KAE @, » BRI ERFE S 3 ratio, , F1HBERAE 7 A
ratioﬂifﬁ NH—HTES RN

kinematic=[v__ w_ a__ a _ ratio, ratio ] (4-3)

wmax

BT ERTNEEARSHBE, WIEFHSEOWs, - PNIuRe gl i
MBS BUERN 05 BB ANTCR R R ORE e s B AN TR R A R/ IME
TV, TR TGN BT B ORAE s S DA TC R A B B R AE Yo, RO
IS B e e 1 e K

w

max !

w

Ws =[0,v max ] (4-4)

(RIS 75 B SEAE AR IR 1) At pry, T8 A S TR0 Ao P R A, R B 7

Wb | 35— AN 2R A 2 P T dpt M Ve = Vo ~ O Bvmar ¢ 55 A 3 3 P T
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U 5 A Vi = Vo O Bume ;408 = A 57 2% A7y 598 35 TR 858 /M Whin = Wo = 0 B
S5 DY T A R S TN 5 A W = Wo O B

WA =V, 0 Vi ma s Wiemin s Wi J (4-5)

0T A B EN I TENME, AN E DR T — RRE 8] 0t py i

RERIW, VIIRIIZENE. a8 BRPINAR, AT LUEE] T — R 7] 0t 325

B W PR B R LT A B A B W R B R IMEA vy, = Max{0,,

L TP 5 KA NIV, = MY,V 3T P 55/ IMEL W, = MWy W} TR

B KA W,y = MW, W}

Wr =[v w

zmin? Wz max ] (4'6)

zmin? zmax’

(2) MM REEAE
I RAE 5> PR ratio,  ratio, KT BNAT Hwr SKAFE. H P SRR EHE N

N, REEAREHENM , iFE AR @7 FR:

N = Vzmax — V. min M = Wzmax ~W, nin (4_7)
ratio, ratio,,

=3 NxM o pr o Vo W) b, <N j<M R TV WS gt

NHER RN o BRI (8] T 5 RAES [A) dt, B T-18 5 77 R (4-19) 5 i

E B N ANUIE FARAR, AL SRR E UL, N RS .

_T
dt

MRS PUL AT VPO, Fe A5 T AR R FTAT I, PP s ey =Tl
B HE—WUTRL AT il 4.6 o, 7R E LA N GET5 S B AR5 1A
KFUERIFESEE,  heading (v, w) o ALkt (K1 B 24 A5 RO m—y FoHty AR5 5

(4-8)

Xena + Vens) TR AL A1) 0 15 TN ENIZE L KT (X, Yena) B BT ET X Vo) FEZR 57K P22
1o MIZEME

ygoal ~ Yend
X — X

o = arctan(

) (4-9)

goal end
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y=5-0 (4-10)

heading(v,w) = 7 —y (4-11)

SV

USVIUML &

LR SiplEzhus

———- k¥
USVEEFRLE

K 4.6 B MO R EGT ORI

S TR BT < BE B A R gk 1St W) Sk T N SR [ 5 R P 5 T A T

T 5 BB A R pr b s It oI5 90 B Y S T B S A R, T B
W72 R, VAV R BB

i dist,,, if dist, <R,
dlst(v,w)z{R it dist, >R, (4-12)
55 = I VA VO W) o T N B ) VRN
vel (v, w) = |v| (4-13)

PUONTIN B 2, QRIS P I — TP iR O RAS ik, s
i BEAR BN 3%k, BT LIORE I A TN BG4S 70 VA — A AL B, BIRE— 25 L BE— I
150 B AT B8t Z 04570 BUEAT, - B2 280 total = N xM

heading (i)

total

Zheading(i)

normal (heading(i)) =

normal (dist(i)) = a1t (4-14)

> dist(i)
vel (i)

total

Zvel(i)

normal (vel (i)) =

44



E2g W NS i R DA

B A — A AL BEAT H B2 BT L AR 2% TP R AR, 5 A B PR B SR AR
M, CRETHE L PIL LS VFI R AL G v, w)

G(v,w) = « - normal (heading (v, w)) + £ - normal (dist(v, w))
+ y -normal(vel (v, w))

o, 7 A VA B AR PRI O) ok R K, A R B R

(4-15)

FofE SO R R, 7 R TE MR R VT B K Ve ) A R I R
TR R FNE SR S VP e, (B R A A S S RSP oy
AiStons KT 12 4 B0 P 4L 45 B0t O S S B 8 dlisty, » DAA 24 RIS P £ 4 2
LA A ILAT I W] LATE N e & PP B8 UG 2R evalDB 5 75 U <5 i 25 LS
T NRERI S EE A0 E
e B AREASIWIRIZ BN, IR LN @, TR FE HH 22 N
Vg =V, — 8 At (4-16)
dist,, AN S BT FEAGYIA 2 A AR J 1) 2 2 ] Sl PR
dist gy = [ Vo 81l (4-17)
Fordr: 1, T NBEM I BN 46 1) 56 4215 1 B R) o A i A2 1l 2 e 2 IR 1) 2 328
KA m, SABUELES VN BN feval, =G(v,w) | (1=12,m) ik
H AR IS 235 PR R B B B KR feval,, . R 2 ZH & (v, w)
feval , = max{feval,, feval,,---, feval } (4-18)

(3) EFHSENRE
BB EAR R K R EZ A G U=, BT N BE R IR &S

X, = (% y,0,v,w)", WITE ANNERPIRZS SR A2 a0 h

X, =F*X, +B*U (4-19)
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10000 [dt*cosd O |
01000 dt*sind 0
F=|0 01 0 0[,B=| 0 dt (4-20)
0 00 00O 1 0
ooo000 | 0o 1]

FrifE DWA SRR ™K 4.7 Fios:

*4
ANTCNREIR GRS (LB A bR, B, Lo
B, FIEEE)

AE g [ m === === Yoo !
i PR SR G IR AE TGN I [R) A, JE L RAE SR
TENFEAE AN 3 AN 1 R RS T B T 4328

|

|
| |
: v |
| A [ TR T (ST 6 K B 1 I
| |
| v |
| |
| |
| |

VAR R B, U AIC PP A R R X
PR RAEEE A G, R NMEREZIR S

K 4.7 brAESNASE AR K

433 HISEOERBEMAE

DWA FEE S G, KE B E S HAEREIEAT T 0 LD, i 4,
A AT R
1) &N B 2RISR DWA HILRENS 78 70 5 [E E A RE R 8 714 Aa sl AR5tk
CEE FOETE . NI RL . e A1 RE 0 A SE PRI B A HROR A AT AT A B8 AR o
(2) PRI NIABEAR, 52 K RS K . MR R AL, AR PR
pEfg, HAFRESYA BRI E 2RISR R . DWA FIkREns Pul BRix L8
INSGAAK, FEAEREIN [R] Y BRI R AR, W ORTC N REUR 25 BENS 22 4 Bt T PRt )
AN A AR o
(3) HIBRNA TR B RS M R A IRERE, Fir DLE BRI R D S 1) 58 1 70 2 g
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B BR
4.4 ESHE R BRI E RS
4.4.1 HSEOZERE S ERAT AN

AT B AR A &I ERERERUN A RS, T ANEVR S A R BR S AT
(7l B 22 4 REFF R 2 A BhAS A R o SRS R RERE L8 Sy oy e AR 4 4 R B A2 A e 1 H
bral BITC AMEZEERER 1 55, 2 R EIN— BB IRk . AR5 R A
filt b s FH R 5 3l SRR R U] (1) DWA B3, R R IIEEH S (vw) , IKBITEA
FESCIIALAT, RIS B E AN RS IT A, ASEEE RN R, WA E 28
Yose, RIRBN AN FREREHE 1 2 .

gr bR, TTARERISER SRS, BAR G AW, — s 8 n AR
AN AT IRER Sy, o5 — o 2B B S A MY K RRERE ST 7)o A RIRBAE P4y
WL, BIRRRERE A5, SRS 2 B R R, LA SRR 52 A R TR 43 - FITLA
To NME 75 ZE S PRI Zh A M X, — B SRS R BIIE T8 S e U [R15E FE Y
T S AR AR Z A R 5 T0 AR AR A B TH AR fy, ARG I e el e, 1S
NHE i 5 77 11 o

IRAEL S8 DWA 535, SRARPUE =L MshaSE 0, FHEPuse, 8 HmA
FERUU RPN RO B, i B R R B A A, X R R e A
4t DWA SR HIPPHr o8 B0l — 300, I _EJRERE RN I colregs(v,w) 4 IE ABEEET
BEREARAERT, 5 ) AR IR E o BN 0, Fol R = I00ZH BTG N\ FHEJRE [ 350 43 VEA
A ELRIZhASM BT AN SE R B L, ke b SRERIE R DN A 2 ¥
N0, FEREARMANE, TAMEEN, 5L DWA FIEPPO s 8 AT &
SVPER AL LR BRTIR, Rl I SRR U R AN R B T

a -normal (heading (v, w)) + £ - normal (dist(v, w))

G, w) = +y-normal (vel (v, w)), FifT#k7 .
"] B-normal (dist(v, w)) + - normal (vel (v, w)) (4-21)

+17-normal (colregs(v, w)), R4

SR 20 S WIIRTIN VS R AR TSR/ L
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colregs(i)

Zn: colregs(i) (4-22)

normal(colregs(i)) =

2o et P pR B0 S R L TR AL S (vow) 5 AR ARESE dt I 1]
WRTEE— K. Gt — AN REER Z) dt 5 DWA B0EHE RS &, Bidts
T AMUT R, THEARAT PN 2 ¢, ¢ + dt (ORE B dist, , B EHARAR PN 20 f) 4%
PR dist, , 19 e RIFUTEEREAKRE L

T—dt

L= Z \/(Xudt - Xt)z +(yt+dt - yt)z (4'23)

442 EERIE
i RN, shASH R SRR I 4.8 .

REETCNSEAFIEEE, FIEEE, HREA B
R, A AL

|
bl

e NSRS

K ﬁj\é’ﬂﬁi* ______ gk Al 240K
———————— T
| [aagn || [ e | [aha] | [omess
| oo ||| oot | imseseok] || sk
|

VAL VRO ER KL, U PR A7 B8 O R ) F5E
POIRES, B AT — M0 K

K 4.8 Bhasfin AL AR K
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4.5 HESH

45.1 BEAXRSH
DRI UE A BT P42 3 A M SRR B ) T SR S U SRR R0 ) ) 3 A e R

WERIA R, #£ MATLAB 38858 R BEAT 1 5 LS8 . Bt A\ o N AE H 1t &1
o736 Bl x faf Jy [-800M1000m] o gy oy [-500m,1000m] - e i s [0,-500m] | ez gte
i 101000mT S A R I ] o =190M AR S0/ AT NRERRLRY, W A
Z $0 B {H A kinematic =[20m/min 30°/min 7.5m/min? 30°/min®> 0.5 LT ,Zh A& M A filf 3%
AR AN, =20m, TENFERERE A2 N, =5m , DWA SIEIRESE, w5 MR
PN ESZ W a=01, HEMARBKITHEERBNESH p=01, HEZRAESLH
y = 0.1 Y5 = JRE Al K U bR B AL FE S5y = 0.75 , FUMIFIE] T = 3min , SRAFI 8] dt = 0.1min ,
EMASHWR 43 Pos, & REETVER T2 S (ERBER, Z)088

(0,-500m), (160m, —195m), (303m,80m), (350m, 323m), (0,1000m) -

%43 EMRASHE

ZNA MR A MR E MR I7 1A

NEMH T

(m) (m/min) (deg)
MR 1 (100,-350) 10 30
BT 2 (800,1000) 14 225
AR 3 (-800,1090) 14 345
FIAMA 4 (-900,1100) 14 345

AN BTN ERAT TR IR B2, HahZ&5 M IR R G & TAFIEH,
I NFERAAT BIPE B BE AR 2 ST 10m B, BN 58 i T 5 8RR AT 55

452 (HESHh

B A EHHRACN R 3250 R R S E R i o S0 . R TATIR =
LU
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B 4.11 To NREAE Z 3B R0 22 i R Rl 37 57077 HL K
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(4)  FTABEEEREAR R RAPT 55 7 AR

1000 S M3
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X/m

K 4.12 T NEIB EREE AR 1537
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ST 45 o 50T B A
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