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Analysis and Simulation Verification of

PIDVCA Algorithm in Restricted Visibility

WANG Ziyue, LI Lina
( Navigation College, Jimei University, Xiamen 361021, China)

Abstract: In order to further test and verify the ship personification intelligent collision avoidance decision
(PIDVCA) algorithm designed by our research and development team, whether the results are reasonable and
effective for the port — side crossing situation in the case of navigation in fog. International Regulations for Pre-
venting Collisions at Sea 1972, with the vessel that has the other on her port side as the object, using geometric
mapping to analyze the different intersection characteristics of the collision preventing methods, the integrated
PIDVCA algorithm of the ship intelligent handling control ( SIHC) simulation test platform is used for simula-
tion testing. The test results prove the rationality, validity and economy of the algorithm, which is of great value
and practical significance to the optimization and practicality of the algorithm.

Keywords: navigating in restricted visibility; geometric analysis; typical encounter situation; collision pre-

venting strategy
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gent decision-making for vessel collision avoidance, f&j#Rk PIDVCA) P TR T AR A
RO REAL S T RAFAEERY . HETEN X B LA A A e B R A S5 A (Ch T gk, “REIL
JEARR” ACHFRAZN) BT BRE I ETHE R, 7 S ik T T+ 4 ko () PIDVCA 5
B, ASCEEIRG T AR 2l R T B A SCHTR A, SRIAEXTE bR U, 53T K 87E %5
FUUTE O 7628 2388 Jay T 1Y) BRORERIE DR SR, A DA IA Y BE#%4% (ship intelligent handle and control, f
Fr SIHC) f B &, #4705 il X PIDVCA S35 3-4 T 0 B4k S & BRI 50#r o

1 ARARE se Bk Al 22 1 B Al
1.1 BRZLSFHEREX XIS

SCHR (7] ARG BARME BT C, FOM B 5C R LT 1S Mg 2245 1E, HI EC (encounter char-
acter, S{LHFAE) FoR, ASCEER R A AN 2 SHM = L 2258 il (DU, R MRS e
FEECp% T3, 30, 10, 1, 7 MI70 35X 6 FligEL, Wil 1a) ~f) s, Hdr: Vo FoRAMIEE;
Co FRAMHILE 3 V, Fx HARMNEEE ; €, 3R HARMUE ; V, s HARATAI XS T AT ;. SDA
(safe diatance approach) FRAMIAZ 2 BITE; RML 3R/R B FAS 01t AR Xz 3h2k
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Fig.1 Schematic diagram of encounter character
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1.3 ZE&SBEE

AR 2 4 23 1B BE 85 SDA (safe distance approach) &I Wr H br iy 5 A fify 2 75 47 76 filf 43 1 5 (19 21
B, (R —AEIRES . SCEk [8] 4R T = A HIMTE R B 1) S, AR AL esH
g (SDA,.) . IWA%eLHlIER (SDA,) MEesBiEEi/ME (SDA,L), DL IER A,
P E DL SDA PEHIfER, L SDA, AE R H ik .

2 BERR IR
2.1 BEF (W) BRE

A G s RS —7 “AANFEAT T BE WS O T A4 T sh R S NS bk SRl Y A T
s, AT T ILA CMPINTERE LR R A A TSI, AIAR DL S 1) SRyt A B SR T Y
KA, R RELEAT SN = R0 . RIRBER, T REMT AR AE 4 4 2l e B L odad ik, 2) Mxor
AR RO TR, A RIESSATE L N R 2 B W, AT R AT sk i 7k, 3)
PR ARLE R o B3 fE B ), Ande A e R I T 2l K T BORT AN B s AL T, AN R T ) 7] dkE
G RIEAE STA T S, A VEET S R A
2.2 O ARBE AR 5K 4 A

LT, WA A8 JR v Ry, AR LAY, T RBURE T B . SREUT Bh AR £E
PIAEARTE 4 ~6 n mile I, L RAT R0 RO 35 40 5% ) 25 5 ROR SAHEAUH, % 85208 KB
TR KL, #RE I S5 \AR50 =2k “Wng JEag 07K I, D050 R 1) T R 2 aht G0 530 J 1T ) B
BArsh, REXATEh R R RIEER, HHEABGER S — SR . ik, AL A
JE, LRI, Femnich 3008 D b, BRI 1R 60° ~90°, LIBCE] ) i RIRE”

£ EC 4351573, 30, 10, 1, 7 F170 B, #-4 HARMAEXTZ h 2k A< i i sl i A< i i 2w
THOL, XFIX 12 Fis OB . A LA o0 AT, T SCHS BRI U RA

1) EC =7 H BARMFRAHXT 2 sh 4t A B

JURIPEREI BT an i 2 From o B2 o BRI AR 322 kn, Al 38,85 ASHAE A 15 kn, A
h359.97°, HIIEI 2 WAL, CUAHSREUNA EEAT R EAT BT, BRI ARAR S SDA [BIAH DI A AR XI5 B
aG, HANHEE CGRI) “KiEE” (AC=30°), KA nlEEEIEE AC1 =30° (AC1 Jy £ ABA"5K
L) .

B, EC=3 HHFRIAHNHEShZd A My e fE . EC =7 H HbsxHE shZkad A1 . EC =30
H HFRMARXT 2 shZe st A B A EC =70 H HARIAEX 2 shZ st A i, 3 RS A MR BUNMA A
SRR, (AOARFE (RN “ROREE”, BHAC=30°mf iy LR FAT 3,

2) EC =1 H BFrMFRIAXNHZ shE o A 5 R 0 JUAT 53 Afr

M EC =1 H HbMEAXHE shZk it AR, SRR 3 fis. Bl 3 AR T A bR R IF A,
MLIal ok 359.97°, iR 15 kny; HAMEOLT C 55, AT 6. 09 n mile, FHXFI7A 0 299. 62°, HAR
fTial A 79. 19°, F R 22 kn; SDA 224228 1.9 n mile, A i &3t C 254 H AR F AR 1)
WG AHX 2 82k RML, W] W, RML #£ SDA [B] N 5 M Rl G s . T2, AR I A7 5% ) ) 5 e
(VLB SRBLOER, oC S5iZBMHY), o so8Y)8) , ARG B, MXF s shZ sk SDA R0 5
I, HE M E AR S AN R, WEL o6 iR, S5 DCPA <SDA, ULHIARC &5 A
ATk BRI AN R ARTAL, B, M AR I Ak, PR AN, T
] SDA [A4h, E X2 2h2E NRML 5 SDA [EIAHY], BCHF#E LIRS ACL =67.69°, B M It %1
Bl 2 AR BN, S AR A, BN 67. 69° % AR, A BEA H AR S A M R fER . -
W RM, EC =1 0 BARMERS L B AS M AT 2 00 S Mk b ol i) 555, I AEAE BRI A 1 1Y)
WEETTE, ARSI RS — M R 22 R HARAE SDA SN, (EAHYES B SR
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FAEFER AR, P, Y7 AR LU TR BE Ry, R R R IBURE L, 1A 2 AR A B TR IS 19
4 ~6 n mile A RIGEEL L .

,,«”';’./'N'RML A L2 £ ABa=32.40° *
AT VolClysl 4 c1267.69°
D £y ol ]
L[] (- lsba) | | T D
' LT T RML S NRML
A T \\
PAC  LaABe=27120 RN RA R = T SS YN
A ,-'l a=27. [ " SDA. T
B AC1=30.00° 4 RML
. G
| E 3 EC=1 BirfitEXNEh& T AMRE
B2 EC=7 BMiEHEdEHETARE Fig.3 EC=1 relative motion line of target ship
Fig.2 EC=7 the relative motion line of the passing through the bow

target ship passes through the stern of the ship

FIAE Y, 4 H bR My £ B b 3R P BLIE 5 /N F 4
7 ~8 nmile, Bl EC=1 HA¥sfiAEx iz 3h 4 i A fif i
it . EC =10 HERMHIXT 2 sh Rk A fiy . EC =30
H AR AR X2 2 i AR i LA K EC =70 B b i AH X B
B B AN R, AT AR R MR B A ki

3) EC =10 H BFrMAHIXHS szt ANy e 0 LA oHr

M EC =10 H H b AHxTHE sh 2R A iy e i, LA
EanE 4 s, B4 aEL, GHERRAT C &, KRG
AT AAE SDA B AP gk i, ASHE AT LAFE AR BE, 4300
J& /£ ABa =98. 02°Ff1 AC1 =46. 87°, Y m FHE KT
46. 87°R}, HAERMTH A X iz 12k nG FE AT SDA 7] 4,

AC1=46.87°
“.\*" /L ABn=72.51°
/ ABa=98.02°

a

BUIAARIEL AT 10 46,870 ~ 98, 02 W AL FARAR, oo O™
PR MR 11 D 90° 7 L AS S L 2 D 1 4 g\

[a] 46. 87° ~90°, MR * RML
2.3 ZAREHAD IR SR B SHT B4 EC=10 iR Esh &AM

2 T 5 AT T S S 15 A 4 A A2 4 )R Fig.4 EC=10 the relative motion line of the target
hi h h the b
i, WA E AR EC =30 i, AT AL BT 60 LT S passes frough fhe bov
VEEI 0T . BFR AR ARIRS A S H R 1 s, AHEAE 0°, i 14. 6 kn,

x1 BIRMBREREXSH
Tab.1 Initial state and relevant parameters of target ship

FI AR Target vessel FLIA] Course/ (°) T3 Speed/kn JE 4 Distance/n mile  AHX}J7{V Relative orientation/ ( °)
1 90. 4 14.4 11.93 315. 64
2 132.8 13.4 8. 12 337.34

PAAM NG . SDA =1.8 n mile fE[R, &S Fizn. WIGRISZ], P H bR SAMEAERE R G .
TEZAUEOLT , 5 FARHE 2 AT R AT 6 n mile, R G xil, FHARME L AT H 8L, AHCSREBUE 01
MR TELL . YA AR 1) 32. 81°mF, R ZACT =32.81°mF, HARME 2 ARz 3hZk NRML2 Wi4fn] 54
fily SDA [BEIARYT, Bei HFRA 1 AR 2 304 NRMLL £ SDA [R5, IEWTiZk L i B RERh R i 2 Ani -5
AHEICREE GRS
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Al !
L
3 ARARE BEBALR ! o
3.1 AR B e AR 3R
AR BE R Al DL SR, 2 SRR B 5y AT UK,
FIHIA AR AN s S G B, 456 G A
M FGRE A, MR RE ST RE, BRI RS
Wk [9]. 1N
P ARV AE FE R PR . DCPA <SDA,, TCPA >0, #MA
Hdr: DCPA (distance at closest point of approach) A% il4s NRMT.2
WHPEES; TCPA (time to closest point of approach) ShfxiT<:ifl RMD2
iy H5 EC=30MEM
BRI 6 Jor. 186 PRABE AR o e e
/N T B T 90° IR AF DCPA f K iy ek ml £ .
AT AL B 7 WL
This ship id set as a give way ship Port ship

JE A A LR AL
Whether to miss the opportunity
to avoid

I A i 3 A G 3k L B AL
Whether to miss the latest evasion
opportunity

ST A KRG R

5 it in imminent danger

ESUNO|o2 S LN W S

Generation scheme of urgent >

danger decision base

WU L1 0 )

Initial avoidance range diversion

7 BV 3k L B )
Immediate avoidance
range diversiom

Sz RIEc ) 90°

Immediately change

course to 90°

Output collision avoidance

i A PR SR T

decision scheme

B 6 ZEiniEmenR K RER
Fig.6 Flow chart of collision avoidance decision in fog navigation

3.2 WMPEXRERSHT

BT 2.2 WL AT, A B SC I B A A FDL R BEJRE Rl PR SR P A Rk . AE DT SR
AN — R REAERER MY, MBSO 3095 (K 347 m), PIDVCA $3k REAR Ha A N (19 23 18 A5 3 AE A

[RIPRIE IS AN R A RERE D 5 FUARA U — 3k

BREAT”, MR A — EORREA R A R )

WY, HPIATA RHE R, ASRBURTREEFTS); (7SRRI =R, K 4 m/s, JoHi i3

BN EAT.

1) EC =7 HHARAXE Sh & AN R I i 75
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AFEMTIE Dy 0°, i 15 kn, HFRTRIIRARS RAHSCSEENR 2 FioR.,

*2 BREMBHRERBXSH
Tab.2 Initial state and relevant parameters of target ship

LIS RO R

At fi ] ) SDA SDA, SDA,,, TCPA DCPA
Distance Relative
Course/ (°)  Speed/kn . o /n mile /n mile /n mile /min /n mile
/n mile  orientation/ ( °)
38.8 22 8. 82 256. 83 1.28 0. 66 0.13 37.78 -0.67

Ol S F, FOAE LRI Ta) B, #EHUE e FRAE Th) PR, R E
AL A2, AUt AT i A 45 R S LR RSER —5, WK 7e) Md) Fow.

g = Tl i wD: | EEL | Ted: [12.9833 min
Tr: [10.400592 min_ ac: 85 | ° Trr: (48741701 Min ac: [30 °
a) W6 b) 4z i R L o) P AL T 4 d) LA 42 i B 5
At the beginning Whole process track Initial time before optimization ~ Whole process track

before optimization
7 EC=7 BirfRHEIEHE T AMEFESRE
Fig.7 EC=7 Simulation experiment diagram of the target ship’s relative motion line passing
through the stern of the ship

WEFAL (T,) F, UAfE BysE sl i (a] B 5 Lo U0 A i i TR, 5 A e BRI A T %) e S i
Frigimsieil, 22 20 P AERR AR ST o I ) AR SR T b, Qn SR 2 4R T RE 1 7 A B A B
R R RERERA AR, XEMTERRIENTE.

A B B A A, RS (1) RTRUE KR LA il AR A 5 B i B8 i (X )
539919 6.09 n mile F12. 6 n mile, RUIZALILSE PRHAIHUL AL /DN TOUALRT, BEUIPEIL)S AP
IUEL G, M HEZLT . KR E 2 RS RIBGRELEAT SR 00, a0 SRR TE & 3 I LR
BB EATSN, AT ZRIBOR M BEATS), 11 ELRE A 7E B A IR 1) 52 sk LA T30

Xy = (T./60) x V, x sin AC,, (1)

2) EC=1 H HARMAEN 12 S A B 19 251837 5+

AFEMTIE 0, fTEE 15 kn, HFRERI GRS RAHCSE N 3 Fis.,

B AR A IR S S A S Hn 3 3 s

®3 BIRMVBRREREXSH
Tab.3 Initial state and relevant parameters of target ship

= e
it ik & M SDA SDA, SDA,. TCPA DCPA
Distance Relative
Course/ (°)  Speed/kn . o /n mile /n mile /n mile /min /n mile
/n mile  orientation/ ( °)
78. 1 22 7.54 298.23 1.91 1. 06 0.16 18. 86 -0.30

M3 AL, WIaais 20 H BRf DCPA <74 SDA,, TCPA >0, PIfMfFEREfE ks, it HArfe
B A R B A — D R MR LR 1) 5, AR PIDVCA 93528 Bk R PSR An 1 8 o ih
8a A A1, WELLATHLY 8. 98 min, Fe[aibEil 90°; fiE 8b) w7 P i A L axiltil; W& 8c) nIFE
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BB R o DCPA 7E#FLE AT KZ 3 min DUF— B KT SDA; 24 TCPA =0 Af, DCPA =2.87 n mile,
BB RT SDA, BB A i Jm Bt 1138 H AR

L 8 25
=, ——Mif§ ——DCPA 2
& A SDA_ ===SDAc 5 o
§ 5 ——— SDAMin = TCPA 10 é‘
1< 5
EIN s
5 2 i -5 8
Tsd: min ’E‘E ; 7 iz
LD‘I ‘1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 ’
AC: Ji:d e i .
0 FF ] time/min
a) Wl he i b) 4 it B LT o) B oy 1t
At the beginning Whole process trac Data analysis

B 8 EC=1 BiMENENLTAMETESREEER
Fig.8 EC=1 Simulation experiment of the relative motion line of
the target ship passing through the bow data diagram

WIRERERY], HARORM EC =1, 7, 70 mF, By H R AR, X5 #cm 30° kb iy Hl
AR F R, M T E PN BT X E R RIS R T R IR
MBS RY BN RSERBATE, WPMRERIEL, (R “IhBAR” BARIATE), 45
SRR RE LA AR /N, P ECRIN AT T A G B2l Rt . a] LUA Y PIDVCA S50 A 24
MR IR (RO ), 2 FE A CREO) Sl Lk B A LAY S0, 4 5 (e L b ikt SR A 1 — T
K53 Ak g, AT RE S FaRBE SR T . FAUE AL T RER B L AR By AL, ROEEAE
Ay SRR ARBATEIEOCT , W LA A RGRE, i R Rl RS S R A . A
RPERZ T

3) EC=3, 30, 10, 1. 7 f170 i<l 5

EC =330, 10, 1, 7 f170, HFsMEAHXNZHZA RS EEEAME, 1E0ES% T PIDVCA 57
AR AR Jy 1 A e 1), HLR R AR Bkad ik, RO AR AT AL i i B RN TR S5 iTs
BT B 12 A7 E R D SR A A Ik 4 FoR

x4 EMERTEHRDREHFRLCER
Tab.4 Summary of collision avoidance decision-making schemes in restrictied visibility

BB H (XL A E SBEH (MR B B Lt Ay
T 78R peay N T3 78R peay
= DRI e | 2 DRI g
Encounter situation Encounter situation
. o Simulation decision . o Simulation decision
(Relative motion line crosses /(%) (Relative motion line crosses /(%)
the bow of the ship) the stern of the ship)
EC=3 30 EC=3 30
EC =30 41 EC =30 30
EC=10 57 EC=10 74
EC=1 90 EC=1 90
EC =7 90 EC=7 85
EC=70 90 EC=70 90

3.3 ZMITEIRERSH

CI ) rpSCTF “ZEsg 307 BIBES OO PRI =, Z2 Wi B0 T 1 5% FR) 38 6 Rl xoh sl Lk Hi Gy
PIARES CRUU) , AL, PIDVCA Bkt By “ Ze 230" BES I By CHI) , 2 B
IRIGOLALBE  H WG BL T PIDVCA S04 (9 2 R fll S o - U AR SR HARMEE o L sl DR 1k
SR SO AU IS, AS Al L A SRS £ B L B A S e L AT 3l 5 A B AT 1 B A A 2 o B
I, A A A R MR U S I LA T B, X LTS P e - R g i 6 . P AL S5t e
KEiREE (C,<90°)'",
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1) 5 BT L o3 i
FETF 2.3 WJLAIPER T, R B2 PIDVCA 435 At it BEmf ke 55 7 58 (0 & B A A 4%
Peo TEMFES T, AN — R REAT, MBI 3095, HARAS 1 ATHARE 2 #5950 “JERTREA .
FAUEOLT, AR 00, Wi 14.6 kn, B 1 5 HARE 2 BRI GRRES SAR S Hn 3k 5 fF
o WA FE R H AR = XA LR BT, SOAS R L S SR R R L P A S
x5 B SBR02 VERERBEXSH
Tab.5 Initial state and relevant parameters of target ship 1 and target ship 2

=7 . 2
Hipfn  fim i A Mgy SDA,  SDA,,  TCPA  DCPA
Distance Relative
Target ship Course/(°)  Speed/kn . o /n mile /n mile /n mile /min /n mile
/n mile  orientation/ ( °)
1 90. 4 14.4 11.93 315.53 1. 81 1. 14 0. 15 34.8 -0.012
2 132.8 13.4 8.06 337. 40 1.89 1.09 0.09 18.9 -0.007

TED S AT SE 1 o0 Beokske,  BSEXHfai Bbnt 2 GRELEEEGM) AR, A
11:90°, SERELESE NS, HRTIEAER: HARMT 1 A S RS 58, /9. 85 min J5 471l 307,
HAEBN AL 22. 3 min J5 2T, W HGATE SAMBE IR, BEPUB A 9a) ~ & 9¢) 7R o

Tsd: [1.51666 min
AC: °
a) Wl ih A b) 55— KPSk E H bR A 2 Bk ) T ULk LBk )BTRS 4 L
Initial situation First decision avoidance Decision avoidance track  Whole process trajectory
in good visibility after algorithm correction

9 BILAXXNEZMEBEE
Fig.9 Avoiding the situation of meeting multiple ships at left crossing

XF G 2. 3 95 2R SR A TUT PRI A B, B A A 30— IR SR f R, S SOl b 11
DCPA =9.56 n mile, W36, HAHWLIPRRIGZ, SUPRAVIE, il b A B — ISR e el n)
R T B ILBIRHT TS T IS B 2 foR iy, A BT, o T2 Aia T ayH)
TESRIFEE R, SRR RS R IR WA E S AR A, AR AR A DCPA LR SDA,

FRIL BT, TR LA 56 AT EESE
00T 2 A 2238 Jm A T L0, Tab.6 Data comparison before and after algorithm correction
ZERNIE 9d) FroR. Z5R BRE

SIS, BRI O R Bt %t L T L5 DCPA After forecast avoid-
DCPA FALHF SDA . HL Al 555007 Data comparison ance DCPA/n mile

WA (WK 6), BT Ry BN Bror ot 9.56

BHWE, B EHAEY S AN IS IESS Afer algorithm correction 2.56

ik, T B R
2) JUfapfEIEIRS H A

MRASATE RS, LUUAAE R HEnl, AT WAL A MR, 0 B DL AR sl o3 Bl L1 Do
M — 20 3T s X5 S IR IS S5 AU A B TR SR A T LA A T R UE . Al 10 R

K10 mJ &, Poaamt BARET 1A EARAT 2 X4 T AR AR X 12 34 RMLL Al RML2 A5 7 fiy
SDA [BIAHAZ, WSAT SDA FIFIZS, SAMHEAAAE R el Szl ss, BikAmnk
e 1.55 min J5 [ 4760 90°, TN 28. 6 min JE AL, 40k ATCT & HARAR 1 AHX T A 1932 Sh i

http : /xuebaobangong. jmu. edu. cn/zkb



514 ETH, 5 FMEOT PIDVCA Bk i 505 - 49 -

HARACTE N AR 1 46 6 min PARXS FAMAGS N, 3t (2) TR 155 min FARME 1 F750
FOBEES v, TRIBER  E AR 2 AOIE ZHBE B, TR BT EZE I 10 thFEE, 4350 1.5 min J5 HARMT 1
AE AR 2 A2 BIFE PL SR P2 SR IF AR AT . % RBLE R4 1) 90° RUHRAUITTE] (4. 67 min), 155
AR S FBRA 1R AR 2 RO SN PR P2
V./6 = x/t, (2)
AR A7 ) 90° (AC1 =90°) FOMELLHEHGE, BELLER HARME 2 GRILTE M) 28.6 min J5
SR, i 90° 5 FIARAT 1 AT FARME 2 401 BORT RO AT B 2k RMLL A RML2', #44 V, x T, 5652 H
FRAE AR R 2 B A I FLRLF2, 28,6 min J5, EURRAY 1 AERRAE 2 403040 F E1 SR B2
A, W FURRAR 2 BUMIXTE B2k F2E1 E AL T A SDA FIAN, SARMCRAR R, BHIE %41 H
A2, B EBRAR | IARRIE B4R E1P 475 54 SDA 1 SDA, FIMIAS, 5 A A7 e B fe e, s
VR 9. 9 min JF IV 1) 30°BEEE FARAR 1 AOPRHE, ERRAE | /R BUBT AN B 3D 2% RMLL . fi4T
22.3 min i, MR (2) FHEEARH HARY 1 ALTF G A, AL, HIXHEEIZ GIN (1 F /R SDA,
FSk, BEAREL,

Tsd: [155 | min Tsd: [9.85 |min NJD: [t | Tsd: 1.5 | min
Tir: [28.645957/min AC:[s0 | ©  Trr:[22.327886] AC: [30 © Trr: [18.494250 min AC: [30 °
AL a1 A2 AT 44
: v oy -l Rz
C1 X' __02_3000 cl Cl{.\;l'f e
Ble 2P AClz ‘M2 R Y "\ [A€1=30.00°]
L €28 p ¢ B2 oo\ g
7T \ _ \Pz -
. . \ N & P27 o
RML 1 [Nz \
4
/ \ K1
\\
X \ RML 1°
| A2 \iSbao) |
* ¥\ o\ SDA \bac
RML 2" \ TN - RML.1 s F2\ . SDAY
\ .
\ RMIZE" | =\ RML 2" . RML 1
RML 2 \E1 A B2 TN
2 | E1\RML 2
a) 4y Bk Lk g ok b) LA J5 Y L e 3R

Subsection avoidance decision

10 ZAREELL JL 1 E
Fig.10 Multi vessel avoidance geometry
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