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A study of mathematical modeling of close-quarter situation distance and
collision distance in altering course collision avoidance

BI Xiuying', SHI Guoyou®, BI Jiaming', LIU Xianjie', GONG Xiang', SHI Jiahui’
(1. School of Navigation, Guangzhou Maritime University, Guangzhou 510725, China;
2. School of Navigation, Dalian Maritime University, Dalian 116026, China)

Abstract: In order to solve the key problem of collision avoidance action of close ships, the steering avoidance process
during collision encounter is studied, combining with the ship’s maneuvering performance, the time characteristics of the
ship’s initial turning semicircle elements and turning angle are analyzed; through the decomposition of the relative motion
diagram and the inverse approximation algorithm, the mathematical model of the close-quarter situation distance and
collision distance is obtained when the ship is steering avoidance. The application of the model is also given; the results of
the model application are verified by arithmetic examples and simulation tests. The results show that the proposed two
distance models can be used to guide the collision avoidance actions of ships at close range, and provide a theoretical basis
for the study of collision risk and the establishment of an automatic collision avoidance decision-making system for ships. At
the same time, according to the model, the collision avoidance actions that should be taken by the ship at different stages of
the encounter are analyzed for the target ships with different speed ratios and different bearings when there is a collision
danger, and the close-range ship collision avoidance action mode is also given. It also gives the model of close-range ship
collision avoidance action. It provides the ship deck officers with the support of close-range ship collision danger prediction
and ship collision avoidance decision-making. The research results are of great significance to ship navigation safety and

navigation intelligence.
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Fig.1 Diagram of the close-quarter situation

distance and collision distance

1 OA, D B8 R T 5, R4 HAR A AR
Xz sh2k TH s gh 2] A, s, A A e, AT IR 1Y
W], H AR 09 B2 S P0E o A A, AT s
ZPUE A 0A5Q, OA; AT I, A,Q A B 1)

FE [ L, A5 Q 5 /N BB AU T Q
B A Q /N E AR RS d s OA, R A BE S
S A ATs s 3 A, i, A AT, 7EAH [7] B i
B, AP ATI B S A Ay, AR ELE 2
B 0A5Q,, Ay Q) BUAR A 172,00 0 P A
KRR

HAR A AR XS T A iz s i s 8 0K 2. 14 2
N B f /NI e BRI, AR A X E
NRIEARIRIE USNA S 2 A, O AR O, ~F
N FNE e BIE d RIEFOR /NG i
S I3 1) SR — A AR 0 i e 1] 2 A2 B0 AR
iy 0,2F420 d, SARIRIEE 48 R Z

B2 HAMAR TAME s R &
Fig.2 Motion diagram of the target ship

relative to the own ship

ARG AR 12 3 3 A , AR A )40 5 e 1] 5] o
DI AVEAEZRIE A Lo AMTARBOEELEAT3)



62 B M R

55 48 55 1 1)

W, H AR A B A Xz 8l Bk S HORE X B Bl £
TA,T,H ,f% it 2> 38 JF % & ( Distance to the Closetst
Point of Approach,dcp, ) s AMERIUEELEAT B )G , IFfd
HFrMETE d, 3l 3 imF, H AR i A Xz 3h Bk y
TAT,T,Q , b, TA, T, ¥ A HEK, T,T,Q #53H
Mk, It S/ N B s AR UL, VIR Q 54,
S SlEg ] S R

WA H AR A0 3 A 18] 535004 0, Co I
v, \Cro TEVIH LA AL BR FR OXY rpr Al SR M H FR il
R A 8 1) KXo 38 3 AR XA 161, 43 05K vy
Cor BT SR M dpy FE 35K 3T 25 38 A0 Y I (] ( Time
to the Closest Point of Approach,icp,) o

dep A IERZ 50, AL T H AR A9 AH X2
Bl 200 I B A AR T H AR A A1) (G, -
180°) KT H AR MY I 62 (B) W, depy FIE, R Z,
dcmﬂ‘jﬁl sdcpy =0 v E*{Kﬂﬁﬁg*ﬁﬂ‘l@fﬂgfééﬁzﬁ
it FFRME T Y depy <O WA 2 FiF7 o
1.2 AR#AEE 5T BE 5B Fn Al BE sS4 Y

P AR R 52 1 228 36 UE W, A e [ Pl e i 1/3
TR i B PR T L o T2, 58 SO AR 46 1 ] 2 [
AR A 50T [ > [

S8 SC 1 AR JA THE [ 24 B 8 A A0 Wl 8 i,
RZK [ TR — 0 50, AR AR A 9P 1] 3 Y i 13
ARG 1/3 B,

SE SC 2 AR 46 e o] 2 (5 i HE (R, ) J2& 46 A AR
RIS Se R — BUELZ AT , M AT A 210 AR e o]
(5 IR S i Z 18] A R

AMETHERIRE L 3. & 3 H MAOE Ay s A HE,
A Ay HEBCHBEARTE M1 B, 2B ROR 4,4, A
UREMI AR T BORRARBI A HE 1~ 15 o AR A 5 1) DA 2%
HERBAY 5 1), BT HE 2 B ) a2 A2 0,4, J)
AAy LOA, o SRR T5 1) A AR L A 75 18, th 1
A X ZE RFEAE A AN SE TS AARTIE] o

1 min

B3 A ul e

Fig.3  Own ship turning circle

FET B 4 A ROR A 1) i LR ) 9 55 38 Jey T
iER
1) AP LA b s i AR e Im, 74 21 i 171 el
WA 3 iz, iR FAEIS TR]E SCh ¢ =0, RISR A EE
R, WG4 R FIAS e [0l 1) £ BE A, X IO F)
1] ¢ 5135

2) SRATHIAAR (w,y) o IE—F 21 ¢, &,
Wty =2 min, 500 — > WA € 101 %% 1] £, 49 4
A, =200 2 iR, WAAEZEIERR 007 J7 )i,
[ AT R A £ 0700, = A, , HE 00, 55N
RS T Q' 5 I Q' AR, T & A M E 2112 5)
AIAREC T 1) Q" Ay Af, B8 fiT A [0l £ A % BV B
Q'A% NI R, , HI A B A 4] 1 FOAE 28 AL s BN A
SO, TG BRI s [ 07 1) Ay AT, BE i H bR
() o0, FTA BNH I HIREIT HARAT AT A28 AT 5,
T, AR AT RARAR (2 ,y) N
x = (d, + R)sin( C, +A, - %) + Rsin( C, + %) +
R.sin C, + v;tsin(C, + )

y = (d, +R)cos(C0 + A, —%)+Rcos((]0 +%)+

R.cos C, + v tcos(C, + )
()
(D) - Co AAFTBIALI 3¢ AT , BE 1]
¥e1my A, A EERT PRI
3) TAEHARME, TH Dy H AR TR AH X 32 3 Bl
LR, OH i 25 BE B depy , IATHAER 2 FO TR
5, TH BTN
xcos(Cy + ) —ysin(Cy, + ) +depy, =0 (2)
AL BIHE THEER d
d = xcos(Cy +m) —ysin(Cy, +m) +depa (3)
4) HFrHEH G RR Iz SRR 3l , H bR A A
(8 AL RNZ— BRHEZ ARz sh & TH B, 40
KA SAE TH 2 W% 0 =0 + Ar, T AT D
PR 2) FYR 3) BEAT AR Jrf, Ar D)1
B2 [d NP3 —/ME & BHUEA %5 C 416 H
PRI XTIZ B2k TH 7, TRAGH A, &, 45
A, OA, Wiie Bl R ey d,,,. WL (4) e 1,
I 220 68 T P JRE [ 8 A0 2 A A e KB 1) SR E A,
R 2 iy 20700,
dype = (27 +9y")"? (4)
AT SESRAR A B30 Jm) TIPS R P DL 4
SR AR 3 BE 25 Y A5 BR S AT AR L, 2
(1) HhEyd, 0. STERYAEC (0. SL) B AR, B R kAT



BRI, 45 < AR 16 31 b 5% 30 ) TR B A P AR Y B 63

dv B+ vgs Copn vy~ C), iHE
vor~ Cor~ depas fepa
HIAR~ Ry A—ts dye

{

iﬁﬁl@?ﬁll, ?%Acp

T, y

t=t,+At

P4 SRR S0 e 1f B s 1 i e

Fig.4 Flow chart to find ship’s close-quarter situation distance
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Fig. 8 The ship’s close-quarter situation distance and

collision distance with relative bearings, £y =1.0
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Fig. 13 Action taken by the stand-on ship

as will best aid to avoid collision
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