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[Abstract]

This paper presents a method of predicting collisionable targets in the combat system navigation
route management function and recommending safe routes by avoiding collisions. The recommended
course and speed are presented according to the change path input by the operator, but if there is a
target with a possibility of collision, the operator must change it by self-judgment. Therefore, a collision
avoidance is needed to assist the operator. In this paper, we introduce an algorithm that shortens the
response time to avoid collisions by applying the collision avoidance method based on the Closest Point
of Approach and the International Maritime Conflict Prevention Rule. As a result of the test, it was
found that the time to return after applying the algorithm was 1.7 times higher avoidance success rate
and 7 times higher avoidance reaction time, and reduce the distance by 0.89 times. and through this, it

was confirmed that the efficient and safe navigation operation of naval ships was possible.

» Key words: Naval Combat Managemenystem, Navigation Route Management, Collision Avoidance,
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I. Introduction
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II. Preliminaries

1. Related works

1.1 Risk of collision Prediction
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1.2 COLREG Rule
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Table 1. COLEG Rule for Encounter situation
COLEG Rule Encounter situation
Rule 13 Overtaking situation
Rule 14 Head on situation
Rule 15 Crossing situation

Rule 13. Overtaking situation
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Fig. 2. Classification Collision Situations based on
COLREGs rules[8]

1.3 Navigation Route Management
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Fig. 4. Navigation Route in CMS Main Display
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Fig. 5. Navigation Route Management Execution
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Fig. 6. Improvement Process of Navigation Route
Management
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Fig. 10. In case of excluded Threat Target(2)

2. Collision avoid and Return to the route
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Fig. 11. Collision Avoid Process

1.1 Collision Cross Avoidance
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Fig. 12. In case of One Section Cross Avoid

Fig.12.014 CPAZ} S AI(tE $)o] ZA9) 9jx]o]
A wiRlE 6seie) 9 @Atste] AUk AIE(PL P2)
o] @A} Az} YRl Thg AT A2z FEUAA
2 Yojuks P7tolet.

AL ) g oo ot
2 179 93 77 R 4, i BAS 3]
ofeict e 2A0) 591 30l Sl 2 ok o

e BE JFTAL st ARE Aol

Target Ship-A

Own Ship

,,,,,,
Target Ship-8

Fig. 13. In case of Multi Section Cross Avoid

Fig.13.014 71 7P7he TCPAZ} t2Qm, th2 o
B4 Bt & RIS AMtelo] s obA Lolo] A
A9 9% Polnt FREEA] ARKIE FREs 490

© 7P 99 g4 P1, P2o] wAt oo 4 Qe A

olck. t F P70l BRI B0 }aY o)
(5] 742 = 2p7he) Wl AAo] lout Aol Af A

2 71204 7PY sold £ AP0l CF BAo
Ol FERATEL Hold 4 ke Aol
F5 04 21S 9% 49 WA (PL P2)2 AP
9 S BN oL Yoz Bue & AR Aes
ofo} gt

Target Ship

BBy

Own Ship

Fig. 14. Select Collision Cross Avoid Point
Fig.14.0|l4 wAtsh= A2 4o] A4 P1, P27} Qi
gro} £ Y 5 site) xR

o 3] A2 Ul ERlEieh,
A A2 9AIS 9l 72 U e BAe W g A
Hoz et = AHo] 5 3t | EAsAL £
Mstal ook, Az 2HS ) @2 E 57 AH
A | 7Pl AAe dEkic Figllode g 53
Aol o sbte P2g Mdiste] sl Alee dAudi.
Rpgtol ] P7RIS) ] dE 1 Yol 2 4 RS 5]
sl 4L V, =d/t2 AudT
sju] & =32 s} ARS TCPA 6%, DCPA 65]2]
olAfo] & molc}. sl Aol QbAIst 2] wolq =
AL 4 olrtn Bgsto] o] A2 B3lsie] of

_l E!
2 WAKoR Pofstes Azg Angck

|—511HU

A
ol [

1.2 COLREG-Base Avoidance

Mer 2P 29 A9 Over-Taking, Head-On,
Crossing J& ol9joll & #A4S HHEZ2= 42
Multi-Encounter© 2 7J9]stil 2t £ Aketo] e 3)n]
wplol] ol Agatc

Over-Taking A&olA| /7 4k x|s}7] o)A
L O mAue) A9 AR mefsiol dick wer A
o] Q&= YFRA o] QoA R[Eho] & Hlsko 7
x9s7] 9ol (xfate] Al2-45%) Wato 2 Wustw A}
sto] Q&0 RAISo| QIrtH Ajgho] o =Exulsk

2As17] 95 (RFste] Al 2+45%) vfgko g sl
5| oe] Hold miztx] Fddste e ﬁi e
St %71 #oll TCPAZL §47 Bl AN Folf 4=
2 5] ¢l #A9 g2 Yo J=E RAlRI:
F=9gol Aol Hste 6] E Ylolu= Aol €
O YRR Ao Bystes A2E Wl

e}

|
Hu
%- ?ﬁ i

D:

=



A Study on Improve the Navigation Route Management with
Collision Avoidance in Naval Combat Management System 145

_. —> Avoidance Direction
. Target Ship-C
TCPA=t F,

> LD S 5
Own Ship ,\ Target Ship-A A
1004 b N y / =y
: LY R0 oo < O Rey
B
Target Ship-8

Al
. 4

A, > { 2

h ’ “_ =
- \ / By
TCPA=t
>
Fe
Target Ship-C

OwnShip== == _ Target Ship-A
= =—> Avoidance Direction

Fig. 15. Avoidance Direction in Over—Taking Situation

S WAIsE] gl AR 3slelot Sl At
BAO] &3Hr} o &3 o7 Hustl Ay B
71 36li2]7F doj7t= A|A™oj|A] B Afste] &2
5t

o= Yustch

e} 2+ 2.9/<k0] Head-On ©]A} Crossing <Y
] Al e2&0 =2 FusoRstct. A4 Al &
Hs}7] st Hﬂ}% HAlo] st Aol (A1E9] A=

+90%) gigko 2 Yush} £52 uix|slr] o) &4 oF
A 60Hﬂ% ‘31014% e AAS Aot et
Fig.16~17 oflA ArK AFeto] YR]oflAf HaL ARl P77}
A9 712} defal & o), Hus3de v, =d/tolct.
Ateht A0 Ao YAI7E fgEol w2t TCPAS 78
XIS, TCPA 3lol 941 Z:90] S59180] girke
otol Alaldze BAshes Ungich

ol

own Ship

Distance to Point = d

Fig. 16. Avoidance Direction in Head—On situation

Muti-Encouter oA = A5 7|&E 7V 8%
Ag 7180 Fuotes Mgy AEe] AZojA

7koi Crossing AHRIoIA = Afglo] $AlHola Aol
naHolne maMoly SlmE Lefsior Fict. EF @
£5os WAsH =HH 9% mAFo disi TCPA <F
DCPA o] AX|A =t} Over-Taking A=A = Ak
o] ztel5 HEISHA =W £F0] AH BAF FoAE 9
msio} & &jm] mAlo] A7) 4 9t Wb A 9 B
Hof ) 9502 sjmjstes Wadic

/0Target Ship-D
Target Ship ¢

at CPA /

-
TCPA=t /

own ship
at CPA

Own Ship

Direction to Point = d

Target Ship-8

Target Ship-A

Fig. 18. Avoidance Direction in Multi-Encounter situation

Fig.18.04 TCPAZ} 7MY} 7S BAL Target
Ship-DoJA|9F 9o} Al2&= ARl A2 7% 7P Q8%
HA9] Target Ship-AE 7]1&0%2 QE£0F 3|ulst:
Huskt 7Pt w2 TCPAS tx2hn 7P o, tx
BA9] YR| & 7P QE2%0| Ql= Target Ship-A7]

65lz]0] 93 732 TRIck x| ARIO] Al2490
o2 gt A PAIAS AlEgi PRl
v, = d/tolt}. WAl

RN FEHol ol T

oz

sl r—|>l o Jfu
)

2 =20l Ae 2uelEl 4ug Aa] s
Y2 ES ALt AnEQOE ARAA Algeold g
3 g A e AEAA A
aﬂo A ol
(Data

Sl
Sharing

PC 1t}f, Al&dolg PC 202 /44t Hx]i\ﬁ/\ﬁ] pC
it B AlgelolEit AR Algelelels uapstol
wo] AR Wl x5 B2 Algefolg PC 1, 20 A&
gch 84 A1g2olEl: Qojo] Aot 49, YAgRg



146

Journal of The Korea Society of Computer and Information

w37 stol, A A
1, 9JR15R S of
SR Bk,

l .
DSS Communication

Simulator PC1
Target Information

Fig.20.&

NE el A

HE :TL—|E T7}°}o:] = =o|0] ¢

gladol sl AxIst sl Alzet 420 A
e Angith T3t FEHANo] 71 £ o] =
o

FEol) 7152 SIS AN PR B
a 1\13147'(]-0]]:}

JYE 7oA FE—QJM
1y A, 28R} 5
og ?ﬂ-OH Sh

2olE 4 9]

own ship Information
-. — Object Generator

Simulator PC2

Fig. 19. Test Environment

A1gelolel PC 10141 ) REAAS Feiplel
#7153} Egala 1 S Algeole] PC 20
A S YTFS ME FoAE U vl5e
GBI A1l Sial W] PCal) it 291 100
o) EAS AVgstgon 2t Agelole] PCo] U 3
S 507hS Apsteict. Alste] Aot 4L TN
971014 Agstol At BATIO A2i7} 0.INM oluy
U 7o slnjo] Anjickn BUic

A1gold PClO Alde chewt 2ol Rasisic
E871E 2] At N SRy S B
o] 541 ol’goln YelA2 e Aol 7Kgt 10
TR A Y2 U 09
ExAoIA el 753 TCPA, DCPA, 4
xgi% olgslol 45 Bl 35 Anct

A1gelole] PCoolME W FeiAz TelS uast
of NP 28AR FE0)T] LuelFo] HEEo] /]

Ol

A B A o2 BIsHE A2 % A2 W]
PCOA] AAfstol SEAIIA B9 ol

A APy

2 16:19:11

176 -~
176~
2700 -
300 -

00 -

OP00021, OP00022, OP00026,0P00028,0P00029

+164/082
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Table 2. Result of Collision Avoid Success Rate

Subject Success Rate Star)de.]rd

Deviation

Operator 53.125% 33.156%
Improved o o
Algorithm 94.125% 4.872%
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Table 3. Result of Collision Avoid Reaction Time.

Subject Reaction Time Star.1de.1rd
Deviation
Operator 14754 s 11.22%
Improved o
Algorithm 0.05756 s 0.021%
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Fig. 22. Total Distance to the Destination

Table 4. Result of Total Route Distance.

Subiect Average of Total Standard

. Route Distance Deviation
Operator 234 Nautical Mile 155.432
Improved 262 Nautical Mile 40,6894
Algorithm
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V. Conclusions
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