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Abstract : Collision of small vessels such as fishing boats cause great personal injury. Prior to this study, the collision prevention algorithm was
developed to assess the collision risk and make the collision alarm. However, a service provided for safety, such as a collision warning, not only prevents
risks, but also requires a certain degree of user satisfaction to function effectively. In this study, the collision prevention algorithm for small vessels was
improved to be more practical, and the effects of the improvement were confirmed by applying the algorithm. A survey conducted on the users of the
collision warning service confirmed the user requirements for improving the accuracy of the collision warning system and reducing the volume and
number of alarms. Accordingly, the algorithm was improved for user satisfaction, and the actual vessel experiment was performed applying the improved
algorithm in an actual maritime environment. As a result, the frequency of alarm occurrence decreased compared to former algorithm, but the alarm was
relatively steadily generated in dangerous situations. It was analyzed that the accuracy and practicality of the collision alarm were improved. If the
practicality and reliability of the improved algorithm are verified in the further study, it will be able to effectively contribute to the prevention of

collisions of small vessels.
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Table 1. Survey respondent composition status Table 2. Importance and satisfaction survey results of Ship Safety

Service
Respondent (Nu;mber) Rate(%)
persons . Import- | Satisfac-
Captain 31 91.2 Service ance tion
Rank Officer 1 2.9 Information provided by the service is 75.0 73
No answer 2 5.9 accurate ’ '
Less than 10 7 20.6 Information provided is latest and suitable 745 732
10~20 12 353 for fishing operation and navigation ’ ’
Career 20~30 7 20.6 The terminal has few breakdowns and
(years) : . . 74.5 69.5
More than 30 5 14.7 provides a stable service
No answer 3 3.8 Alarm occurs immediately in a dangerous 795 741
situation
4.97 tons or less 3 8.8 ) )
The volume of the alarm is suitable for 782 759
Tonnage of 4.97~6.67 5 14.7 alerting and avoiding dangerous situations ’ ’
1 N .
vesse 6.67~9.71 24 706 Easy to access the terminal 71.7 74.1
No_answer 2 >0 Easily find the desired information on the
. . 74.5 71.8
display device

ZEZAR Au|zd gt AE EdoAE 5L 1 In case of failure or breakdown, complaints 745 700
(el sG] 57 F shbE destel gysp A recelved and handled quickly ' '
At} APEAL A F B 9T AFoIA A £ Average 761 | 726
Oﬂ 3 ok X}-——— o] %_ QT E= AL A %_ 79.54 © *The score in the table is converted by using 100 points as the maximum score.
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Zasitta Brker Ao s wugh £ 2o g u ARE FEAY dagF AL Aol WAVE §4
2w 1004 M A4 = uidow AEEglon o= 9 FAl Jbe A, a¥Aue 2F4%F, o &I i
AA Mu| 2o wEE Hito] medde uHs v $uxp  AEIAF A3E wgow dagFe] 7, DCPA, TCPA
S| =L} Hlwd = Aow wuhd, wmak Muzt 7IES A5 th(Lee and Park, 2020). 3, AP dH B3
ZEARY) ARAT] =L Faly] e oapd Aecl A EarHAel AR 3y AdE Hekshy] 96
Aol Egg FRAEAN W AR AL gl  MEWTAAE FIFEAPARK mode)e] AR TIES F
545%, HEO] 333% 18X ¥l Suto] 12.1%= v Wbl 3wl BRIV B daelgs st
Tl Table 2= AA Mubolbd Au]2 & gk 2o%  (MLTM, 2011; Nguyen, 2014). o], TE4HE A|ZtH o=
o mELE 2A} 232 Yy, 549 dEe opgzs  SAME el XU shddlA o= vehde, J7t
o] e Z=ARo st aEo|} Aoz AuFol HAT & s A3 dAl A

Z=A1 A LA 8 AFERISe] oA Ha WAHLR AR MulaE AFsHs divdAE AR G
a7] Yol MEzAF A Hedow A M DeAd o) EE FEY Aol 25, £33, wow dwy] st
A% A% AEF dAE FEe] Bk £4 Ay, EASIL Prealam A|ZH o2 EASAL AR SEE
AeAEe AR ARy Bt wuit A4S AalshA AT Mainalarm % st T 28], 2ndi= T 33]9] &3
o] BE Hule] Nu| A2 AJgsHA fohd Ala ghae] 7] ol ARG B, 23 o) o] Autat Tl SEE d
o]t Aolgla 7at= Aoz tehde) shxuk mime 7 Fol WAL F4, daelF AN A9 o =2 AF ARt
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A 7] a2} B o) 7] darg] el A A E e AA,
ARGAE A 1 YelA 01z @2 FHEE 107
o] 8 9] Falgto]l DCPA, TCPA 7153 A% 71&S v
gk dlolE7} 3 A E A AR HAStES etk &
A, 7b Ade GAe] HRel 2nd Main-alarm®] 7. 2HAY

AUE g AL FEste] 05uhd olstel Al 035vhY
olahe AT AA, F)Ee) = 28 aute] Belgd n

AT B 98 4r7E 1 2AE Foli= CPA 7] FX
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Table 3. Comparison between former and improved algorithm

Former Algorithm Improved Algorithm
. DCPA(M)/ | DCPA(m)/
Alarm
D(liage TCPA(min)/ D(ﬁ‘ge TCPA(min)/Risk
Risk value value
Pre-
~ ~ MV of
alarm 1~2 1~2 Alarm
DCPA <
It DCPA 15(LatLby | %S
Main- | 0.5-1 | = PEEDY 635 1 g My of | WhEN 3
alarm & TCPA consecut
TCPA <2.5 95 ive
2nd Less | & Risk=>5 Less - accumul
: & .
Main- than 0.5 than ) ations
alarm ’ 0.35 Risk=5

*La is the length of the own ship, Lb is the length of the other ship

*After the initial alarm, if only the risk criterion is satisfied, the alarm is
continuously generated. After improvement, the algorithm is initialized when the
same alarm occurs for more than 1.5 seconds.

*MV : Median Value
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Lee and Park(2020)2 2 A sjAsl 4ol A SE oyt Ly
T dsetr] s 7 Ao Aduks gitew Ad AEE
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A AE BA st RS Al AF A
o= 29705 45 SR 294w AE 3,

TEAdW dags a4

Fu P FUIPS R THARoN 4 &
& oF 10ks2 A 47 FA slde) Fgat 2y
i} olnel egAste] 2% BA FoE 8 AvEe 7
Az 3ol A8s] o] FoA A= Kot vt 9
del i A4F 23E S F U] wiwel 4F 54
oA 2 P MAA gk AP AAE 2] 9
A FH S Adsta, Ade]edE R oF Ak Aot
A3 HolHE o] &3ate] AL 7]|E daelFol me PR
Sy Asg wshsek,

Table 4= A ko] AldS 29Fs Eo|n, Table 5
AHS AY Adeled 29 437 S5 e
Table 4. Specifications of vessels subject to experiment

Vessel Gross

Name tonnage(ton) LOA(m) Beam(m)

A 9.77 16.16 3.7
B 9.77 13.53 3.53
C 9.77 13.91 4.12
Table 5. Situation and speed by experimental scenario
Scenario Situation Speed
ye T \\:;\ - dof
/AN Head on + leSIt)EfeeO
1 m— S| Crossing )
N (090°) vessels is
\ l 10kts.
\/\\\ ) ,,,/y
/\\\ 3[ Crossing The speed of
f \ (045°) + all three
2 Sy e . .
L N *_,* Crossing vessels is
& l\ (090°) 10kts.
/A\\ % / Crossing The speed of
3 F“““‘\‘\‘\i{: _______ *\ (045°) + all three
\ J / Crossing vessels is
l \‘ (135%) 10ks.
ppea— One of three
A N vessels has a
/ N I X
/ Sl AN . speed less than
N \ Crossing +
4 pommmmmees e 10kts. The
\ ‘ % Overtaking s e
\ 1 / other two
D overtake the
T small vessels.




3.2 A4 ARt

1) AlLtE 2 1

Table 6> Alube] Q. 19] A3 A3} Fu 2y das o
ehultt A3 FHmoA = dubd 93 =, FRop 8
A7l Al A Al ek CPAE YERISIoH, 71E daEE
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A9 cHe $d el skl I 29 A4S 9
AEAT BAT cAHe M7 nfExs 29 Aslo g olg)
w2 A A ehe At A3l A st Main-alarm©] A 5o
RS Gk A daE g er Ve dagad
Mg dueE]FS vlast

A v, A&Hoz gle] ¢

o AR} 2Ed ey 2] AR |7} HH3F| o] F

o]z o™, 2nd Main-alam®] 78] 71%¢] ®Wisle] uwlel 2nd
B

Main-alarme 743}l 1st Main-alarm®] =Ajo] =781t}

Table 6. Scenario 1 experiment track and alarm result

After 2min
026°, 5.9kts
After 2min
240°, 1.0kts

After 4min

Ship A 146°, 10.2kts  After 4min
208°, 6.4kts
After 6min -
5 After 6min
kR e, 2159, 8.6kts
After 6min
025°, 3.8kts
.
After 4min
028°, 9.2kts
After 2min
019°, 8.6kts
.
*First Alarm
d A : Dist 502m, DCPA 37m, TCPA 1.6min (with C)
X Dist 1084m, DCPA 26m, TCPA 1.5min (with C)
Ship B C : Dist 625m, DCPA 9m, TCPA 2min (with A)
Former Algorithm Improved Algorithm
n —_ o [
Al ™ m
Pre Pre
Normal s = | Normal
0 1 2 3 4 5 6 2 3 4 5 6 (min
o [ o —_—
" 1=
B Pre Pre
Normal e Normal -
0 1 2 3 4 5 6 (min) 0 1 2 3 4 5 6 (min)
o —_—— n PR
[ =
C Pre Pre
Normal s Normal
0 1 2 3 4 5 § (min) 0 1 2 3 4 5 § (min)

flo

ARk E Rl

ANAst daglgel e 7b Mure] An IA A3g A
Ale] Ao RE, AdS cdoll sl AFAIA 2603 A F
72l 502m, DCPA 37m, TCPA 1.6%< W 2nd Main-alarm®]
WAsl7] AlEFg o™, 290% F CAlol gk HRIF A
A AS ) BHo| thal] Ist Main-alarmo] 248} c) 1
i 292% $HEHe AEHoE BHAI Aol gk 2nd
Main-alarm®] 243 5133 T}

BA 9] 79 cHdol el 254358 7] 1084 m, DCPA 26 m,
TCPA 1.5%- 0.2 AAFE o] st Main-alarm©] A WAl8}aL 1
F A Y- %E 1st Main-alarm A8 TR 3042 5B =
ARl 3] A7 605moll A 2nd Main-alarm®] WA A gl o
H 25 A& o7 AXMI cXol th3F 2nd Main-alarmo] 2
Aystsict.

cAel A9 A i8] 241258 72 625m, DCPA 9 m,
TCPA 2302 A AF¥ o] 2nd Main-alarmo] A &}ch7b 27k
AL NS v 248%K-E] BA| ths] Al4kE st Main-alarm
o] WrABI ) 311274 ASE BA o tE 1st9F 2nd Main-
alarme] W zo} WASITHE 1 SRE = F A 2Rl o

2|

3}t 2nd Main-alarmo] A 4% 0.2 A& T}

2) AlLiE[e 2

Table 7-> Alube] S 29] A9 A3 AW B A3E v
ERdlTh Alue] e 2 AdelM s Adurat caddte] Zhz) of
290°, 200°% &afjato] ok 900 Alo|ZtE Fa1 Ik Asjo =
z§om, BAol AXt CA AbojollA] oF 23522 F3 3ol
v A eSS FAsgith AF An, Al dd mE
7V7ke]l Hsle] FEH 8ol ARl wel 2nd Main-alarm©]

Sz
ASAT B SnelF A Fol AR A NEF)
Z 3]

=3
oA AdE e AvEd, A A
HAAI2F 2863 73 & BA(7E] 177m, DCPA 31 m, TCPA 0.8
)7k A (A2l 187m, DCPA 35m, TCPA 0.8%) E.5Fol s
A 2nd Main-alarm®] FA3}7] AJZeto] FEA @ F7tel
g} Al&Hor HHrt ByEd

BA 2] 79 186255 ol tis] AE] 333 m DCPA 43 m,
TCPA 1.6%-2.2 A4t=E]o] WA 2nd Main-alarmo] 2AY3}7]
AlRglom, 11 5 A dsiAE BRI dAEte] A& A
o8 AMF} CcAol thalA 2nd Main-alarmo] 28T

cAel A9 19225 B tis] 7] 314m, DCPA 43 m,
TCPA 1.6%-2.2 AAtE]o] WA 2nd Main-alarmo] A &}7]
AlRglom, 11 F Al dsiAE BRI dAEte] A& A
o2 BAF cAHel a4 2nd Main-alarme] 24 &4t}
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Table 7. Scenario 2 experiment track and alarm result

*First Alarm
A : Dist 177m, DCPA 31m, TCPA 0.8min (with B)
Dist 187m, DCPA 35m, TCPA 0.8min (with C)

Ship C

B : Dist 333m, DCPA 43m, TCPA 1.6min (with C)
C : Dist 314m, DCPA 43m, TCPA 1.6min (with B)

After 2min
198°, 10.3kt:

A
Ship B
.
After 2min
After 4min * 236°, 7.6kts
203°, 9.7kts;
s After 4min
2339, 10.3kts
After 4min
o
4 301°, 7.6kts e
291°, 10.8kts

Ship A
Former Algorithm Improved Algorithm
i —_— n —_—
Al ™ 1
Pre Pre
Normal Normal
0 1 2 3 4 5 (min) 0 1 2 3 4 5 (min)
bl _— n S —
" 1
B Pre Pre
bomd ===y o s ™M T T T
bl o F—
1 &
C Pre Pre
Normal Normal
0 1 2 3 4 5 (min) 0 1 2 3 4 5 (min)
3 AlLtE(e 3

=

Table 8> Alube] @ 39] A3 A3} Fu 2 das o
EpdTh e Alvel e 39 48 AR CAlel 1355 Aol
7HE Fal Fddhe AR 29-stal BAdol At ¢ A
olell Al Hrah= Alveleglont, Ao Aol A

2 ]1a) AddHo] oF 090°, BAIMFe] ©F 060°, CrlHFo] o 000°

|41 1st Main-alarme| #A3}e] 93-S
&5l
ZF dure] AR Dy AdE A AuEd, ade A

T} & cAol thsl] el 1445m, DCPA 33 m,
TCPA 2202 A4 9] 1st Main-alarm®] 2435131 2™, B
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Table 8. Scenario 3 experiment track and alarm result
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Table 10. Comparison table of the number of alarms generated

by each scenario of Ship A
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