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Based on Ship Operations Data Analyze the avoidance behavior of three ship types

Chan-Young Yeo

Department of Naval Architecture and Marine Systems Engineering, The Graduate School,
Pukyong National University

Abstract

The safe and efficient operation of ships requires technologies to avoid collisions
with other ships. This paper analyzes the avoidance behavior of three types of ships
based on the actual operation data collected from the ship’s Automatic Identification
System (AIS) and Voyage Record Data (VDR). From the collected data, the relative
positions and speeds of the ships were used to calculate the Closest Point of
Approach (CPA). The avoidance behavior analysis was classified into head-on
collision, overtaking, and crossing situations according to the angle of entry of the
ship and the other ship based on the collision avoidance regulation COLREG. The
classified avoidance situations were subjected to single-factor and multifactor
analysis and statistical analysis to evaluate how the three ship types avoid other
ships. Using the avoidance behaviors of different ships, the results of the analysis
suggest a methodology for ships to safely avoid other ships based on the state of
the ship and the perceived situation. The results of this study can contribute to
future research by analyzing the avoidance behavior that reflects the intention of

the navigator using actual operation data.
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2.1 A¥t 3= AR
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2.1.1 NMEA 0183 protocol
NMEA(National Marine Electronics Association):= &% AxF&3; 4+ 9]
gy W8S sl 2ol ndg @A S A A3tk NMEA 0183 protocol-&

1L AR, B8] o ARE AEsr] AR s ddAEn e £FE 4]

>

o

NMEA 0183 protocole] ©lolE+= AHolH Ex Uitz ALdT. &
+ ©°}x7|3E(ASCH, American Standard Code for Information
Interchange), CR(Carriage Return), LF(Line Feed)E& A}&3ta Aot 49
Fel= T dstA AHEE & Utk B =FolA AREskE HolH e Ae F
7HA1 S el = A EHo At
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T WA= Proprietary Sentence® Av] GAEEZ AT 4 Y& HolE
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Table 2.1 Acquired data

S LNG CONTAINER BULK
$GPGGA
$GPGGA $GPGGA
UTC $GPZDA
$GPZDA $GPZDA
$GPRMC
$GPGGA
lat, lon $GPGGA $GPGGA
$GPRMC
$AGHTD $AGHTD F$AGHTD
Heading SIHTC SIHTC $IHTC
$HEHDT $HEHDT $HEHDT
ROT $TIROT $HEROT -
$GPVTG
SOG $GPVTG $GPVTG
$GPRMC
$GPVTG
COG $GPVTG $GPVTG
$GPRMC
$AGRSA F$AGRSA
Rudder $IIRSA
$YXRSA $YXRSA
RPM $RCRPM $RCRPM $KMRPM
STW $VDVBW $VDVBW $VDVBW
Wind FYXMWV SWIMWV SWIMWV
Depth $SDDPT $SDDPT $SDDPT
i SIHTC SIIHTC SIHTC
Heading CMD
$AGHTD $AGHTD $AGHTD
RADAR IRATTD IRATTD -
Waypoint $INWPL - -
Routes $INRTE 3 -
Table 2.2 Used Data
T2 LNG CONTAINER BULK
UTC $GPZDA $GPZDA $GPZDA
lat, lon $GPGGA $GPGGA $GPGGA
Heading $HEHDT $HEHDT $HEHDT
ROT $TIROT $HEROT -
SOG $GPVTG $GPVTG $GPVTG
COG $GPVTG $GPVTG $GPVTG
Rudder F$YXRSA FIIRSA $YXRSA
RPM $RCRPM $RCRPM $KMRPM
Heading CMD SIHTC SIHTC SIHTC




2.1.2 AIS

AATE ot &+ Qo

AlS #HE3l= tgFzel R E Table 233 2t} ojuf AISY RE HH
AE WGS84E 7|wto =
E AHg3TE WAA WE ge] M3 B zhzb xukel Mobile Station}

Base Station2 9|w]|3lH &g WAIA S $£4 £ A= NAES o]t



Table 2.3 AIS Message Information

AR S 29 YE
1,2,3(M) - Class A Mobile station@] Position report
4(B) - Base Station?9] report

- Position, UTC, E#&}, AR &3 #15 FX]
5(M) - SrEXY
6,7,8(M/B) - binary data(FAX]%, &9, #4-8)
9(M) - SAR(Safety and Rescue) position report

10(M/B), 11(M)

- UTC request % response

12,13,14(M/B)

- bR ol ojofe] BAIEAA, 2ol §)

1 vy O

15(M/B) - E4 AR A a4
16(B) - Base Stationo] £ T+ 7 AAIES A
17(B) - DNGSS 2AZk
18,19(M) - Class B Mobile station®@] position report
- Base station9] slot of|2F
- FATDMA 27155 shu ol4d9 QI Hlo]A AFo]Mdo
20(B) &<
- MSG4%} MSG20& &3l Zutd Ago]Md2 Ho]A AF|o]
Hape) Ag) A
21(M/B) - Aids-to-Navigation position report
- Real AtoN, Virual AtoN EA]
22(B) - HF F3 A2 w2tolg
23(B) - EX A|4dof 3] ship and cargo type, station typed]
ofs A=t Autol] cist WA F4
- MMSI¥15 9} o]Z ojd, Class B CS Alur
24(M/B) Part A : name
Part B : Static data(typeof ship and cargo type, endor
ID, Call sign, Dimension
- short infrequent Ho]g A4
25(M/B) - Broadcast or addressed
- coding(Al ++A] A8 %)
- 128H]E fo]E{(1 slot), no Ack(7,13)
- SOTDMAY ITDMAOS] 93t scheduled binary data
26(M/B) transmission©]| Ah-&
- Broadcast or addressed coding(Al 1A A-80]%)
- Max1,0648] E(1~5 slots)
- Long range AIS Class A AH|(2]4)
270M) - MSG 1,2,31} FARE Y&

- JoA|Hof st 112j2 compressed data B

. s
- W Y BE 5 Fa




ol mE RFRE FASHE Zo] ol Aol AIS HelHe A% 7 WA

AWE FAF77F 21, FAHE fAR FAME Adute] 9391 AHE)

7SR T MAA 1,23H0l A FAlEE AEE oS Table 249 2o

Table 2.4 Message 1,2,3 Acquisition Information

A HS Hw A B
1 msg_type 9 lat

2 repeat 10 course

3 mmsi 11 heading

4 status 12 second

5 turn 13 maneuver
6 speed 14 spare

7 accuracy 15 raim

8 lon 16 radio
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Fig. 2.1 Regions used to categorise

the position of the obstacle Fig. 2.2 Regions used to
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Fig. 2.3 Chart used to determine the encounter type

Table. 2.5 Encounter type

Abbreviation Encounter type Encounter situation
HO Head-on encounter Head-on
oT Overtaking encounter Overtaking
SO Stay-on encounter Crossing (stand-on)
SF Safe encounter -
GW Give-way encounter Crossing (give-way)
ST Static obstacle -

- 12 -
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Table. 3.3. COLREGs Over-Taking Avoidance Regulation
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Figure. 3.1. CPA/TCPA/DCPA

Course of Own Ship

Course of Target Ship\

b

TCAP A\

Target Ship

CPA~_ |,

Relative CM
DCPA |

.,//’L

Own Ship

- 21 -



v. 33 We) B4 Az
41 Ax d HIZHA AdEs &4 A3

AZHA AUESlE A 33 PEe ARHE FAY FUOE AL

|1 o|§& APRAE o] &3] <123 Ehile] DCPA

il

)

= &
o

=

=2

R

rr

£,

O

A3t edol dAe £93 J2E FASH Faist= 79, DCPA=
sttt =3 DCPAE A Bhadol 718 7t AlE AgE ofvlste
2 A= DCPAS Ball et 35T 7hsAd S AdaiA foh webA
DCPAE FE& 7FsAS drlste ARE &87bsstn, Hut tolHE

s &y AFel DCPAE £4ste] o]& FAtelstste] o] & NDCPAZ} &)

f). TCPAS BAst: AAA AMF S=¥2 TCPAZL Aolsimz
TCPAZ Fat9lsbate] o|& NTCPAZ &1, ol AHelA 3|98 4335
=0 st B45)

A
Au g H2HA FTslel B4 Ags e 2

- 22 -



° e A=DCPA
16 ® QEDCPA"
14 » e
median e b
e e e ile == == sl A kel Rl A a A h i ® ___ mean
L ]
10 - P ~ .
L]
- L]
8 [ ]
8 :me_dign __________ - I i Y meane
L ] L]
ar .
L ]
L ]
i
L ]
0 1 1 L L 1L il
1] 2 4 6 a 10 12
Case
Fig. 4.1 DCPA of Ship A in Head-on Situation
120
[ ] Y ‘\IE.*TCF'AH
100 L] ™Y EETCPAH
80 -mednan » ] -
B e e sy ] Syl Byete ey e, 1
ol
- [ ]
40 L]
L ]
20 ° L .
median v ® L J ®
or a
ENEL SR PRSIy (SRS USRS | U SRR | _ _mean
=20
40 | -
[ ]
=60
[ ]
-Eﬂ 1 1 1 L 1 J
0 2 4 6 B 10 12
Case

Fig. 4.2 TCPA of Ship A in Head-on Situation
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Fig. 4.3 DCPA of Ship A in Give-way Situation
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Fig. 4.4 TCPA of Ship A in Give-way Situation
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Fig. 4.5 DCPA of Ship A in Over-taking Situation
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Fig. 4.6 TCPA of Ship A in Over-taking Situation
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Fig. 4.7 DCPA of Ship B in Head-on Situation
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Fig, 4.8 TCPA of Ship B in Head-on Situation
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Fig. 4.10 TCPA of Ship B in Give-way Situation
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Fig. 4.11 DCPA of Ship C in Head-on Situation
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Fig. 4.12 TCPA of Ship C in Head-on Situation
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Fig. 4.13 DCPA of Ship C in Give-way Situation
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Fig. 4.14 TCPA of Ship C in Give-way Situation
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Table. 4.1 DCPA, TCPA of Ship A in various situation

Ship A
Head-on Bt SYU HEHEK}
o NDCPA 5.2694 5.0868 3.1133
ool AlHE
NTCPA 64.4594 70.9016 29.1862
NDCPA 11.3421 12.2391 41146
T8 AME
NTCPA -11.8329 -0.18912 30.1648
Give-way ot S HEHEHA
L NDCPA 8.945 5.1793 7.5329
ool AlHE
NTCPA 849713 69.4586 447442
NDCPA 10.4902 9.3066 6.5479
2 AME
NTCPA 6.6636 9.8898 29.7407
Over-taking Bt ERAA HEHEKL
L NDCPA 3.7538 3.6674 1.1676
olol AlH
NTCPA 116.6567 91.996 91.1921
NDCPA 8.7538 8.6328 1.9888
S5 AME
NTCPA 18.8885 9.7325 22.2278
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Table. 4.2 DCPA, TCPA of Ship B in various situation

Ship B
Head-on Bt SYU HEHEKL
L NDCPA 3.7385 3.9137 24174
olo] AlE
NTCPA 50.8306 440313 28.4237
NDCPA 6.5977 4718 4.2667
T8 AME
NTCPA 5.2584 5.1956 6.6672
Give-way ot S HEHEHA
L NDCPA 3.9904 2.8519 2.722
oo AlE
NTCPA 39.4368 41.0888 12.8714
NDCPA 6.7192 5.6662 3.6834
2 AME
NTCPA 6.4447 1.9515 13.8314

Table. 4.3 DCPA, TCPA of Ship C in various situation

Ship C
Head-on Bt R HEHEHK}
L NDCPA 38.6933 9.1196 54.5942
2o AlH
NTCPA 65.2054 459033 37.5238
NDCPA 43.0679 10.8405 54.4495
SE ANFE
NTCPA 10.4295 1.4641 21.0517
Give-way B R HZEHEA
L NDCPA 45864 3.5425 2.7451
olo] AlH
NTCPA 42.999 40.1373 12.7798
NDCPA 7.4968 7.9554 24448
ER=NES
NTCPA 5.0087 1.0517 10.3322
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Fig. 4.15 Ship domain of Ship A
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