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Abstract: Automatic identification systems (AISs) represent communication networks to ensure safe oper-
ation. The existing AISs cannot realize the transmission of external data, which pertain to external factors
such as the weather and sea conditions. However, external factors significantly influence the operation of
a ship, and to enhance the safety of ship operations, the effects of external factors must be visualized in
real time to facilitate the implementation of appropriate actions. In this research, we extend the AIS to
transmit external data in addition to sensing data such as that based on GPS and gyro-sensors, without
changing the AIS specifications. In particular, we adopt a message communication function that can freely
utilize the binary message frames in the AIS. Moreover, a method involving a classification algorithm based
on random forests and cosine similarity is developed to classify the navigation states to formulate a ship
safety confirmation support system that can visualize the influence of external factors on the ship navigation
states. Evaluation experiments are performed using real operational data. The results indicate that the
proposed method, as a user-participatory sensing system at sea, can realize the visualization of real-time
wind condition and ship navigation status with an enhanced performance and accuracy compared with those
of similar conventional systems.

Keywords: AIS, ship safety confirmation support system, user-participatory sensing system, external data,
message communication, ship navigation status, random forest, cosine similarity

TR

Kyushu University, Fukuoka 819-0395, Japan

2 I TS EH MR

National
Shunan,

Institute of Technology, Tokuyama College, ) fujimoto.ryusei.844@s.kyushu-u.ac.jp
Yamaguchi 745-8585, Japan b) urakami@tokuyama.ac.jp

© 2022 Information Processing Society of Japan

1042



BRAIEF =R G Vol.63 No.4 1042-1051 (Apr. 2022)

1. FU®IC

AR D L9 RS - W Lo 2RI B AR E
FEUIARRI O 2 EAT A, BlE LT, 20184E9 H 4 H,
B 21 512 & BEEE L 22 B0 E Tl 7 > A HYEE TG IS
ZEUSEAAR | E 22T B L\ ) YA L7 [1]. ARSI
BOTREMEICHBE IV EPo720 00, BTG EEZE
PRI RAR X E R AT OAG B MR R R 15, SRIEHT 12288
HOBERL L - VOEREDOKIBEIZE > 7. KRFEKOR
WE LT, BEICEZEMAT) 7ORRAHETE 5
FEDJRIERO KN, SRS X B EAMIIRAE 2 ARE 2R
TELDPSIEDNHITONL., ZFOM, #HEIHIHYE
K X BRI S TV B DS, Z0% AZMREL A
F— ¥ AR TH D 2 & 1C K BRI T — 7 D
RINCEBHDTHo7. ZD XD HHMIERIC X 2 A0
HIEWOELTEBN L aWwEEZOND.

FRROTELY, HREREOLEEEZ N LSS 5720
IIIAM N X A8 A ) 7V & 4 2B L, RIS
T U 72 B R 2 X I & Wi 3 5 720 O EAL DS EE L 2 5.
7, IO EHRE LW ER O T— 5 W7 — %)
EVTINEALHBTAZ LI2XY, RSB 0% s
EORGET 57207 T, ERUERE M S OEHLEFL S 1T
BB EZEZ BN,

CD X REMER T B 7202, RAE A BIE L 72
EHD 12 & LT B BhRkAI24E (ALS, Automatic Iden-
tification System) [2], [3], [4] DIEHAAFES LB, ATS X
BRGS0 BB LA AME % AIS classA, JF
FHAUAIZIT 72 AIS classB, SEHH AISBH 4. T
ZERS VHF Z w72 70— K& 5 X MlEfTH Y, f#
Z2B TS, BARBAPERICE S T wb GPS R Y ¥
Oty FEPSHEOENLT -5 % AIST -5 352 L
T, AIS % U C—EMRE > e CHEBRE 2TV, &
EIELOM EAEBL L TWA, 2% 0, 20 AIS 12—
BB OHELAERCI Y AT L THDHEVR D,

L2 L, fEkD AIS OALAR I, Za i iC EE 241
F= 8 ZFIITAIS F—F ICEOTWESICBVWTY, H
BHETH L7720, BHIIMARIERZ BT 5 2 &8
Lw, L2L, AISIZIESSbITreNfF) Ay t—T
Peadh) HHA v 2= VW0sd 5. ABFETIE, ZO 2y
L= UHEFIRAL, AISOMREAEET L &%, AlS
PRS2 FRET LI LIk o TEBL, FTEIRT 2
DD L —FBNBAA L MRS Y AT L OB L O
A AT .

(1) V7 Ng A LJRRT— & DAL
RIFZE T ERO P THJAIICESZ Y T5,
AIS classA EEAATIIEHA v &=V TOT—%
EEICEAMHEMENSTETHL. THEFAHL, K
MT—F % HEA v &= DA, ALS 1HEHE

© 2022 Information Processing Society of Japan

EHW T -5 2 T LT A2 L HIRY.
(2) AAnAL R EE D T AL
AIS classB #FEAMATIIHBE A v = HIC L AHE
WE AR EATRECTH 525, T E2%ETHI L
WBWEETH L. Z0720, ZEAIST—FI2&GFEN5
ARAOCIE S (RERE - #282), xdHHEE (SOG, Speed
Over Ground) ZFIH+TAZ LT, HFET7ILVIT) XL
12 & o TLRER & REROIREDSEEIT - 72, AW
RTIE, BHETNVITYALELTTI YT LT+ LA
Eocos FEMEZFIM L. THICE ) S kg
ZARAAAIEIRRE . L COTi kT 5 2 L 2 HIET.
AITIE, 2ECTARIEDOMEDS T EHL2IZT S, 35
T T — % % AIS 77— % [ZHDAHKR, EBET L7200
ATS JE5RFIH & B L 7-BE R F L WAL O KiE L 72 %
VAT LAORE, T FICBIFAE) TIIVY A LR T —
Z OMBALRERART. 4 T Tld AIS JLREREZ FIH L 72
AR D T NV T) AL Z|EL, Thx 5 ETARY
AT LERWT, EBROEMT— % TOERE % T
5. WfRIZ6 FET, RRTIRFET S AIS REfEDEL &
BYIZOVWTHRS,

2. BLEICHTZLLMORE L AIS ORJEEMH

RETIE 20D LICBIF A REMORELIY 1T 5.
12O [T ARICLBEEDORAE], 2 0HIE [classB
AN BV TEERESHMTE 2Tl THDE. Thb
DFFMlZ HIE L 2.1 fi, HREIT 23 THITS.

2.1 BLEIIBWZT—2BEEDERE

KWFZE T, #HLCBOBEELRIMNERO 7 -4 & LT,
BT — 7 ICEHT 5.

HUE, RETFRRNT— % O 24 BT ToOTHE 6
W & & O ABR, W RREFT 74 THll S /zET—
e —ERFEENL TR L TWwA, LoL, Aigld 6 Fef
TLOFME M AT (BE - BEL H1205 EOKT)
MO KREGEB L BRI OAR LR ENTEBLY, U T
¥ A LEE R[5, F72, BEEEERTOHM (H
REE 132 HHT) 720, WEMMH»SHZ LT — 5 OfEHHE
PR, LMD A LT O T — & 0BT 5 v
OIS D B [6]. —J7, AIS FHILIMO & 9 % KIAGIC
R ARSI TB Y, ZOMIMAZT TS
L5200 0—=ARTF—=FEL L T>Twh, TOru—
X RGBT — % & AIS T Z L TENIE, ZOHH
DFFME ) TV E A L RJERT — 8 LG D FEIC R S
(B 1 20). ZHEERS, MBS EEL T0b &) B
BB T -y ZRETEL L)1k 5.

FOCOMEEE 2021 4 3 A D45 186 [l DPS fFZe5 #4112 Tt
HEN, FEERTEAIC LD LB AR SGEY ¥ — T b~D
B HERE S NIZFHLTH 5.

1043



BRAIEF =R G Vol.63 No.4 1042-1051 (Apr. 2022)

BELAISEER

MBIEEDClassAR TRUIR 7 — 2 ENE
>A I l
,@T)-a;—
AISEERICES
Ayt—JEES — -
AR T
# N
4 25 @ |
i :‘%_3 (€))
. ADER L
'#;_ BRF—4 wA
S & fic

1 T — & DIEIREIN

Fig. 1 Proposal diagram for collecting wind condition data.

(4D
7a—-7

(1)

EHREIEIE
- I RARRE

(BRHEW

- MR AAE L £ OFE
AT SRR

BE) (—xrMES) (V72 &S BB

[ w/ h BREE=2U>&
B - B

- ARG, O SUEEiE BR

- B > EHE

HASM
(mE>E

2 AIS 7— % OHE#FIH T RELE
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Table 1 Message specifications for AIS data.
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Fig. 4 System configuration diagram.
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Table 4 Features for ship movement prediction model.
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Fig. 7 Comparison of predicted displacement vector and dis-

placement vector.
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Fig. 8 Ship state transition diagram.
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9 IR BT 2R (LX) - it (FF) (2020/06/27 16:00)
Fig. 9 Weather and wind conditions in Yamaguchi Prefecture

(2020/06/27 16:00).
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Fig. 10 Model evaluation based on test data (ship A).
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Fig. 11 Model evaluation based on test data (ship D).
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Table 5 Model evaluation score based on test data.

x® 6 FEpT— il
Table 6 Detailed experimental data.

TV A B fiC D
LR (RefE) - 0.9977 0.9954 0.9998 0.9988
AR (RREE)  0.9946 0.9984 0.9990 0.8483
H () 0.9972 0.9770 0.9989 0.9999
I (BREE)  0.9968 0.9976 0.9966 0.8836
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TE i 5] La—
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CDOTETIVDOMMIBWTIELRD 7 HIFREE L v ) fE R
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Fig. 12 Visualization result of ship navigation status on the

system.

. Y e - 2
‘e —7\1 l’ ™
z58 - \

13 LIRS & 2 HUHEIRRE O AR AL R

Fig. 13 Visualization result of ship navigation status by wake.
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Fig. 14 Comparison of route widths.
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