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A Study on the Development of Ship Operation Data

Transmission System

Kim Jong Pil

Department of Coast Guard Studies graduate School of

Korea Maritime and Ocean University

Abstract

Autonomous vessels are becoming a hot topic in the global shipping industry.
In the EU, Autonomous ship technology is rapidly developing. Autonomous
vessels are expected to become a new paradigm to change and accelerate the
digitization, platform connectivity and intelligence of the shipping industry.
Over the past few years, the marine industry has maintained its competitive

edge by securing operating competitiveness by reducing operating costs such
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as vessel size and oil costs. However, as with other industries, ICBM (Industry
4.0) 10T, Cloud, Big Data, Mobile), cyber security, simulation, etc., and to
create new business by maximizing the unique capabilities of the shipping
industry as defined in Shipping 4.0. Until recently, autonomous vessels were
named as various types such as Smart Ship, Digital Ship, Connected Ship,
Remote Ship, Unmanned Ship and Autonomous Ship. They were defined as
MASS (Maritime Autonomous Surface Ship) by International Maritime
Organization (IMO) This is a comprehensive product and service for the
unmanned ship, autonomous transportation and efficient transportation in the

stepwise upgrade for safety, reliability, and efficiency in ship operation.

In this paper, the research background and research scope is described in
chapter 1, discussion about autonomous ship related contents are in chapter 2.
The design and implementation of a large scale ship data transmission system
including method of ship communication, data protocol and messaging
processing technology to transmit and display large amount of data are
describe in Section 3. The configuration and results of the experimental
environment are in Section 4. Then finally the conclusion and further studies

are described.

Chapter 2 - Autonomous vessels are that incorporate ship control systems and
communication technologies that enable wireless monitoring and control,
including improved decision support systems and remote control and
autonomous navigation capabilities. The control function for the autonomous
vessels is implemented in the Shore Control Center (SCC). In order to
accurately recognize the situation of the ship at the remote land control
center, the existing systems such as AIS and RADAR are equipped with
thermal cameras, LIDAR an advanced sensor module is added to the vessel to

replace the existing sailing company’s watch keeping operations with the

_7_
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landlord and system. The land control center simultaneously monitors the safe
operation of autonomous vessels, manages the voyage plan update and
autonomous navigation system, and manages the maintenance plan for

autonomous vessels.

Chapter 3 - In this paper, we constructed and implemented a large capacity
ship data acquisition and transmission system that can collect, process, and
transmit data generated from ships. The required physical configuration is
largely divided into onboard and onshore, and by design, it can have n ships
and n land. On the ship side, data are collected from navigation equipment
and AMS (Alarm Monitoring System) such as RADAR, Speed Log, Doppler,
Gyro Compass and GPS, processed and stored for use on land and onboard
service applications, The land consists of a server composed of modules
capable of receiving data from various ships and transmitting them to a
required place after processing, and servers for service application. The user
is connected to the web browser on the PC and configured to use services

such as flight information monitoring.

Chapter 4 - Experiments were conducted on the large scale ship data
acquisition and transmission system implemented in this paper by constructing
an environment in the T/V Hanbada Lab. For each unit function, the
experiment proceeded while the Kongsberg simulator and the training line
were at anchor, and the integrated test for the stability and function of the

data was conducted during the long voyage.

Chapter 5 - In this study, the research was carried out in order to process
the ship’ s navigation data generated from various equipment for several
number of vessels in terms of ship operation data and remote control center

technology for this purpose. For the research on application system

_8_
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implementation and verify evaluation, an analysis of a data collection and
process on ship and shoreside and design of data transmission has been
studied. Also for this research, the basic research knowledge were achieved
together with research results on ship data processing and transmission. The
newly developed web based system can used to monitor ship’ s data in

real-time on the shoreside.
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AAWA
AIS
AMQP
AMS
API
ASICI
AWS
CRC
ECDIS
ENC
EU
GPS
HDT
HTD
HTML
HTTP
laaS
IAS

ICBM

Nomenclature

: The Advanced Autonomous Waterborne Application Initiative
. Automatic Identification System

: Advanced Message Queuing Protocol

: Alarm and Monitoring System

. Application Program Interface

: American Standard Code for Information Interchange
: AMAZON Web Service

: Cyclic redundancy check

. Electronic Chart Display and Information System

. Electronic Navigation Chart

: European Union

: Global Position System

: True Heading

: Heading/Track Control Data

. Hypertext Markup Language

. Hypertext Transfer Protocol

. Infrastructure as a Service

. Intergrated Alarm System

: 10T, Cloud, Big Data, Mobile
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ICT . Information and Communication Technology

[EC . International Electrotechnical Commission
IoT . Internet of Things

ISO . International Organization for Standardization
IMS : Java Message Service

LRC . longitudinal redundancy check

LTE : Long Term Evolution

MASS : Maritime Autonomous Surface Ship

MOM : Message Oriented Middleware

NMEA : The National Marine Electronics Association
OSI . open systems interconnection

RTU : Remote Terminal Unit

RADAR : Radio detecting and ranging

RPM : Revolutions per minute

SCADA : Supervisory Control And Data Acquisition
TCP/IP : Transmission Control Protocol/Internet Protocol
TPS : Throughput Per Second

UDT . User Datagram Protocol,

Ul . User Interface

WAS : Web Application Server

VSAT : Very Small Aperture Terminal

_'I'I_

Collection @ kmou



Ald A&

11 979 W7 2 24

Ragl=- < AdEte] = diE@s 9 79 5 AAY &9HE
Ae B3 9 AAY S gHA A Aol AES AL AN, B
7R 2 43 A4 @9 (ndustry 4.002 58] ICBM (0T, Cloud, Big
Data, Mobile), AtolH HF, AlE# ol & TdFdt 7€ s g 1f9

AFE FUst AA AEL H2YUXAE ZEst = Hs7t /9 g7 oig
Ad HEE Axsla lem o= Fig. 1-13 o] Shipping 4002 Ajstx
21t} Shipping 4.02 4z 2Fd&wlol Q& 7lwd A3 FAFsEAqE, A8k )
Efo A HAAe FAE F=, vk S P 54, e-Navigation A2~
3k Ropzao] Aule] A& £33 5 ‘Internet of Things at Sea’ <}
‘Internet of Services at Sea, & 3/ 4ol E3lE 84 7|Eo] OF
el o, o]F FAHCE AFoE HISH A&egAtelztn E

9o+ Redseth er al, 2016).

(2
2
o

o

|

Lo

o

> H:l

A&t HZ7kA] Smart Ship, Digital Ship, Connected Ship, Remote
Ship, Unmanned Ship, Autonomous Ship & ©F3t e HHE TR} A4 ) A
7] T(IMO)ell 2]3l MASS(Maritime Autonomous Surface Ship)o.Z A% o,

w8 A& € F Ae AS = o] ofygl, Addr RFollAe ¢k
A (Safety), 4134 (Reliability), & &% (EfflCleIlCY)a Az GAF %3} <QH
Al ddbel FR13), At B FY G835 AT FEAA AF B ARz
ga 2 4 Aot (Adams, 2014; Oltedal er al, 2018).

_’I_

Collection @ kmou



¥ -~ B,
" H b-\_- o
h-.__
Robotics and Sl
AULGNAaMY [
Simulationand

-

: = - Optimization Y
|I AIUWMH? II.-/ \ k‘_ S IIII
| |5h:|:png ﬂmﬂﬁm_
| Big Data Analytics \ u f,f'll o ,| : I|

Ll Ty

o .
o .-'it- Ei E__:
Cloud oompsting

e AR At hdd A 7 Ao g ezl etk Al
oF AT 2 =20 HAATE St wZell, Rolls-Royce7t F4lel
¥l+= AAWA(The Advanced Autonomous Waterborne Application Initiative) =
AEE BRste AgedS IRt ZRAEMqAE FE3H D) dAES
Remotely operated local vessel — Remote controlled unmanned coastal vessel
— Autonomous unmanned ocean-going ship®. 2 AAsla 7zt A Ad} dH=2
M D AHES J3Yskal A (Lolyds Register, 2016; NFAS, 2017).

olygt SAH &3 HAL F437] 93l o]g} HA5 A 7

Collection @ kmou



5 FastARE Ao A HolHE TRt SANA 4 Agste 44 HA
Zl&o]l 875 o]ldg HolHE HRoe=E Adube]l % FHZ3HOperation
Optimization), 4% ¥](Condition Management) S°] 7}%53l=2 Al

t} (Rolls-Royce, 2016; Burmeister et al, 2014)

<REMOTE CONTROL/O PERATION

= Monitoring & Control

B Ba S o _ CONDITION MANAGEMENT
= e Pt + Health monitoring
4 L - - Self diagnostics
‘ — =« Smart'maintenance schemes
NAV]GATION TION{NG' === Remoté support
tuation, awareness & Sensifg = Maintenance robots

T S Dy namic Posmonlng & Auto pilot™s
DECISION'SUPPORT - Nauioaiibn

» Navigation-(e.g. Routing)
= Situational awareness
Collision avoidance
ety support
OPERATIONS OPTIMISATION
* Onboard energy optimisation 5
« Fleet optimisation
* Revenue optimisation .oxjgggsi[‘:‘g:;JMATloN
« Automatic systems (e.g. Mooring) >
* Robotics
« Full autonomous operation

Fig. 1-2 Development of autonomous ship technology

%7—:‘. A (Remote Operation/ControD—‘S— 371 Qi Auk W "oy £3
Ag, FHE vy S AE, S4AY Holy Ff Fol HZH3 5
g = oo 3t} 2%ee] ATE dolg & % A, 49 A3t

of % Gy
s 9 AddelAe] doly A B & BHAAM APFH gon,
=13

_l_4

AES IR
Hure QAN BAS] AL Aute] £ wolEE BHIA F3/A
G SAME FAF gael du HoEE HHow AT 5 Y= Ax

oF BEY F A Mulz Azdel gF ATt Besich

i)
k)

Collection @ kmou



12 474 H99 3
A4 BAE AT AN="HL2 HolHE FH/Agse Adtat o2k HolE &
HEohe SEANEHCE s, 77 s wel EAo] EA3dt. whebi
ATolAE WA Auta S4Ae dHolH +3 2 A7 A
23t AiE vgo g °J74°ﬂ/\ﬂ A 7F53F IoT (Internet of Thing) 2 ICT

A"l 283k

Aek &3 AR =3 9 AL A 2~EHS WA NMEA01833 ModbusE &85}
o Holel7l #HHEES A4 s, 1 3-&(Application) o2 ThFo] W AA]
2 Ag3sl7] 98 Kafkast WebSocket% ALEStE Aog FHEYEY. =3 A
Hh3 S 7 Web Servicegs Fd3te] Web Browser2 ZUE®R & 4 JUEH

mela B E=FolAE A 8 s4dAe] dolg £ 8 A e &
2, dolg g B AA, olF 9|87 802 2k T 4 Y

B =R 1ol AT A R AT WMAE dohia, 284 Aged
Ak e ulg, Auk g B4 2 HlolE Z2EE, 23 HolHE A% 2 A
Al(Display)st =& sl= WA A2l 71&e tiste] dolrR gkt 37 A= Ayt
SRR A2xdo] @ HA % T tstel dRsigon], 4o A
4 74 9 AFAE Y, 5FdAE B AT AES =EdArh

—

A9 dake Fig 1-33% 2& Ha ¢o= e A Iy H4 Fol
AR deiAe 4 2 Bee FalA Ay

Collection @ kmou



14 d79 AR

<_M¢%m£

N

gl

ot 0|E} §Y 24

!

(

\

ClolE MEAIAHS
T= 27

Y

A

+

¥

[az%maﬂmgﬁa }mwmm{ AmEgo] 4% ]

|

I*F HiolH

EW

=y

N

HE

(—.‘(OT

Gl O] & jt1EI ns

Al

-

=

Collection @ kmou

Fig. 1-3 Flow Chart




A2R 7le F &Y

2.1 A&e@dute] 54 AA

2.1 e-Navigation

e-Navigation2 A8} 23 ] AAe| ICT(Information and Communication
=< AT vAE Y weekd #E AAER 4%
[e]

Zb ol BAAES] HlolH

Technology) §&3% 7]
AAE 2] B, A3 Ao tig a3 &
% 5 oS A

g

X
o
n
Kl
r2
)
i)
4
x0
v

2.1.1 e-Navigation A 2]

e-Navigation®] &+ “e-Navigation is the harmonized collection, integration,
exchange, presentation and analysis of maritime information onboard and
shore by electronic means to enhance berth to berth navigation and related
services, for safety and security at sea and protection of the marine
environment” o]t} NAV 53z} 13¥ 2A(20073 4¢€ 20¥) e-navigation Z =F
o A e-Navigation®] &2 A3, Aute]l Hol d 33 HEz Aoy
gom, o|& 95 Mute] RTel R P u) Fsjot Faol BAF 7
F Au2g FFAAE Ak EE o]He M2 F7A7]7 %s}oq =

sk 1 t“i’%i 37 kel B RE FFsta, Tk, Wk, 3
[J= ] al [<ige] T y O ’ )

>
(s
2
o
ft
>
fu
(.
ol
r1r
l
N
=
oxl
f
S
)
[4>~
=
ko
re e
Ho
o
X
=
[>
N
ri
=2
X

Falol Bag wm AzED, HelHE MEse X, BdsE Axd o

Collection @ kmou



YRE BASHE A2" FOE rol B £ Utk olAZAY Fn BAHe

AEHQ GAA L ABA 5 AG 3 o] Fo] Hou gosE Husy
BE Bg3] Bt AetHoln FAHOE B

shel galael 71 BAT) o)A AR BEAL St Al Wasth

2.1.2 e-Navigation ©}7] €A

Ship-side Shore-Side

IALA National Member

£ 2 .

Shipboard environment

Stated information needs /
information items
uested

uman-Machine-

)
)
(]
'
. -ﬁhr!aﬁe(sj_' . —E- —
:.
'

Human-Machine-

'Ime.m(s) *

Data provided in

Data ided i
provded i required format

required format

Data Domaln><lnforrnatlon Domain

Functional links ¥
used by :
. X Technical servicesy .
Shipboard technical = Common technical
equipment supporting 1 shore-based system
e-Navigation - harmonized for e-Navigation
{inel. its Human-Machine-Interfaces) Ph,:::b:“h : (imgd, fts Human-Machine-Interfaces)
ata g Stated data
required
P request
1 e achine.-to-Machine-
: Interfaces
4 Stated data Data provided in
H request required format
L] pr—
: Other shore- Other shore-
: based based
i system system
% ! of third party” of third party*
S
Portfolio

Fig. 2-1 e-Navigation architecture

o

35|
i)
)
Lo

e-Navigation 7-%¢] ®&L& ¢ Fig. 2-13 #Zo] A4 <EE, &
o] 4 JdEEZ AP Fig. 2-104 &8 Aule] 3l7do]H
o gt sAo|t). Aty SAabe] 3148 e-Navigation A

2 FE, 7Ied Az o8] AgHE TeH 94, 7

| AHEE =84 38 Tl @2€EH

lo o X
X
I
>
A
X
R
[
2

Collection @ kmou



e-Navigation 7Q'@ollAl Aute wzgjo] 1EA dlolHE FHF ‘5‘}74‘/} TAlE
T e Ao AAARet #dE ¥ S 7535
ARAN Al B o2 St AYLS st AHI2==E VT
oAFYAolAE Tl AHI2E AT I K] ARIAE FEF
2 Fa sl AFdoh 43 Adure] Auaes 84 i3
oA ZE| Aol /o] ofZE| Aol o] FE Ao R AZFE AFIrh

®
Ho
0%
=2
>
rlr
@
Z
)
=.
)
=8
o
5

2.1.3 MSP(Marine Service Portfolios)

e-Navigation ©]s) A o= &nqt (Harbour operations), 93 ¥ &3 =
= A o, dg G s (Trans ocean voyages), 3N (Offshore
operations), =AW % WLFA G ¥ MSP (Marine Service Portfolios)E
201837+ st = & Attt MSP= —7—0121 oA AFHE ARl
T JAES Yuiste o E AR P AR THE A HolA o] AH]
2 g0 AgAE R Dbl 4 Qg teste] ffs) aqkd Jid ol MSP
= A" &9 AHeA 1S4l Aulzel B g4 A MA S
1

MBl 29} yetks] sh7] fgk AHl 2ot

fe Chebel [T gHls g sty

o
LS
o
'
[4 U
4z ox
o

2
K
rr
Z
=)
2
1= ol
Mo
o
[-40
rjg
&
o
B>
i o
rir
ey
Ho
S
N
b
QL
2
A=)
oiX
32 of

i)
i
X,
o
o2
ol
ol
K
Iz
)
o
)
=
>
>
oo
=2
e =2
o
&o
ot
N
il
o
2
A
oo
o
o &
-

-
NE,
z
e
o
>
lo
o
2

Rl 2
e o
E
ol

o
_>‘i
ot
o
N
L
i
fo
ol
ok
)
r l r
('D
Z
o
=
oQ
5]
=t
=]
o
odk
%
lB
>
o
Ho
e
=
fru
o
o
Ry
b
o

e oma B Aul2 =G FLF

e-Navigation®] =#| FFsl= dA MPFPolm, MSP & FIFAE

AEAE ] AR 2EA, 2 ZAA JA Pl A= ARk

H 9 A ="HEo g Aulx FEo] 7M53Es £53E ZEE

= Zo] 79 wstaclo] & Aotk 18l MSP AR A& =

A okt AR BFe v FastH, olF o] &3] ArgAe
%

i o

w *u

£ ¥o = rr
o2 = op i)
o 2ok ol

fo
-
=2
i
olo
okt
rr
=
fu
Mo
e
o
R
z

\
>
o=
o
o
e
e
+
30,
o
s
o
ft
N
=
e
O

Collection @ kmou



A egante mastd Ao} Axdd FA BUHY g AlE e

)
=< JASL, MAdE 28 Ad ANz2"EY 94 =F o

_>|~I_‘
o
Ao

ol ok #A 7w S #A AlE (SCC, Shore Control

Centenoll Al AaP=w dA AT F4 A AE AN HFstA dube] &
2 71E Alz"ol I3 7hHle}, ot

(LIDAR) & 7]& a3 H/\}/] AA(Watch keeping) @455 4 G2} Al2=H
oA thal & 4 == Advanced Sensor Moduleo] Aulel] Fr7}xo] 8=},
S BA A A s A&ed Aure] - 38 A ZUH P 3l
A8 HEE F A3 A2ES #Estal, A& Addte] gk £A 2

= A8 & g3ttt (Burmeister ef al, 2014; R o dseth, 2014).

222 &4 A AE

S #A A Felol HE® AwrEQd A%S Ao 2 2UEF
(Autonomous Navigation System)d}il 7)o T ® ZHykAel A4S Ao P
U g (Autonomous Engine Monitoring and ControDdtch, B o] A4 b

olEl9} Abde] ZzawwE s uls) Waesete] HnE sjwmoz #
2"le el E ARt T Fa 2 7@ HolHE
ot S4#AAAME = Fig. 2-2¢}F Fig. 2-3% o] A-&-3dudta 74
sfetstar, o]3l] #AAA FH/3H (R o dseth, 2014; Rolls-Royce, 2016)
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Rolls-Royce

Fig. 2-2 Example of shore control system

4 #A AHE 8 Aers AT S+ Ja, HHoR FU HEV 8

A gk shbel dutel dis] HAH o wel o S BA AEZF g A
El7} HEEA] S & Z8+E gt

[e]
uLg

AL Aok E=I S8EAA

(Blanke, Henriquez and Bang, 2017).
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)
| B VTS
i " 2
L Other Ships +  Autonomous Ships ¢ <, -
/
\ . —
1 'y i . s |
X taesssemsaans /N T
v
AJ
\‘ .
" Other Ships —————! Port Authorities
s
b
\\
Navlgaiion Shipping Agents
M ,
mmm Land Based Actors i B ‘B

Sea Based Actors

Fig. 2-3 Concept of shore control system

2.3 A4 Holy 4

2

A& Adure Fig. 2-49F o] Aute VEQIE dAHo s, 7]H,

FRIZRE O3 JEl= HolHE T/t FF
o g3 Anl= EFol o3 NMEA 0183 (IEC61162-1, 2)2 X = a1, o
g 713 AHEFEE ofdEd AEE UAHE Az st ModbusE A
&3t Y AMS(Alarm Monitoring System), [AS(Integrated Automation System)3}
22 717 ARE A #deste AHERE 1Y 7 AT ol A¥le
4 Ay gwrdg o Alarm ListE Tag® #Elstal Modbuss &83te] <IH

Hol2E & ¢ Ja, Ml vl 7@ Arle] doly IEHol2e BlE

e
>

o
O

_'I'I_
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Navigation Wiy / : LR
.'".’.{.H.‘ut}{.'i’”'.’i('}" / &~ Thruster
ol 5 y control
I i"\“h -5 /
Machinerv [ ]' \r ' P -
P .. 2 ﬂ . Baligst
manggemnent ".' - E e 5
A Jmanagement
- .: _// Cergo, . g
% _managemen!
~_~, " Alarm
b management
; Power
management
Propulsion
control

Fig. 2-4 Ship’s network
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2.3.1 NMEA(O183 Sentence

NMEA(Q183 Z2EZFL2 1983 399 A5 SAlE Ao, Hdule] HAAAH =
Z2EZ 93] strtel £417](Talker) == $A17](Listenen® A A=) o]=
AIZE A, B9 T HARE AFSHr] /g Aurs Ao EZMN v=9 The
National Marine Electronics Associationol]l A A 2]lgitt (NMEA 0183, 2002)

ECDIS, GYRO Compass, Speed Log, Doppler Log & 33l #Hl+= NMEA0183
FFo 93 HlolHE &4 ¢ FAIgT

NMEA 01832 &g AlF, dHlelHHA A, ofEFgAcld A dolo2 F
HEo] gt BE AZLS RS-232, RS-422%59 A71Ze A% 4L =30,
dolel ¥ 3 A=< Baud Rate, Data Bit, Parity Bit, Stop Bit & A3l Tt}

=g A o)A doloj+= HolE|S %3+ Sentenceol] thik feFolt).

NMEA +%% Table 2-1 ¥ Zo| SentenceES TFAgch Sentencee] Al ZFa}
& AAsI $21 242 4, & F4A A Listener)”7} ROT(Rate of turn)©.=
3| A et+==], HDT(Heading, true)® &l AsloF sl=AE o1l HolE o

7 2 Fol wA ghe RoiA A FTh

Table 2-1 Structure of NMEA Sentence

4= Ay
‘O = Sentence A2t
<FA ge> Talker ID, Sentence &2

[<dlole] H=>]
) 07} o] Hlelg A=
[“<dlolE] F=>]

AN BE> Check Sum

<CR><LF> Sentence &

_13_
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NMEA Sentence T-%9l w}2} ECDIS”} Heading/Track Control DataZ 4=A1A}
ol Al 4Alsl= HTD Sentence 7+%°|H Fig. 2-5¢} #o] HID Sentence?] dlo]

B BEolt xEt RES ANE PSS Hob ST

B APoME Ay fAoeRE 4o mRE Fg 2-63 Fig 2-7%o] 3
/54 AuEEE oy AA tdS Ao stal, Table 2-29F #Zo] A&
NMEA SentenceE 2zt AWM= A 23}t

A dde] A& Mulo] opd @A) AHE JELE HAE T Ho]7]
2o, §4TANA QFHE RE FERE AT FE& AT NMEA
Sentence th’do]l F7} H AL d
3 dlole F8 s il o8 AulolA FU3 Sentencers FUS Wl 4l
Zb= Talker ID2}F AF@)lo] NMEA & 2)(Formatten) 2 71F0. 2 3 3la # g
=5 dAEAT

ot
o)
N
Y
o
ol
ol
bl
Jhu
)
w]
H
o
=)
9)
ftlo
"

HTD - Heading/Track control data

S HTD, A X,8,8,8, X 5,00 00 2 000K 0%, 0000 ka3 Al AL . hh<CR><LF>
1 2 345 6 T8 9 1817 1245041516 17
. Override, A = in use, V = not in use
. Commanded rudder angle, degrees
. Commanded rudder direction, L/R = port/starboard
. Selected steering mode
. Turn mode R = radius controlled
T = turn rate controlled
M = tum is not controlled
6. Commanded rudder limit, degrees (unsigned)
7. Commanded off-heading limit, degrees (unsigned)
8. Commanded radius of turn for heading changes, n.miles
9. Commanded rate of turn to heading changes, deg/min
10. Commanded heading-to-steer, degrees
11. Commanded off-track limit, n.miles (unsigned)
12. Commanded track, degrees
13. Heading reference in use, T/M
14. Rudder status (A = within limits, V' = limit reached or exceeded)
15. Off-heading status (A = within limits, V = limit reached or exceeded)
16. Off-track status (A = within limits, V' = limit reached or exceeded)
17. Vessel heading, degrees

b Wk =

Fig. 2-5 An example of NMEA Sentence

_14_

Collection @ kmou



S-Band Radar X-Band Radar Foremast Radar

DGPS DGPS [Chart Radar —

AIS  NAVTEX

]

o -
Qe

l . ] .
=

Doppler Echo Navigation
sonar Sounder  Workslation Hf B

Fig. 2-6 Navigation network for JRC

RADAR ECDIS DGPS Speed Log Gyro
wWind Navtex AlS Auto Pilot Echo
Sounder

NMEA DATA Collector

Fig. 2-7 Diagram for navigation NMEA data collection
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Table 2-2 Navigation NMEA data sentence

3l An] 2 Sentence
HDT | $--HDT, x.x, T*hh<CR>}LF>
Gyro
ROT | $--ROT, x.x, A*hh<CR>LF>
oA $--GGA, hhmmss.ss, LI, a, yyyyy.yy, a, X, XX,
XX, XX, M, xx, M, xx, xxxx*hh<CR><XLF>
DTM | $--DTM,ccc,a,x.X,a,X.X,a, X.X,ccc*hh<CR><XLF>
DGPS
RMC | $--DTM,ccc,a,x.X,a,X.X,a, X.X,ccc*hh<CR><LF>
$--ZDA,  hhmmss.ss, XX, XX, XXXX, XX,
ZDA
xx*hh<CR>XLF>
— $--HTD,A ,x.X,2,2,8, XX, XXX XXX XX X,a,A, A,
A x.X,*hh<CR><XLE>
Auto Pilot HTC $--HTC,A,x.%,a,a,a,X.%,X. X, X. X, X. X, X.X,X.X,
X.X,a*hh<CR><LEF>
RSA | $--RSA, x.x, A, x.x,  A*hh<CR>LF>
$--VBW, xx, xx, A, XX, XX, A, XX, A, XX
Speed Log VBW
A*hh<CRXLF>
$-—-NRX, xxx, XXX, XX, aaxx, X, hhmmss,ss, XX,
NAVTEX NRX
XX, XXXX,X.X,X.X,A, c-—c*hh<{CR><LF>
$-—-TTM, xx, X.X, X.X, &, X.X, X.X, &, X.X, X.X, &,
RADAR TT™
c--C, a, a, hhmmss.ss, a*hh<CR><LF>
$--RTE, xx, XX 2, c--C, C--C, ......
RTE
ECDIS c--c*hh<CR><XLF>
WPL | $--WPL, 11, a, yyyyy.yy, a, c-—c*hh<CR><LF>
Wind MWV | $--MWV, x.x, a, XX, a, A *hh<{CR>}LF>
Magnetic HDG | $--HDG, x.x, x.X, a, X.X, a*hh<CR>}LF>

_16_
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RSER200-4 | Rg4z2
Equipment

REa22

a:L :
f
N/

Fig. 2-8 Navigation NMEA data collection cables and collectors
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2.3.2 Modbus

ModbusE 197949 =)= Modicono| A U EY I Ao d4F ANE 7t =g
OJAE/AH FAIE % &8 AlS vAA AY Z2EZZ Serial, UDP 5 =
= 29 YEYI 7x UolA &4A HolH TAE AYT F Js TEE

=2 NEstRt Modbus-IDA, 2004).

Modbus= ©e H°lE TAE A Aol IE FR O3

Etherneto. = A H o] Fz}o] §oldt Tt 722X, dA A-53t A2

f
M we o

SCADA(Supervisory Control And Data Acquisition, ¥2 ZA|A|o]) Al 2Hl 4
913 Fig. 2-99} Fig. 2-109A tiEZQ & TIZEZE IAHI 9lon,
[SO15745-4, [EC/PAS 62030= <15H =A EFolth AuoA= NMEA0183}
o] FFELE ofYA R AMS, IASe} & EUHZ H Alo] AlxElox= URk

Hog gol Agsta gtk

FAF Eleapd ER=E 2K
AE=Z Hlj = gt Et7|&HK| gt~ E

AMS(Kongsberg)

Fig. 2-9 Diagram of data collection

BAle] A4 AAE olsfist=H 7 dubd o g OSI 7 Layer +AHEE AHE
stth, Modbuss= OSI 7 Layer < Application Leveld] &3t =z EF o], Fig.
2-113}2+o] =A] Modbus Serial, Modbus Plus, Modbus TCP/IPZ F&= iz 7|
= T7ZE 7FA a2 g MODBUS ORG., 2012(a); Gjerseth, 2017).
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BRIDGE

ACCOMONDATION

ENGINE
CONTROL
ROOM

CARGO
CONTROL
ROOM

Operating
Station
LOS)

PROCESS
AREA

Process
Control Management

FPower

MACHINERY

Dperating
Station
{LOS)

PROCE 55
AREA
CARGO

i#1) #2

Fig. 2-10 Engine Room network for Kongsberg

_19_



OSI 7 Lavers Model Modbus Plus Modbus TCP
T Application Modbus Application
6 Presentation ‘
| ‘
5 Session Mods Messaging an TCP
4 Transport TCP
3 Network P
| } ' !
i Serial Line T s
2 Data Link Master/Slave HDLC Ethernet Data Link
I ! Ethernet Physical
1 Physical | RS-232 R5-485 RS-485 Lavers

Fig. 2-11 Hierarchical structure of Modbus

Modbus Serial3} Modbus Plus+= Physical, Data Link, Application Al&5o2
4o A . Modbus TCP/IP= $19 370 A5 Akelol Network, Transport,
Session AlZFo 2 B33 AlSs FERE 7FA A9 (MODBUS ORG., 2012(b);
Gjerseth, 2017).

Modbus Serial& &2 AlS(Physical)2 RS-232, RS-422 7]¥Fe] Modbus 1]
a1 RS-485 7]®Fe] Modbus® A3} = o Xt} Holy A= mpiE/&dolH
(Client/Server) Fig. 2-12%1 o}7]|€lx & A4, Client7} Ao do]g] &H 7}x] 2] 7]
< 84 T & Ut FAlL 11 52 E gARt BAle] JMEsiAl AAE o
o} Modbus 111 B4l F 54 25 F B4& 3 vlxHAAE gA=E

SAstH S olBoAE SEe WHoRE FAE A Holdo F B
Zholl= wlg] As|R function code ¥ addressE AR&3le] T Q3 HolHES

S R )=

r
Of

32 o
(0

o

of
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PLC-M PLC-S

MODBUS Modbus-RTU MODBUS
Server Protocol Client
(MASTER) (Slave)
PLC-M PLC-S
MODBUS MODBUS
Server Client
(MASTER) (Slave)

PLC-S PLC-S
MODBUS MODBUS
Client Client
(Slave) PLC-S (Slave)
MODBUS
Client
(Slave)

Fig. 2-12 Configuration of Modbus network

gzt S4Ale 24 REvi HSE Bt wliECA o3 FA RE
HolHE 843s WAz HolEE £ - Alsts WAtk or)de sy
o] mfAER EA5a 02 RES SRR

Cliente} Server Atolel]l Fidt= WAIXE ZgYdolztal do}. HE W4
w2} RTURemote Terminal Unit)e} ASCIZE UHA™, F 71x A% wha]e =g
do] HE W&ol Aol7} Atk RTUY A4 Bit @92 F3t ASICIY 7+
A 92 AEsn =3 52149 dyE AEsH7] 98l RTUE CRC <1
A5 AHE3tal, ASICIE LRC o8] A3E AFE-3ho

B ATelA A% wolHE F23Y] 8 A& = ZUe Modbus

RTUo|H o] thst A X = Table 2-33 2t}
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Table 2-3 Frame format of Modbus-RTU

°l& 2o s
Start 28 #2> 35 Character?] Z#|goz Al
Address 8 Station Address
Function 8 Function Code
Data 8 DatatZol= 7 wAIA] Typedl wz} ¥s
CRC 16 Error A=
End 2 # 2 35 Character®] A(AN°l Zeldd o ZH Y Aol

CED R

N
-~

Modbus Z2EF2] =g d& Table 2-4 3 Zo] 571x 2] o]
21t} Discrete Input2 TAE YE€ o= HIE 099 HolHE JHT + UL
H, Coll& HAE =¥o= HE &9¢ HolEHE <dcolBd =9F + Ut
Input Registersi= 2 Byte ©9|Z opd 27 48 9 Y3 vz 2 ALEFo A
o, Holding Registerer+= 2 Byte @92 W2 e 2o 8§57 ALgEHo] Ao}
B Ao A= Modbuse= HlolE|e] Type ®Z ObjectE E7|5te] A&ttt
& o] WA, #H71e On/Off el tigk dHoleE g w&= Input
Discrete(Read Function Code: 0x02)2 AF83}% 3L, RPM3} 22 =X] Hlo|H 3k
< W& wj &= Holding Register(Read Function Code: 0x03)2 =] 2]ttt Coil
Input Registerg AR8 7Fs3dtt Alojde] o7t IAY 7 287 fle A
>dd 73-¢ Read Typee] Objecte} Function CodeE AM&3HA =i, A&z o
2 A xANAM = Read-Writeol ©ldk Function CodeEd AH8E 4+ gAE

Address& XA gt}

_22_
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Table 2-4 Modbus RTU Object & Function Codes

AR Function Code

Object Object type | Type of o Single | Multiple Address

Write Write

Coil Single bit Read-Write 0x01 0x05 OxOF Oxxxx

Input Discrete Single bit Read-Only 0x02 Ixxxx
Holding Register 16-hit word Read-Write 0x03 0x06 0x10 4XXXX
Input Register 16-hit word Read-Only 0x04 3XXXX

Exception Status FEight bits Read-Only 0x07

B AFe A 2E Table 2-59F Modbus ZE2EZo| 2 A AA s+
= g $ALe B AF A JfEstE AjAElolal, 418 AMSYE Hoh $4
2= A ol= Function Code 0x02¢} 0x03C.Z dHolEE QA1 F2AE 3G

Addressel] £33 Codeoll 23 dHlolE S Ryith

- 23 -
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Table 2-5 Interface design for Read Discrete Inputs

ZZAA Y Read Discrete Inputs
A E7 Input Bits(1720002] <<:%)¢] 9
Message Type | hexadecimal (167147 byte
542 Asynchronous
[dlole &= [dleTHES]] [elIAl]
Slave Address Byte(1) 11
Function Code (0x02) Byte(1) 02
Starting Address (0x0"0xFFFF) Byte(2) 004
&2 Input Starting Address Hi Byte(1) 00
Input Starting Address Lo Byte(1) o7}
Quantity of . Inputs (0x170x7D0) Byte(2) 0016
No. of Points Hi Byte(1) 00
No. of Points Lo Byte(1) 16
Error Check (CRC) Byte(2) XXXX
[dlolea= [H]O]HE}O‘] [elIAl]
Slave Address yte(1) 11
2 Function Code (0x02) Byte(l) 02
- Byte Count *N) yte(l) 03
Input Status Byte( 1) ACDB35
Error Check (CRC) Byte(2) XXXX
[tlolef 3] (ol efErS]] [l Al]
Slave Address Byte(1) 11
FA Function Code (0x82) Byte(1) Y
Exception Data Byte(1) 01
*Exception code Byte(1) 01
Error Check (CRC) Byte(2) XXXX

_24_
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2.4 Kafka "|A|A Al 2"

3 okt Al Al2xHe 35 TS BAHoRE 7] 93] MOM(Message
Oriented Middleware)¢} 22 wWlAA] g S/IW7F 878 MOM2 &4t 3§
Al 22O 3ro] HAAE HEF 9 FAlste Holy B4 wEs Jhe

=2 A U3t (Banavar et al, 1999; Tran, Greenfield and Gorton, 2002).

MOM-e =3 th4 5L Client 3t Broker(FA))¢] 98-8 &33kt}. Broker+
Client Zt |44, WAA 298, Bk WAA A%, BRUEHY T 7|s& 3
g olEd MOME #AAR A xHlol2% Hoyxm 4o & ActiveMQ,
ZeroMQ, RabbitMQ, Kafka %©°] 21t} (Magnoni, 2015).

Fig. 2-67 2ol Kafkasl w44 Hel &%, A@4, 344 Fol A A
seozRe] AR e WAR Azgel mal gsel S5t eks o,
B Ao AxuelA olrlE Aol wrgstel 2 g3t

Table 2-6 Messaging process speed of distribution application service program

Type Message Size/sec
3§Kaéeﬂvsmq 5,000
BRabbit 10,000
OMQ 40,000
§€ kafka. 3,000,000
_ 95 -
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2.4.1 MOM - Kafka 7i'd

Kafka= %3)-7=(Publish-subscribe) =2-S 7]¥to 2 F2}sl™M  Producer,
Consumer, BrokerZ T4 %™, 7|E2A<Q 7/1d- Fig. 2-133} Zo] Z} Producer
o] WS fo]E]E Broker7} ConsumerdlAl F+ ZAA &S S35,

Consumerol| Al vl @3dt= Ao] old Consumer7b ¥sts AL A8 w3

7bhe= F=xo|tK(Varga, 2016; Apache kafka 0.8.1 Documentation).

Producer Producer Producer
|
Kafka
Cluster
_.1‘\
// | ~
o | =
- | P
- \
_//" | ..
Producer Producer Producer

Fig. 2-13 Kafka composition element

Kafaka ™Al Al 2~®E9] Brokers EI(Topic)S 7|22 WAAZS AT
t}. Producers —‘_ETé EFo HARAE e sl WAIAE Brokerol|Al H&
3t} Broker7} Ag wre mAR S EXEE BEse Zol O, Y EXS

TE=3k= Consumer 9] WARE 7FA7FA A 2] gt}

e} d(Partition)o] 2t= T E Z/oIAH FH2=H O 7 AH
I 7HEAEE s BA AAES & A dgHA 9
%4 (Scale-out)¥  317}-8-4d (High

Kafkael EZ&
ol B4t o] AA= A
2 EI(Fail Ovenr} —.—63%11}. Kafkaxs &+
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Availability)2 913}l BrokerEo] Cluster2 TFAHo] T2 AAHo 9
t}. A Ao Broker7} Singleo]ol= Cluster2 %23k}, Cluster We] Brokeroll
3k 24k Aegle Fig. 2-147 o] Zookeeper’t B33thHKreps, Narkhede
and Rao, 2011).

Kafka ecosystem
| Kafka cluster
G M A L ' Consumer Group
DA fched
T i
| - ] ' 4
Produoer 1) i 1| _Broker1 i | consumer1
pushmsg | E E ! pull msg
. | u i (] -
Producer 2| 1\ ! :: | 4———————— | consumer2
. I~ RN\ | ; |
e 14 -

- ) . i 7 . ‘
_ Producer 3 | e ‘ o ) [coneumera)
s, [ S

o ' [ |
get katka * update offset
broker id

Fig. 2-14 Kafka Cluster

_27_

Collection @ kmou



2.4.2 MOM - Kafka &4

Kafkae &% wWAA AAE 271 Ao 538 of7|dA AA, 5 7]
Z9o] MAA A 2= A= Broker7} Consumeroll Al ®W Al XS Pushal F= w2
¢ld] ®l&] Kafka:= Consumer”} BrokerZ 3 e 3 WAIXZE 7}xa 7}5 Pull
oz Fzslr] wEo] Consumers A9 Al SEWEo wWAAwH
Broker2 3¢ 7}A4&tl AMQP ZZEZo|u} JMS APIE AM83HA] a1 <=3l
WA B S Ad TCP 71¥te] T2 EZS ALl Z2EFo| 93 2Hd
T2 Z4At E=3 Producer’b BrokerolAl thre] WAA S A4S zt
HAAE NEHOZ AFs)oF st 7]E wAIA Alx"ldes g, oo b
ANAE Batch e|Z BrokerollAl o] A& & &= 9lo TCP/IP &&= EY

£ £9 7 vk wEkA Figo 2-15 3 o] 7]& wAAE Ax" Boh ¢
gk TPS(Throughput Per Second)& R & F Jth. H24E wAIAE A
5072 Age Axpola, A7 & ¥ sty dEs Aoty 9% 1
zof o]l BAF v AEs A% o 7% AeS He Foe S g0
T a1, ActiveMQ<e} o] EF WAl Alx=Hlof H]E Kafka’} Rttt U H5S
o

-

= AS g2 & 4 Ao (Kreps, Narkhede and Rao, 2011).

AN

===activemq = Kafka (batch 50) Kafka (batch 1) =rabbitmq —activemq —Kafka —rabbitmq
500000 25000

WWWWW

400000 20000

300000 15000

messages /sec
messages/sec

200000 10000

f, [
N oy / N_T

0 0
10 500 290 1480 1970 10 500 990 1480 1970

accumulated produced messages in MB accumulated consumed messages in MB

Fig. 2-15 TPS of Kafka producer/consumer
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B A2Ee JJBEORE HA Hojgly] WEel, 71E WAR Azdel] ul
Bab 9 BA TAL £400 & % o] S oy,

Kafkas 7|24 0% wmee] Aashs 71 WAR Azdss g2 v
2 519 Azglel Ageth mebA dolE ] 944 Durability)e] 2w, 7]
£ AR Az"elAE HeHA Gm ol i vAAe b werE A
zEle] gmol zA paskiont Kafkadl s ol #olFolx Axo] =7
BasA et =8 2o WAAE B Axde] gol B 5 917 @)
%7149l Batch 2ol A8E HolHE Holv: SERE ALY 5 Utk
Consumers] os] Hl® WAAE 2otz AAss vAR Azdas del
Al MAAE AASHA g3 9 Axde] I FUAGH 438 Fol
Al 17wl MAA HE EF A7 BASAAY He

A 3
22| 0] tﬂ%‘ﬂ&’i% 749 Consumer’} WIAAE AHSHEH AAYseE &
Atk

p

'Eﬂ-

A3 o]

Fli‘

o
A
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2.5 ©5ol&A 0 o7 MAA M T

2 AT s AdrtolA teke HolBE 2P = st A3 ARE
o Fef Aol oA oJEA HoAE ZQIA ] thal B3t d¥tHo=w ) of
Zg Aol A A Servere} Clientzte] EAlS & HTTPES E3) o]Fo] o
™ HTTP+= Request/Response 7] 1#_}9] Stateless Protocol(=et43&F FADYYT
Z, Server9} Client ZFe] Socket Connection Z2 F72< A
&3 Client(ex. Web Browser)ollA =2 Q% o RequestE & wjgt A7} &F
e Wlo® Falo] IyHE ZREFo|th Wk Server & HlolEIZE ¢
tolE Hugx Clientoll A 3 M= 13& skA &= 3 v dolert o
dolE XA =t EE Long Polling, Ajaxs AFgal A s do] 7HssA et H]
olEfe] W& dHIOlEVE T2% 24 Foll s Aul=d A5 Aol F
= = T doh

2 AFolA = el 2 ZIRE I HE ,%%Hi - s
AHEAFN Al Al A B A

Protocol(=4*33F &4l WebSocket= 41 st

§2

[
—|—‘

i, FHE HelHE
E

£ 93} Stateful

WebSocket> €2 S2EZFS] e T4lS St €] FHo|A oA AHEE
T U= APIo|th. HTMLS °]#d HPﬂOﬂ/HL AH eko] M F7]1F ]l HolE FAlS
1814 Ajax-Polling, Comet 53 2 WS AHESIAAT 2183 ofmo A
AN FEF FAlelgtal & 4 gluh Polling W42 FAlO fEFow F4l
= @ 4 glon, Clientoll A 24t Ao Sdo] s wW7A tirlsta &
2s 2% T A 84S BUls aWd SAlolgh ¥k WebSocket= Fig.
2-16  AF oA A A s AR AHAG IHF FAS AU
(WebSocket.org).

Mol 7hs A Cliente] @3o] glol= AuHl2= HolHE Client
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Web Web Web Web
Socket Socket Socket Socket
Server
Web Web Web
Client Client Client

Fig. 2-16 Composition of WebSocket

WebSocket> HEt9-A<el uolgH &AL AFsr] wiiEol dir]A
HTTPe] &4 9 S dHE J4sstn 534S ¢ 4 Aok =3 Polling
wae 5445 g dwultk HTTP  dg7 85 = whd WebSocket-&
WebSocket =40l Aloft @4 8 & st7t A1 dHolHE $54 &
= 2 Byteo] Zduts 4*‘13}71 &, HTTP sltliet mlwstas 749
1/500, 1/10007}=F ©®lolE & 4T 4 Ut

=

WebSockete WMIER = Edfgo] 4wy oiyel §F tZ7AE 2d =
Atk Poling W4 AW 2HE EHolEE W] 98 FeloldEs) ALHow
HolEl 2 @ AstAuk, WebSockete ZatolAES Mu7t A" T Zato]dd
Eo] WMT 90| gloj= MuE ClientolA HolHE A4d 4 o Fig
2-17¢ AW ZElo]AER HolEE Axsly] 93 Zask Agke] 50msy}
a3 ofZg Aol A9, Polling®t WebSockete] e AIZHe B3k o]
T}, WebSockete ZaloldE9] @xolgl= DAS AXR &7 wio] 7L
AlZbel Ak o2 Hu g2 dolEl el g7} 7hestth
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Polling WebSocket

Client Server Client Server
Time
e 2 [ Rogies_
<_R¢§I1QIE_. < Response
m_ o < Résponse
< Response < Response
et S G
< Response < Response

Fig. 2-17 Waiting time comparison of Polling and WebSocket
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A3 F ¥ ARAS A" AL B LA

31 A U

2 =EdA Addte A B EE HolBE FHMAASET & de Al &
g AR 3 9 AFE Ax="o g8 Fig 3-1 3 2o #4352 73 3T
f7ste 83 AL A4 A¥HOnboard)d Sz FEEI, AR
+ e vt nf e §48 7HE Aok Ak Zoll= RADAR, Speed Log,
Doppler, Gyro Compass, GPS & &3l Avle} AMSERE ©HolHE 33,

HolEE %4 9 Au ] Aulz ol ZAoldel ALY 5 A= AP 5

=

=)

Azstal, 87HE X A48 5 e BER 7AE Serverrt FAET. &

Ao cle) dutoznE HolHE $AUCTE)E A F aTHE Fol %
A

£

£ F JdE ZEZ FAE Serverst Mulx oZE Aol & HAMER T4
b AREARE PCAAAM B AR HEste] 2 4R ZUHTI S 242 A

128 A8 & =S FAAT

of

jus

ga 3 | |

Helg | DB

P otolE 3 — dloly A4 ¥ Held Az e
| AH =
: l\ T AEAAIA
dolg Hz] «—r DB

dolg

[ A= ||
L

ol &z Ao

713 7l

Al o Eel# oA

e | i

Sele|dE(duet e A)

DB

Fig. 3-1 System definition
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A F AR 3 g AF Ax="le] opyldl A= Fig 3-2 3 2tk %
dubo A= g AgH|E RE]= NMEA ZR2EZS ALL3te] HolHE F3 sl
1% AX= AMSERE Modbus Serial2 33t} gsfivolg o] ¢ zF ZH|
AN 0.2 ~ 1% HACE FHHL 7|# FHl= 102 HF 02 Holg7t +3
At} Server 7+ tlolE] A& Kafka WA A2®lS ZHE3te] =39 do)
HE ARtat 84 Consumer’t #53te] HolHE AHEE & AEF At
tol8 3 #Ax7} 9w+ NEMA Topic, 71# AR Topic & T53 72+ ¢ A
HE DBo AAste A7FE sl & & Q=2 33, WebSocket-&

A ALgAOlAl 22 @92 JHOIE HiE RUEHH AMBAE AFIEE
Ela=g

Mo

S~

_]

N
oz U

e
[ D& ]
SPEED L0G | | Ve
ECHO SOUNDER ; & —
ANEMOVETER g
i NVEA
[ AICCER AGLENTIGUR |} dole] 27 ‘
INCLNOVETER faka Brcker Web Server | | \,
ECDS : T |[ Ve |[ Ve
[ & ] Nods L Sodet || Sooket || Sodet
Serial Socket
Vo || W || Ve
AUTO FILOT — Kl P Clent Chent Chent

14 BA(VSAT), LTE

Kafka Eroker Web Server J WL: w]eb w‘eb

Web Socket Sodket Socket
Socket
Web Web b
o Chent: Client Client

Fig. 3-2 System architecture
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32 4% 74

2 =4 FEe AR &3 AR 3 B2 As A2"EES oy 3%
5748 AW Linux, Auke] 94 E Window719 &9 AA A FESFH T}
WAS (Web Application Server)= Apache Tomcat 8.5.11S Al&3t3T. 7+
93 doj= JAVAUDK 1.8.0.12D)2 AF83t3a, POSTGRESE DBE 43+
o} WAl Al 2~Ele Apache Kafka 2.1.0-0.10.2.0= AF&3st¥. T+d3H 01]/\1
tlolg <QlE#H o] 2~+= Kongsberg sl Al&#olE{ e} AAIS FAHUL,
HolH & &8 732 d=sdista AFAH shigs Aujete] dAE §

& T3
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3.3. Holg 3

331 st=sof Al Hely <3

HolEE £R3l7] YsiAE Table 3-13 Fig. 3-29} o] Z+ AujE=E o]
HE 74 BS ¢ J=AE A8k ok 2 A xAL vioh A 2o i
fFrde Ay, wjrde] dubx oz Fig. 3-33 o] ‘Interface’ 9l
Output Data SentencesE& A& FtHFURUNO, 2009).

sl Anle Be AzAHED E zol7t s F Atk B AFtolAs sl
Arle] 7% JRC, FURUNO Al#F< 43t 3 thid oy 4 dAE B9
st

FURUNO MODEL 1835 series
5  INTERFACE

5.1 Heading signal AD-10 format or NMEAC183

5.2 NMEA 2 ports, NMEAQ183 Ver-1,5/2.0/3.0

5.3 Remote display/ Ext. buzzer 1 port (option)

54 USB 1 port, USB2.0 for maintenance

55 Inputdata sentences  ALR, BWC, BWR, DBT, DPT, DTM, GGA, GLL, GNS, GSA, GSV,
HDG, HDT, HDM, MTW, MWV, RMB, RMC, TTM*, VDM, VHW,
VTG, VWR, VWT, XTE, ZDA
*: data from radiotelephone only
| 5.6 Output data sentences  RSD, TLL, TTM (requires ARP-11) |

Fig. 3-3 An example of Output Data Sentences
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Table 3-1 An example of Navigation equipment Output Data Boudrate

AL Com Port | BOUDRATE | STOPBIT | PARITY Interval
AIS 1 38,400 0 0 1,000 ms
RADAR 2 4,800 0 0 1,000 ms
ECDIS 3 4,800 0 0 1,000 ms
DGPS 4 4,800 0 0 1,000 ms
GYRP 5 4,800 0 0 1,000 ms
WIND 6 4,800 0 0 1,000 ms
NAVTEX 7 4,800 0 0 1,000 ms
Speed Log 8 4,800 0 0 1,000 ms
Echo Sounder 9 4,800 0 0 1,000 ms
Auto Pilot 10 4,800 0 0 1,000 ms

Table 3-2 Data collection communication type (RS 422)

Specification RS 232 RS 422 RS 485
=A@ Single -Ended Differential Differential
g =2 A< oF 15 meter oF 1.2 km oF 1.2 km

AN BAl &5 20 kb/s 10 Mb/s 10 Mb/s
AY X4 diAl Full Duplex Full Duplex Full Duplex
o 8 A +- 15 VDC -7Vto7V -7Vto7V

el FAEH e e
Al kel A H]OlEi AAZ FHHoT 3] Y= AMSS 7o opdz

WAEsle] AbgxE @ OEF AulolA ARE AFse Als
vl Asich, Yuka o 2 AMSE Modbus SerialRTU)E o] &
Zt}. o7k NMEA0183 Sentencex] & wfFd ol dolg <

ps

o?
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o] AxYo]ZHE] AMS Channel LstE A &wt+

FA 2

g, R AMSE Autrity gule] A7 2
ARst AAeA e

. Table 3-33} o] A=A}

o #4128 53 Address A<2|,

o]¥]¢] Scale®} Rangeoll w2& Function CodeE A olafof 3ht},

L2
#

# 3 # 8 % B

#* H

|## DAT-file for calctest
|# Paraml Param2 Param3 Tagname

TAGNAME COMPORT
SYS300 2
COIL_OFFSET 00891
DIGITAL_OFFSET 08001
ANALOG_OFFSET 00801
DIGITALCMD_OFFSET  @@eel
ANALOGCMD_OFFSET eeeo1
MAXADDR 3000
NO_OF_PLC 1
ADDR_GAP 160

8-1,1-1.5,2=2 4-8

8=NO,1=0DD, 2=EVEN,, 3=MARK , 4=SPACE

BAUDRATE STOPBIT DATABIT PARITY
9600 5]

// For
// For
// For
// For
/{ For

command 1
command 2
command 3 and 4
command $ and 15
command & and 16

8 e

// numbar of tags in dat file

£ Number of PLCs
// Max gap between address in one query

Fig. 3-4 An example of Definition of Modbus for AMS Channel List

Table 3-3 An example of Definition of Modbus for AMS Channel List

SHIP PERFORMANCE SYSTEM RPM

SHIP PERFORMANCE SYSTEM POWER

SHIP PERFORMANCE SYSTEM TORQUE

M/EEO FLOW

M/EFO IN PRESS

M/EFQ IN TEMP

M/ESCAVAR RECEIVER PRESS

NO.T MAIN AR RESERVOR PRESS

“"NO2 MAIN AR RESERVOIR PRESS

Collection @ kmou
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332 AZEJ S ] Holy 3

Zy ZAnj($A Aoz RE Feo]®l NMEA Sentencest ModbusE F3f dl o]
E|E Table 3-49] Y 2EZ 23t A|xHoA= dd A4S 2HA #
t}. Fig. 3-53} %z+o] Parsing Processorell 23] om] &= Token(o3] H24o] ot
hez Eafstan 438t EH4 BAE Al=HolA 343t Table3-5¢9F %
o

2 doly g&Eo 2 A gttt Parsing ¥ dlo]E = Kafka Producerel] <J3j
A A

Fig. 3-5 NMEA Parsing
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Table 3-4 An example of Definition of Modbus for AMS Channel List

Collection @ kmou

Modbus
NAME TAGY Function ﬂ:: Scale Range Data Unit
Code
MUE RPM MCDSE o3 0 00 | .150-150 RPN
SHAFT POWER MLL00 B03 | 202 (Dword) | 100 | 015000 KW
SHAFT TORQUE ML0g? 003 | 204 Dword) | 100 | -1400-1400 KNM
SHAFT APH [t {3 1 "1 -130-120 L
M/E FO MASS FLOW MFOOL 003 | 200 Dword) | 100 KGH
MJE FO IN PRESS MFO0S [ 2 100 0-18 KG/CM2
MJE FO IN TEMP MFOQ8 03 3 0200 DEGC
M/E SCAV AIR RECEIVER PRESS MCO05 {3 4 "0 04 KGICM2
M/E SCAV AIR RECENER TEMP MADL2 (03 5 0200 DEGC
NO1 MAIN AIR RESERVOIR PRESS MC008 (3 § *100 04 KGICM2
NG.2 MAIN AIR RESERVOIR PRESS MEo07 03 ] 100 {~40 KGiCM2
5T BEARINGIAFT) TEMP HL330 (03 i {150 BEGL
§/T BEARINGIPWD) TEMP MLOBL (3 3 0150 DEGE
NO. INTER SHAFT BRG TEMP ML0R? 3 1 0-150 DEGC
M/E THRUST BRG SEGIAHEAD) TEMP L35 003 il 0-200 DEGC
M/E LO SUMP TK LEVEL WLoT2 016~1484 T
MJ/E JACKET CPW [N PRESS W08 (i3 7 06 KE/CM2
M/E N1 AIR. CLR CFW OUT TEMP KW 03 13 0200 DEGC
M/E NO2 AIR CLR CFW OUT TEMP hwott 003 0 0200 DEGL
M/E NO.L T/C RPM [ (03 15 025000 RPM
M/E NO2 T/C RRM NCOLS 3 16 0~ 25000 RPN
MENOLTCEXHGASIN TH Mao0e {03 17 0600 DEGC
MENQZTICEXHGASINTH Mad11 iz} 18 0600 BEGL
M/E NO T/C EXH GAS OUT TH MAGOR (03 19 0600 DEGC
W/E NO2 T/C EXH GAS OUT TH MADLD 3 X 0600 DEGL
M/E NO.L T/C LO OUT TEMP LOQS 0-200 DEGC
MIE NQ.2 T/C LO QUT TEMP Mudda 0-200 LEGC
M/E NO.L CYL EXH GAS OUT TEMP MAM01 03 A 0600 DEGL
M/E NO2 CYL EXH GAS OUT TEMP MAOD2 (03 2 0~600 DEGL
M/E NO3 CYL EXH GAS QUT TEMP MA003 f03 2 0600 DEGL
M/E NOA CYL EXH GAS OUT TEMP MAOM (03 u 0500 DEGC
M/E NS CYL EXH GAS OUT TEM? MANS (03 ] 0600 DEGC
M/E N6 CYL EXH GAS OUT TEMP MADG [ % 0600 DEGL
M/E NG.T CYL EXH GAS QUT TEMP MA00? {3 by 0-600 DEGL
- 40 -




Table 3-5 Interface description of data collection system

P glo]E
sz | o7 3z ae | M o g
T B} Size
Latitude string 16 | 1L, a
Longitude string 16 | yyyyyyy, a
o . . . . . A)DYEYMYSYNY
Positioning  system indicator string 1 v
UTC of position string 10 | hhmmss.ss
GPS quality indicator string 1 X
Number of satellites in use string 2 | xx
Horizontal dilution of .
. string 8 | xXx
precision
Antenna  altitude meter string 8 | xXx
Geoidal  separation meter string 8 | xX
Age of the differential GPS )
string 8 | xx
data
Differential reference station .
string 4 XXXX
DGPS e |D
Local datum string 4 | xxx
Local  datum sub code string 4 |x
Latitude  offset string 12 | XXXXXXX, a
Longitude offset string 12 | XXXxXxXX, a
Altitude  offset meter string 8
Reference datum string 4
UTC string 10 | hhmmss.ss
Day string 2 XX
Month string 2 | xx
Year string 4 | XxXxX
Local zone hours string 4 | xx
Local zone minutes string 4 | xx
NMEA  sentence string
degree/ .
Rate of turn ) string 8 | xx
Gyro compass | HE min
True heading degree string 8 | xX
- 4'] -
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mode indicator string 1 | AEMSV
True course over ground degree string 8
NMEA sentence string
Magnetic  sensor heading degree string 8 | xX
Magnetic  deviation degree string 8
Magnetic Magnetic  variation degree string 8
Compass HE Magnetic course  over degree string g
ground
NMEA  sentence string
Water depth below keel meter string 8 X.X
Water depth below surface meter string 8 | xx
Water depth  below )
meter string 8 | XX
ho Sounder | DE transducer
ke Offset from transducer meter string 8 | xXx
Maximum - range scale in )
meter string 8 | xX
use
NMEA - sentence string
Longitudinal ground speed knot string 8 | xX
Transverse ground speed knot string 8 | XX
Stern transverse ground ot Sring 8 | xx
speed
Speed Log VE | Longitudinal water speed knot string 8 | XX
Transverse water speed knot string 8 | xx
Stern transverse  water )
speed knot string 8 XX
NMEA sentence string
Relative wind direction degree string 8 | xx
Relative wind speed knot string 8 | xX
Anemometer WI | True wind direction degree string 8 | xx
True wind speed knot string 8 | XX
NMEA  sentence string
Actual heel angle degree string 8 | XX
Actual pitch angle degree string 8 | xX
Roll  period second string 8 | XX
Inclinometer IN | Roll amplitude port side degree string 8 | XX
Roll amplitude  starboard .
) degree string 8 | xx
side
NMEA sentence string

_42_
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Message identifier string XX
Message Code string aaxx
Current line string XXX
Total lines string XXX
freq string X
UTC  of receipt of message string hhmmss.ss

Navtex NA | day string XX
month string XX
year string XXXX
Message characters number string XX
Bad characters number string XX
Message string n-——n
NMEA . sentence string
Type of ship and cargo string XX
Static - draft meter string XX
Persons - on board string XX
Destination string c—=C

ALS VDO | Estimated UTC of arrival UTC string hhmmss.ss
Estimated = day of arrival UTC string XX
Estimated month of arrival UTC string XX
Navigational =~ status string XX
Regional application flags string XX
NMEA  sentence string

ECDIS EC | NMEA sentence string
Target number string 2 | xXx
Target latitude string 16 | 1L, a
Target longitude string 16 | yyyyy.yy, a
Target name string
UTC of data string 10 | hhmmss.ss
Target status string

RADAR RAX' | Reference target string
Target distance string XX
Bearing from own ship string X.X
Degrees true/relative (T/R) string a
Target speed string XX
Target course string XX

Colle

)
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Degrees true/relative (T/R) string a
Distance of CPA (closest ,
. string X.X
point of approach)
TCPA string XX
Type of acquisition string a
NMEA sentence string
Commanded heading true degree string XX
Commanded heading .
. degree string XX
magnetic
Override string A oV
Auto Pilot RU | Commanded rudder angle degree string XX
Commnaded rudder )
. string L orR
direction
Selected  steering mode string MSHTR
Tum mode string R, T,N
NMEA - sentence string
Number of engine string X
Event time string hhmmss.ss
. Message type string X
Engine
Telegraph TE | Position of engine telegraph string XX
Position of sub telegraph string XX
Operating location indicator string X
NMEA sentence string
Lever demand position string XX
RPM demand value string XX
. RPM mode indicator string X
Engine - ;
Propulsion TE P@h demanFl V.alue stgng XX
Pitch mode indicator string X
Operating location indicator string
NMEA sentence string
Number of thruster string X
RPM demand value string XX
RPM reponse value string XX
Thruster TH | RPM mode indicator string X
Pitch demand value string XX
Ptich response value string X.X
Pitch mode indicator string X
- 4 4 -
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Azimuth demand string XX
Azimuth response string
Operating location indicator string
Sentence flag status string
NMEA sentence string
Rudder Angle Starboard rudder sensor degree string XX
Indicator RU | Port rudder sensor degree stﬁng XX
NMEA sentence string
ME running status string 1
ME FO flow Total kg/hour | string 20
ME FO flow Each kg/hour string 20
ME DO use string 1
ME RPM RPM string 10
ME power KW string 20
ME torque KNM string 20
ME FO inlet press bar string 10
ME FO inlet temperature celsius string 10
ME scavenge air inlet .
3 bar string 10
press
ME scavenge —air inlet j )
celsius string 10
temperature
ME stern  tube  after
AMS ME . celsius string 10
bearing temperature
ME  stern tube forward . .
. celsius string 10
bearing temperature
ME  inter shaft bearing . .
celsius string 10
temperature
ME thrust  bearing ) .
celsius string 10
temperature
ME turbo charger RPM RPM string 10
ME turbo charger gas inlet . )
celsius string 10
temperature
ME turbo charger gas . .
celsius string 10
outlet temperature
ME turbo charger lo outlet . .
celsius string 10
temperature
ME cylinder exhaust outlet | celsius string 10
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temperature

ME cylinder PCO outlet

celsius string 10
temperature
ME cylinder JCFW outlet . .
celsius string 10
temperature
GE running status string 1
GE TFO flow total kg/h string 20
GE TFO flow each kg/h string 20
GE DO use string 1
GE RPM string 10
GE power kw string 10
GE frequency hz string 10
GE voltage \Y string 10
GE current A string 10
GE FO inlet press bar string 10
GE FO inlet temperature celsius string 10
GE | GE LO inlet press bar string 10
GE LO inlet temperature celsius string 10
GE  cylinder exhaust outlet . .
celsius string 10
temperature
GE turbo charger RPM RPM string 10
GE turbo ch inlet
¢ "L a's celsius string 10
temperature
GE turbo charger =~ gas . .
celsius string 10
outlet temperature
GE turbo charger lo outlet . )
celsius string 10
temperature
AB running status string 1
AB AB TFO flow kg/h string 20
AB Stean press bar string 10
AB drum water level meter string 10
Total FO flow keg/h string 20
Sea water temp celsius string 10
ETC Fore perpendicular draft meter string 10
Mid port draft meter string 10
Mid starboard draft meter string 10
After perpendicular draft meter string 10
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3.4 Hlojg| Z=A4Y & Web Ul 7&

Auke] dloly 3 AX]e] Kafka Producer2F#¥ =3t

Consumerg

A o), +=3 Aaky §Abel Au|(Kafka Consumer)Text Datas 500ms o)W
o] Ao =2 Fig. 3-63 o] DBol ms @9 =2 AA =3, WebSocketS &3l 5

o

-

B

J% TUHY & 5 YR Ul %% HEs 47 2 FEsA,

A Bromszr

§editData - NDOS-.. § EcitData-NDDS.. § Ecit Data- NDDS-AWS - rds - publict_re_nav_othership, voyage [})?h

bEdt0ata-NDDS-. NDOS-.. ¥Query-nddson.. §EditDeta- NODS-., ¥ Query
Lm(mm Tea.a. a6k 02 1. (oo 028
& ¥ Consiraints NDDS-AWS - ndds - publicth ra_nav_othership voyage
# % hieres
¥ W ules dr 80 s 'Best
Ey '
8 Ftb ra v aien pesicen

th_ra_nav_zxon pesiton hist

B Fth ra pav gas

Date Output Explaln  hessazess-Guery History
3 N3y gas st
b e iUk mmsi osaisdass osrepesnd osasversion |osimarum o5 callsgn o o5 Nesselname osshpype  osdimZbowm os dimsenm  osdimdoorm o5 dimlstarb
Ithraarfst 4 [PRchara [PK)cmestampiehoietim (K] charecter chiatactevary charactarvaryin charactervrying Ghamacter varyr character var charadtbrVaniig 20 charactervary charactervanying charectervarying characiervanying charactervery
s 10OM DBEDUBOB MILD A 0 wB 3 {CREAN3 5 5 2 § i
th_ra nav naviex hst .
DSON DNB33V04BHH 40110040 (A 0 ) i TOICHANGNAN
i b ra nav ebership posiior
DSON 2018-033004557831 440107550 & 0 1 | [l IHAESEUNG kY 0 1 g b
 nay_orhership pasitior_ st
oy | 4 M DBISEES M 4 0 J W | B 15 2 '
7 [ Colurns 5 DSOM  2160330042556213 677074600 A 0 0 BR21585 Sigdh. SEAALEXA i ] ] 6 b
4 M Censtraing 6 DSOM  2018033004255574 . 77334640 A 0 f 9149263 11V} SKAZOCANY) 105T 8 153 2 b} b
7 DOM 8033004255506 440020260 A 0 BUSAN 325
& @hies § DSOM  2016033)042554106 | 44D11E780 (A 0 0 9149586 kil YONGKWANG 5 10 13 4 4
g 5
DSON  201303300425532608 440146030 (8 0 Ir " Ir 1038 DEQKMYUNG
B Zth ra_nav orhership_voyage bist
i 10 DSOM  180330042550247 44610 A 0 ] In 922031 SINJUNG 701
8 Htb ra nav_safe msg
(8- th ra nav_safe meg hist 11 DSOM  2018033)04254951% 441703000 A 0 0 9528421 Dsqu2 MEGA PASSION b 8 185 ] u
B Bt 12 DS0M DISBNUBEN M0 A 0 0 M DU MEGAPASSION * 1 1% » %
8 th ra v target hist 13 0S0M  218033)042548701 4401100 A 0 0 B339 NOMETA | META3 5 19 k- 15 17
1 b ra o selegraph 14 DSOM  016033004254843 41450180 A 0 9816 BLEMY YONGFAYUN 10 b & E] 10 8
U Sbpadegabbs oo ennmses aun A 0 GG [BENS  YONGRAYUNTO 1 ) % 0 8
[ Fth ra nav thruster - " L — -
16 DSOM 0133004254203 AD15400 A 0 0 120068 CHANG SUNG 0 5 1 4 [}
b ra_nav thruster hist
! 17 0SOM 1803300425304 5300%43 A 0 H 732307 VIH8 ALDHAL 4 4 nm 20 3
B3 18 DSOM  DNS3N04BINE UNEE A 0 0 wnBe KANG NAMT-13 5 ] 6 a 3
th_ra nav_voyage Fist
A T 19 0SOM  2IBBANMBHIT MM A 0 OB ADN % 0 » § N
th_ra nmea hist T N 0SOM 280330456 4SRN A 0 1205 12005 DONGBANGNC1HO & 4 ] 3 4
11t se_comp_mst 2 DSOM MB03304253544 | 440100855 A 0 97034 HWANG YANG 5 10 5 2 3
h 5 ot it 2 DM 21303)0BB0E  MI5EN A 0 1204 DONGYANG7
L]
Bt seeemeyar B ODOM DISBAMBNU  MNLED 4 0 0 25 SHUNGTO
=t 5 feems s it
U DOM DIE33NMBING 460 A 0 0 022051 SINJUNG 701
18 th_se feems usr_rol mep
= DSON  2018-0330042528805 44107650 A 0 ? 3050CNS | NO.108 DONGEIN 30
6 Tthse feems st 1ol meg his
B Fth ge seris s 6 DSOM  018033)04577008 440155220 A 0 3N 31045 151HYESEUNG k(] 12 B 3 5
B B seseems s 700N DIBNMBRAT TN 4 1 W DI AMAA % FY u 3 §

Fig. 3-6 An example of database AIS(Other Ship) Data storage
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Fig. 3-9 M/E, G/E Monitoring
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Fig. 4-2 System Experiment environment setup

=3 4 AW, DB, HolH Z2AAN JTS & 5 9= Table 4-12] AFFS

Table 4-1 H/W environment for ship’s experiment

T A+
dlo]E] $=3/*8l | CPU: i3 4330 3.50 GHz, Memory: 8GB
YA H CPU: E5-2620 2.40 GHz, Memory: 16GB
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2 dFdA= v FHRMA Yo 7)) Regiones A E3tATh AHgAL 3742
Chrome, Internet Explorer 11 B2}-$-A & 53l A sIATh
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Table 4.2 Experiment environment of communication test

T8 | T4l | dolH &4 43 3 A3 3=

tre| | Ethernet | A& o]H KMOU o}4+3 &9 7s AY

A% | Ethernet | 4 ®lolg] | gttt (Moored) @9l 7 A

=3} LTE A dloly | gkultks(Sailing) 53 75/ AF

A% | VSAT | 4 dloJg]l | KMOU ojitgh B8 75148 23
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EEstnen, F% 43 Ao 23t

Table 4-3 Sample of single unit experiment result

Ay 4 Ay FE A z7A/dolH a7 ]|
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=9 tufolx oA 1. Serial port open A&
_ A =y = FSSE
Serial IF iz Speed Log Sensor 14 2. &9 .ﬂoﬂ/‘i Akl
o A 2] - NMEA emulator AH- NMEA string 22 | OK
ANMEA TR aan 9% Serial 442 | Systemold 44
Eis * 2% g9l
M 3. & dioly £l
dlo|H
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oM A Al st gle A2 2 SN FAls

of
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IF A5 A4 4 0K
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e 2. System A7IEE @] | System oA 4
System Al2<¥] A A2 « 212 3o
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Table 4-5 Comparison of data transmission experiment result

H| 2= (0.5 sec) A= (5 sec)
Message / sec 100 300
XL g=F 5.3 Kbite/ 0.5 sec 17.7 Kbite/ 5 sec
194 A4 golH 915 Mbite 300 Mbite
IdE5E - °F 67%
! AAIZE gloly A& &% dolg A%
AEE = dolg A 23071 A8
VSAT Max X4 0.5 Mbite / sec

Adutel A el dloly AFgF2 At &3 Hl&ed AR JFS mIo
Aukel Holg F& HE Al drf A5 AdFo2 stvps GOB FAINE
o B2 TS WAA Ant. A B duke] VSATe] Hd AF £=& 05
Mbite 24 of= oy A= ZE Mol dolE & MEdts Zo] o
g5 Fa7 dolEel ATt HEsHAl Holsdnh dA E= tlolHE Hd
735 B B dHolHe AE &Fe 7 oy A FAolEA g
F7F HolHE Eurldde S&stA 3t doz $4 e ¥EE U
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