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Abstract

In order to prepare for the autonomous ship, this study aimed to secure basic technology for remote
ship operation/control through the development of the ship’s navigation information transmission system for
collecting and processing major navigation and engine related data among various ship operating equipment
mounted on vessels. The navigation information collection and transmission system has been designed to
collect data using NMEA 0183 and MODBUS and has used Kafka and WebSocket to process a large
number of messages in their application. In addition, the ship - shore web service was implemented to
make the real-time monitoring is possible through a web browser. The data interface was implemented
using the Kongsberg navigation simulator and the system was implemented and verified using real data
through the connection with KMOU training ship Hanbada.
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<Table 1> Navigation NMEA data sentence

Nav. equipment Form Sentence
HDT $--HDT, x.x, T*hh<CR><LF>
Gyro ROT $--ROT, x.x, A*hh<CR><LF>
GGA $--GGA, hhmmss.ss, 1L, a, yy}(fyy.yy, a, X, XX, XX, X.X, M, xx, M, x.x,
xxxx*hh<CR><LF>
DGPS DIM $--DTM,cec,a,x.X,a,X.X,8, X.X,ccc*hh<CR><LF>
RMC $--DTM,cec,a,x.X,a,X.X,8, X.X,ccc*hh<CR><LF>
7ZDA $--ZDA, hhmmss.ss, XX, XX, XXXX, XX, xx*hh<CR><LF>
HID $--HTD, A X .X,2,2,2,X.X,X.X,X.X,X.X,X.X,X.X,X.X,3,A, A, AX.X,*hh<CR><LF>
Auto Pilot HTC $--HTC,A X .X,3,3,3,X.X,X.X,X.X,X.X,X.X,X.X, X.X,a*hh<CR><LF>
RSA $--RSA, x.x, A, xX, A*hh<CR><LF>
Speed Log VBW $--VBW, xXx, XX, A, XX, XX, A, XX, A, x.X, A*hh<CR><LF>
NAVTEX NRX $--NRX, XXX, XXX, XX, aaxx, X, hhmmss,ss, XX, XX, XXXX,X.X,X.X,A, c--c*hh<CR><LF>
RADAR TIM $--TTM, xx, X.X, X.X, 4, X.X, X.X, @, X.X, X.X, 4, C--C, 4, a, hhmmss.ss, a*hh<CR><LF>
RTE $--RTE, X.X, X.X, 8, C--C, C--C, ...... c--c*hh<CR><LF>
ECDIS
WPL $--WPL, LI, a, yyyyy.yy, a, c--c*hh<CR><LF>
Wind MW $-MWV, x.x, a, x.X, a, A *hh<CR><LF>
Magnetic HDG $--HDG, x.x, x.x, a, X.X, a*hh<CR><LF>
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[Fig. 1] System Definition.
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<Table 2> Interface design for Read Discrete Inputs

Ho

Name Read Discrete Inputs
Explanation Read information from specific input bits (consecutive from 1 to 2000)
Type hexadecimal(16) byte
Transmission method Asynchronous
[Data] [Type] [EX]
- Slave Address Byte(1) 11
- Function Code  (0x02) Byte(1) 02
- Starting  Address (0x0~0xFFFF) Byte(2) 00C4
Send - Input Starting Address Hi Byte(1) 00
- Input Starting Address Lo Byte(1) C4
- Quantity of Inputs (0x1~0x7DO0) Byte(2) 0016
- No. of Points Hi Byte(1) 00
- No. of Points Lo Byte(1) 16
- Error  Check(CRC) Byte(2) XXXX
- Slave Address Byte(1) 11
- Function Code  (0x02) Byte(1) 02
Reception - Byte Count (*N) Byte(1) 03
- Input Status Byte(Variable) ACDB35
- Error  Check(CRC) Byte(2) XXXX
- Slave Address gyzgi éé
Send - Function Code  (0x82) Y
. . Byte(1) 01
Exception - Data *Exception  code Byte(1) ol
- Error  Check(CRC) Byte(2) KXXX
A Az e A RUE"S S8l ako] -8 g1 do|Efe] o
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[Fig. 3] Experiment environment setup process.

<Table 3> Plan for experiment

experim Commu  Data Pl Experiment
ent ni-cation  source object
. Simulat KMOU
Unit or .
. Unit
experim  Ethernet HANBA .
real function
ent dat DA
A (moored)
I real HANBA
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<Table 4> Sample of integrated experiment result

Item Screen/Program/DB Result
LIVE
data Check data for each item on the
. normal
web Ul Monitoring Pop up screen
display
Check data loading
Navigation
tb_ra nav_voyage voyage
information
tb_ra blr ballast
tb ra ge generator
generator
tb_ra_ge vl cylinder
generator
t t
b_ra_ge tc turbo charger
) engine rm.
Loading tb_ra_mach machinery
LIVE - -
tb ra_mach me main engine normal
data - = =
DB main engine

t h 1 .
b _ra_mach me cy cylinder

main engine

tb ra me tc
- - = turbo charger
navigation
tb_ra nav .g
- - equipment
tb_ra nav_gps position info.
tb_ra_nav_navtex Navtex
engine
tb_ra nav_telegraph g
-0~ telegraph
tb_ra nav_thruster thruster
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<Table 6> Comparison of data transmission test result

Decompressed Compressed
(0.5 sec) (5 sec)
Message/ sec 100 300
Transmission 5.3 Kbite 17.7 Kbite
capacity /0.5 sec /5 sec
Transfer data g5 Vit 300 Mbite
(1Day)
Compressibility - °F 67%
. transf lot of
Advantage real-time data ansier a fot ©
data
Number of
transmission 230

data channels

VSAT Max
transmission

0.5 Mbite / sec
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[Fig. 5] Comparison of network packet analysis of
WebSocket and Polling.
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