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Abstract © Recently, research, development, and commercialization of maritime autonomous surface ships (MASS) and remote control
are in progress. Remote control is intended to secure autonomous navigation environments for existing ships or early—stage MASS using
a remote control system (RCS). The main function of an RCS is to control MASS using data transmission between the MASS and the
remote control centre. Remote control by a remote control officer also has an important function. The purpose of this study was to develop
RCS and a performance evaluation technique for operation data provided by the RCS. The experiment was conducted during the
navigation period of a training ship "Hannara’ after building experimental equipment at both an onshore remote control center and a
training ship. As a result of evaluating data transmitted and received using the developed RCS, it was confirmed that data transmission
was possible within an error range of 0.1%p. Fourteen types of ship information reflecting the navigation environment of the training ship
were confirmed to be transmitted and received. The RCS developed in this work complies with the three principles of remote control:
safety, reliability, and availability. This study provides a core technology for the development of RCSs for MASS and the evaluation of
data transmission performance.
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1. M = (IMO, 2019; MASS Code, 2023; Lee and Yim, 2023).
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3 JTHMASS Code, 2023).
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Fig. 1 Concepts for the remote control of MASS
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Fig. 2 Configuration of the remote control system

MubA o] A 2Bl e T3} 7ro] LAl =z, do]E 43
=] (Data Collection Devices), H]©]E] %\—/ﬂ%} [ Data Tx),
o|El A1 X (Data Rx), A19kA]| o)Al 5 A4 %4%](Ship Control
Signal Generator), /3ol 418 AAAAHHS A7+
o= gRlety] gk dAAIgHE A7 X (Command
Visualizer) 9} 97 A1 # A A)1%&X](Command Indicator),
Aol A =213 1A A o] vlo] ] (Remote Control Data) S &
’Fo 2 I =M (feed-back)st7] $13 o & d o] El(Emulator) 5
o= FA3ATH

ob-&e], BAA A FAGAIT TS g FAEA
(Wi-Fi, LTE, LTE-M, VSAT)E o]&3lo] FAs3ich

SgA A ~gle] A=, dlo]E A% (Data Rx), o]
&% (Data Tx), 541 dlolg 9] 7HAstE 98k 7HA 8}
Al2=®ll(Visualization System), ¥4 AojAL kel ]3] 217 Ao
HES e AA 924 (Remote Control Console), %
G20 dlole AFE 218k AW (Server) 522 FASISTH



154 =

.= (Operation Mode)
L=A=N=1 z_]-Ez‘ﬂ- Zr: o]
F3 Aut tﬂo]EiE
el Al A9 Aol AREE b 54
Lo Aojel] 91§ LA ool E o] Mw,
2) 3659 24Xk %ﬁxﬂowwu AEolie ke 9
Zot}, o]l gt o] TR == MASS Code(2023)l Ao
£ 9744019 394 & 25317 918 Bol,

2.3 HAMOA|AES| A YIS

A QAANA 2 ARAe] S5 e FYF G
st 444 e s xﬂw Aol 71 5e] A gaes
galgiel, 58 Awdel 5% A¥halol 4 (Rudder,

Engine, Telegraph, Bow Thruster. Stern Thruster) & 122
2 AE F J=E 78IS Table 1S AF549] AL
Yebd tH(Hanjin, 2019).

Table 1 Particulars of training ship 'HANNARA’

Particular Description

Type of vessel Special Purpose Ship
Displacement(ton) 9,122

Length overall(m) 133.0

Breath(m) 194

17.7/144 (combinator mode)
Controllable Pitch(CPP),
6,618 KW x 146rpm

Speed(knots), rpm

Type of propeller

Steering P35 and S35 (maximum)
Engine(rpm) 144 (maximum)
Telegraph level* 11 levels

Bow Thruster(°/min), Power 25.6, 1000kW

Stern Thruster(°/min), Power | 21.2, 900kW

* 5, Navigation full; 4, Full ahead; 3, Half ahead; 2, Slow ahead; 1, Dead
slow ahead; 0, Stop engines; -1, Dead slow astern, -2, Slow astern, -3,
Half astern, -4, Full astern, -5, Emergency astern
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Fig. 4 Shore control system in the remote control centre
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Fig. 5 Navigation route of training ship '"HANNARA'
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Table 2 Statistics on data transmission

[FactorOperation Mode Control Mode

Delay [DV-TXDV-RXRatio Delay DV-TXDV-RX[Ratio
Max [1.69 59 o9 100 B 393 1393 100
Min 069 58 o8 100 0O 360 1360 100
Mean 0.75 5896 5898 [100.0300.15 [375.35 375.35 [100
Std 024 019 013 |- 036 (768 [71.83 |-

Remarks: Max, Maximum; Min, Minimum; Std, Standard
deviation. Units: Delay is second, DV-TX and DV-RX are
pk/min, Ratio is percentile(%).
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Table 3 Statistics on 14 types of ship information transmitted and received using operation mode

Factor |[HD ROT |COGl |COG2 |STW |SOG2 [Depth [W-SPD [W-DIR |Rudder [ENG-RPM |TLG-Level [THR-Bow [THR-Stern
n 3242 3244 3244 (3244|3167 3244 3235 3244 3244 3244 3244 3244 1770 1474

Max [2297.1 |6 359.6 [359.8 |12.8 ]12.396 [90.1 22 359.9 14.7 1324 4 2.9 4.8

Min 0 -242 0 0.1 3.5 3.43 3.1 13.1 0 -35.4 64.7 0 -155 -3

Mean |155.82 |-2.17 |151.99 |152.20 [10.10 [9.91 5394 |18.19 194.16 |-0.86 120.14 3.14 0.07 0.05

Std 150.64 [5.44 14444 |144.26 |2.63 [2.38 2839 |1.59 14798 |7.58 17.57 1.06 1.70 0.27

Remarks: n, number of data; Max, Maximum; Min, Minimum; Std, Standard deviation, HD, Heading(®); ROT, Rate Of Turn(°/min); COGI, Course Of|
Groundl(®); COG2, Course Of Ground2(®); STW, Speed To Water(kts); SOG2, Speed Of Ground2(kts); Depth, bottom clearance(m); W-SPD, Wind speed(kts);
'W-DIR, Wind direction(®); Rudder, Rudder angle(®); ENG-RPM, Engine RPM(rpm); TLG-Level, Telegraph Level; THR-Bow, Bow Thruster angle(°/min);
‘THR-Stern, Stern Thruster angle(°/min)
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Fig. 7 Fourteen types of ship information according to time.
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maneuvering information
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