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Abstract : The IoT (Internet of Things) technology is rapidly becoming an important consideration in many engineering fields in the current 4th
industrial era. In recent years, the concepts of digital shipbuilding and smart factories have been adopted as trends in shipyards. However, there is active
interest in research on implementing autonomous driving in autonomous vehicles and airplanes, which is currently available in commercial form in a
limited capacity. The present study is regarding the path-tracking performance of a boat to accomplish an autonomous driving mission using a flight
controller (FC) and real-time kinematic (RTK) global positioning system (GPS) based on an open-source Ardupilot; an actual sea test is also performed
using this system on a calm lake. The boat's mission is to evaluate the maneuverability of the self-driving process to a specific point and returning to
the home position. For a given speed, the difference between the preset mission trajectory and actual operational trajectory was analyzed, and a series
of studies were conducted on the applicability of the system to ships. In addition, the movements and maneuverability of the OmniX-type hull with four

propellers were investigated, and the driving path-tracking performance was observed to increase by a maximum of 48%.
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2.1 Open Source Ardupilot and Pixhawk System

FERANE 7 A7 24 D A& 2Pl BaF
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a0 A 2F A2US FAN] AT T2AE
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Fig. 1. Various flight controllers.
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Fig. 2. PID control concept.

2.2 Boat Hardware Description
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Table 1. Propulsion, Rx-Tx, BLDC motor and ESC device

Rx-Tx BLDC

Parts Prop. (Pair) motor ESC
. 6 in T14Sg . Ready to sky
Dim&Type  \ih 45 R700sb VAN b1 fype
Detail 4 Blade 24GHz  350kV 40 A
Table 2. Hull particulars
Type LBP B DLWL SLW.L
Catamaran FRP 0975 m 0.58 m 0.105m 0.130 m
Gs
Propeller diameter Rudder
(D.LW.L) (SL.W.L)
0.2592 0.3249 0.068 mm None
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Fig. 4. OmniX type boat propulsion concept.
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2.3 GNSS Experimental Setup
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Fig. 5. Boat communication and GCS system.
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Fig. 6. Used RTK GPS and base station.
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Table 3. RTK GPS and GPS

Item GPS RTK GPS
Model Ublox Neo-MS8p-0 Ublox Neo-MS8p-2
Accuracy Stand alone: 2.5 m 2.5cm
Nav. update rate 10 Hz 4~5Hz

2.4 Operational Experiment
A& 73 HES A A2
FAE] =2 ANUE AASIY 2FHE S SgelA
AEE 73 t(Table 4). A3 717F 5 Ft 1071 o]
o] $14do] FAF I 9IS Fig 84 AT 5
801] A Hi=nkel o] RTK GPS Yol 3
1alo] Way Point 1S Aut 128 7bA &= AFE HERd
AR ARFE TS 7R 120m AlE 100m ?{P
AEE 07w SE2 YFS FPsted 2
f¥ATh AF FdAolA Y FEHS o] FHEAR
SE W 04mss ojdlolH HlEe] £E= 03mss oYl
SHEAG A P sdg x4 ddk GPS9} RTK
GPS $HA A Folxl -8 A2E 77 A&da)

rir
2

1‘>‘ ot L HHN

st JH ¢

)

Table 4. The water and air conditions of trial place

Temp. Mean air Current max Testing size
(Degree) (m/s) (m/s) (m x m)

F.W Moderate Sea state 1

10 0.3 0.4 120 x 100
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D | — -
=2 =
: |
L TT 1T 1
| . Num. GPS usage(with RTK BASE)
- Num. GPS usage(without RTK BASE)
10 - GPS HDOP(with RTK BASE)
- GPS HDOP{without RTK BASE)
(= L
S
o
o
=
I s}
w 7—- -
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Fig. 7. GPS condition and number of satellites during the test.

Fig. 8. Experimental domain in real scale.
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Fig. 9. Boat real path in time laps (WP1 ~ WP2).

Fig. 10. Boat real path in time laps (WP4 ~ WP7).

Mission WP
Without RTK
With RTK

Fig. 11. Comparison of real path (WP1 ~ WP12).
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Fig. 12. Comparison of track error (each case).
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Fig. 13. Comparison of track error detail (A~B region).
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Without RTK BASE Operation
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Fig. 15. Way point bearing versus yaw angle(without RTK).
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Fig. 16. Way point bearing versus yaw angle(with RTK).
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Fig. 17. Comparison of turing rate during mission time.
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