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Abstract - Technology development related to maritime autonomous surface ships (MASS) is actively progressing around the world.
However, since there are still many technically unresolved problems such as communication, cybersecurity, and emergency response
capabilities, it is expected that it will take a lot of time for MASS to be commercialized. In this study, we proposed a ship group
navigation system in which one leader ship and several ollower ship are grouped into one group. In this system, when the leader ship
begins to navigate, the llower ship autonomously ©llows the path of the leader ship. For path ollowing, PD (proportional-derivative)
control 1s applied. In addition, each ship navigates in a straight line shape while maintaining a sate distance to prevent collisions. Speed
control was Implemented to maintain a sae distance between ships. Simulations were performed to verify the ship group navigation
system. The ship used in the simulation is the L-7 model of KVLCCZ, which has related data disclosed. And the MMG (Maneuvering
Modeling Group) standard method proposed by the Japan Society of Naval Architects and Ocean Engineering (JASNAOE) was used
as a model of ship maneuvering motion. As a result of the simulation, the leader ship navigated along a predetermined route, and the
bllower ship navigated along the leader ship’s path During the simulation, it was ound that the three ships maintained a straight line
shape and a safe distance between them. The ship group navigation system is expected to be used as a navigation system to solve the
problems of MASS.

Key words - MASS, ship group navigation system, path ollowing, PD control, MMG model
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7= FF23FFZA(Space-fixed coordinate  system)
O—Xvz8F AA TFFS dHoz dtu Huto] A4 ek
S 2F, FE WES yF, A BES 259 Yo WUgo =
st AA) A FFFA(Ship-fixed coordinate  system)<l
o—zyzF A I AA7IM ¢i= A7, 5= BHE, g B
7 e ARAEHE, wsk v, & A7 ok yF FH AL, U
< u v,d FEEE gt
X
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s = 6 y
0 Y

Fig. 1 Coordinate system
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X=X,+X,+X,

Y=Y,+Y, (5)

N,, = Ny+ Ny 6)

H, R, P= 770 AA, 8, ZrAs on|sis, 7b7e]
TAHS A vAeER A" HeR idEdEy

(Yasukawa and Yoshimura, 2015).
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Fig. 2 Ship group navigation system
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3.2 ZE2FEA|of

ZEMAOfe i 7]edith dubgo =z

PID(Proportional-integral-derivative)
Adaptive) o1& A &3k}, o] AFoA=
vl g o]yl iﬁﬂ/}j‘i‘% o] &3t sl AXAE

Steering 4 Ds:;fnic r
Model IJII/Io del

Fig. 4 Block diagram of PD control
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=5 A A8 AT WSl dellA AE FASES
&g Aofsfof gt FF Adute] £HAlo] SEEE Fig
59 .

Safe distance(SD) = 12.2L
Leader ship’s initial speed = x m/s
Follower ship’s initial speed = x m/s

< v

Calculate distance between follower ship and leader ship (D) |

Set follower ship’s
desired speed = 0.9x m/s

No

Yes
Yes Set follower ship’s
desired speed = 1.1x m/s

i

No
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desired speed = x m/s

|
Group Navigation System?
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Fig. 5 Flow chart of speed control
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Fol dis) 52 il
abol] Apgsh= 99 A7]E ZeEstel(Kim et al, 2013), -3
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2 A% ANEE 59

Table 1 Waypoint list for simulation

WP1 | WP2 | WP3 | WP4 | WP5 | WP6
X (m) 0 100 | 341 | 582 | 799 | 1145
Y (m) 0 0 65 0 125 | -75
Course (°) 090 | 105 | 075 | 120 | 060
Distance (m) 100 | 250 | 250 | 250 | 400
o dubo 2= KVLCC29 11457 4 23l L-7 »d
< AASA T KVLOC2E SIMMANlA FA] A& oz A
Ao} Aduk A 2 2y Ads Ze FAE FAE vA
g 59 tolEl7t FAEo] rt o] wfiEo] Aute] ZFA
T, A3 58 HUE] 91 At 2 AE-E Ko,

2022; Kim, 2019). KVLCC2 L-7 ®49eo] #A¥ ujA4 4
Zz=zdAe9 B #dE ASEELS Yasukawa  and
Yoshimura(2015)ll A F43 $2& AH&sFith. KVLCC2
Auksh L7 me] 8 AL Table 201 el sHark
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Table 2 Principal particulars of a KVLCC2 tanker and it's et Aot gy AMube njg] AefR 2= ulet s
L7 model stlom, 7 Ao FF Mule gy Mute] A2E we) g
Particular e |1 o] N A A% S gk o AAshs A2t 6002 AH
Seale 100 ey, 2 WP5E 538 ul= ¢F 55me o] Z(Deviation)”} A4 3
Ao et
Ilﬁ%ggmlgﬁ%ie?m) 3200 7.00 Fig. 8& 7} Auke] Azbel] whe eb2H(s) ¥ &3(0)2 o
Breadth (m) 58.0 1.97 Bl T Zolr) Tz FAE HEZEY Al 9Fo
Depth (m) 20.8 0.46 AR ZF Mdle] WA 2 3 4 2 55 Fsly] H3) ElE
Displacement (m?) 312,600 3.27 A& AR e} Az vrebd T e Ak wd
o : e B0 v AR5 WA o] F55 ¢ 2 e
o o1 v o iy | 12 0.25 B Abgstdon, A 20e) B ALER Ao e
Block coefficient 0.810 0.81 o 2d Alere] RPME dAsht Bzt ARG o Qlel] &2
Propeller diameter (m) 9.86 0.216 °of FAHIL Bl S5 HHE | 2 FoR Fadhe
Rudder span length (m) 1538 0.345 A% & g gtk v 2 A wMAdE St W A
Profile area of movable part 1195 0.0539 609‘] 23553 "}%_3\} Aow L‘rE]r)\ii' .ol e —Zr&f? dutol
of mariner rudder (m% : i HAHS 5948 o, 2y AdAy ez @dss 3]
ol gy AMute] ARE wEl ¥HF] 22 FER o
olo] we} 7k Ayl 7o) obH Ag]= Auk Zole] 12219l WS ot £ Aduke] S vk 3k A
54mz AAs AT Fr Aure] 7] 9= (00)0]H, 3= & A8 Sl 271 &89 90~108% W) dellA Wt
F Au 13} 20 27] A Zzte) pdARRE Wojzl O AeE HEN
(-854, 0) 2 (-1708, 0)o.= atglth. =3k A Ho| 27] & Fig. 9= efv) Aupst 58 A9 1, 55 A9 1} +5 4
29 118m/s, 7] ARE 090°% AAgati. olo wheh &g dk 2 Alolo] A=N(D)E UrE‘rkH aefzelnt Y ko] W
Aole o sE&E 7S 77 z7] Lo 90%°l e SHstuA o] iy, gy ek FF A
106 m/sSh 110%91 130 m/s® a+sith. 191 A7t gl % Adur 12 dARE Frs]
el A& FH i, FF ek 13 5 Auk 2 Alele] A
4.2 AlEsijojd 2t 7} gk whebd 3% A 2 kAR S FRsE] )
3 &gtk 2y Adute] vial o] HH o 3| &
(1) Aol gle 4% HH FF Auk 1, 278 458 s Ha kA FRy
Fig. 6~9% 9]2lo] Q1< wlo] A|Ee ol An= ek oAy HHor Folo A " 7 Add Abele] A=
Fig. 6& Auk 4 e A4 &4 Fig. 72 A1 A 2AWP2) AlEdleld T A4 AR 1221 95~114% M=
S WAH SWPHE B el B A Aol mep IR
—Leaderjship [
===Follower ship 1
100 | — Follower ship 2 |
E WPI
X ob =) _
il ! ! \ ! ! ! ! ! | WP6 ]
-200 -100 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Fig. 6 The entire trajectory of each ship

in the first simulation
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Fig. 7 The trajectory of each ship by section in the first simulation
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Fig. 8 Rudder angle(d) and speed( U) of each ship in
the first simulation
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Fig. 9 Distance between ships in the first simulation
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Fig. 10 The entire trajectory of each ship in the second simulation
100 100 100 100
=62 =140 =217 =270
E E E
x x x -
WP2 WP2 WP2
-100 0 100 0 100 200 100 200 300 100 200 300
Y [m] Y [m] Y [m] Y [m]

(a) passing

800 900

800 700

600

760
¥ im]

Y [m]

(b) passing WP5
Fig. 11 The trajectory of each ship by section in the second simulation
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Fig. 12 Rudder angle(d) and speed(U) of each ship in
the second simulation
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Fig. 13 Distance between ships in the second simulation
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