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Abstract . Recently, the demand for autonomous navigation technology has increased, and related research is also increasing.
Autonomous ships generally llow the planned route, calculate the avoidance route according to the risk situation while sailing, and ollow
a calculated route. In general, an automatic steering device is used to llow the route, and among the operational automatic steering
device methods, the route control mode is the most appropriate method to apply to autonomous ships. Therefore, in this study, we
developed a route-tracking algorithm to apply an avoidance route using the navigation control mode of an automatic steering device.
The algorithm was developed by dividing the straight and turning sections. A performance test was conducted to satisfy the performance
suggested by IEC 62065, the relevant international standard, using simulator equipment that had acquired international certification to
verify its performance. The results of the performance verification confirmed that the cross—track error, which represents the straight
distance between the ship and the route, satisfied the performance standards suggested by IEC 62065 when the ship followed the route.

Key words - maritime autonomous surfice ship, avoidance route, route—llowing algorithm, steering control, autopilot
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Control System)< HM, #AF 5
Al BAetal HAX AR o] et of
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A AgE agstel vE dA4E FEE

TCS(Track
4 ZF ZA el
Y}, g2ejjA] Eof
NEEE Muke] &

21018 Aojsl= A AES on| 3t} (IEC, 2014)

H Z=Fo| X Track Control System$ Abgslo] &= >
Z dugEs 75

2.1 TCse| &7

TCS+E 71& #8 &9
R B e P
ofuel = AFd
Ak A slel
(IEC, 2014), & =&ollA ARbehs 2 5 daegss 7
dstr] 93 A3k

TCSE 715 87AHel wel Table 13 #Z¢] Category
ATCE Yo7t} 7] Category AE 3] Legt ule}
7he 98 3, Turnd 782 ¥% ¢=r} Category B
Leg®t wetrte A3s shxRE 9F9 9J#s Fa Tumnd
Tdo] 71538t Category Ce
BE P AA Leg® Turn® T+&o] 7Fs3atch

o
tgd— =1 n

Category Coll #&3= dugls MEs %= IIEC,
2014).
Table 1 TCS category
Category Description
A Single leg track control or multiple leg track
control without assisted turns between legs
B Multiple leg track control with assisted
turns between legs
C Full track control on legs and turns
Source : IEC 62065, IEC, 2014
2.2 TCS +4
TCS+ ox u A

=

EE e BAStT ol B3 AY A= A 2 AAE
F3ste AR EEA|A 2E(ECDIS), A+99E Aofsts
Autopilot®] A5 A A 2~8(HCS)3 2z} AnjEeo Au

Table 2 List of TCS equipment

Equipment Description
Display navigation chart informations on
ECDIS electronic chart including voyage planning
and monitoring function
HCS Control Ship Heading
Speed Log | Sensing current ship speed
GPS Calculate current ship position
Gyro . . .
Sensing current ship heading
Compass
BNWAS Early detection of neglect of duty
Source : IEC 62065, IEC, 2014

3. 82 35 gmals

ECDIS®] &raf] A x 9} Autopilote] ZFEF HREZFS] AAZ=
B3 Adure] g2 3 dudEs FAY dE FF L
g5 A AA 1 A3 31 F A s s FEy
o] AikS FasHAl Atk A kel A= Aute] AE gz
o} g% ZHA ety 8 Aure] A5kelE AlLtsted]
g2 FFE& FYsta, A3 I E HA A3Es Al
At g7 FFE& s "ok
3.1 35 A=

Auke] g2 3 A AT = e BE S d&§ ¥
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A

T= (a/ V) % 3,600(sec) §))
o] 7] A,

T : Calculation Time
a: °ol%s Az A4

V @ Vessel Speed Over Ground (Knot)
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Fig. 1 Coordinate system
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0, =, £ [90 —arccos(d,_, — d,/ Ah)] ®3)

7] A,
T 21 23} FA Calculation Time

AR koA Aure] FEE FES] AAE Jtokd
Bg P2E Aualel Bk BE ARE vk AY B A
ole] A7t Eol5=S ofefjel o] AAtdith

C=n,+ [b*(d,/2d,)"] 4)

o171,

C=5%5x 3=

b= 4

d = Akt G2 Aole] ) A

Max XTD

I " Target Course
Current XTD

Fig. 2 Target course concept
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E=0,—1, (5)
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3.3 On the Turn

Abs 2 e o] HCS+= 3] F-3boll A A4 e 9= A3
o Hdg M3 wbE 9 d3E&S F A HIE s
(ISO, 2019). Aute] SIAE 7IFom FuE FF37] 9%
A7) M8 gS Aok Bk ou, AEelE AY F=
o) ke Aol Beish Fg BAs) s, Ak 83
A Abele] $12] #Alel wet H3sS AL

A Rate Of Turn
Next Course
Turn Angle
Fig. 3 On the turn concept
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Table 3 Test equipment

Type Brand Description
ECDIS | Marine PM4D
Autopilot | Electronics | MWAP
Simulator | Dynautics ShipSim3

A E# ol El = ECDISSF A5 ebg A= 33 A4
A ZEPGA R e 9
A&t x}%iﬂﬂﬂb ECDISZ 441 Whe
3l Astd ez Aol |

A ek,
R
=

Nav. Data

ECDIS+=

o =
: ;g‘rrv:

6206501 A1 AlAIgE AlgE] 2 R E ARS8l AlE S e}l
o} ATY FHZFd = IEC 61162-1°14 AA% XTE(Cross
Track Error) Hlo|E|E F73te] 21gstdrt. XTE dlo|E =

w3k g2 glo] 2l 912 Ake] Av|eh Wk diw
W82 2(IEC, 2016) XTE Hl°]E & T3 Auty} gzl o
2hg Adstlon, 1o gk Hdlgko] IEC 620659 4% 7]

ol FEet=EAE HEskd .
4.2.1 Ship A
Table 4914 A<2l3+ Ship A A¥Fe Ferry Rd=2, IEC
ARE3 A sl on

620652 Aluvele 1¥ F=E
Z

7] A5 R &L

= de
247} 0.0%¢}F 250 =Eolt}.

Fig. 5 Test equipment block diagram

IEC 6206514 A é?&
6206500 41 A A g+ Adat

QA& Tablede} 72t}

Table 4 Ship model

glole]
eEE:

4=t

& AlEeelH

Nav. Data
Rudder Control

i _
i Autopilot

Parameter Ship A Ship B Ship C

Type Ferry Container Tanker
L (m) 60 250 350
T, (s) 20 30 30
Ts (s) 12 30 30
A (%) 0 0 0
Umax (k) 30 25 10

Kr' (deg/s/%) 0.025 0.01 0.005
T, (8) 150 600 800
Ty (s) 2 4 36
T (8) 4 23 46
¥ -0.05 0 0

Source : IEC 62065, IEC, 2014

Table 5 Scenario 1

Waypoint No. Latitude Longitude Track
001 000°01,000’S | 000°01,000'W | 000.0
002 000°01,000'N | 000°01,000W | 090.0
003 000°01,000N | 000°01,000E | 315.0
004 000°02,000N | 000°00,000E | 225.0
005 000°01,000N | 000°01,000W | 135.0
006 000°01,000'S 000°01,000E | 270.0
007 000°01,000'S | 000°01,000W | 045.0
008 000°01,000N | 000°01,000E | 180.0
009 000°01,000'S 000°01,000E -
Source : IEC 62065, IEC, 2014
Ship Aol diste] AlEE Az}, A== XTEZ}
0004821 & Z=HatA] e WA FEALS ne} £uE
Aolate AL Gtk =3 %if‘?}i(ﬂl*ﬂ% XTE7}
0017 #EE =4 = HYAA FZAFE we} A3
o

Al

0004072 &)= 71259},

T7re e XTE Hzhe
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Fig. 6 Ship A test result

IEC 62065 %<
H7t 71Ee =

9 24A%s

ol A=

Ship A 9]
o XTE 3t 0.0188985 af
m%g;ﬂum~wm23%ﬁ?ﬁﬁ%

Auele 19 A
shgom,

3% 2¢ne)Fo] Ship A 29| 3] [BC 620659) 87} 7%
off 433 Hd5s 7IR= Aol AFFHUY.

4.2.2 Ship B

Table 4914 <] Ship B A1+ Container X2 2, IEC

620659] ALtele. 3 BEE AMgE AWS Asgom,

"

0.035

Ship B

e Cr 0SS TTECK ETTOT s IEC Stanidard

Cross TrackError

IEC 62065 3t

4.2.3 Ship C

EEE RIS

Fig. 7 Ship B test result

Table 4014 2|3 Ship C

62065°] Alvhe] e 29

RS

Ship B 9]
A XTE % 0032397 sfz& 2
R 2 249k A(12)5 T3 7
o] Ship B =gl thal IEC 620652 %7}
4TE 7HE Aol HsEAL

PERTIN-N
R Ay I W

}%ﬂﬁﬁw—X%ﬂ“OW

Al Q. 3l gk 4

Tanker

atalen,
i
7]

=
RL

zd2 IEC

27] A5 B SHe 47 40259 200 wEo|h, Z7) A5 9 S8 247h 40259 200 wEolh,
Table 6 Scenario 3 Table 7 Scenario 2
Waypoint No. Latitude Longitude Track Waypoint No. Latitude Longitude Track
001 65°00,000N | 000°20,000W | 040.2 001 000°03,000'S | 179°57,000W | 000.0
002 65°05,000N | 000°10,000W | 139.8 002 000°03,000N | 179°57,000W | 270.0
003 64°55,000N 000°10,000E | 040.2 003 000°03,000N | 179°57,000E | 045.0
004 65°00,000N 000°20,000E - 004 000°06,000N | 180°00,000E | 135.0
Source : TEC 62065, IEC, 2014 005 000°03,000N | 179°57,000W | 225.0
006 000°03,000'S 179°57,000E | 090.0
Ship Bell diste] Alger Ax, H a2 = XTE} 007 000°03,000'S | 179°57,000W | 315.0
000281 & =H3tA &= WA F2A LS w2t xEE 008 000°03,000N | 179°57,000E | 180.0
Aojste AE gRlstar)t. ®g FAIRAgAE XTEZL 009 000°03,000'S 179°57,000E -
0.004 @2l =HAatA e WA FEALS wet 3 Source : IEC 62065, IEC, 2014
s Sasglen, HA AF FRrelA e XTE Hd@e
0.003608 8] = 7] =21t Ship Coll thake] A@ e A} A Mgz A= XTEZ 0.02
delg a8 e WSl FRATL ek ek Aol
ah= A& gtk =3, A== XTEZF 0.03 3
48 2 9 gl FRAYS ne A5E s



Rew, HA AF el A e XTE a7k 0014337 3
2 7)15H 30

Ship Cell Wiate] Al@E At Alte] e 200 thafj A AlAJ &
Hd XTE gt 00539957 slels ZFstA] &kow, HT
0.003608 sl 2] = 4= At ol& Fall 4Dt H(12)5 F3l
TEe F2 FF daE]Fo] Ship C ZHe i3l IEC 62065
o] @7} 71zl wet Aol AsH Ak

Ship C

e Cr 0SS TTECK EITOT s IEC STENCAID

58 B

2 AFAANE A Fete] 33 FrE FEeed &
S5= g2 FF dugFs AMPsta, ASERePEA Y
Track Control Systems &3] ¢ug]5S Fd3Aact +8
H g Fo] AAHoR sAstEA Elst] Sl #d =
Al F9Q) IEC 620650014 AAehE s 71Edl et A5
A&gstg om, oo gk AE skt

24dME FEFFTS A ATEPFH 9] Aol BE
91 Track Control Systeme] F31¢1#] o]} o, 3ol A

g2 FFS Y3 duHFE s, As

Aol RS Fgato] Aty dueES T
g E AszerEdR e e =2 i 7

dudEFe AsS A7) 8l IEC 620652 Alvke] 2ol A

A
Aofgt g2 9 Mt mdlg ALgsth A AT ARE B
%S W, Aute] FRE FFEol| glojx] Auty} R Afe] 9
24AYE JEWE= Cross Track Error7} IEC 620659041 A
ABlE As 7S wEshE AS Eelsidnh

A dugEs Fo A A&AEre AT LA
71918 = & Aol At

FFoe 2 AdFE B MEE dudss e AE
ZEPEAE sk A g 5 W ol oy ) &
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3
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