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[Abstract]

The INT1 standard has been used for the paper nautical chart, and the S-52 standard has been used for electronic navigational
chart. In order to improve the S-52 that has been used for a long time and to portray various maritime information, the
International Hydrographic Organization created a new standard, the S-100 and there are many ongoing studies under S-100
working group to develop product specifications. This study is the result of conducting a symbol improvement study as part of
the Korean e-Navigation project. For this study, various maritime safety information was analyzed which were marine protected
area, marine radio service, navigational warning, vessel traffic service, and under-keel clearance management. By analyzing symbol
usage and related standards, new symbol production and design improvements were identified and applied based on the analyzed
information. In addition, some overlapping issues arising from symbol expression were derived and alternatives that could be
helpful for future development were presented.

Alo] ¢ MAIE, S AlY, HEXE, S-100, Al JHM

Key word : Electronic navigational chart, Hydrographic information, Nautical chart symbol, S-100, Symbol improvement

http://dx.doi.org/10.9728/dcs.2020.21.7.1355 Received 01 June 2020; Revised 15 July 2020

This is an Open Access article distributed under Accepted 25 July 2020
@ the terms of the Creative Commons Attribution

<L Non-CommercialLicense(http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-51-410-4888

original work is properly cited. E-mail: sjlee@kmou.ac.kr

*Corresponding Author; Seojeong Lee

Copyright (©) 2020 The Digital Contents Society 1355 http://www.dcs.or.kr  pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2020.21.7.1355&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C| x| & 28l =55 =2X|(J. DCS) Vol. 21, No. 7, pp. 1355-1364, Jul. 2020

3 148} dh= Alo] UdwtAolrt. o]9f t&o] wAls|AL ]
(IMO; International Maritime Organization)2] e-Navigation Z1=F
A& ST FA|G=27]94IHO; International Hydrographic
Organization)©] S-100S 7|9Fo. 2 XA HAB =5 213 A
T7F R E L ek AR ]Te] §-100 FE V1]
EAR WBEFRA S-52, S-575 vHF O S A EAH F
#21 FAFFE87]9HISO;  International  Organization  for
Standardization)] 19100 E5= A =2 23 M 2e 24
B gk g7tk $-100 #Fe] L o A = S-100
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N Gebiete und Grenzen Areas and Limits

Anmerkung: Bei kieinen Gebisten wird die Grenze ohne Ankersyr
Nots, Anchors as part of the limit symbol are not shown for

Gargestellt. Ankergebiste mit anderen Angaben sind moglich,
il areas. Other types of anchorage areas may be shown.

- & | Operationsgebiet fur Wasssrilugzeuge iss
Bly 1 @ 1 = Seaplane operating area g

406

Ankerplatz fur Wasserflugzeuge
Anchorage for seaplanes
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Fig. 1. INT1 standard - Area and Limit

C-MAP ©lli= 4D, ESSENTIALS, NT+, MAX, MAX-N,
MAX-N+ 5 523} &5 wpe} of 2] 7F2] Bdo] 9lom K
vl PC, A EZZE| 52] ZH| ARE- 7 whe} HE ¥l e
2 ARE-ETE 2018 9 715 7099702 AA, 60001 ]
ARSI 9l o 18] 2= C-MAP NT+2] A1 5 A AFgA}

gloftt.

PORT, SERVICES
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-~ R underwater)
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- - Fishing harbior
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Fig. 2. Chart symbol legend using in C-MAP/NT+
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Table 1. Product specification list developed by IHO

No. Product specification based on S-100

S-101 Electronic Navigational Chart (ENC)

S-102 Bathymetric Surface

S-104 Water Level Information for Surface Navigation

S-111 Surface Currents

S-121 Maritime Limits and Boundaries

S-122 Marine Protected Areas (MPAs)

S-123 Marine Radio Services

S-124 Navigational Warnings

S-125 Navigational Services

S-126 Physical Environment

S-127 Marine Traffic Management

S-128 Catalogue of Nautical Products

S-129 Under Keel Clearance Management (UKCM)
18 FAFRI)T A5 A28 B AL 2 A7)
) R A

=
3j ok

ikl Eﬂ 18] & 383 AlFAFH(Product Specificat

E 2. IALAOIM JHESQI ZjX BE =5
Table 2. Product specification list developed by IALA

No. Product specification based on S-100
S-201 Aids to Navigation Information

S-211 Port Call Message Format

S-240 DGNSS Station Almanac

¥ 2+ TAISZ A 3| (IALA; International Association of
Marine Aids to Navigation and Lighthouse Authorities)S &3]
g AGE A = I A BES P gk ovh wAIFgEE
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9 T Al=E Q1Y F gk 5 S-240 5ol ol th

E 3. WMOOIA 7HE0l Ty EF S5
Table 3. Product specification list developed by WMO

No. Product specification based on S-100
S-401 Inland ENC

S-402 Bathymetric Contour Overlay for Inland ENC
S-411 Sea Ice Information

S-412 Weather Overlay
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Fig. 3. The process of symbol improvement
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Table 4. The list of S-122 features
Feature name

Marine Protected Area

Restricted Area Navigational

Restricted Area Regulatory

Vessel Traffic Service Area

T 4= S-122004 =EE 9AEL] HFolt S-122 AlEA
A 918 & sk A }OHJ—Oﬂ B AF
ArFoltl7]. Al e] el T2 HO R o]Foj dHo= 1
AlEt), S BE -9 (Marine Protected Area) H.57 } e
g &2 E] AAR], A% e AALEEE fAL 5
F3b7] S1sf A7 ¥ - olh

A ST (Restricted Area) 54 =70l whe} 3 &3
o Algte] A Y& A G o2 FR 9} vihE sk 54
95 9|v]gtt}. &3l (Navigational) A &H+3-2 Aute] &3fjdl|
25341 @S vA = = AlgR o]H, 1Al (Regulatory)
A s o A e VA

A YollA] AE 4= ol sl YT vAE TS
“’Eﬁiﬂr. Al 11E MM 9 (Vessel Traffic Service Area)<
WE S50 b 84 9 3 B E vhdsk] $1s) #4178
H 0% Fhekg AW wA A e 57F B A Al A 9
H AL A RE E3hgieh

¥ 5. S-123 IX 5=

Table 5. The list of S-123 features
Feature name

Radio Station

Radio Service Area

Weather Forecast Warning Area
Coast Guard Station

Building

Landmark

Navtex Station Area

Navigational Meteorological Area

Inmarsat Ocean Region Area
GMDSS Area
S-123 Approximate Area

5% S-123 AFAFYl ti3t A4 HEolu), s-123 AEA
G2 sl e ghr] @ Au] el gk AlEAFol el AL 2
A7) B E Al gshe ehr] @ 7 1A= B A H| 2] 7R3 9 Al
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= AH] 2 B AH| 2 -8 A7) Fol E3HE:
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BRI ght] 2 A1) 22 *H $](Radio Service Area) ] *]| & 531 S

F AR 27} A FE = S BAIB
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RS AH) 0] G0 e Au| s WS e
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& AlTES 7 JEF A A HE AH]) 22 TH(GMDSS Area)Z} 9]
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Table 6. The list of S-124 features
Feature name

S124 Text Placement

S124 Navigational Warning Feature Part
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Table 7. The list of S-127 features
Feature name

Radio Calling In Point

Signal Station Warning

Radar Range

Concentration Of Shipping Hazard Area
Pilotage District

Routeing Measure

Under Keel Clearance Allowance Area
Caution Area

Signal Station Traffic

ISPS Code Security Level

Pilot Boarding Place

Military Practice Area

Waterway Area

Vessel Traffic Service Area

Ship Reporting Service Area

Local Port Service Area

Piracy Risk Area

Under Keel Clearance Management Area
Place of Refuge

Pilot Service

Restricted Area Navigational

Restricted Area Regulatory

3E 78 S-127 AlFARFS] IA HFolth §-127 AlFARYFS %
A 25 Beketr] A8l whHEo Avh alE it ARE st
w At g e, = apol, Al W, ARe e g
H 58 Zesi)9].
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Table 8. The list of S-129 features
Feature name

Under Keel Clearance Non Navigable Area
Under Keel Clearance Almost Navigable Area
Under Keel Clearance Control Point

I 82 A=Al T AFAFERL S-1299] T A H-Fo]
U}, 8-129 AJFALES Aduke] ah-et sl 4] A& Atolo] A&
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Category of Current Symbols

Feature Name

Information C-MAP INT 1 ECDIS

*dish aernial “dish aerial

# B
o

!

*dish aerial R

) “mast

(jA»
(ﬂ)

“mast

Landmarks Landmark

*tower *tower

=

Landmarks Building a

]

]

Radio &

Station Radio Station

communication D *Click symbol to check

information

*one direction
Nr13

.

Radio both direction

Station

P2

A MNr13
A en7a4

R ()
Vi

s J———

ShipReportingServiceAres

<

communication

*direction

Nr13

) £y penra

= =g L
Vv

*ane direction

5

*both direction

*one direction

*RadioCallingInPaint with
VHF channel

ADvHEg0

"both direction

T

Nr13
ch 74

Radio
Station
communication

o A
RadioCallingInPoint %\ N3

\7/ ch74

*direction
107
\V

General form
Fes

*Coast guard station with
rescue station (4)

=CG 2 CG6

oS
o6

Radio
Station CoastguardStation

communication

=CG+ oG+ ch#

TZ=o0 = B HiE=
EFO| Alyul Ay 27

OB 4. 7|1E
Fig. 4. The symbols and categories in existing standards
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MEE HARHEE fleh ol okt HE AE J4Md

3 A8l 29 S Ade] Feig Farstel AAH % A5 A

W A o] §HEZ STt 1Y 4 2 AFAPAN A £
972 BRE 23] Ao,

T 4ol TS AR BFE e ofest 2o

o2 ATslal C-MAP, INTI, ECDIS(Electronic Chart
Display and Information System)ol| <] AF&-8F= 4] )7t
A=A ZAFSE] GeElakrh11].

* Landmark (M =r}=1 7)
- Building (1&)
- Landmark (H=r}=)
* Radio / Station / Communication (2T, 714, SAl 3%
&)

Radio Calling In Point (F-4 2.3 2|3
Ship Reporting Service Area (413 B3 AH] 2= X <)
Radio Station (}T] 2. 7] A=)
Radio Service Area (2}T] 2. AJH] 2~ H9])
Navtex Station Area (LFE.8]2~ 7] %= 51 $))
Coast Guard Station (3|2} “dR] ] 7] %] =)
Inmarsat Ocean Region Area (1031 th &k %] &)
Pilot (=414} 2H)
- Pilotage District (=241 7<)
- Pilot Boarding Place (%=} 541 7d4)
- Pilot Service (=AIA} A 1] )
UKCM (XA o] =4 &)
Under Keel Clearance Non Navigable Area (%174 o]-<=%]
oz
Under Keel Clearance Almost Navigable Area (%1435~
2 Al o)

Under Keel Clearance Control Point (A4 o5

A7)

- Under Keel Clearance Management Area (X4 o154 3%
o )

- Under Keel Clearance Allowance Area (14014 & &
)

*  Safety service (SH# AJH] 2~ )

- ISPS Code Security Level (ISPS 2= RSt )

- GMDSS Area (GMDSS &%)

- Place of Refuge (41 H4)

- Traffic (18 A =)

- Vessel Traffic Service Area (33 115 Al AH] 22 5-99)

- Vessel Traffic Service Area (33 1l°g Al AH] 2 5-99)

Signal Station Traffic (25 213 4)
Tracks / Routes (5%, 74 = 3¢)
- Routeing Measure (74 2 712])
- Radar Range (Z©]H] H9])
- Waterway Area (F5°-= A <)
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e Attentions (9], 7 3L ¥&)
- Military Practice Area (A} &7 X <))
- Marine Protected Area (3| E. & +-%)
- Caution Area (5-2]7|Ah
- Weather Forecast Warning Area (‘24 of| . 74 11 & %)
- Concentration Of Shipping Hazard Area (X185} ARz thak ]|
)
- Piracy Risk Area (314 $1& %]<)
- Signal Station Warning (7 3L A& 4)
- Restricted Area Navigational (&3] A gH-<)
- Restricted Area Regulatory (74 #| <)
- Signal Station Warning (7 3L A1 & 4)
- Restricted Area Navigational (-3l A 3H-99)
- Restricted Area Regulatory (714 | 3H-99)
* ETC (718} P&+ 1)
- S124 Text Placement (8]=E ¥Z&)
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A o) 919 A2 TR OR TR V)R] A
F2 B FUE 5T ATk FARE Aol Y B
A SR WEoE QAskon olsle] Fg /)
Fo] Feig Paste] At A9 Altsigch

SAe] 15 TS GO A v)4e) AEs Pels

%tk 7132] C-MAP, INTI, ECDIS %39 & e]S Farsfo] o)
Q1 sglem 7% AgepiAE wel A %(Point), AL
(Curve), % 9(Surface)S] FE= A ]St

FE9E 7IE A B Farste] Ao A o5 gt
ShaL A9t A2 2 Ryl 25 9% 2 PARHS gt 1ol
o} 7zt Ao weh Ao 1% JElE 2 (Point), FAIA
(Curve) % 9(Surface) 0. & gt} 7] A i A == 4
5 Brjvo]= @ AN A ojstal w4 &= 49 A
o] oJu]E 7|9ro 2 Al xﬂﬂ 8 %LA}%L-% 71E o] 4l

- S124 Navigational Warning Feature Part (3]|A} 73 3 3] #]) S Fxsta A7 159 93-S k] Aol
- S-123 Approximate Area (17 <] 5)
E 9. ol M 2F AR - 2HLol=, A HIE
Table 9. Requirement for improving symbols - Mordernization and Creation
Feature name Symbol primitive Modernization requirement Creation requirement H|
Using text to divide symbol
information
Landmark Point, Surface ex) radar tower
(R)
Radar
L . *Including S-101, S-101 is excepted in
Building Point, Surface .
this case
A station symbol uses this symbol
Radio station Point ( 0] ), Using text to divide
symbol information
Meaning of this service is ‘Ship to
. . . station’.
Ship reporting service . .
Surface (It would be same to Radio service area
area
symbol but it is different. It needs to
divide using different color or text.)
Meaning of this service is ‘Station to
ship’.
. . (It would be same to Ship reporting
Radio service area Surface . .
service area symbol but it is different. It
needs to divide using different color or
text.)
Text or number in the symbol is
Radio calling in point Point, Curve ambiguous. Use text instead of a
symbol.
A station symbol uses this symbol
Navtex station area Surface ( O ), Using text to divide
symbol information

http://dx.doi.org/10.9728/dcs.2020.21.7.1355
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A station symbol uses this symbol
. . Point symbol with text ‘CG’, Refer
Coastguard Station Point, Surface ( o ), Using text to divide .
’ to exsisting example
symbol information
Inmarsat Ocean Region .
Surface Radius form
Area
Pilot Service Surface Use area symbol and text
Pilot Boarding Place Point, Surface Refer to exsisting example
Pilotage district Surface Polygon form
Under keel clearance .
. Point £ . .
control point It is not official symbol but this
symbol used to portrayal test.
Under keel clearance
. Surface Polygon form
non navigable area
Polygon form
Under keel clearance
almost non navigable | Surface It needs to divide
area UnderKeelClearanceAlmostNonNav
igableArea using different color.
Under keel clearance
Surface Polygon form
management area
GMDSS area Surface Radius form
ISPS code security .
level Curve, Surface Create area symbol with text
eve
Place of refuge Surface Point or area symbol

3-5 0lrAlE =& & IAL

o) Al dhate] e
A3t 3 74 olpAbge] =&
A 9 et A gekn

e 1] flsto] A

A IS AAM O FA Bk
e A Akl xdskit12]

F 10. S-122 ZH A 73

Table 10. Symbol portrayal of S-122 features

Feature name and symbol primitive

Symbol design

S-122 Restricted AreaNaivagational

- surface

@

S-122 Restricted AreaRegulatory
- surface

S-122 VesselTrafficService
- surface

1361

1) B3 Sl

Aol T3 A ofe 99 Aol FUT AH S vehd
© 3 113} 7Fo] =3 o]7p7h LER 5= 9t} o] N
S5 & g0 v J9g BT A
7857t ATk & =
HolFEr) ok 12 A X)= Qoo - Ao ojn=

= 12 o]l A&
o
=
= AMe gAske] elelo] P
i

WS FAS] Go) AL AL BT 5 ek =
o] the JoS BT b Polulel = oAl Tk

I 11. Sl SX0|4 - 99 Al

Table 11. Overlapping issues of complex symbol - area
symbol

Symbol design issues
==

-y

Overlapping of symbol area Semantic conflict of symbols

http://www.dcs.or.kr



CIX|" 2-l = s+5|=&X|(J. DCS) Vol. 21, No. 7, pp. 1355-1364, Jul. 2020

E 12. Sed SHolwel oiet

Table 12. Alternatives for overlapping issues

Alternative 1 Alternative 2 Alternative 3
e e
= /// o // ~
18 / | [ \
{ ‘ ( w
N il A\ /)
X L \\/////
Overlapping a part Overlapping a part of Overlapping
of the symbol (1) the symbol (2) whole symbol
2) @A FHolr

T2 o|gpAtal o w2 gk 9ol of 2] 4AlHo] vehh= 97t
AL} o] B9= Ao AR Foll= dlgA] HHE TR
Sk R whet Ao Fejrt ek = 97t vk Al
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