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ABSTRACT : Electronic Navigational Chart is a sophisticated digital chart which contains navigational information such as
coastline, depth of water, and nautical mark. It contains high levels of textual, spatial and graphical data, and rapidly
replaces traditional paper charts. Although Electronic Navigational Chart has been successfully applied to the navigation of
ships, the specific data format, S-57, requires some specialized systems. Furthermore its usage may be limited to specific
domains and experts with restrictions. To overcome these limitations resulting from the specific data format, S-57, of
Electronic Navigational Chart, more general data format such as XML will be preferred. If Electronic Navigational Chart is
transformed into the form of XML, it can be easily accessed and exchanged on the internet. Therefore it may be used for
more users and applications. In this paper, we propose an XML Scherma to equivalently represent XML for the S-57 format
of Electronic Navigational Chart
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Fig. 1 An Example of Electronic Navigational Chart
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Fig. 2 Conceptual Diagram of Proposed Methodology
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Table 1 Structure of S-57 Object Classes
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Fig. 4 Model of Spatial Object

27+ Axe) We 2dg UMLB] tolojades Edst
W a3y 49 Zoh 29 4elMAFE I3 AN HHZ B
#s5)= AR ul= NODE, EDGE, FACE?] 37Hlo|9, 4
A dolEolNE 2tz H(Point), A(Line), B(Area)o2 EH
dr) de xe A= AEE /M @ A A AR

Axesel 9 qulaE 98 XML 2710te] 4]
quze ofe) 7HA oEYRESS ATV AdAE AT
AA Zezst o AAJA #e AR AAn Aon,
JERESS ST A7 ol AnE 4 & AeA 2
gack AA A} ERsh vle E 29 2ol F 29
'LIGHTS' 7247 22t 447 old g2 7Hexg 2
gzt dg B9 LIGHTS 2A Zd2%& 750BJLY A
A Zelzolw, ge 'LIGHTS' 184 AGRUP)AA 5%
Aol ez= WML IRVER), %4 713 S0(AGEN),
=2 AA AEMsE 234260030(FIND), 54 AA 48 A
WaE 1315(FIDS)2He RS & + Ao

Table 2 Types and Meaning of Identifiers
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Table 5 Elements and Meaning of XML Document
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Fig. 5 Basic Schema Package
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<element name="Dean" type="ex:DeanType"
substitutionGroup="gml:Feature"/>
<complexType name="DeanType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="familyName" type="string"/>
<element name="age" type="integer"/>
<element name="nickName" type="string"
minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:location"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>

Fig. 6 An Example of GML Schema

3. MAGI =8 XML AF|of A

2 oM 557 AAAE EF dAL AT AAH=S
AT 2T rlal rIsled AEErl AlorsEl Azl T8 YN A

A g HujAE 9% XML 2:7]19ke] A e

AR XML A7\vke 534 A4 ddE, oELHF
E, BAIHE A A B C, &7 AA AUUE Hdos
FAEh ¥ 63 o] S-57 M= BFE Ao £ A4
£ AR EE XML 27)vllA e §4 A dUER A
Asti, S-57 AAEE BEE A9 ¥z AAHEE
XML £7]otolA oJERIHER AAdHow, S-57 A=

Z 329 oJEFHE F A B, Ct AAAEE XML =
F\ojoll A RAYAHE A B, C2 AAsAH.

Table 6 The Correspondence Relation between
S-57 Standard Format and XML Schema

3 HH EX Uy W2IHE
AlSE T HECIRE

OECIRE TE A SBAUPIHE XE A
HECIRE ZE B SAUUPHE HE B
OECIRE &8 C SUPHE ZE C
22t 2 32t 2N WelHE

E 6914 Ao dsdA FHA wER, 4 AAHEE
XML &7|vbe 29 78 e A% 7XE dAdn RE £
7} BXo] 2E AYANESL H <schema> JHUETL} 9l
o6, BE XML A 23 el FE JUAENE
317] @] <ENCObjectSet> HNEE dA3td <ENC-
ObjectSet> daHEZ}L AAHEE XML EA0A FE g
HEV HES

<ENCObjectSet>
| [E=maEa |
Ll | oease
=2 #n
—  amee [
ApiE et A
. | | aizi0ie wet B
=5 24
L AW |
gcles | {erzioie met C
| [ =z 2w
AzoE

Fig. 7 Structure of ENC XML Schema
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<xs:attributeGroup name = "AttributeGroup™>

<xs:sequence>
<xs:attribute name = "GRUP" type = "xs:integer"/>
<xs:attribute name = "OBJL" type = "xs:integer"/>
<xs:attribute name = "RVER" type = "xs:integer"/>
<xs:attribute name = "AGEN" type = "xs:integer"/>
<xs:attribute name = "FIND" type = "xs:integer"/>
<xs:attribute name = "FIDS" type = "xs:integer"/>

</xs:sequence>

</xs:attributeGroup>

Fig. 8 XML Schema Definition for Attribute
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<xs:element name = "CATLIT" type = "xs:string"/>
<xs:element name = "COLOUR" type = "xs:string"/>
<xs:element name = "DATEND" type = "xs:string"/>
<xs:element name = "DATSTA" type = "xs:string"/>
<xs:element name = "EXCLIT" type = "xs:integer"/>
<xs:element name = "HEIGHT" type = "xs:float"/>
<xs:element name = "LITCHR" type = "xs:integer"/>
<xs:element name = "LITVIS" type = "xs:string"/>

Fig. 9 XML Schema Definition for Subelement Set A

<xs:group name = "ElementSetB1">

<xs:sequence>
<xs:element name = "IMFORM" type = "xs:string"/>
<xs:element name = "NINFOM" type = "xs:string"/>
<xs:element name = "NTXTDS" type = "xs:string"/>
<xs:element name = "PICREP" type = "xs:integer"/>
<xs:element name = "SCAMAX" type = "xs:integer"/>
<xs:element name = "SCAMIN" type = "xs:integer"/>
<xs:element name = "TXTDSC" type = "xs:string"/>

</xs:sequence>

</xs:group>

<xs:group name = "ElementSetB2">

<xs:sequence>

</xs:sequence>

</xs:group>

<xs:group name = "ElementSetB3">

<Xs:sequence>
<xs:element name = "IMFORM" type = "xs:string"/>
<xs:element name = "NINFOM" type = "xs:string"/>

</xs:sequence>

</xs:group>

<xs:group name = "ElementSetB4">
<xs:sequence>

</xs:sequence>
</xs:group>

Fig. 10 XML Schema Definition for Subelement Set B
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<xs:group name = "ElementSetC">

<xs:sequence>
<xs:element name = "RECDAT" type = "xs:string"/>
<xs:element name = "RECIND" type = "xs:string"/>
<xs:element name = "SORDAT" type = "xs:string"/>
<xs:element name = "SORIND" type = "xs:string"/>

</xs:sequence>

</xs:group>

Fig. 11 XML Schema Definition for Subelement Set C
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<?xml version = "1.0" >
<xs:schema xmlns:xs = "http://www.w3.0rg/2001/XMLSchema™>
<xs:element name= "ENCObjectSet">
<xs:complexType>
<xs:element name="LIGHTS" >
<xs:complextype>
<xs:sequence>
<xs:element name = "CATLIT type = "xs:string"/>
<xs:element name = "COLOUR" type = "xs:string"/>

<xs:group ref = "ElementSetB2"/>
<xs:group ref = "ElementSetC"/>
<xs:choice>
<xs:group ref = "Point"/>
<xs:group ref = "MultiPoint"/>
</xs:choice>
</xs:sequence>
<xs:attributeGroup ref = "AttributeGroup"/>
</xs:complextype>
</xs:element>

<xs:group name = "ElementSetB1">
<xs:sequence>
<xs:element name = "IMFORM" type = "xs:string"/>
<xs:element name = "NINFOM"type = "xs:string"/>

</xs:sequence>
</xs:group>

Fig. 13 XML Schema for ENC Data
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Fig. 14 An Example of S-57 Data

(LIGHTS)
GRUP (nteger) = 2
OBJL (nteger) = 75
RVER (nteger) = 1
AGEN (Integer) = 550
FIDN (Integer) = 234260030
FIDS (Integer) = 1315
CATLIT (String) =
COLOUR (String) = 4
DATEND (String) = (nulD
DATSTA (String) = (null)
EXCLIT (Integer) = 4
HEIGHT Real) = (null)

-
-

TXTDSC (String) = (null)

RECDAT (String) = (null)

RECIND (String) = (nulD)

SORDAT (String) = 19940129

SORIND (String) = US,US graph,chart 18772
POINT (-117.23685900 32.63692200)

Fig. 15 An Example of Text File for S-57 Data
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- BMD [) E WMy PubsWResul xml ~] POE & -

« <LIGHTS GRUP="2" G81L="75" PVER="1" 4GEN="550" FIDN="234260030" FI['5:"1315"> ﬂ
<CATUT />
<COLOUR> 4 /COLNURS
<DATEND />
<DATSTA />
<EXCLIT>4</EXILET>
<HEIGHT />
<UTCHR>2</LITCHR>
<LITVIS />
<MARSYS />
<MLTYLT />
<NOBINM />
<OBINAM />
<ORIENT />
<PEREND />
<PERSTA />
<SECTR1 />
<SECTRZ />
<SIGGRP>(1)</SIGGRP>
<SIGPER>6</SIGRER>
<SIGSED>00.6+(0S.4)</SIGSEDS
<STATUS>1</STATUS>
<VERACC />
<VALNMR>4</VALNMR>
<VERDAT />
<INFORM />
<NINFOM />
<NTXTDS />
<SCaMaX />

<SCAMIN>150000</SCAMIN>
<TXTDSC />
<RECCAT />
<RECINC />
<SORDAT>19940129</SORDAT>
<SCRIND>US,US,graph,chart 18772</SORING>
- <POINT>
<Latitude>-117.23685900</Latitude>
<Long; </Lorg >
</POINT>
</LIGHTS>

Lt

T Euess

Fig. 16 An Example of XML Document for ENC

4. HE  FF A72AH

S-57 AAAEE FAFRI7|FAA AFT AAA=HE
HEFE g2olth. S-57 AAE BEF ¥4 ECDISAA A
2 AL Z¥2 AAHUZ] WE o] HlolEeE tF7] A
Ae ALY Axdoly H$AE AR 3H, ot A
AR dolE2A S-57 A=/ 7HAL e 8§
HRE olgddl o & At 2Pez FAEIHA YT
EAHL S-57 AAHEE XML 22 HLo dolg &4
o2 upgozH &F JHsdith

ety B =FoME S-57 AAAE BEFE A deH
£ XML 270 Agsih AL HHE o83t XML
B2 Agd S-57 ARAEE UEHUE o] &% dojE H
2, dlolg 2@, AMgA 870 ©E ddd & Fol 7te
gt} S-57 dlolE] FHoz @ AAAEE XML HEsdE
A4 BaeAY A2dS AHEEA] g3 § BeAE A}
£33l = AR HIF F lov, Ax dHolHE HYY
ASolx e ARG AT R AHERHY] HolAo]
Z718HA 9ok £ JEUS B g AgAEe] A
HE FHE + dde FHEE AYA "o

=1 1=l O YVARAT 29N+l T 2ol a1al= ol=l el1lAa)



1)
r

b2

[11 M. B. Brown, “Developments in The NOAA Electronic
Navigational Chart Program”, Proc. of the US
Hydrographic Conf. 1999. 4.

[2] S. J. Chang, “Design And Preliminary Test On The
Integration of Weather Data in ECDIS for Marine
Navigation”, Journal of Marine Science and
Technology, Vol.9, No.1, pp.21-24, 2001.

[3] A3, &89 “AAFBA2HL 93 XML, FEA
2]38}3]x] 8@ 3%, pp.61-69, 2001. 5.

[4] International Hydrographic Bureau, IHO Transfer
Standard for Digital Hydrographic Data, Edition 3.1,
2000. 11.

[5] G. Booch, J. Rumbaugh, and I Jacobson, The Unified
Modeling Language User Guide, Addison Wesley, 1997.

6] A, AAsE), “XML 279 #d 537, ZRA 53
2] 838 3%, pp.3-9, 2001. 5.

[71 A%, =43, XML BIBLE, 44&%A}, 2001

[81 S. Mohr, F. Norton, N. Ozu, L. Stokes-Rees, J.
Tennison, and K. Williams, Professional XML
Schemas, Wrox, 2002.

[9] K. Cagle, D. Hunter, C. Dix, R. Kovack, J. Pinnock,
and J. Rafter, Beginning XML, 2nd ed., Wrox, 2002.

[10] W3C, XML Schema Part 0: Primer, 2001. 5.

[11] W3C, XML Schema Part 1: Structures, 2001. 5.
http://www.w3.org/ TR/xmlschema

[121 W3C, XML Schema Part 2: Datatypes, 2001. 5.
http://www.w3.org/TR/xmlschema,

[13] OGC, Geography Markup Language(GML) Specification,
v2.0, 2000.

[14] OGC, Geography Markup Language(GML) Specification,
v3.0, 2003.

[15] B. Ronai, P. Sliogeris, M. D. Plater, and K. Jankowska,
Development and Use of Marine XML within the
Australian Oceanographic Data Centre to Encapsulate
Marine Data, IOC of UNESCO, 2002. 8.

Axtalso) g1 AlAs 1% XML 271ehe] gl



@/Collection |



