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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,
requites 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
Schema to equivalently represent XML for the S-57 format of Electronic Navigational Chart and develop a program translating the
S-57 Electronic Navigational Chart to XML document according to the proposed XML Schema.
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<?xml version="1.0"7>
<Post>
<Name>
<FirstName>Raymond</FirstName>
<Middlelnitial>G</Middlenitial>
<LastName>Bayliss</LastName>
</Name>
<Address>
<Street1>10 Elizabeth Place</Street!>
<Town>Paddington</Town>
<City>Sydney</City>
<StateProvinceCounty>NSW</StateProvinceCounty>
<Country>Australia</Country>
<ZipPostCode>2021</ZipPostCode>
</Address>
</Post>
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Fin. 5 An Example of XML Document
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<”xml version="1.0"7>
<schema xmins="http://www.w3.0rg/2001/XMLSchema">
<element name="Post">
<complexType><sequence>
<element ref="Name"/>
<element ref="Address"/>
</sequence></complexType>
</element>
<element name="Name">
<complexType><sequence>
<element name="FirstName" type="string"/>
<element name="Middielnitial" type="string"/>
<element name="LastName" type="string"/>
</sequence></complexType>
<lelement>
<element name="Address">
<complexType><sequence>
<element name="Street]" type="string"/>
<element name="Town" type="string"/>
<element name="City" type="string"/>
<element name="StateProvinceCountry" type="string"/>
<element name="Country" type="string"/>
<element name="ZipPostCode" type="string"/>
</sequence></complexType>
</element>
</schema>
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Fig. 6 An Example of XML Schema
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<element name="Dean" type="ex:DeanType"
substitutionGroup="gm|:Feature"/>
<complexType name="DeanType">
<complexContent>

<extension base="gml:AbstractFeatureType™>
<sequence>
<element name="familyName" type="string"/>
<clement name="age" type="integer"/>
<element name="nickName" type="string"
minOccurs="0" maxOccurs="unbounded"/>
<clement ref="gml:location"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
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Fig. 8 An Example of GML Schema
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<Dean>
<familyName>Smith</familyName>
<age>42</age>
<nickName>Smithy</nickName>
<nickName>Bonehead</nickName>
<gmi:location>
<gml:Point>
<gml:coord>
<gmb:X>1.0</gml:X>
<gml:Y>1.0</gml:Y>
</gml:coord>
</gml:Point>
</gml:location>
</Dean>
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Fig. 9 An Example of GML Document
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<xs:element name="LIGHTS"></xs:element>
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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:attributc name = "FIND" type = "xs:integer"/>
<xs:aitribute name = "FIDS" type = "xs:integer"/>

</xs:sequence>

</xs:attributeGroup>

38 11, HE2|REL XML A7F(o} He|
Fig. 11 XML Schema Definition for Attribute
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<xs:clement name = "CATLIT" type = "xs:string"/>
<xs:element name = "COLOUR" type = "xs:string"/>
<xs:¢lement name = "DATEND" type = "xs:string"/>
<xs:clement name = "DATSTA" type = "xs:string"/>
<xs:clement name = "EXCLIT" type = "xs:integer"/>
<xs:clement name = "HEIGHT" type = "xs:float"/>
<xs:element name = "LITCHR" type = "xs:integer™/>
<xs:element name = “LITVIS" type = "xs:string"/>

a3 12, §d2HE Zgrel XML AF|ot &
Fig. 12 XML Schema Definition for Subelement Set
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<xs:group name = "ElementSetB1">

<xs:sequence>
<xs:element name = "IMFORM" type = "xs:string"/>
<xs:¢lement 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:clement 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:clement name = "IMFORM" type = "xs:string"/>
<xs:element name = "NINFOM" type = "xs:string"/>

</xs:sequence>

</xs:group>

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

:/xs:sequcnco
</xs:group>

a8 13 BYeiHE HE Co XML Aot He|
Fig. 13 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:clement name = "SORIND" type = "xs:string"/>

</xs:sequence> '

</xs:group>

Iy 14, SY2iHE T cel XML 27|ot Hel
Fig. 14 XML Schema Definition for Subelement Set C
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<?xml version = "1.0" 7>
<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:clement 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:clement>

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

</xs:sequence>
</xs:group>
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Fig. 16 XML Schema for ENC Data
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XML A9 'LIGHTS' §4 A4 defAES dF

2 Yehid. 'LIGHTS' 54 A4 dUNEE 671
A9 JEIHE dUHE Y A B, C 282 T
A dHEEZ FAHY oy e oEYR

(LIGHTS)

olArl AE3 B GRUP (nteger) = 2
s-§7 AANE ﬂolﬂﬂ Y @ S-57 OBJL Gantcur)). 75
oooooolesoooooooowoouo RVER Onteger) = 1
0183FRID0011400207FOID00 ST AGEN (Integer) = 550
374\4? gg &33&&38232%"&%539 FIDN (nteger) = 234260030
Q0SZ4FEPT 00083006 13FSPC FIDS Joxeger) = 1915
--------- 6F SPT 0008100785 nne
v amoooasooam TTV00059 COLOUR (String) = 4
00959VRPC0007001018VRPT DATEND (String) = (nul))
00077010885GCC0005901165 DATSTA (String) = (mull)
o) PG o
0008001399EL 2D 0007401459 HEIGHT ®Real) = (aull
CT2D0004801533N 1 .
IAE J TXTDSC (String) = (mall)
SLE HE RECDAT (String) = (nulD)
RECIND (String) = (aull)
SORDAT (String) = 19940128
SORIND (String) » US,US graph,chart 18772
POINT (-117.23885900 32.63892200)
A
wiet HOHER
XML 230t
(x::obm:t' name="LIGHTS" >
{xs‘complextype>
CLIGHTS GRUP="2" OBJL=*75" RVER="1" <xsisaquence?
AGEN =*550° FIDN =*234260030" FIDS="1315"> (xs'element name = "CATLIT" typs = *xsistring’ />
SCATLITIC/CATLITY <{xs:eloment name = "COLOUR" type = "xsistring"/>
<COLOUR>4</COLOUR> : . . xsistring /
CDATEND> ¢(/DATEND> <xs:element name = ‘DATEND" type = "xsistring />
<DATSTA>{/DATSTA> a I}6HE Cxs'elomont name = "DATSTA" type = "xzs:string"/>
ggx %I!l.l‘?;(( glgll:ll‘l‘r >> (xsieloment nama = “EXCLIT® type = *xsiinteger'/>
El ; (::] XML 'E‘/d <xs:eloment name = "HEIGHT" type = "xs:tloat"/>
<INFORM><ANFORM>

C(NINFOM> (NINFOM>
(NTXTDS)(%TXTDS)
CSCAMAX></SCAMAX>
<SCAMIN)150000</SCAN1N)
CTXTDSCY></TXTDS!
CRECDAT>¢ DAT)
<RECIND> </RECIND>
<SORDAT>19940129</SORDAT>
éggimnr;p)us JUS,graph,chart 18772</SORIND>
CLatituds)>-117.23885900</Latitude>
<Lon1§|tud-)32 83892200<A.ongitude>
(/POlN
<AIGHTS>

Cxsigroup ref = ‘ElementSetB2°/
<xs:group ref = "ElomentSatC*/>
<xs:group ref = *Paint"/>
</xs'sequence>
<xs:attributeGroup ref = *AttributeGroup'/>
<{/xsicomplextype>
</xs:slement>
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Fig. 18 Flowchart for Translation Program
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<?xml version = "1.0"7>
<ENCObjectSet xmins:xsi= "http://www.w3.0rg/2001/XMLSchema-
instance” xsi:noNamespaceSchemaLocation="ENCXML.xsd">
<LIGHTS GRUP= "2" OBJL= "75" RVER= "1" AGEN= "550"
FIDN= "234260030" FIDS= "i315">

<CATLIT></CATLIT>
<COLOUR>4</COLOUR>
<DATEND></DATEND>

<DATSTA></DATSTA>
<EXCLIT>4</EXCLIT>

<SORDAT>19940129</SORDAT>

<SORIND>US, US, graph, chart 18772</SORIND>
<POINT>
<Latitude>-117.23685900</Latitude>
<Longitude>32.63692200</Longitude>
</POINT>
</LIGHTS>

</ENCObjectSet>

a8 17 MXSIER XML 2AM9 o
Fig. 17 An Example of XML Document for ENC
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