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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
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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Fig. 2 An Example of Electronic Navigational Chart
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<?xml version="1.0"7>
<Post>
<Name>
<FirstName>Raymond</FirstName>
<Middlelnitial>G</Middlelnitial>
<LastName>Bayliss</LastName>
</Name>
<Address>
<Street1>10 Elizabeth Place</Streetl>
<Town>Paddington</Town>
<City>Sydney</City>
<StateProvinceCounty>NSW</StateProvinceCounty>
<Country>Australia</Country>
<ZipPostCode>2021</ZipPostCode>
</Address>
</Post>
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Fig. 5 An Example of XML Document
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<?xml version="1.0"7>
<schema xmins="http:/fwww.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="Middlelnitial" type="string"/>
<element name="LastName" type="string"/>
</sequence></complexType>
</element>
<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></complex Type>
</element>
</schema>
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Fig. 6 An Example of XML Schema
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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="gmt:location"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>

<Dean>
<familyName>Smith</familyName>
<age>42</age>
<nickName>Smithy</nickName>
<nickName>Bonehead</nickName>
<gmi:location>
<gml:Point>
<gml:coord>
<gml:X>1.0</gml:X>
<gml:Y>1.0</gml:Y>
</gml:coord>
</gml:Point>
</gml:location>
</Dean>

18 9. GML 2A{2] of
Fig. 9 An Example of GML Document
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<xs:attributeGroup name = "AttributeGroup”>

<Xs:sequence>
<xs:attribute name = "GRUP" type = “xs:integer"/>
<xs:attribute name = "OBIL" type = "xs:integes"/>
<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>

a2 11 HEZ|EES XML AF|o} Mo
Fig. 11 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:¢lement name = "DATSTA" type = "xs:string"/>
<xs:clement 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"/>
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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:element name = "NINFOM" type = "xs:string"/>
<xs:element name = "NTXTDS" type = "xs:string"/>
<xs:clement 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:clement name = "NINFOM" type = "xs:string"/>

</xs:sequence>

</xs:group>

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

:/xs:scqucncP
</xs:group>
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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:¢lement name = "SORIND" type = "xs:string"/>

</xs:sequence>

</xs.group>
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Fig. 14 XML Schema Definition for Subelement Set C
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Fig. 15 Structure of Spatial Object Element
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<?xml version = "1.0" 7>
<xs:schema xmins: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>
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Fig. 16 XML Schema for ENC Data
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(LIGHTS)

oAy AER B -
e 57 o
0000001630000000¢1000440 - RVER (nteger) = 1
0163FRID001 140020 7FQID0G ropiyls AGEN (nteger) = 550
g?é&gggolé\go%l;gggg%%ogo%ssg FIDN (Integer) = 234260030
e Gt S
VRID 0008300876ATT V00059 COLOUR (String) = 4
00959VRPC0007001018VRPT DATEND (String) = (null)
0007701088SGCC0005901165 DATSTA (String) = (null)
OT3TOARCL000780192 1ARED EXCLIT Gmiegsr) = 4
0006001 399EL 2D 0007401459 HBIGHT Raal) = (aul)
CT2D0004801533N Y .
EIAE B Eﬁxmsc (String) = (wull)
M2E He RECDAT (String) - (nulD
RECIND (String) = (null
SORDAT (String) = 19940129
SORIND (String) = US,US graph chart 18772
POINT (-117.23885900 32.63892200)
Y
dRHEE
XML A3|0¢
<xs'element name="LIGHTS" >
<xs'complextype>
C(LIGHTS GREJP-'.?;IgE‘JL.'Ws' RVER."I' . . <{xs'sequonce>
<C:’?EINI‘.)(5/5(?ATLIT>- 234260030" FIDS-"1315%> (x!falemsnt name = :CATLIT“.typa - 'ztsiftripg'.D
<COLOUR>4</COLOUR> <xs:element name = *COLOUR" type = "xs:string"/>
<DATEND></DATEND> 4 <xs:element name = "DATEND" typa = "xsistring"/>
(DATSTA>{/DATSTA> £ <xs:aloment name = "DATSTA" type = "xs'string"/>
ﬁﬁ)é%;ﬁ-))‘f é(lglfil’}:g EX}EHE {xs:slement name = "EXCLIT* type = "xsinteger'/>
) <::| XML 24 <xs'element name = H?IGHT type = “xsifloat”/>

<INFORM Y ANFORM>

<SCAM1N>150000</SCAMIN>
<TXTDSCO></TXT

(RECDAT)( CDAT)

<RECIND></RECIND>
<SORDAT>19940129</SO

<SOE§‘¥2>US JUS,graph,chart 18772</SORIND>

<Latitude>-117.23685900< /L atitude>
<Longitude> 32.63692200</L ongitude>

</POINT>
CAIGHTS?

{xs:group ref = ‘ElementSetB2"/>
<xs:group ref = "ElementSatC*/>
<xs:group ref = "Point"/>
</2s:sequence?
<xs:attributeGroup ref = "AttributeGroup"/>
</xs:complextype>
{/xs:slement>
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Fig. 18 Flowchart for Translation Program
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<Mxml version = "1.0"?>
<ENCObjectSet xmlns:xsi= "http://www.w3.0rg/2001/XMLSchema-
" xsi:noN paceSchemaLocation="ENCXML xsd">

<LIGHTS GRUP= "2" OBJL= "75" RVER= "1" AGEN= "550"
FIDN= "234260030" FIDS= "1315">
<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>
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Fig. 17 An Example of XML Document for ENC
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