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Design and I mplementation of Electronic Navigational Chart System
Based on GML and SVG

Seung-Chul Kam

Department of Computer Engineering, Graduate School

Korea Maritime University, Busan, Korea

Advised by Jae-Hoon Kim

Abstract

With increasing Internet capability and evolving network services, geographical
information is widely used in various systems, including marine and coastal geographical
information systems. Although marine geographical information such as Electronic
Navigational Chart has been applied to the ship navigations successfully, there may be
some drawbacks such that it can be used only through some specidized systems.
Furthermore, it is difficult to keep compatibility to interchange geographical data among
systems because specific data formats are usualy used.

To overcome these limitations, OGC published GML standard based on XML to
represent geographical information efficiently, and W3C proposed vector graphic standard
called SVG. In this thesis, we developed an Electronic Navigational Chart management
system based on GML and SV G. It can provide services of Electronic Navigational Chart
through web browsers like Internet Explorer.

The proposed system consists of four steps. In the first step, Electronic Navigational
Charts are represented in the form of GML and then stored in a database. Secondly, GML
document is retrieved from the database according to user query on the web. In the third
step, the retrieved GML document is trandated into SVG document using XSLT, and
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finally, the SV G document is browsed on the web browser.

The proposed system was developed on the quite general standards so that it can be
used for general purposes, while the existing systems are mainly used for specific purpose
like navigation of ships. Also, it can efficiently manage and retrieve Electronic
Navigational Charts by virtue of database, and further can overcome drawback of raster

graphics by using vector graphics of SVG.
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SELECT [fieldl, field2,...]
FROM [tablel, table2,...]
WHERE [Condition1, Condition2,...]
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o 4

&8 D
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Fig. 3.2 Processing User Query
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{l-—======================= glement =========================--)
<element name="Light" type="s57:LightType" substitutionGroup="gml:_Feature">
<annotation>
<documentation>The "Light" feature corresponds to the sb7 object
"LIGHTS". A luminous or lighted aid to navigation.

</documentation>
</annotation>
</element>
{|-—==================== complexType =======================-->

<complexType name="LightType">
<complexContent>
<extension base="s57:AbstractFeatureType">
<sequence>

<element name="acronym" type="string" fixed="LIGHTS"/>
<element ref="s57:catlit" minOccurs="0"/>
<element ref="s57:colour" minOccurs="0"/>
<element ref="s57:datsta" minOccurs="0"/>

<element ref="s57:sordat" minOccurs="0"/>
<element ref="s57:sorind" minOccurs="0"/>
<element name="position" type="s57:NodePropertyType"
minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

19 3.4 GaldosAte] &8 ~7)v}

Fig. 3.4 Application Schema of Galdos Inc.
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<Light gml:id="_540_2135148864_687">
<acronym>LIGHTS</acronym>
<catlit>
<CategoryOfLight>
<code>37</code>
<value>lower</value>
</CategoryOfLight>
</catlit>
<colour>
<Colour>
<code>75</code>
<idList>1</idList>
</Colour>
</colour>
<height>
<Height>
<code>95</code>
</Height>
</height>
<position>
<gml:Node gml:id="N120_668">
<gml:pointProperty>
<gml:Point gml:id="P120_668">
<gml:pos>-32.498195 60.895926</gml:pos>
</gml:Point>
</gml:pointProperty>
</gml:Node>
</position>
</Light>

13 3.5 GML #A41¢] o
Fig. 3.5 Example of a GML Document
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3.4 SVG &4 B4 EE

GML A& SVG &A= W&st] sid= &8 &7Ivke 2487 A

ZBHIAIE, GML A ollA AAHE FE87] A8 28AdAE, 551 949
E

A 9HEZ Q425 SVGe ¥ 842 W3lslr] 93 AEAdANEZ FAH
. XSLT W37 GML 49 249 AElAAIEd AHojx W3 35S
¥ v A (pattern matching)dre. 24 SVG FA4Z At 18 3.6 SVG

b
v A Badh 7 AEAAE 1o dAE Bosd 8 &7IvE w4
sto] AAE IA ZEfAAES T AERIANES WS B

GML A5 SVG #A 2 ®igtsir}

==
< N ) GML == 210t
I .
GhML 2 M = ~30r=4
—\—\_\—,_,—'-'_'-'_'_'_'_'_'_
: 7 —_—
Mo O +— LA SEIEAE TI2HE AEHEAE
SYVE =AM
—\—\_\—,_,—'-'_'-'_'_'_'_'_'_

a3 3.6 SVG ¥4 A EE

Fig. 3.6 Generation Modules of SVG Documents
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¥ 3.12 GML #4129l 249 SVG #4129 84 7+ U8 #AAE HojFu
GML A9} SVG &4 ko] tl$e 1:10] 7|Eo]x 4k SVGZF ¢ we 13

% 222 A @Eel dg AT LMoz PR & Ak b, SVG
= el @ el 220t gelslel 94 2onz Azkgelt Aleircle) £

A
oF Eol(hell ek AR = sid=dl Hlastol AQofshaiv.

¥ 3.1 GML %49 8249 SVG A9 &4
Table 3.1 GML Document Elements and SVG Document Elements

99 78 | B4 78 ax 99
<gml:Point >
GML <gml:ipos>x1,yl</gml:pos>
S| </gml:Point>
SVG <rect x="x1" y="y1” width="w1” height="h1"/>

<Lcircle x="x1" y="y1" r="r1"/>

<gml:LineString>

GML <gml:pos>xl,yl x2,y2 ---</gml:pos>
A </gml:LineString>
<line points="x1,y1l x2,y2 =" />
SVG <polyline points="x1,y1 x2,y2 =" />

<path d="Mx1,yl Lx2,y2 ---Z" />

<gml:Polygon>

) GML <gml:ipos>x1l,yl x2,y2 x3,y3 -+ x1,y1</gml:pos>
A </gml:Pol >
gml:Polygon
SVG <path d="Mx1,yl Lx2,y2 Lx3,y3:--Z" />
<gml:Object1>
GML <gml:Point ><gml:pos>x1,yl1</gml:pos></gml:Point>
</gml:Object1>
NE <image x="x1" y="y1” 7 width="w1” height="h1"
xlink:href="image path”/>
SVG <symbol id="symboll” viewbox="x1 y1 x2 y2”/>

<use x="x1" y="y1” width="w1” height="h1"
xlink:href="symboll”>
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(1) &717F 24 ZEAE

e 3.7 GML 58 ~7|vkE 2Aste] A SEAAES §H 0% A4
371 $13 2 dAES fxE UMLE B33 Zlojth. & 27]wtolA
gml:_Featuredl] thell ~BIAAES wtRH oz #gste] A9 %, ID, &
=, AeHED BYS FEIH ALWEY B9 Polygon, LineString,
PointE o= gt

gml:Point, gml:LineString, gml:Polygon £.49] A21S AL&sE=E ~Eld A
=7b 74t Y 388 8 A7EE R 1§ sEAAEe] A

woltH11].

xsl:.for-each

aml: _Feature

| & | |

xslielement xslielement xslielement xslielement
s {B] = e MO E2 Efe
| | |
xslielement xslielement xzlielement
gml:Polvaon gml:Line=tring grml:Paoint

a% 3.7 58 27|vf BAS % AEAAES F2
Fig. 3.7 Structure of Stylesheet for Application Schema Analysis
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<xsl:for-each select="//*[@substitutionGroup='gml:_Feature']">
<xsl:variable name="tipo" select="concat(@name, Type")"/>
<xsl:variable name="nome" select="@name"/>
<xsl:element name="xsl:element">
<xsl:attribute name="name">g</xsl:attribute>
<xsl:element name="xsl:attribute">
<xsl:attribute name="name">id</xsl:attribute>
<xsl:value-of select="@name"/>
</xsl:element>
<xsl:element name="xsl:attribute">
<xsl:attribute name="name">class</xsl:attribute>

—n

<xsl:value-of select="translate(@name,'_',")"/>
</xsl:element>
<xsl:element name="xsl:for-each">
<xsl:attribute name="select">
<xsl:itext>//*[name(='</xsl:text>
<xsl:value-of select="@name"/>
<xslitext>']</xsl: text>
</xsl:attribute>
<xsl:element name="xsl:apply-templates'>
<xsl:attribute name="select">
<xsl:text>.//gml:LineString</xsl:text>
</xsl:attribute>
<xsl:element name="xsl:with—param">
<xsl:attribute name="name">ID</xsl:attribute>
<xsl:element name="xsl:value—of">
<xsl:variable name="resulta" select="//*[name()='complexType'
@name=%tipo]//*[name()='element' and position()=1]/@name"/>
<xsl:attribute name="select">
<xslitext>./*[name()='</xsl:text>
<xsl:value-of select="$resulta"/>
<xslitext>']</xsl:text>
</xsl:attribute>

and
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<{/xsl:element>
<{/xsl:element>
<{/xsl:element>
<{/xsl:element>
</xsl:for-each>

a9 3.8 58 27 2A4S 9% AEFUAE
Fig. 3.8 Stylesheet for Application Schema Analysis

@ WA 2BAAE

SY 398 384 27 BAe

ol A4 A AEUAEY

A zEEE #AE W 0, £08 o|olxn], BE A FAsH 4§

doh. 29 3.102 sd A did] =2 =48 AT 2EdA Ee|H
=zl element
IH 15

JAN
| |
xslattribute xslattribute xsl:for—each
A D O|H S 20 ez e

/N

*slapplv—template

*slapplv—template

*slapplv—template

gml:Polwaon

aml:Line=tring

grml:Paoint

a% 3.9 YA AEAAES Fx

Fig. 3.9 Structure of Feature Stylesheet
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<xsl:element name="g">

<xsl:attribute name="id">Light</xsl:attribute>
<xsl:attribute name="class">Light</xsl:attribute>
<xsl:for-each select="//*[name()='Light']">
<xsl:apply—-templates select=".//gml:Polygon">
<xsl:with-param name="ID">
<xsl:value-of select="./¥[name()='acronym']" />
</xsl:with-param>
</xsl:apply-templates>

<xsl:apply—templates select=".//gml:LineString">
<xsl:with-param name="ID">
<xsl:value-of select="./*[name()='acronym']" />
</xsl:with-param>
</xsl:apply-templates>

<xsl:apply—templates select=".//gml:Point">
<xsl:with-param name="ID">
<xsl:value-of select="./*[name(O='acronym']" />
</xsl:with-param>
</xsl:apply-templates>
</xsl:for-each>
<{/xsl:element>

a7 3.10 YA RetAAEQ] o
Fig. 3.10 Example of Feature Stylesheet

(3) 28y ZEAANE
a9 3,112 GML A4 AeHEZ a4
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Fig. 3.11 Structure of Graphic Stylesheet

O 312+ a29E ZERIAES dFolth. GML £ elA FHell sidst

[

gml:Point, A9 313 3}= gml:LineString, tF2t3d ) | d 3= gml:Polygon &

aoh 2EAAESY Aol wAHW AHUAE Hd® BHL Fast
GML Ao A eHE =3t

o

O
b~
il

=9 A

4
to

£ WEg 22 SVG 1
g7 o] FAo] w3 WA,

27



<!--LineString—->
<xsl:template match="gml:LineString">
<xsl:param name="ID"> </xsl:param>
<xsl:element name="polyline">
<xsl:attribute name="id">
<xsl:value-of select="$ID"/>
</xsl:attribute>
<xsl:attribute name="points">
<xsl:value-of select="normalize-space(gml:pos)"/>
</xsl:attribute>
</xsl:element>

</xsl:itemplate>

<!--Polygon—-->
<xsl:template match="gml:Polygon">
<xsl:param name="ID"> </xsl:param>
<xsl:element name="path">
<xsl:attribute name="id">
<xsl:value-of select="$ID"/>
</xsl:attribute>
<xsl:attribute name="d">
<xsl:for-each select="+/gml:LineString">
<xslitext>M</xsl text>
<xsl:value-of select="translate(normalize-space(gml:pos)," ','/L")"/>
<xslitext>z</xsl text>
</xsl:for-each>
</xsl:attribute>
</xsl:element>

</xsl:template>

<I=-gml:Point Q.20 Wik M2jo] A AAG A= Ak -->

a8 3,12 a8 AEUAES 4
Fig. 3.12 Example of Graphic Stylesheet
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3.5SVG &4 2@ EE&

HElE SVG ¥4+ oJ%EH]AHAdobe Inc.)?] SVG Z81 2918 53] A&t
A BoXth 13 3,138 SVG 8 RERA SVG EA, ZEslHold ~E
AAE, SVG FHof zre] #AE RolErh dA W 3.0290 SVG #9
(viewer)© X9 WIIEA] ZHFAA Z2dS AFatm, e €
BE-AE Yty =3 T 9 E9E SVG EAl diE] Aoz
Z(zoom), MJ(panning), HA}, A2 HY] 59 755 AF3).

' Alff D)

SVGE =M
- =3/ AH0| A
J ZEFYAE
SWE 2O

'
-l

a9 3.13 SVG w4 X EE
Fig. 3.13 SVG Document Presentation Module
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class name

S~ H
| |
fill stroke stroke—width
M= ALt M M A M =7

19 3.14 SVG A9 ZEjAlEoldS A7 AEIAES
Fig. 3.14 Structure of Stylesheet for SVG Document Presentation

.DepthArea

{

fill:blue;

stroke: blue;
stroke-width:0.2%;
}

.LandArea

{

fill:tan;

stroke: tan;
stroke—-width:0.2%;
)

.Light

{

fill:yellow;

stroke: red;
stroke—-width:0.2%;
)

29 3.15 SVG 49 ZgAlE o]l AEFAAE o
Fig. 3.15 Example of Stylesheet for SVG Document Presentation
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% 4.1 739 34
Table 4.1 Implementation Environment

T ¥ ) e’
iy HP PLOIANT 5000
=4 o] DB A8 HP PLOIANT ML370
ZEo|AE HE 4 1.7GHz dl =A%
A Windows Server 2000
TG AA
SEpo|dE Windows XP Professional
dlo] B o] 2 SQL Server 2000
% BE9-A Internet Explorer 6.0
AE HAZ7I SVG Factory 1.0

7Rt 919(Tool)

Visual Studio C#.Net 2003
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4.2 739 A|2H
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Fig. 4.1 Overall Structure of Implemented System

32

ol



(2) 25 49

o =fo A A AJAEle T4 FEeldE, I AW, dolEuo]s AH
2 F4EH, 1 AWl E GML #A4E SVG w412 WEkslr] fe nlE9
o7} gAlE e 9l

¢

o S| E
FolAES fAZHo] RELS SVG EAE 3o

e
FIF
e
M
o
it
ro,

Bl ojagrefsr 22 4 BegAZE AMSET. AEE Eed 8d A
drRE Aofstr] A% EEEA F Js, dY Ve v& Ao HELE

EE2 SooldET ) Al M-S AAE7] 3 REeA dAse o

3 AR FRE AN 5 Sl

il

« A

A § A el dolgrol~ MR FAHET ] AW FEo|dEse}
dolefuo] 2 AB ko] Aol FAS AHeshy] 91 9 7IRF ALEA JAE o]
22 AFsH, dolgola e GML HAlsle AR S #AE do|g o]
22 A%

- BS99

A Az EE SEolAENA BAF7] 98 Aol nlEdolrt
gAE vk mEdols AA AX EE, GML 84 55, SVG W3 BE,
SVG ZgAlgold g2 TA

A8 2Ee A% doleuols AWMLY AgAt U5t AR F
Z35}7] 93 REZA ZFo]AE Ao ATYHE BES EF A A XA



stoh, A Aol wep HAE A= GML A4 EES S8 A2 GML #A4 =2
AFdE. AAE GML £4& SVG ¥ RES 5 27vp 24 ~gkd
ANE, S|4 2BUAE, 28Y ZEJAES A8 Wl SVG A E At
A Eto 2 SVG ZElAlglo]d BEES AHE SVG A7 § B &
He u) ARgAl A Hdd ZalaEo]ld 2EUS AHolss BEo|t

(3) A & AE 39
GML #4& SVG &A= ®&d wf GML #A49 A3 W2 SVGE
Wto] shgaith whHe]l T, 3 ¥ #E Aol dig ¥y HrE
GMLol A Mg A78stA] g5 Wk ofvel, Estvel= GML 4% SVG
<}

A9 §Fo] YEo R F7

IN
£

_ﬁ
i)
B
il
:(?L_',
c)
o)
UJ
O"I
ﬂ
2
2

o2,
lo
(o

N

N

N

s

of Aol djgh 2IS mE] HEHPSR A7 Fo 4AE AFYVE EI

SVGE ®seict. MgkE SVG 3

HE 5 Gt 11 4.28 SUE S HEYPS SVG A= W
ME HojFt

AT B 75 A wHe SVG HodME Addom FreA g

Tk SVG A gtel bk SVG A5 Adste] AEstst 49 AlEe] A4A

e WAlZE e wEbs Aorsts A e A8 7

e AAoE AYEA HE A7) HAdd =gstaat gk gial dA WA

A A% A AZE eaRA RS gAst

T
Ll
utal
flf
o
>
v
é{l
ot
=
N
©
Y
=3
do
=2
MN' =

o
(o
M

<?xml version="1.0" encoding="is0-8859-1"?>

<IDOCTYPE svg PUBLIC "-//W3C//DTD SVG 20000303 Stylable//EN"
"http://www.w3.0rg/TR/2000/03/WD-SVG-20000303/DTD/svg-20000303~
stylable.dtd">

34




<svg viewbox = "-32.500000 60.866667 0.04999999999716 0.10000000000142">

<g id="Light">

<image width="15.000000" height="33.000000" xlink:href="data:image/png;base64,

1IVBORwWOKGgoAAAANSUhREUgAAAASAAAAhCAIAAACIEMZbAAAATUIEQVR42mP4Tw
fRCDAVBORwWOKGAANSR7ziBAAABOKDSDFJAhCAqeFDCIEEZbGFKfUqwEVR12FWZC
Y5qTAO4VWMajy+ dYFVNbBokSjVAANSR7ziBsmtiyipaqlRooKzUZhNOIVwOAvR7ziBtoG
RCDdAVBORwOKGdANSR7ziIBAAASOKDSDFJAhCAqeFDCIEEZbGFKfUgqwEVR12FWZC
W4AAAAASUVORKSCYII=" />

</g>
</svg>

a9 4.2 Tul AAe] AE Ao
Fig. 4.2 Symbol Definition of “Light” Object

4.3 A3 A

B EmRoa Gz Al83d GML AAEEE ZEzAllA AEd
GB5XOINWE Alg-33dek. GBOXOINW Axks =+ 25,000:19 == 7}
AW, A= TS E 4.29 Za S-579 Gl A F 69717 AHEHA
=3

¥ 4.2 GB5X0OINW 9 #lz= <=
Table 4.2 Number of Records in GB5X01INW

= F& d3z=
Meta Records 9
Geo Records 597
Collection Records 5
Isolated Node Records 103
Connected Node Records 763
Edge Records 1033
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LandE|evation
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LandRegion

ogFon
MagneticVariation 4
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[E=ras]] 'el_lghtgrnl Id="_GA0_215651 A0097_687 >

a4 | so01 e GESHMOLMWY  Light <FaeatureRecordidentificor>

45 sg019 ESESHOTMNW Light “<recaordidentificationHNumbers> 352,
a5 | sS90Z0 GBSO MW | Light | <oblaectlevel> 7S obljlaectlaewval>

47 | sa021 SESXONW Light | “recorcdllpdatelinstruction>1 < rec...
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a8 4.3 AF HA " A5
Fig. 4.3 Search Object and Result
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<Light gml:id="_540_2135148864_687">
<gml:metaDataProperty>
<FeatureObjectldentifier>
<agency>540</agency>
<featureldentificationNumber>2135148864</featureldentificationNumber>
</FeatureObjectldentifier>
</gml:metaDataProperty>
<acronym>LIGHTS</acronym>
<catlit>
<CategoryOfLight>
<code>37</code>
<value>air obstruction light</value>
</CategoryOfLight>
</catlit>
<colour>
<Colour>
<code>75</code>
</Colour>
</colour>
<position>
<gml:Node gml:id="N120_668">
<gml:pointProperty>
<gml:Point gml:id="P120_668">
<gml:pos>-32.498195 60.895926</gml:pos>
</gml:Point>
</gml:pointProperty>
</gml:Node>
</position>
</Light>

a9 4.4 A4 E GML A
Fig. 4.4 Generated GML Document
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<?xml version="1.0" encoding="ISO-8859-1" standalone="no"?>
<?xml-stylesheet type="text/css" href="gml2svg_styles.css"?>
<svg width="100%" height="100%"
viewBox="-32.500000 60.866667 0.049999999999716 0.100000000000142">
<desc> Converted to SVG using GMLtoSVG.xsl</desc>
<g id="DepthArea" class="DepthArea">
<path id="DEPARE" d="M-32.493758 60.928285 -32.493763 60.932597 -
32.493758 60.933328 -32.493182 60.933529 -32.493308 60.9333282" />
<path id="DEPARE" d="M-32.500000 60.884642 -32.500000 60.883333 -
32.499688 32.500000 60.884642 -32.499882 60.8846282" />
<Jg>
<g id="LandArea" class="LandArea">
<path id="LNDARE" d="M-32.499722 60.898657 -32.498594 60.898996 -
32.498594 60.898657z" />
<path id="LNDARE" d="M-32.497387 60.914768 -32.499326 60.916941 -
32.499326 60.914922 -32.497251 60.914922 -32.497387 60.914768z" />
<Jg>
<g id="Light" class="Light">
<rect x="-32.498195" y="60.895926" height = "0.001" width = "0.001"/>
<rect x="-32.495481" y="60.892104" height = "0.001" width = "0.001"/>
<rect x="-32.491039" y="60.931863" height = "0.001" width = "0.001"/>
</svg>

a9 4.5 H3E SVG A
Fig. 4.5 Transformed SVG Document
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<
Mi

Region(map)

<Light aml:id="_540_2135145379_6587">
<FeatureRecordldentifier> i

<recordldentificat ionNunber>30</record|dentificationNumbers
<objectleve|>75</objectLeval>

<recordUpdatelnstruct ion>1</recordUpdateinstruct ion>

</an| :metaDataProparty>

«<FeatureObject Identifier>
«<featureldent|ficationNunber>2135148879</featureldentificationl
umberz

</Featuredbject ldentifier>

<acronym>L| GHTS</acronyn>

<CatesoryOfLight>

<idList>4 13</idList>

<valuesupper</value>

<foatlit>

<Colour>

<idList>=1</idList>

</Colour>

i)

ight "> §

—-32. 495195 B0.895326:2" />
-32. 495481 60.8921042" />
-32.491033 60.9318632" />
—32. 490782 B0. 9322562 />
-32.498510 60.949220:2" />
—-32.498510 60.943220:2" />
—-32.498510 60.9492202" />
—-32. 497226 609598532 />
-32. 497226 609598532 />
-32. 497226 609598532 />
-32. 490724 60.9524782" />
490724 B0, 9524782 />

oi}uraq]]?)rlowsing

4

b
5
\9
T
=
i
s
g
3
8
=
2
8
<
o
=
]
£
ES
&
ot
z
=
w
z
e
<
H

<recordUpdatelnstruction>1</recordpdateinstruct ion>

</an| smetaDataProperty>

<Featuredbject Identifier>

«<featureldentificat ionlunber>2135156032</featureldent i ficat ionN
umber> .

</FeaturaOhject ldent ifisr>

<acronym>ROADEY </acronym>

<CategoryOfFoad>

<id>3</id>

</CatesoryOfAoad>

<centerlLine>
<gml :directedEdge>
<gml -directeddode>
<gnl| ZpointProperty> |

<g id="Road" class="Road > ) . } §|
<poly|ine id="ROADWY1" points="-32.500000 EO.881115 -32.499739 —
B0.881313 -32.499234 B0.331998 —32. 498604 £0.882380 —32. 4958425
B0.553541 -32, 493430 B0, 333592 />

<polyline id="ROADWYZ" points="-32. 498430 60, 583692 -352 495433
60.5884054" />

<polyline (d="ROADWY3" points="-32. 498433 60.5884054 -32. 493456
B0.8684201 -32. 498460 B0.884262" />

<polyline id="ROADWY4" points="-32.498460 B0.B84262 -32. 498591
E0.884588 -32. 498628 BO. 884862 —32. 498630 B0.884908" />
<polyline id="ROADWYS" points="-32.498630 EO.884308 -32. 498643
60.885362 -32. 498550 B0.885523 -32. 498244 £0.886304 -32.457733
B0,886927 32, 487262 B0,837770 32, 4965970 60,835232" />

2% 4.7 SVG w49 BHeke-A o 1T
Fig. 4.7 Example II of SVG Document Browsing
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