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GML Conversion and Database Management of S—57 Electronic
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Department of Computer Engineering,
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Advisor:Jae-Hoon Kim

Abstract
Electronic Navigational Charts (ENC’s) are digital charts encoded in S—-57
format, which contain navigational informations such as coastlines, depth
areas, and nautical marks. Although they have been successfully used for
safe navigation of ships, they have limited usages and applications
because of their specialized data format and access systems. To cope with
such drawbacks, S-57 ENC’s need to be transformed into more
generalized format such as Geography Markup Language (GML). The
transformed GML ENC’s can be kept in a database for efficiency, and can
be accessed through Internet for usability. This thesis proposes a new
method for transforming the S-57 ENC’s into GML for and managing the
XML database on GML. S-57 ENC’s are first translated into GML data, and

then stored in a XML database. On the database, users can query for their



needs. To validate the feasibility of the proposed method, a prototype
system is developed, and then several test runs are conducted. The
system can provide users with easy access to marine informations
contained in ENC’s. It also provides accessibility and efficiency, by virtue

of GML and database, respectively.
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Table 2.1 The types of S-57 object classes
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Cartographic A2 gelo] tek Ane wo 2} l:$LINES
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B (Vector), @~ (Raster), WEZA~Matrix)e] Al 7}A #HHES A A et &
b A o] Wy 2 dS UML(Unified Modeling Language) tholoj13 o2 3%
AsbH 19 2.33 #oH6].
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VECTOR
7y
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NODE EDGE
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coordinate coordinate =
7y 1+ 1t
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a9 2.3 B AAE 93 wE 2
Fig. 2.3 The vector model for spatial objects
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s ARl HwHz #dE= AHEe YHl= NODE,
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Table 2.2 Types and meanings of identifiers

AR T Azt o] 'LIGHTS' A 29|

GRUP % GRUP= "2"

OBJL A FE 2 4= Z=/2HE | OBJL="75"

RVER 715 WA RVER="1"

AGEN 3y 7)o AGEN="550"

FIDN EX A AHR S FIDN="234260030"

FIDS 54 AA AH RS FIDS="1315"

S-57 HAAEE XF 19] ol E =2 T AFERIEe] uhEba Al
72 P AA SRl welA FESTH 53 A oEIRFE, 157 A
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Table 2.3 Attribute classification according to their types
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Table 2.4 Attribute classification according to the frequency of use

JEARERLS EF JELARERTS 9] o

SubSet Attribute_ A [AA]2] HEH 54 Ao A7+ COLOUR

SubSet Attribute_B HolE 9 AlZol THAHE AR A A E:SCAMAX
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2.2 GML S-57 8§ 279}

GML2 Agazt duel A 2 AEs 93 velgs Fxsd A
XMLE ®d3tH, OGCAA & 2000 5€0] WA 1.00] wxE o]F, 20014
of XML 27]ute]l 7]9HS &= GML 2.0& A et en, 2003 del 267)¢] o]
2~7]mkE 7k GML 3.0 A= skt 7].

GML 3.02 SZ%(feature) 2=7|vie} A 2v|Eg|(geometry) 27|vkE 713
27apE AREEEaL, o] 9o FUMAQl V)5S st 27|nkEo] FxErh 2670
o] Aoj(core) 27wk olEE Aol w2 Fxd 5 gk wEkA 510
z7)wke] x5 o EY Aol el AgtstER AT Aol & Z7|who|tt,
S8 z7Inte] #AE s a9 243 2k 54 27vke AHEE

»7utE FAzsa oW Eg ~7|utE XLinks 2~7)0tE E3sioH 7],
$8 270
feature << include geometry << include XLinks
ot/ S TYPPPPRRMAPAR Eav/J 11 NN TEPI PR 7|8}
¥ 2.4 71E A7)0}
Fig. 2.4 Basic schemas
=4 B9, 54 AEAGid), o &, 483 2 FEHY 54 oEdHES

H
gojgity, 54 A7lvks A oM EL A7vkE FxstH, o2 #d include 2

ZHEE Alg3th[7]. 18]31 XLinks 27]7FE Linking 71%< A 4317 9



(1) AHEZ 279}

AeWE 27utel = Ao ED deUHEE Aot} o5 93] O0GC
ANE 54 AVl me}t Curve, Surface, MultiSurface, MultiCurve& A<t
Point, LineString, LinearRing, Polygon, MultiPoint, MultiLineString,
MultiPolygon, ©]E9°] W3t Geometry Collection 2 BoxZ #|-&3c}H7].

GMLAA = AW ED HARE xdsl7] 984 A S (real number) EFY Q]
X, v, z &% %5 7}A+= Point, LineString, Box, LinearRing, Polygon¥} ¢ 7] A
= MultiPoint, MultiLineString, MultiPolygons 2] A 2HEZ EIYS A

23t} GML A Qv Eg] 27)uldA] A FsH= A QW ER A7|nfe] FxrE B

o] +%<2 Point, LineString, Polygon, MultiPoint, MultiLineString,
MultiPolygons GML®] QW Eg A7|n} %5 8310 AL-&3+r},

(2) GML && 27]9}
GMLY 7] x7|upitog2s= Al ARE3k HolHE xds7] 913 A gat
27nkE AlFE = gk F 7]E 27u7k A2 ARE Fdstr] 9% 77

Al
o] HEjE AFsrhd, 8 ~7nlE Ay GML ¥ AZIUEESE ALg

20

3l AA AHEE 54 EFlolu 2= E(property) BFES A4 ol T2
27|mtolt}. F &8 27|vk T AE VR 27]vkE o] 8o RMN OGCHET
of thgk 21& olaf flolk ‘Tl e F&S Euo gA AEE & vk 2
=z A= GaldosSystemAFel| A 7|Egt S-57 Az =g & 27|vtE A

Z

2} 27|mke] A2 vk 2TH(3,8].
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* Objects.xsd:S-57 HA}a =2] Objectell thetk 9]

o Attributes.xsd:Attributes_A, B, Cell tfgt 42

* Support.xsd: 7|32 Q1 B}

 AbstractAndSuperTypes.xsd: 5% B}, wEld o] E}

9ol v 71 S8 27|ulg} Fo] AF|mlolA] LQRd QAST Roli
gml4s57 xsdeh= 27]vkE wHETH GML 3.0.1 Core Z=7|wlollA] F a3k @4

Ul 22304 gmldsh7 A7|uke} o] AL8sal o] S xlinks.xsdol A HE

f(rt

_5'(_
et HTHom= a9 259 #Zo] 6714 £7|vkE ARESHA H

1
Objects.xsd |__|___| L
gml4sb7.xsd | C GML 3.0.1
v P . Core Schemas
-, / 1
Attributes.xsd [ A g i I
’l 1 :
/ 4 1
Vs ,l 1
v /1 / !
’ U !
Support.xsd ¥ 4 :
Il A £
54 xlinks.xsd
y /
/
AbstractAnd
SuperTypes.xsd

a9 2.5S-57 58§ 279 &
Fig. 2.5 The structure of S—57 application schema

27]ak Fol A Objects.xsd 99 FRID(FeatureRecordldentifier) -]
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27nbE A EE Y 2.63 2t

<!-- element -—=>
<element name=""FeatureRecordldentifier"
type="'s57:FeatureRecordldentifierType"
substitutionGroup="'gml:_ MetaData''>

<annotation>

<documentation>Feature metadata representing S-57

Feature Record ldentifier (FRID)</documentation>
</annotation>
</element>

<!-- complexType -—=>
<complexType name="'FeatureRecordldentifierType" mixed="true'>
<complexContent mixed=""true">
<extension base="gml:AbstractMetaDataType"'>
<sequence>
<element name="‘recordName" type=''s57:String3"/>
<element name="‘recordldentificationNumber'type="s57:Integer-
4294967294" />
<element name="'group' type="'s57: Integer255"'/>
<element name="‘objectlLevel" type=''s57:Integer504"/>
<element name="‘recordVersion" type="s57:Integer999'/>
<element name="‘recordUpdatelnstruction” type='s57:Stringl'/>
</sequence>
</extension>
</complexContent>
</complexType>

19 2.6 GML £=7]7Fe] ¢ :“Objects.xsd-FRID”
Fig. 2.6 An example GML of schema “Objects.xsd-FRID”

FRID B AE] WAL FeatureRecordldentifierType©]il, recordName,
recordedentificationNumber, group, objectLevel, recordVersion,
recordUpdatelnstruction®] 6719 dZHEE Ao A&t S &
ATk oA F 1779 A AA LBAES 197/ AYAHE A7|utE
2 =z AT GaldosSystemAll A Al gsh= ARSI 2§ 58 27|vkE AY

&to] ARG-ZHTH[3].
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2.3 XML t|o]Eju]o] 2

48 FAAI(XML)E 1998 W3ColA AAZFoz AAEJar, A
o] st AAREAE H EAgol Holurh[9,16]. oleld FHoR A3
XMLE A, AADAME 2 5 B2 Fopol A &g wuA 9 oA
SHE FES ARALED AAAES XML AAEAZ BAsHA HAc) w
A A 2 2HoAE oldd XML AAEAMES afdor A%, A &
A dHlolEHlol =7t Hastriar JAASA o] XML dle]gHe]27} ity
ATh.

XML ¥4 34 dolgFA e XML A9 #4F4e XML #A2 Ui

T At} dolg T4 XML ¥4+ "oy AE5S 93] XML A4S AREs

Aol XML BEAE F2 siaRopel iy dyunA, A8A Hid,

g BEM 3 o] P& S HIFAREANA BelFT] A& 2HdE XML

<
=
—
Sl
>,
i
r o
Au)
_C»L
rlr
ok
T
o
rlr
5=
e,
B
b
uiii)
~N
r]i
ok
1>
ol
]
=
)
=
=
%)
N

RDBMS 7|gHa}Al 8 XML, 42 RDBMS¢ BLOB(Binary Large Object)t}
CLOB(Character Large Object)®] FEj|Z A sl= Aoz #A49 A& 2 =+
= £Z7F w2y, £A49 FE Ao dA @ AlZko] He st 9y

=
o] 9t} &3 RDBMS 7]HHAlS XML A4S FAsE 72 84 d9=

M



et RDBMSeIAM Hol&9] o] Aget= o2, £A49 Fi FAo
HAAE w2 #3885 oy, EAE F& T dnitt ofe] HolEdd o
A4S AABR HE7} vg 2tk o] Sl
golE F49 XML "HolEE AFsn 71407 gaids BAE w= 2
AA G weolguol s~ Sap &2 HolH AZasE fle Fd¥E XML 7hs Hel

S

;
_\}_1‘

o

El#| o] ~(XML enabled database)®} & 7}#| do|H A% AZEJo]7} HQ3}
ool @ AELZES = XML 7Hs dlolHmo] el 5 F AL A =t
n=doi7t 2 5 3

TATAY XML #AE AFstAY 7Ee7] fisids XML dHolgu|o] 2~

(XML database) =+ A" = 3] A|2~H®l(contents management system)©]

gttt XML dlo|EH|o] 2 AlEFS B JAlNA vhgstA Alestar =t

XML dlolgHo] 2o EA o mepa]l XML 7ks tlolEHo]2=e XML HlolH

Hlo] 282 8 4 Q).

« XML 7Fs dHolEuo] =~ XML 419k A1t HolHE dEs7]
el &2 AEsks HolEHolaRA, FE= ol T4 cfEE el
A e HolH SAY £A8CE ALGE £ vk A EFAH0R

+= IBM9] DB2 XML Extender, Informix2] Web DataBlade, Microsoft2]

XML for SQL Server 2005, Oracle®] Oracle 10g 5°] )

« XML dle]EHlo]2: XML A el Bigh (=ela)Rds Aojstar, 7 2l
of We} XML 45 Agsta 5T o Aojof . AFste 7] &
Aees 54 =849 A RdS a9ekA] AR =eAd AT
A2 XML ZAolojop gth, Al £FHOEE Software AGY
Tamino, X—HiveAl2] X—Hive/DB, eXcelonAle] eXtensible Information
Server(X1S), IpedoAte] Ipedo s°] 3
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H =R A= eXcelon AFe] eXtensible Information Server(XIS)E o] -8

T

A XML dolgmo]~2 TEHa.

2.4 XML & 9]
(1) XQuery
XQuery: A W3ColA F=3td XML #9o] dojolt}. XQuery A= +
Aete 718 99 Ed2(expression)®]™, XQuery A2l Ao)7} AlFst=
%!

71E iAoz 2 ¥ 82 (path expression), FLWR 3X32(FLWR

=
[

expression), 84 AXA(element constructor), B F &2l (comparison
expression) 5 °| ATk 2 7} AL oE 12 dd FHE F Qe
540l Adtk[10,12].

WA A= 33822 XPathe] FA& mWa2s gdAo=z FA=E 332 dA

&35 oto] Yels £8AS &9)(predicate)= o vk}

A9 1. 2 AN ol g3l FelF 171 H SuiE Holet.

document(““KP314200.xmI’)xInxqgl :query=
""/DataSet/LIGHTS/HEIGHT/Height[code="95" and value="17.00"]"

2ol 19 A= AL XML ¥4 “KP314200.xml” oA FE 224 (root
element)?] LIGHTS? =2l & A (child element) o4 HEIGHTE 7 M3}a1,
CRA] 2424 Q4 Foll A HeightE A ske] Heighto] 224 8421 coded] ko]
“95701™, value?] gto] “17.00721 o] HAMA}Z Height Wkt

2o 15 sk XQuery delo] A3t 23} 15 45 & Aok

_15_



ZE

<Height>
<code>95</code>
<value>17.00</value>

</Height>

Th&o =2 FLWR %342 XQuery #oE FA43= 8 XA O2A, for
A, let 4, where &, 183 return A2 T ¥ for @, where 4, return
A 247} SQL2 from &, where A, select 23} FASE QulE 71X | et
A @A S Y BigRE X $eke onE T He 2+ " 1 A=

2]
HHAE b9 FLWREAA S & Hl3 3lojt),

A9l 2. FLWR g4 S o]&3lo =ol7} 177l SO & ztole},

for $x iIn
document(““KP314200.xmlI’*)/DataSet/LIGHTS/HEIGHT/Height
where $x/code=""95" and value="17.00"

return $x/Height

49l 28 SPsku XQuery dele] Aits A3 28 9 5 vk

_16_



a3 2

<Height>
<code>95</code>
<value>17.00</value>

</Height>

(2) XPath

XPath®] 8 #4 XML A olA 54 FEE5S Hetll= 3lo|th XPath
FIHXKPE)E XML 4 Ef9 wmEgd F95s 240 dds Ul
cH11].

XPE= el ES AYHES Alo]ld] #AE 7[wdte diAES U=
ZAo]A ~®l(location step)E9] ¥l & (sequence)e]th. XPathe] Z Aol A&l
A HE ditEEsE FE-AAT BAE UEd e ), ‘2A-5E 3
= Uetdl= /73 doe AYEES U= % Fol Stk B3 ZF =)o
A 25 deEE =5 S AlEstAl Jste <ol (predicate) & 23S
T AHE o} ] Afolell 7]E8 ). &of AHEo= FA(sibling) =5

S Alole] £A4 B 9A2 /158 F YoM Wit ExoeA tee Jbe

=

)
du
N
“©
o
)
i
>
=
—
4
.{
il
2
of
k)
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d 5o, 4= &2 XMLo| & H

<nodes>
<node>a</node>
<node>b</node>
<node>c</node>
</nodes>

% WA <node> AHUER AL AL we] XPatht thedt 2l

<xsl:template match="/nodes/node[position()=2]">

_18_



Al 3 AAEE HE H ool AA

Al 2= S-57 £ HolHE AHwsS 93 A=l [HO/IEC 82119
mel Z29E o] udolt}, S-57 HAAFEE Htp &4 o8 F ALeFH
HAApei =8 GML §8& 27|ntE W2 GML wA 2 Wdels 2ol I

gtk ¥ HelMe W Teafs dAstal, MeE GML 245 A7%skal
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S-57 9

!
S57DUMP 2%

GML & =% - GML 27141}

A7} AE o) 2

XML dlolEo]l2 4

XML dlolEl o]~ A

GML code ¥EA|

a9 3.1 AljtE Al=® G2
Fig. 3.1 The structure of the proposed system
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Algorithm S-57 Into GML(T)

/
/

NN

N 2

121:5-579}4 & S57DUMPE o] &3to] Mgtel BAE 9tdg T ehal ARgJIt),
2:6ML WY& “GMLFile” o]k AR&-3ict.

begin
while (T == EOF) {
/78 2E B 134 9lo 5l
read_line = get_line() ;
/71210 & A9 E AT v
token[] = Tokenizer(read_line, “*”) ;
for (i =0 ; i < token.size() ; i++) {
if (isobject (token[i])) {
if (isfeature_object(token[i])) {
//82E EZS SAGMLEZ o= W
GML_token = feature pattern_matching(token[i]) ;
//=%9 GML_token= F7}
GMLFfile.write (GML_token) ;
} else {
//82E EZS FACMLET o2 W3t
GML_token = space_pattern_matching(token[i]) ;
//=9°l GML_tokens =7}
GMLFile.write (GML_token) ;

19 3.3 GML ®H3t dug=
Fig. 3.3 An algorithm for converting S-57 into GML
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» GMLfile.write(O:GML_token< & GMLI] W&& AYdstes 9=
gkt

feature_pattern_matching(), space_pattern_matching() $FollA] Al&% =

27|vl= A =S GML 58 &7]H=2 Objects.xsd, Attributes.xsd,

f
)
—_>:‘—"4
1o
[

Support.xsd, AbstractAndSuperTypes.xsd, gml4s57.xsd, xlinks.xsd #-&3}
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<RIVERS>
<gml :metaDataProperty>
<FeatureRecordldentifier>
<group>2</group>
<objectlLevel>114</objectLevel>
<recordVersion>2</recordVersion>
</FeatureRecordldentifier>
</gml :metaDataProperty>
<gml :metaDataProperty>
<FeatureObjectldentifier>
<agency>280</agency>
<featureldentificationNumber>792874</featurelden
<featureldentificationSubdivision>1</featureldentifi
</FeatureObjectldentifier>
</gml :metaDataProperty>
<STATUS>
<Status>
<code>149</code>
<idList>1</idList>
<value>permanent</value>
</Status>
</STATUS>
<SCAMIN>
<ScaleMinimum>
<code>133</code>
<value>50000</value>
</ScaleMinimum>
</SCAMIN>
<gml :element>
<gml :Polygon>
<gml :pos>"129.20164000" ; "35.44349000"</gml - pos>
<gml :p0os>"129.20119000" ; "35.44310000"</gml : pos>
<gml :pos>"129.20164000" ; "35.44349000"</gml : pos>
</gml :Polygon>
</gml:element>
<extent/>
</RI1VERS>

a9 3.4 HE GML A
Fig. 3.4 The final GML document
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Fig. 3.5 The GML storage structure
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Fig. 3.6 The structure of the XML database storage
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Fig. 3.8 Connection of the XML database
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document(KP314200.xmlDxInxqgl:query=
"/DataSet/LIGHTS/HEIGHT/Height[code="95" and value="17.00"1

Execution Tree

XQuery
Processor: |«

Parse \_{_
Optimized Tree

i
|

Query
String

XQuery
Target P .

rocessor-
Docume ..

Optimize

XQuery
Processor:
Execute

<complexType IdentifierType"
<complexContent mixed="tru
<extension base="gml:Abst
<sequence>
<element name="record
< >
/sequ.ence <Height>
</extension> _
<code>95</code>
</complexContent> _
<eomplexType> <value>17.00</value>
</Height>

a9 3.9 GML #el A7
Fig. 3.9 GML query processing
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Fig. 3.10 GML code porcess
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Table 4.1 Implementation environments

T & T A
e %ﬂoﬁoﬂj]—:]ﬂ IMnj[emet Exp.lorer 6.0
-3 icrosoft Windows XP
CPU Intel PentiumIV 1.7 Gz
Memory 768MB
=G A A Microsoft Windows XP Professional SP 2
A H A A Tomcat5
XML dle]Ej#lo] 2~ AW | eXcelon (XIS) Version 3.1 SP3
2 A oo ISP
GML W3k JAVA NetBeans 5.0
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Fig. 4.1 The flowchart of the implemented system
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<FeatureRecordldentifier’
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<recordVersions=l</recordVersions
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<FeaturelbjectIdentifier>
<agencyr 280/ agency»
<featureldentificationfunber>2869835/featureldentificationtumbers-

18 4.2 S-57, @AE GML A4
Fig. 4.2 An example of a document in S-57 and text, and the converted
GML document
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Table 4.2 The size of data

tolgy ol& S-57 "Holg Z7] | §AE dHo|f 37]  GML Hlo]E 27]
KP314200.000 696KB 2,010KB 5,094KB
KP420400.000 1,448KB 3,902KB 9,827KB
KP52180A.000 135KB 436KB 1,037KB
KP52180B.000 79KB 265KB 640KB
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Fig. 4.5 GML result screen
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