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A Specification of a Moving Objects Data Model
and Query Language over GML

Warnill Chung'- Hae-Young Bae''

ABSTRACT

GML proposed to offer interoperability of geography information is specifying various dynamic object schema for application in the wireless
environment. These GML dynamic object schema supports the expression of moving objects that the position and shape change consecutively
over time, so practical use of GML is increased in location-based service that provides various application services based on location information
of moving objects. In particular, the conventional query languages about GML have been studied with priority given to the integration of
geographic information, the support of spatial operations, and etc. However, it lacks the support for moving objects queries. Therefore, in this
paper, we propose the moving objects query language that supports moving objects queries for GML documents by extension of XQuery that
is standard XML query language. Also, data model, algebra operation and various moving objects operators for the proposed query language
are designed, and we apply the proposed query language to tornado government organization system to show that the proposed query language
can be used effectively in various location-based service.
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3 %= #Fsli(navigation : ¢), FETE(Kleene Star : *), W
(map), ¥ (selection), 2% (Joins), FE-AA(distinct), A&
(sort), F&Al(unorder) 59 AAER 23 F2AE YA
8t7] 9% AES AMEEHY, Al g A4k FHA(Co
mpleteness)S AF37] f& olFAA HAES HEH 9
A AdAE AHogeh

ol FAA AAAE oA, olFRY, BT °olFH, UF
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d Az 99 &9 = od
MOFirst a, i b |aEMPVMR, i€int, bEPVR
MOLast a I b [aEMPVMR, i€int, bEPVR
MOCount A i |aEMPVMR, i€int
MOBefore a, Tc b {aeEMPVMR, bePVR
MOA(fter a, Tc | b [a€EMPVMR, bEPVR
MODistance a, b Tc| r {aEMPVMR, beMPVMR, rEreal
MOCenter a, Tc b |aEMPVMR, b€location
MOMin a, Tp | b |aEMPVMR, bGPR
MOMax a, Tp | b |aEMPVMR, bEPR

MOProjectTime a a€PVR

MOProjectValue a b |a€PVR, bElocation

MOTime ab Tc |aEMPVMR, bEPVR

MOValue a, Tc | b |aEMPVMR, b€EPVR

MOMeetTime a, b, Tp| Tc ja€MPVMR, beMPVYMR

MOPeriod a, Tp | b [aEMPVMR, bEMPVMR
MOContains a b, Tc| ¢ |aEMP, bEMR, cEP

MOTrajectory a, Tp | b |aEMP, bE{location}

MOLength a, Tp | r |aEMP, rE€real

MONearest a, b, Tc|c, r|aEMP, bE{MPVMRY}, cEPVR, r&real
MOFarthest a, b, Tc|c, r{a€MP, bE{MPVMR}, cEPVR, r&real
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MOSpeed a, Tc r |aEMPVMR, r€Ereal
MODirection a, Tc r |aEMPVMR, r€real
MOTraverse a Tp | b |aEMR, bER
MOArea a, Tc r |aEMR, r&real

MOPerimeter a, Tc r {a€MR, r€real
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A = ¢[E, MovingPoint] ([*child( ¢[E, #](x))](x : root)) ;

B = ¢ [last(value( ¢child([E, ~datal(child( ¢{E, name](e}))))
= “MPO1”, 0)l(e : child(A)) ;

C := child{ ¢[E, Pointl(B)) ;

9 de FEAYOZHE MovingPoint Hd-E& 3¢
A3 {e4,el3lo] W Aol A¥drt ¥4 BE WF Ad

Agd AR A 393 named} dwlel® FF @&
o “MP01"Y] A 2AL wE3tE AHZY (Vipit, Vinpiz)
FoAA last(-+, 0) A4+& B3 7bF 2ol 459 o] F
O Vol B4 Bell 23 th ¥4 Colli= ¥4 Bl 2%
#H Ad Ay 3¢ A Pointe] B AHA Vea?t 2
g wetA o] Feo9 AB}E Ve BHCl X3S 9
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il

<gml : coordinates> 31 : 58 : 00S 115 :55: 00E
</gml : coordinates>
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Fohm, A BPE Fdelos MagAd B AN
meh B ZolAE Aekshz o544 delol XQuerylll]
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At dYolE XQueryel FLWR F & 4e|A FOR, LET,
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g thels <E 1> olAA AAAEL AHEA
delol #EAZ A s et oA e BF
A4, o1 E5F A, FEAE UAFLE e, AHgEHE &
Il ARE (28 48 2k

<schema>

<include schemal.ocation = “MovingObject.xsd"/>

<element name = “Tornado” type = “mo : MORegionType"/>
<element name = “Ambulance” type = “mo : MOPointType"/>
<element name = “Person” type = “mo : MOPointType"/>
</schema>

(32 4) oid HAE I8 270t

(29 4)olA Tomador ¢159d AR [F5 119 Mo
vingObject 27]7} 3122l MORegionType2& A2l5 1, Am
bulance®}t Person o]5d ZAAE MOPointTypelZ &
o€,

(39 D) “F2¥S 7MY A2 AHE Foh

FOR $p IN document(“Person.xml”) // Personlname = “&F%4%"]
RETURN <PersonLocation>
<location> MOLast($p/mo : MOPointType, 0)
</location>
</PersonLocation>

GML 71819 OlS2HAl HIOIEHZ® X Z2/0 BN 45

(A9 XE ABES )% H ARE 7[R Personxml
o)A nameo] 2% Person AHES &l $p/mo : MO

PointType# 0 ¥ o® MOLast d4HE ALl A7t

Hoz by Aze) 4AAnE A Aok

(29 3) “fﬂzﬂ 4Ee) G 74 el e TF

Ag dste
FOR $p IN document(“Person.xml”) // Person[name = “E#§"],
$a := document(*Ambulancexml”) // Ambulance

LET $c = $a

WHERE MONearest($p/mo : MOPoint Type, $a/mo :
MOPointType, now)

RETURN <NearestAmbulance>

<ambulance> {$c} </ambulance>
</NearestAmbulance>

(29 3)o1 A& Personxmlol X nameo] 2§ Person
AM 7 Ambulancexml 4 Ambulance &l & $p/mo
: MOPointType® $a/mo : MOPointType 281 nowE ¢
#BOo 2 MONearest F4HE A3t AA) ANHE 7Fe=n
=3

4% 94 AuzRE A% ke TEAY 9% 4
uE AdEn, 974 nows AA NDE s A7
4ol

(29 4) “2003'd 4€ 23d 04 0% 0x%FH 2003 49 23
d 124 0% 027HA HEATESG T3 AV
A5e AL Foet”

FOR $a IN document(“Ambulance.xml”) // Ambulance[name = “A”]

RETURN <AmbulanceTrajectory>

<trajectory>
MOTrajectory($a/mo : MOPointType,
MOPeriod(‘2003-04-23T00 : 00 : 00,
‘2003-04-23T12 - 00 : 00')

</trajectory>
</AmbulanceTrajectory>

(A2} 4o+ Ambulancexml®l*] name¢] A%l Ambul
ance Aol sl $a/mo : MOPoint Type® F 29| AJH-&
gyl AANZE F7HE AA3E MOPeriod $4+e) 2
#E ¥ o F MOTrajectory 4 F-&3te] 20034 44
239 0A] 0B 0ZHE 20039 4¥ 23% 124 0% 0z7+A
T332 AV} o] &3 AAS HAg.

(9] 5) “BA7H) Tomado TS T3} WAL M)

FOR $t document(“Tornado.xml") // Tornado{name = “T”]
RETURN <TornadoStatus>
<area> MOTraverse($t/mo : MOPolygonType,
MOPeriod(first, now)) </area>

</TornadoStatus>

(49] 5)9] FHIAE Tornadoxmlol 4l nameo] T A
Holl dls] sia) d2E& F38}7] 93 Tornadod ¥4 AR
¢l $t/mo : MOPolygonType®t MOPeriod @4te] ZA#E
¥ o2 MOTraverse @4t& Fd%ch 7|44 MOPeri
odE AlZ AJZF S firstst BA AL A4S nowE gEo
2 FYA T FE dibsi
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(29 6) “Tornado T @A A W3} olF FEEV"

FOR $t document(“Tornado.xml”) // Tornado[narne = “T”]
RETURN <TornadoDirSpeed>
<direction> MODirection($t/mo : MOPolygonType, now)
</direction>
<speed> MOSpeed($t/mo : MOPolygonType, now)
</speed>
</TomadoDirSpeed>

(A9 6)ol 4= Tornado.xmlol A namee] TS A4
& A NPL 71FoE Tomado T X&) g A
3171 18] Tornado® 99 AHQ $t/mo: MOPolygonType
o A A7 45 nowE & wol MODirection
+Pgcd, =g $t/mo : MOPolygonType™ now=
2 MOSpeed F4HE +8381W Tomado T °olF
g F Ut

(29 7 “#8A FE% A7t o]5%F<2 Tomado T} whe
=9} ol B o & AGE Fse}”

FOR $a document(“Ambulance.xml”) // Ambulance[name = “A”],
$t document(“Tornado.xml”) // Tornadolname = “T"]
RETURN <ATDistance>
<location>
MOValue{$a/mo : MOPointType,
MOMeet Time($a/mo : MOPoirt Type,$t/mo :
MOPolygonType))
</location>
<distance>
MODistance(MOValue($a/mo : MOPointType,
now),

bz ri?.
[ L )
te jo o

MOValue($a/mo : MOPointType,
MOMeetTime($a/mo : MOPointType,
$t/mo : MOPolygonType)))
</distance>
</ATDistance>

(49 7ollA+= AmbulancexmlolA name®] Al Ambul-
ance A3 Tornado.xml®lA] nameo] TSl Tornado %%
o dfal] F ol FAAIt wbA e AHe g A4 Am-
bulance ¥ AE 2 $a/mo : PointType®t Tornado F<
Aol $t/mo : PolygonType & Yoz 2z o]F A 9
olTHFgT £2& At o|ZRE H|Fd F o|FAA
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214 & ¥ o2 MODistance 94t FPgozn HAiE
= Ao
(49 8) “@A Tormado T FZHU &3te ArEE 7

Aepale.”

FOR $t document(“Tomado.xml”) // Tornado[name = “T"],
$p document(“Person.xml”) // Person
WHERE MOContains($p/mo : MOPoint Type,
$t/mo : MOPolygonType, now) ==
RETURN <PersonInTornado> <person> $p/name </person>
</PersonInTornado>
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MovingObject.xsd
<?xml version = “1.0” encoding = “UTF-8"?>
<schema targetNamespace = “http://-+-/app”
xmlns : mo = “http:///app”
xmins : gml = “http://www.opengis.net/gml”
xmlns = “http://www.w3.0rg/2000/10/XMLSchema”
elementFormDefault = “qualified” version = “3.00">
<annotation>
<appinfo> Moving Object Schema </appinfo>
<documentation xml : lang = “en”>
This Schema provides constructs for handling moving objects.
</documentation>
</annotation>
<! >
<include schemal.ocation = “gml.xsd”/>
<include schemalocation = “feature.xsd” />
<! >
<element name = “MovingObject” type = “mo :
MovingObjectType” />
--= >
<complexType name = “MovingObjectType”>
<choice>
<element ref = “mo : MOPointType” minOccurs = “1”
maxQOccurs = “unbounded”/>
<element ref = “mo : MORegionType” minOccurs = “1”
maxOccurs = “unbounded”/>
<element ref = “mo : MOMultiPointType” minOccurs = “1”

maxQOccurs = “unbounded”/>
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<element ref = “mo : MOMultiRegionType” minOccurs = “1”
maxQOccurs = “unbounded”/>

</choice>
</complexType>
)-—====m=z===s==ssooossssessSSsSSSwooossosswmsss=o== >
<element name = “MOPoint” type = “mo : M()PomtType" />
D >

<complexType name = “MOPointType”>
<attribute name = “name” type = “string” use = “required”/>
<element ref = “mo : MOPointInstanceType” minOccurs = “1”
maxOccurs = “unbounded’/>
</complexType>

<element name = “MOPointInstance”
type = “mo : MOPointInstanceType” />

<complexType name = “MOPointInstanceType”>
<sequence>
<element ref = “gml : Point” minOccurs = “1”
maxQOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1”
maxQOccurs = “1” />

</sequence>
</complexType>
Clo-zmzzaazz=z mz========sssszssmsaasas ->
<element name = “MORegion” type = “mo : MORegionType” />
Qlemz==s=mmmmocsooooosoosmmmsmmmsssoooocisees ===—>

<complexType name = “MORegionType">
<attribute name = “name” type = “string” use = “required”/>
<element ref = “mo : MORegionInstanceType” minOccurs = “1”
maxQOccurs = “unbounded”/>
</complexType>
{l--========================s====== ==== -=>
<element name = “MORegionlnstance”
type = “mo : MORegionInstanceType” />

<complexType name = “MORegionInstanceType">
<sequence>
<element ref = “gml : Polygon” minOccurs = “1”
maxOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1”
maxOccurs = “1" />
</sequence>
</complexType>

<element name = “MOMulnPomt"
type = “mo : MOMultiPoint Type” />
l-m=m=======c===zs=sssss==s===== == -~
<complexType name = “MOMuluPomtType">
<attribute name = “name” type = “string” use = “required”/>
<element ref = “mo : MOMultiPointInstance Type”
minOccurs = “1" maxOccurs = “unbounded”/>
</complexType>
)--====a==========ssSSs=Ss=S==S=Ssms=Dz >
<element name = “MOMultiPointinstance”
type = “mo : MOMultiPointInstance Type” />
l——=====m=================== = >
<complexType name = “MOMulthomtInstanceTvpe >
<sequence>
<element ref = “gml : MultiPoint” minOccurs = “1”
maxOccurs = “1" />

<element ref = “gml : timeStamp” minOccurs = “1”
maxQOccurs = “1” />
</sequence>
</complexType>
{--====zz=======
<element name = “MOMultiRegion”
type = “mo : MOMultiRegionType” />

<complexType name = MOMulnReglonType >

<attribute name = “name” type = “string” use = “required”/>

<element ref = “mo : MOMultiPolygonInstance Type”

minOccurs = “1” maxOccurs = “unbounded”/>
</complexType>
Qlomsssmmmmmmoooooos mmmmmmmmmoeoeeao. >
<element name = “MOMultiRegionlnstance”
type = “mo : MOMultiRegionInstanceType” />

l--====ssss=s=s=ss=sssszsreEssSssssssssssssss=Izosas -—>
<complexType name = “MOMultiRegionInstanceType”>
<sequence>
<element ref = “gml : MultiPolygon” minOccurs = “1”
maxOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1”
maxOccurs = “1” />
</sequence>
</complexType>
Kl--=====s===szzzsooos zmzzo=s SR
</schema>
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