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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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(map), A9 (selection), 2% (Joins), &5 A(distinct), A4
(sort), F¢A(unorder) 59 QAEH Ad F2AE A4
7] A JAES A, A dF dabe 4d8Co
mpleteness) & A F37] A3 o|FHA AHASH HEH o
A AARE A Ft

oA ARAE olFH, °|F¥%Y, tF %A, BF
o599 % olF AN I £ KFEAAT £4& 7|
Ho g AFHY, <E 1>dA olFAA AMAES 423
I Qleh Ak B71E Y8 AMEE 713 FelA MPE o]
43 dF o5d HAE H7EU] 8 AHEsxm, MR
& o)F9gH tF o594y AAE BT P o]FH
7 oF olFH AAM, RE o599 H tdF olFdgel dl
) 7 olFAAY B AT 1 FA A HAGEe
AevER] A FBE FAFE T IAYAL FLE
Tp, B9 AHEE Tc, A FHE(coordinates)E location
olg} gt}

<E 1> MOFirst |54 Hg FhRH g
ol AN HRE wtgsie @atzieln, MOCountE ©]
A 94X AHI AAE & A4EH, MOBefore:
EA AdNZE N1Fog 71 slhg oA WA HEE
sl Aatzleltd, MODistancet &4 22 Aol A
T o547t A=g d4tsta, MOCenters d9] A4

o 4y

(E 1) O|SAA| ALk

| A 49 &9 L
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 |aEMPVMR, b€PVR
MOAfter a, Tc b {aEMPVMR, bEPVR
MODistance a b Tc| r |aEMPVMR, bEMPVMR, rEreal
MOCenter a, Tc b |aEMPVMR, bE€location
MOMin a, Tp | b [aEMPVMR, b&PR
MOMax a, Tp | b {aEMPVMR, bEPR

MOProjectTime a Tc [a€PVR

MOProjectValue a b |a€EPVR, bElocation

MOTime a3, b | Tc |aEMPVMR, bEPVR

MOValue a, Tc b |aEMPVMR, bEPVR

MOMeetTime a, b, Tp| Tc |aEMPVMR, b€EMPVMR

MOPeriod a, Tp aEMPVMR, beMPVMR

MOTrajectory a, Tp aEMP, b&{location)

b

MOContains a b, Tc| ¢ |aEMP, bEMR, cEP
b
r

MOLength a, Tp a€EMP, rE€real

MONearest a, b, Tc|c, r{aEMP, b€{MPVMR}, cEPVR, rEreal

MOFarthest a, b, Tc|c, r |aEMP, bE{MPVMR}, cEPVR, rEreal

MOSpeed a, Tc r |aEMPVMR, r&real
MODirection a, Tc r {aEMPVMR, r&real
MOTraverse a, Tp | b {aEMR, bER
MOArea a, Tc r |aEMR, r&real
MOPerimeter a, Tc r 1a&MR, r&real

1o

oA olF AN FUYHE FI= d4teld, MOMine &
YAz FEeL AT HAY HAFE ZE HAAHRE
331, MOProjectTime® MOProjectValue: o544

A

-

ZR2oA Z}zZF AJZE 3t AAAE g wEstE 9
#tolth, MOTimed ol &7 54 A& Ad A&
e, MOValuet 9 AAHAAM o|sAA HEE
Bl MOMeetTime2 FYAIZE #2H59 o5 de F
A 74 whtes A d4bsha, MOPeriode AYA7H
TE o] FAA Q2259 e wEgth. MOConta
inse A ANH olFHo] o]FAHe EAIYA YA E
vrgtets AAbbo|tt. MOTrajectoryy: A YA F7HE<QE
olxg AAe HF FRE W3y, MOLengthy: H9A
F FRHE o)FH TE gFolEHo| olEF ZoE W
#30, MONearest= d2] AAA o]5ds 713 717}
& oA AFre AwE uhalgth MOSpeedt 294l
Hel A o|FH EE UFolFHY £ & ughstn, MODir
ection® A AHAAM o|FH EE tFolEHY o5
g utgdth, MOTraverse: ¢339 FEi: UFo|E9
do] AA|7t FHEe ol F 49L& wEsln, MOArea
E A AFHAAN ol5dYy E= tFoEgYe HEHL
Q4kst . MOPerimetert 9] AlFoA o]FHdd T
Folg9Ye gddolE wrgdh

o (A9 D& Agdel whet 2 YR)7} o F 3t o)A
ARE ¥ (29 29 GML FAE gAeg oFH
Aog BT dojr}



(Z9 D 7P 2 484 olFd MP0LS] AAAHRE T
gk Ao ot dr 23 3

A = ¢lE, MovingPoint] ([*child( ¢(E, #](x))](x : root)) ;

B := ¢ [last(value( ¢child([E, ~datal(child( ¢[E, name](e)))))
= “MP01", 0))(e : child(A)) ;

C := child( ¢[E, Point)(B)) ;

4 de FEFYoZHE MovingPoint 4L 33figh
A3} {e4,el3lo]l Wy Aol AFEC ¥®T BE ¥F Add
AE APl A& 3T named] dHolH AAH g
o] “MP01"¢l Ad} 2A& W& AAIY (Vigit, Vepiz)
FoA last(-, 0) A& B8 /M 29 dEE o)5AH
9 Vool ¥4 Bl 239 ¥4 Cole ¥4 B 2%
9 A AFe &9 7+ Pointol did FHY Vaa?t B
ek gay o] A9 AT Vo AWl X 2
ZHE i3 ARE thg3 go] gt

<gml : coordinates> 31 : 58 : 00S 115: 55 : 00E
</gml : coordinates>

4. Ol S Feof

354oA g g A4 FE B WE B
Feta, HE AAH L B}l vlEREAHQ HE /O
w2t B FolA = A¢tete olF A Heol: XQuerylll]
2 st AlgxtelA & o g5 AHHA| 28 AT
81, XQueryE AYshe 7|&9 Alxde] A H& 7t%
g gl

At Aoloj= XQueryd FLWR E#29)A FOR, LET,
WHERE, RETURNZ <& 1>¢] o|FAH dMNREL
AHgg Oge <E 1> o]FAA AAAES AHEA
Aolo FHEAZ] dAd] HE ddgrt dA Ao EF
A9, ol%%q A, FFAE PR i, AHEHE &
7)ut ARE (29 49 2ok

<schema>

<include schemalocation = “MovingObject.xsd”/>

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

(2% 4) oix| ZAF A8 270t

(2 4olA Tomador ©l5dY AAZ [¥& 1]19 Mo
vingObject 2719} 9] MORegionType22 A1, Am
bulance$} Person& ©l5d A2 MOPointTypel 2 A
o€},

(49 2) “34¥9 7P¢ #2 AAE Tt

FOR $p IN document(*Person.xml”) // Person[name = “3 4 %"
RETURN <PersonLocation>
<location> MOLast($p/mo : MOPointType, 0)
</location>
</PersonLocation>
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(A9 2l A= AHREEY o} ARE 7FE Personxml
oA name°] ¥F72%% Person A E & $p/mo : MO
PointType®} 0& & o2 MOLast €4t Hgsld Azt
Hog M H2e AXARE HA3A "t

(A9 3) “dA F2FY YHAA 7% shte] = TE
g AMsle

FOR $p IN document(“Person.xm!”) // Person[name = “$2%"],
$a := document(“Ambulance.xml”) // Ambulance
LET $c := $a
WHERE MONearest($p/mo : MOPointType, $a/mo :
MOPointType, now)
RETURN <NearestAmbulance>
<ambulance> {$c} </ambulance>
</NearestAmbulance>

(29 3y A= PersonxmlolAl nameo]l ¥Z %< Person
A3 Ambulancexmlol*] Ambulance A3l i8] $p/mo
: MOPointType® $a/mo : MOPointType 221 nowd ¢
g0 2 MONearest A4S H&3to dA AHE 7|[Fo=
4% 99X ARzZAEH MY s FEAY 4A A
BE A% 4714 nows @A AT onisie Az
gaoltt,

(A9 4) “2003d 449 239 0A] 0% 0x%¥ 20039 49 23
9 124 0% 02744 HEADEL FEA A%
ol % #AHE& T3t
FOR $a IN document(“Ambulance.xmi”) // Ambulance{name = “A”]
RETURN <AmbulanceTrajectory>
<trajectory>
MOTrajectory($a/mo : MOPointType,
MOPeriod(‘2003-04-23T00 : 00 : 00’,
‘2003-04-23T12 : 00 : 00"))

</trajectory>
</AmbulanceTrajectory>

(39 §dAE= Ambulancexmlol A namee] A3l Ambul
ance F Al W3 $a/mo : MOPointTypedt F A A H&
gto}l AAI E7HE @AsHE MOPeriod ¥4t 2
#& JHoE MOTrajectory J4H-& A48l 20039 49
239 04 0% 0x%-¥ 2003d 4€ 239 124] 0F 0x7A]
F&3a A7t ol % AHE PR

(A9 5) “@A71A Tornado TY d& WAL ANl

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

</TornadoStatus>

(49] 5)9] EdoA= Tomado.xmlol A nameo] T¢l A
Hell s #3] AL 7317] Y8 Tomadod] 99 AR
¢l $t/mo : MOPolygonType®t MOPeriod €4te] A&
JH o Z MOTraverse FAHE 33l of7)o] - MOPeri
odE AlZ A7t A4 firstet @A At 44 nowd Yo
2 AT e JAR
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(49} 6) “Tomado T A A W&} o]F =&V

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

(A9 )9l A& Tomado.xmlolA nameo] T¢ A& o
& dA A& 71F22 Tomado TS X wW3kg A4k
871 98] Tomado2] 9449 A X $t/mo : MOPolygonType
B A A7 A4 nowE Yol MODirection
F83%th, =§ $t/mo : MOPolygonType#} nowE
2 MOSpeed ¥4AHE 433 Tomado TY °]F
ad& F Utk

(29 7 “dA FHA A7l o]5F< Tomado TS e
AR\ ol FloF & AYE Tl

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

P oo 2
M@
tt jo n

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

(A9 DolHE AmbulancexmiolA] nameo] A%l Ambul-.

ance AA3 ToradoxmlolA name®] Tl Tomado AH
o A&l F o|F A WA He A i A4 Am-
bulance $X AB<Q $a/mo : PointType®} Tormado 94
ABQ $t/mo : PolygonType & dHoz zt o)A 9
ol H£xF A o|ZHH vd F ol FHA
7t wuA He A1HE MOMeetTimeol A 94+, Am-
bulance A9) 1A FH9} MOMeetTimee] Azt HRE <
Zo2 MOValue d4H& 338t Ambulance A¢} Tor-
nado T7} 9d AHE GAET E£3 Ambulance A7}
Tomado Tt g AAH7AY Age A $1x A
A N7 AFE P22 MOValued 3l d& &
A Agl $iAAHBY A AP F olFAHAI VYA €
AHE& 93822 MODistance FAHE FPto =M As
FEZ & Ath

(49 8) “dAl Tornado TS FFAW £l Ade A
S R

FOR $t document(“Tornado.xml”) // Tornado[name = “T"],
$p document(“Person.xml”) // Person
WHERE MOContains($p/mo : MOPoint Type,
$t/mo : MOPolygonType, now) ==
RETURN <PersonIlnTornado> <person> $p/name </person>
</PersonInTornado>

(49 82 FOR A4 Tomado.xml®lA nameo] T%!
Tornado A7 PersonxmlolA Person Aol AMs}
WHERE &4 T9 @A 99 AR Persond Y&
d¥ o2 MOContains 94HE 53§ gt MOContains €
S2RYH A& A TY JFdE G9uld A= A
Eo g ARE RETURNAHAAME H4E AlES name
d ¥ &9 ZFE P43

ot e

5 8 A HIL

of FolM= At o] FAA HolE HE s AT A
298 AA, ol 3 A A2 HE3to] At
g o]EAA AYrt Y& VHte R e thgg P9
Mulxo] 848 & &g Bk 33 o] Fald 7)
& A9oe} At Ao g vl Hrisid

Ago] H23 EF dA 2" 9P S8 MS Win-
dows 2000904 Visual C++ 6.0& o]-83tdd TR} 2
o o} &€ olF A HlojEE= 20033 4¥ 23¥ 0AIHH
2003 449 239 18A18 FEAL FUeE HAET, o #
EANZHES AR PRt s 28, Sl dsiAE 10
o £9 gds F7|2 99 59 dolgolr) o]F A4
Z AlEC tiE o]% AXE Personxml, T-Fabe] F
°o]FAHE Ambulancexml, 223 EF| hE olFAHR
£ Tomadoxmld] FAEt) 348A o]%d AAd] g
AEE X3 GML A E (27 2904 BoFx )

51 ol34A Heoixz2|
2 dolde 430X AL ol FAA Ao A o
3 A @t

l Client |

INTERNET

MOQuery Result
¥ |
MOQuery Result
Parser Composer
MOQusery Tag Inform ation
Optimizer Generator
T T
| MOQuery Executor ‘

:

Document R epository

GML Schema
Documents Files

(28 5) OISUA & H2| Alage] =




(29 5 olFAA Ao A Al2de FEEZHN o
= Aelel MOQueryy MOQuery Parserol] 13 ¥t}
MOQuery Parser:> Document Repository A HE njgto @
e olFAA HoE Y3t} o] A= Ele e
Z MOQuery Optimizerel 4] Hg¥cl. MOQuery Optimi-
zerol M= 7hehd HA 3 29l AR A" FWE MOQ
uery Executorell 7l #&gc}t, MOQuery Executor'é 2 9]
Fa& T A#E drdtshe 93-S sk dl, o7
4 Document Repositoryel #H:& $18] MSXML(Micro-
soft XML Parser) 4.0 ©]-35t}. Document Repository+=
GML &M 53} o] EA5el & 2% +x 5d& {As
it 9lck, MOQuery Executors %3 4b&5 A= Tag
Information Generatorel 4] MOQuery2] RETURN-¢l 2
A% Ao dule] Fxo wi AUEES 44 3 A9
Aol F2 3 29]& 8§l Result Composer= MOQ
very Executor® 53] =¥l e el Z4e}t Tag Infor-
mation Generatoroll A/ Heje] HF AR A3 A
& g

52 0| S2x| Aol

o] Mol 5149 ol EAA AelAE NAWL o g
SEHANLelA 4l olFAA Aelolg Helg Az
g ualv,

(i8] 99| “UA FAFA AAAH A% Aol A

TS = \

- . &

(32! 6) MONeareat S4t =8 H1}

l_-'l'_J

o] Aoz FUFY A AAZNH TIFAET A
E T8k, o FolA HA@E MA@ oHF HHS
dA F4Fe AN HF AL FEAE e 4
Ao (29 6)& F9 43 A3 il

(d9] 4)9 “2003d 49 239 12A415-¢ 2003 49 23
1371742 frEAZHES a3 A7 olF® AHE
gt ol e AA AeHe Ase vea 2

GML 7I8te] OISZHAl CIOIHZ" 2 &
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(22! 7) MOTrajectory 4+ =84 Z 1}

FEA A ZAE FES olFH FEES 7El
i, c’lﬂ AL AR F2E 5Y% o8 A'Y 3L &
Ao ZrAAo 2 ANz FIHESE FEA ‘AL o]
g ?il’ii°— TatA Bk (29 D (Aol 9)E Y 4
o2, FEa A7 oAt F7 B¢ olE R A &
& Moz EAHI QT

(49] 59 “YA7A 25 T2 A& A4S A3

olEMA Ao it el Ak vhat 2k

(32! 8) MOTraverse 14 8 Z1}

BE T7F A& Z2Y8 AAENE dAnA ol AY
58 AMso 7 Zys FuiEe o dYdES dErh
ol#§ o] FHHES YP oz B2 (convex hul) A4t
S Y olFddEe HeH E—‘—‘;-’SQ.}‘{P TAEE
29 #(convex hull) A7} A4 o] EF2F(con-
vex hul)e] A& F3tozy HA %50 *EU]'-Q- F9E
A £ gla (ay ol 5o H HHE F& 4
o2 vhehfiar it

(H9] 892 “@Al Tornado T2l d&Aol &&= Alg
& HAEA L gk ol A Aol g He Aite o
g o} 2
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(22! 9) MOContains G4t 8 Zin}

4 % T 493 AFEY AAE dFH L2 con-
tains A4S FHI}A T G99 e ARES ANE
T AL oJ2HE AHEzY] olFE HAS Hd (2¥
9 49 79 A=, YA ETAHL L 9= ¥
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& 53 e + gl
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A AN e AT A% AF2 d4H Ak
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W& Alefo] wt2 URL(Uniform Resource Locator)g ©]-&
dh= WY, GML &4 di@ HHHQA Qo7 B7hs3hd
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MovingObject.xsd
<?xml version = “1.0” encoding = “UTF-8"?>
<schema targetNamespace = “http://-*-/app”
xmins : mo = “http:///app”
xmins : gml = “http://www.opengis.net/gml”
xmins = “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”
maxOccurs = “unbounded”/>
<element ref = “mo : MORegionType” minOccurs = “1”
maxOccurs = “unbounded”/>
<element ref = “mo : MOMultiPointType” minOccurs = “1”

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

</choice>
</complexType>
<! >
<element name = “MOPoint” type = “mo : MOPointType” />
e >

<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” />

{l--===========zscssssssszss==s=ss==zssssszsssases >
<complexType name = “MOPointInstanceType”>
<sequence>
<element ref = “gml : Point” minOccurs = “1”
maxQOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1”
maxOccurs = “1” />
</sequence>
</complexType>
{l--===============s=s=ssxss=s=sss==ss=ms==sszszzzs >
<element name = “MORegion” type = “mo : MORegionType” />
I--================sss=z=zmasaa === >

<complexType name = “MORegionType">
<attribute name = “name” type = “string” use = “required"/>
<element ref = “mo : MORegionInstanceType” minOccurs = “1”
maxOccurs = “unbounded”/>
</complexType>
l--================================== >
<element name = “MORegionInstance”
type = “mo : MORegionInstanceType” />
{|--=============s====s=====szzsszssssssssssszzsssaaz -=>
<complexType name = “MORegionInstanceType”>
<sequence>
<element ref = “gml : Polygon” minOccurs = “1”
maxQOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1
maxOccurs = “1" />
</sequence>
</complexType>
--m==m======c==ssssssesssrssses=sss==s=s=s======== >
<element name = “MOMultiPoint”
type = “mo : MOMultiPointType” />
l--=============================s==sss=ssmzssssess -—
<complexType name = “MOMultiPointType">
<attribute name = “name” type = “string” use = “required”/>
<element ref = “mo : MOMultiPointInstanceType”
minOccurs = “1” maxQOccurs = “unbounded”/>
</complexType>
{I--=m==z=sczszm=sss=s=zssssssss >
<element name = “MOMultiPointInstance”
type = “mo : MOMultiPointInstanceType” />
<! -—=>
<complexType name = “MOMultiPointInstanceType”>
<sequence>
<element ref = “gml : MultiPoint” minOccurs = “1”
maxOccurs = “17 />

"

<element ref = “gml : timeStamp” minOccurs = “1”
maxOccurs = “1” />
</sequence>
</complexType>
<-- >
<element name = “MOMultiRegion”
type = “mo : MOMultiRegionType” />
<! >
<complexType name = “MOMultiRegionType">
<attribute name = “name” type = “string” use = “required”/>
<element ref = “mo : MOMultiPolygonInstanceType”
minOccurs = “1” maxOccurs = “unbounded”/>
</complexType>
<! ====——
<element name = “MOMultiRegionInstance”
type = “mo : MOMultiRegionInstanceType” />
<! ======= =z==—-)>
<complexType name = “MOMultiRegionInstanceType">
<sequence>
<element ref = “gml : MultiPolygon” minOccurs = “1”
maxQOccurs = “1” />
<element ref = “gml : timeStamp” minOccurs = “1”
maxOccurs = “17 />
</sequence>
</complexType>
--z==s==s====s====== -->
</schema>
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