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Design and Implementation of Query Processor for
Moving Objects
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Kyoung-Sook Kim, O-Je Kwon, Hee-Young Byun, Dae-Soo Jo, Tae-Wan Kim, Ki-Joune Li
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ABSTRACT With the growth of wireless communication networks and mobile devices
taking in GPS, Location-Based Service(LBS) is becoming an integral part of mobile
applications. LBS can deal with location-aware features such as persons holding mobile
phones or vehicles equipped with GPS, and provide the users with the location information of
the features. Thus il is necessary to develop moving object database systems lo store,
manage, and query moving objects which change their locations continuously as time passes.
In this paper. we design and implement a query processing component which deals with
moving objects as a key data type. For this component, we define a new SQL-like query
language(called MOQL) and as a consequence, design and implement modules that analyze
and execute queries. It supports various types of operators that process range queries, infer
topological relations, compute trajectories, and find k-nearest neighbors. It can be used as a
subsystem of other application systems which deal moving objects and also supports
ADO.NET interface that can be used to interact end-users.
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Project to Domain/Range

defttime, rangevalue, location, trajectory, ...

Interaction with Domain/Range

atinstant. atperiods, at, present, ...

Rate of Change

derivative, speed, turn, velocity
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]9l STQL(Spatio-Temporal Query Language)
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(selection) 22}, B3 (aggregation) ZelE XH3}t
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a2 o5 A HANA AAAA ATbe] wpet A
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ol Alzte] wat Wate ol B A AAHAE AY
3] sl Lot WIdE QA BAE neld 2d
olth, wd, ojH T AZFEEe] W AAE FolsE
& QUEL 7%+ FTL(Future Temporal Logic) &
ool E AtetiL, o]EAA ] i3 L E A=
WS BAFD Yot (2P1)2 oJFH A W 2
o] STQLH FTLE AMgste] Z@sA

a2 gee SQLY(15)% A1Ezt delEd W =
d37 Fo] Wb 7)1E9 BAAF dolgH ol 2dA
SQLE olgsld Adsie wHE HAFan Ut
SQLYTE A7k 9 A7 AtRd ) FAEel &
948 AL2ES AL &, dd Aed
2 FAAAE Yol AE Astn o v
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HOo
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e

SQLYTE o] EAA e tE A&A RE dAAE
& malstAl B stgck. aEla, (16]dAME °1F4
Aol N A4 g st g F8A
How wdlysin, [(17)0A4E 71gto g
CQL(Constraint Query Language)< ©|83% A
gr)dte] AgolZ Folste oA HZH e
2 g¥stzn ok (18)oM = o] FHA ] #HHE 12
MR e Folojd AAstEtt aEy, dFEY
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oolg Ay 94 A2" AEe 18 gA ¥
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Retrieve the pairs of objects o and n such that the distance between o
and n stays within 5 miles until they both enter the polygon P

STQL(Spatio-Temporal Query Language)

Selecto,n
From MO

Where beginTime(Dist(o,n)<=5)<=now and

endTime(Dist(o,n)<=5)>=

FTL (Future Temporal Logic)

Retrieve o,n
Where Dist{o, n) <=5
Until (Inside(o,P) and Inside(n,P})

beginTime(Inside(o,P) and Inside(n,P))

(2 1) o3 Eeolof of
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2.2 0|S4x HEHE

ITrajectoryRelation
o |SpatioTemporalOperator

T ISpatioTemporatRelation

‘MGeOT’\fe&‘g 8:| MGeometry mgﬁ?gries
I I 1 1
| MPoint | [MuineString] [ MPolygor ] [MGeometryColiectior |
s 1.k J I ]
1 - MuitiMPolygor|  MultiMLineString]  [MultiMPoint]

1

(18] 2) o|E4x HEHE

olZAA FXUE(5)E (I 2> Zo] oA
o tig dole #3 rEARE AFsln Ut o
29L& 0GCY SFG(Simple Feature Geometry)
9o Rd(6)E 7|wter &AHT)

olFAA] I dlole] ¥ o]FHAA (MPoint),
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SHAL o AAE  shieldad By
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olFAA AYHE AXIEE o]EAF WG A}
2t dojg EBHsy] M s129 SQLY
€ H®ez oA  Aol(Moving Object
Query Language-°]3} MOQL)E A 2o] Folste]
th o] oM & mEoA Folgt o] Ax Aelo
o sl Ay}

3.1 MOQL Hjo|E| Ef}

ol FAA ] gt wlo|Eo]AE E=alA HolE #Eel
golole] Jgoz TP ool F=x AlgA}
e 7Fedial B =Rolx AMESHE #Hojol: o2
o] BRWME(Moving Object IDentification, MOID),
oA, adlm £AY=E T okm 71F
ot dE B0, 2uld T A& Wi go)ol

CREATE TABLE CelluarPhoneUser(id MOID,
position MPOINT, name VARCHAR);

MOQLeIME AHEel dlolo] elg At 9
fol e (E 2)% @o| 5714 B doly ekl
Ad@ 71E dold BYRe Fedol A%
7} 2 712 dold g§dd MOIDE 3 MSSQL
4& F7hsisith. MOIDEIIS 7hztel ol BAA &

ol

S oft o

O] EAAE AF doMe] HEIES HA ¢ & 35

AHE £ e HEE Jelz MOIDE ¢
£ 3ol glojojo] Holm g} o] wtza
ok gt} MSSQLENIL Aoxay HAXWUEs}
&€ Agsy] 93 iy egez Ao Fo
BAHe2  REIHA  ged. B =Rdde
MicroSoft SQL Server(°]3} MSSQL A®)o|A A
F3n de BE dolH Bl E& o1FAA AXH
Hol pEFTE MSSQLENRle s Wgkele] Ale
ok AFEARE MSSQL A®lolA A Pste oy &
PE& U FeoFol AMEE 4 U} gz, v
A w38 Az F3E, ©1BF ol AA ] U Hol
B OEdE dolld dug o)A PEdEs oy
2dy dyid  dg€th ©, RECTANGLE®
MRECTAGQLES POLYGON 2 MPOLYGONS]
548 @ Aggez Futsiqg

MOQLEA Jehde dloly e dxex 3
oA F3t Holg el 0GCY SFGY
WKT(Well-Known Text)¥#-& & ARE3Six,
YA ol elglo] dialNE (E 3)3 Zo] WKT
ZYE S8t FHA

AF B, AXE oo dHolHE 4Adstr] 4
¥ MOQLE2 &3 Zo] 2389},

270}
EA) 8

LRy

Ol AH AL

L= T

INSERT INTO CelluarPhoneUser(111,
MPOINT('2003-5-8T11:56:10", 10, 15,

'2003-05-08T11:56:20°, 13, 26,

2003-5-8T11:56:30°, 15, 37...) )

(Z 2) MOQL dlojg| Ef)

B #-% dole e
7123k MOID, BOOL, LONG, DOUBLE, MSSQL
A ZEA R INSTANT, PERIOD. INTERVAL, TEMPORALCOLLECTION
273 POINT, LINESTRING, POLYGON, RECTABGLE, MULTIPOQINT,
°r MULTILINESTRING MULTIPOLYGON,GEOMETRYCOLLECTION
ol E# MBOOL, MINTEGER, MDOUBLE
SESE MPOINT, MLINESTRING, MPOLYGON, MRECTANGLE, MULTIMPOINT,
° MULTIMLINESTRING, MULTIMPOLYGON, MGEOMETRYCOLLECTION
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(E 3) MOQL 9IAEA FE
2] 4 A ]
"yyyy-mm-ddTh:m:s’” (or ‘'h:m:s’) [=)FAg &7

INSTANT NOW [=)@AAI7H)

PERIOD PERIOD(yyyy-mm-ddTh:m:s, yyyy-mm-ddTh:m:s )
TINTERVAL (yyyy-mm-ddTh:m:s{now), DAY+ (-]n )

TINTERVAL TINTERVAL(yyyy-mm-ddTh:m:s(now), WEEK+(-)n )
TINTERVAL(yyyy-mm-ddTh:m:s(now), MONTH+ (-]n)
TINTERVAL(yyyy-mm-ddTh:m:s(now), YEAR+(-]Jn )

MBOOL MBOOL( (bvi, ti1. ti2), (bva, to1, t22), ... ) [=) tiy& instant® T3

MINTEGER MINTEGER( (ivi, t1), (ive, t2), ... )

MDOUBLE MDOUBLE( (dvi, t1). (dvz, t2), ... )

MPOINT MPOINT (t1. x1. v1. t2, X2, va, ... )

MLINESTRING | MLINESTRING ((t1. X11. yu. X12. V12, ...), (b2, %21, ye1. X22, vz, ...))

MPOLYGON I(\;I(POLYGON ((t1, (11, yui, Xie. yiz, ... ), (Xi21, v, Xize, viee, ... )), ( te,

211, Y211. X212, Y212, ... o)

MULTIMPOINT | MULTIMPOINT ( (t1. x1. v1. t2. X2. v2. ... ). (t1. av. bu, t2, a2, b2, ... ), ... )

MULTI-MLINE | MULTIMLINESTRING ( ((t1, x11, yu1, X1z, yiz. ...), (t2, X21. ya21. Xe2, ya2, ...)),

STRING ((t1, a1, bu, a2, brz. ...), (t2. az1, bz aze, bee, ...)) )

_ MULTIMPOLYGON ( ((t1, (%111, y111, X1z, yuz, ... ), (X121, yi21, X122, yizz, ... )),

ggﬁfﬂ MPOLY | ¢ te, (x211, ya11, X212, y212, ... ... ), (6, (aw, bui, ane, bue, ... ), (a1, b,
aiez, bizz, ... )), (t2, (a211, bai1, aziz, b2z, ... L))

MOBOMETRY" | MGEOMETRYCOLLECTION ( mgeometry wkt )

MRECTANGLE MRECTANGLE( ti1. t2, x1, X2, V1. v2 )

RECTANGLE RECTANGLE ( x11 X21. yu1 v21 )

3.2 MOQL 24

MOQLE #olol& AdstAY 2Esl7] A% Ho]
Bl B dojek 4AE olololl JEANE A4 4
A, 23 AT ¢ e volE #E doz 74
"}

doly e Aol 7iEe] QLA 2L FH=R A
€53, deoly #e dole °IFAANE st # 7t
2 F7peigd. 4, wlolH Al HEe ARS
Adste B+ AAAAE B A F A=
F@dAh. o|FHA AR FAE AUk Bve
¢ oA HAFE g Zo| olFAA-E FF,

MPOINT- Q2628 A3z, dA4 45 ALH
oz A Yrte FAsE e Zo] HeojeH 44
Fol @A AZHNOW)d| #ldste FHAA-dE &
H, POINT- /A8 AS I3}

INSERT INTO CelluarPhoneUser (111,

POINT(20, 40), NOW ):

HlolEle] Ax] HHEoAE oA HAANN
A9 AR AR E HAE TO 7191271 F7}
HAth g o), WII 1119 2atd AR
ARelA ANZAR S o] ARE AAEeL 2e
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DELETE FROM CelluarPhoneUser WHERE
= 111 TO ‘A’ :

B mRad Agsle o
(19]2 #AAe] FREL 4
23 ok, a8z, AFY FARELE At AL
oA A&AHS i“o*o} 1 E3sHA =o] o] FHA
o dig GRS 3 A % ?l B
Atk mEkA, MOQL°\V\1T‘:— &
telg7t A& A" A 71%% WEsz 9l
B HAAQA A Az AFsA] gedh TO 7)
b EASA W wEEe WHERE 2ol +2
€ oleAA AN AFE T ol e nE F
7HA ARstete ojujelt),

deole A4S 97 wHFEL A e Y=
SELECT, FROM, 22]l21 WHERE A& A"},
FROM A& Ag stazl st dHolE oj&E ‘JrEl'
Ui, oo HolES AR 4 3 AS 719=
ol &ate] HolEol i W (alias) FAl A& 7}?
3t} SELECT Hele 244 23sle gzce) o

152 )7
HAE A

ol BAAE 93 ANz AXIEY HA L +E 37

ste Y Sy B =FdA #FHelgk MOQL &+
(Function)o] & 4 3, WHERE A& MOQL
AAARE o) g3t 2UE i'?‘is‘}‘:’r. oluf, o]FAA

9l YA T Az Yoll= Ao AW =
A% ¥¥ 7Pt MOQL 49 MOQL €4k
o telNe 3.383 3.4"A AAF AP,
(33 L& | 8A Aol Fyje] dFolth

3.3 MOQL giatxt

MOQLAIA  Helg adAs
(Boolean operator) & ©] &2 2] %
ABZE BAGAR AF AL, HD
o AIZF FAQAA, g3 ol FAA Y WE
ZAdo g vmAAt Aok, 2 AeEd d3
£t =93 (boolean) E+ ¢|F=8¥ (mboolean)
P2 AedezN AN FAR FAH =
o B3sie clgAAE FEA ok AlFL #A
Aatxiel AA AatAE o] FFAAA Y o] FFAA
Aol g o] FFUAA L} THAA Ato]dA] A]Zhell
wg} Wals FHE  A4BA-E2 (Disjoint), TF
(Contain), ZAH(Overlap), BZ(Touch) -9 &
Aol AArfelel  AARA-AY(Enter), ol

<mogl> : <statement> <semicolon>

<from clause> : FROM <table list>

Olat 4zt

<statement> : <ddl statement> | <dml statement>

<dd! statement> : <create statement> | <drop statement>

<dml statement> : <insert statement> | <delete statement> | <select statement>
<select statement> . SELECT <select list> <table expression>

<select list> . <column> [ COMMA <select list> ]

<column> : <asterisk> | <moving function> | <temporal function> | <column name>
<table expression> : <from clause> [ <where clause> ]

<table list> : <table> [ COMMA <table list> ]
<table> : <table name> [ AS <alias name> ]
<where clause> : WHERE <search condition>
<search condition> : <BOOL term> | <BOOL term> OR <search condition>
<BOOL term> : <BOOL factor> | <BOOL factor> AND <BOOL term>
<BOOL factor> : <mopredicate> <comp op> <comp value>.| <attribute predicate>
<mopredicate> : <trajectory relation> | <nearest> | <temporal relation> |
<moving function> | <column name>

(O’ 4) o}5A Eolof
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(Leave), ¥4F(Inside) -5 EI 8T 24 A4 5718 A3t

e FAR ol gAY FLAANA g sE k SELECT id, position

A AAE F237] AT AdE FHslw, ANB FROM  CelluarPhoneUser -

AQEAE o) EAA A ol ABEF7) (Lifetime)e] o WHERE NEAREST (snapshot(position,

FBAE vehdth. (F 4)= WHERE A9 € &

'2003-11-23T12:30:40") ,point(3000,

e MOQL A4ALE vehit), 3000), 5) = TRUE:

(E 4) MOQL gatxt

2 & 7

fus

EQUALS, DISJOINTS, MEETS, TOUCHES, CONTAINS, WITHINS,
CROSSES, OVERLAPS, INTERSECTS

ENTERS, LEAVES, PASSES, INSIDES

NEAREST

PRECEDE, AFTER, MEET, OVERLAP. DURING

T2 MOQL a4 o] &3le o|gAA o] tg 3.4 MoQL &=

ZoE EHY djolth.

MOQLAME (& 5> Zo] FAHAA, NAED

(Ql) BYYd AYAW AASE 2= Agsia} T, o] FAAWE, AFVALHAE, AgAALBHE,
SELECT id, position NZAHER, ol SHAATH, o|BAAARA, oF
FROM CelluarPhoneUser BAABE F5E AP )
WHERE ENTERS (position, rectangle ol P 2 e olBAA WA &

(3000, 10000, 3000, 10000)) = TRUE: <€ AL SFAH G A7t ek 2E X

uy 249 AR, o|EAAY FVA Ee A

(Q2) 92l AAZY PARAAA 713 748 Ax A S N FRE F258l3 ol WA Aloje] A

(% b) MOQL &=

3 i

=

2 4 7

THAAEE g

DIMENSION, ISEMPTY, ISSIMPLE, ENVELOPE

AALEE B4

SUBSEQUENCE

olFAA R T4

PROJECT, LIFETIME, SNAPSHOT, SLICE, SNAPSHOTBYVALUE,
SLICEBYVALUE

EQUALS, MEETS, DISJOINTS, CONTAINS, WITHINS,  CROSSES,
OVERLAPS, INTERSECTS

DISTANCE, BUFFER, BOUNDARY,
UNION, INTERSECTION, DIFFERENCE

DURATION, UNION, DIFFERNCE, INTERSECTION

olEAANTE F&

SPEED. DIRECTION. ACCELERATION

olFdAABA ¥

LENGTH

olFRANEA 3

A~
5
s
-

PERIMETER, AREA




& AdsAY XA R g wHdAE 78t
ol ’\}%5}‘3} ZJ( SLEL o)BAA,

A, ol5gk 5 AAge s AFI)
¥ SELECT Ao F2AEeR opygt
WHERE #e dixte] sehvg= 418 4 3o

52 MOQL #5E
g T doj},

olg3tel o]5AAe] g A

(Q3) B UL AA 2 -7 PHF7]

g Fstet
SELECT PROJECT(position), LIFETIME
(position)

FROM CelluarPhoneUser
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+E xecuteQuery(in pQuery © string) : MODZtaTable
+E xecitelin pQuery | string) :-int

+ExecuteQuery(in pQuery : string, out pObjects | ‘ArrayList) | DataTable

[+QueryFilter() * MOQueryFilter:
+Parsing() : MOStatement
[+ Parsinglin query * string)

MOt atement

MOExecutar

+ProcessDrop(in pTableName | MQldentifter)  int

ProcessAliDelete(in pTableName : MOldentitier) | int

+ProcessCreate(in pTableName : MQldertifier, in pElementList | MOExpression) | int
+Processingert(in pTableName | MOldentitier, in pValuelist | MOExpression) | int
*ProcessDeletelin p TableNames.: MOldentifier[]. in pStatemert : MOStatemant,

[*PracessSelect(in pTableNames | MOidentitier{], in pSelectlist ! MOExpression, in pFilker | MOQueryFitter) | MODataTable
*ProcessSelectWhere(in pTableNames : MOldentitier[], in pSelectlist | MOExpresdan, in pCondition : MOExpressicn, in pFilter | MOQuaryFilter) : MODataTable
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int).: bool
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MO TableManager
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+Delete TupleFrom Tabletin pTableName . string, in pTable | MODataTable) : int
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int
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