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Efficient Range and Nearest Neighbor Query Processing on Moving Object

Trajectories

Young-Hee Park

Department of Computer Engineering, Graduate School,

Pukyong National University

Abstract

The management and analysis of spatio—temporal and multimedia data
1s a hot issue in database research, because such data types are handled
In manny | applications. Because of the rapid growth of mobile
communication- and wireless communication, Location-based services are
handled in many -applications. So, the management and analysis of
spatio-temporal data are very-important in-database research. Also, query
processing of such a content is very important for these applications.

This dissertation addresses algorithms that make index structure by
using Douglas—Peucker Algorithm and process range query efficiently on
moving objects trajectories. We compare and analyze our algorithms and
minimum bound rectangle methods by experiments. Our algorithms make

smaller size of index structure and process more efficiently. And using
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the index structure, we present algorithms that process nearest neighbor
search query efficiently on moving objects trajectories.

We compare and analyze our algorithms by experiments. Experiments
of this dissertation can be easily checked that our algorithms make small

size of index structure and process the query more efficiently.
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Fig. 5. Simplification process of Douglas—Peucker algorithm
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© 00 =
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11.
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FileWrite(H & G| 0| E{ Tt 2 O] §+".dug");
firstPoint = srcList.getFirst();
endPoint = srcList.getLast();
length = srcList.length();
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1I7F 71 =9+ o|(dmax)et A[E FSiC
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Fig. 8. Index structure creation algorithm on moving object trajectories
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FileRead(dug);
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Epsilon = FileRead.readInt();
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ewidth = width+(2*Epsilon); eheight = height+(2*Epsilon);
pointl ‘= FileReader.readPoint();
while(FileReader.available() > 0)
startindex = FileRead.readInt();
conutPoint = FileRead.readInt();
S E e 2 ololf EatsE x| HAL
point2 = FileRead.readPoint();
if(queryIntersect(eqx, eqy, ewidth, eheight, pointl, point2))
if(queryInSrcFile(dug, qx, qy, width, height, firstindex, countPoint))
nEelof Zetsl™ A ore. S04 Al = IR efol A 2| H Al
result = dug;
break;
pointl = point2;
return result;

a7 11 ARIFEE o83 HS Aoy dads

Fig. 11. Range query processing algorithm using index structure
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Fig. 12. Extending size for range query to solve false drop
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2N2[F 3. FE o|SHA Kol cist &M B2 EHeofx2

e . =5 o|S4A H &M O|E(candidate),
Zlo|H 2[(qx, qy, width, height),
AH Q1M H (startIndex, count)

&8 . MMZAL ZiKtrue B2 false)

queryInSrcFile(candidate, qx, qy, width, height, startindex, count)

1. FileRead(candidate.getName()+".src");
I RIEEE Saf #lsk= tlole fxlol FHZ

2. FileRead.skip(startIndex);
3. pointl = FileRead.readPoint();
/E i Zelof Zotx| =X RS2 HAL
4. for(int i=0; i<count-1; i++)
5. point2 = FileRead.readPoint();
6. if(querylIntersect(qx, qy, ewidth, eheight, pointl, point2))
7. return true; /2e|of| EZB=™ TRUE
8. pointl = point2;
9. return false; /720l ZetE|X| SHOMLFALSE

a7 130 FE olE AR AR gk Al M9 oA daEE
Fig. 13. Refinement range query processing algorithm on candidate moving object

trajectories
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Fig. 14. Diagram of nearest neighbor query processing using index structure
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UDZE 4. MoAZLZE 0[|2F FZH0|R Helx|z
212 . Molh|o| e utd EﬁEﬁfll e). 2 2|4 X (base)
23 ;. 222 oo ZetEl o| S H A S(result)

IndexNearestNeighborQuery(file, base)

FileRead(base);
//Douglas-Peucker THT3} B9
Epsilon = FileRead.readInt();
PointList baseList = FileReader.readPointList();
MinArea = Double. MAXIMUM; DoubleList tempList;
NELES JHE A2 HAHg Jx|E mdg T
for(int i=0; 1<ﬁle size(); i++)
FileRead(ﬁle.get(i));
PointList searchList = FileReader.readPointList();
bindex = 0; sindex = 0; areaSum = 0;
while(bindex < baseList.size && sindex < searchList.size)
=X 2 fIRICIolE &E-2l0] HE S £F
basePoint] = baseList.get(bindex);
basePoint2 = baseList.get(bindex+1);
searchPoint] = searchList.get(sindex);
searchPoint2 = searchList.get(sindex+1);
if(basePoint2.getX() < searchPoint2.getX())
areaSum += getArea(basePointl, searchPointl, basePoint2);
bindex++;
else areaSum += getArea(basePoitl, searchPointl, searchPoint2);
sindex++;
tempList.add(areaSum)
if(areaSum-< MinArea)
MinArea = areaSum;
//MinaAreaZt&t
ExtendMinArea = MinArea + ﬁE sﬂon * baseList.getLastX() * 4);
//ZHEE MinAreaOll ZEHEl= FHA
for(int i=0; i<tempList.size(); it++)
if(tempList.get(i) < ExtendMinArea)
tempResult.add(file.get(i));
NEFHALEO TSt 2 niol chsi HAL
result = NearestNeighborQuery(tempResult, base.getSourceFile());
return result;

a9 15 AQlTEE o] 8% Aol HoHe] dags

Fig. 15. Nearest neighbor query processing algorithm using index structure
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Fig. 16. Nearest neighbor moving object trajectory(T3) on query object(T2)

_33_

Collection @ pknu



Aol At B Aol A AAL 27 A AN ©)

\\]
Ny
)
N
-
:(‘)l:
™,

N

N
o
L
rlo
1)
2
ftlo
e
o
e
)

1 (Epsilonie) = 13fo] Ay sk
T dE 23 HYE Axtste] 4w W2 (ExtendMinArea)S -3kt 9]

Ae HouAZ PANY] fgelty. Fg Wt Aol A%

2

il

1133}

a9 173 2o AAl AABel 7k AH 2 T2olu deskE A ol A

rr

Tiol o 7pth eluw 19 183 2ol Sgsforsts dow el A

A Alell drextE TIFF WA o]ofof gt}

AR Ao 7t HE L
B Y oY { T20| L} chaopel YEof =
T10] 7p2Ck

.................................

a9 17, FH Aol oAl HoujA

Fig. 17. False drop in nearest neighbor query processing
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Fig. 18. Extending query area to solve false drop
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Fig. 19. Diagram of refinement nearest neighbor query processing on candidate

moving object trajectories
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2Nz2[F 5. FE o|SHA A Kol ot &M =ZH0IR

2ol x2
2124 . fEOolE T 2| AE(file), 2 2|H X (base)
=3 ;. =2 oo ZeE ol S H A S(result)

NearestNeighborQuery(file, base)

1. FileRead(base);
2. PointList baseList = FileReader.readPointList();

/MAEE JtE 22 HEE K= otdg et

3. for(int i=0; i<file.size(); i++)
4.  FileRead(file.get(i));
5. PointList searchList = FileReader.readPointList();
6. bindex =0; sindex = 0; arcaSum = 0,
while(bindex < baseList.size && . sindex < searchList.size)
7. /=Mt 2 I xdlole & %ol HE S| S8
8. basePoint] = baseList.get(bindex);
9. basePoint2 = baseList.get(bindex+1);
10. searchPoint]l’ = searchList.get(sindex);
11. searchPoint2 ‘= searchList.get(sindex+1);
12. if(basePoint2.getX() < searchPoint2.getX())
13. areaSum += getArea(basePointl, searchPointl, basePoint2);
14. bindex++;
15. else areaSum += getArea(basePoitl, searchPointl, searchPoint2);
16. sindex++;

17.  if(areaSum < MinArea)
N7t 22 Mg VXl gdg Tt
18. MinArea = areaSum;
19. result = file.get(i);
20. return result;

a7 20, SR o]EAA AL gk A HTHolx FejA e daElE
Fig. 20. Refinement nearest neighbor processing algorithm on candidate moving

object trajectories

_38_

Collection @ pknu



WAe AAE AHe 73

Collection @ pknu

_39_



N
>
I

|
o
El
M
1z

FPE

EEA Agets Q2 F(DES)Y H5S B4 A 7E
o] o)FMA A AAHA MBREYH I vlw A s|Hgkth MBRYY
S AA 1A dlelEel giek ZAMR] FAE o] &g ety & =fe
PHE AA olEAAANA] dolHE o ©edt A HE wEoA
AolFzg AAStER AA $A dolge] dlg ZALA F9E AEEH
719 MBRY Y I o} A Wylo=m A xE A4 3}

o] Hlul AL Intel(R) Core 15-2400 CPU 3.10GHz Z=Z A A e} H &g
3.24Gbyte, Windows *FAAE At&ste Al=d Aol Fd=AoH,
dug]F FHE YA Java oIS A& A A A AR

=249 RER EAR I, AL welse]l 34902 AHS hebdvh

_40_

Collection @ pknu



=
>,
=
o
f
mlm
_.%
ol
ol
s
Y
i
O
_>,L'
(o
o
=
o
fr
i
o
B
vl
s
1t
oo
rlo
of

12071 ¢] A g Algte] @& fAvlo]HE 7HA= 100719 59 IGdE
S MBRYUH I & =#9 dug)F wHoR Mg a9, 45 v
1/10% ato] Alz dlolH o)A 12709 $A|vlolH & M=% 33t

Hlal o wme= Wejdoe tiste] 2t Wgow AolE AT u
ngFY A g doE At dele ARbS vaskiinh of
1M BgEe Ao HAE sted glol A Aol s AAAHH} FHo|
SAAAA ] &S Torh F, ARE &80 ol dnRtFe $H
b FEHJEAES Vet a2 E9, WoZo Aabel thate] Fr o
SAAAA ] 1007t FEH L, A=A o)F A AA o] 807H7F A
F3E ™ 80/1000.2 80%¢] A== ZpxTh

obz) 1Y 21y oy 2% WAeR e 37
Zot AFEr o8 A GHAEAE AFe Agojr) 7L Aol H5
T AR 2 e melA el giskel 10079 RE HdS
A v Al A o] wE AHFwoln, 5004 A&l o] Ao whE
APE Sote] s Utk A A agZoA] AIFEE o] 85}

E A 23 A2 DGS, dEgdrtor Aos AP A3 A2

i)
Lo
f

Source® I 7|38tT},

_41_

Collection @ pknu



130

125

120 I \

115

110

BN g
(ms) 100

a0

85

60 120 180240 300 3607420 480 540 600 660
QuerySize

80 1 I I 1 I I 1 I I I I

=== JBR

i ‘\%ﬁ sl NG5

O 21 RS Ao mE darels Rt

Fig. 21. Algorithm execution times for various query sizes
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