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Spatio-Temporal Index Structure for Trajectory Queries

of Moving Objects
Nak Gyu Lee'

ABSTRACT

in Video

- Kyoung Soo Bok''. Jae Soo Yoo'™': Ki Hyung Cho''!

A moving object has a special feature that it's spatial location, shape and size are changed as time goes. These changes of the object

accompany the continuous movement that is called the trajectory. In this paper, we propose an index structure that users can retrieve the

trajectory of a moving object with the access of a page. We also propose the multi-complex query that is a new query type for trajectory

retrieval. In order to prove the excellence of our method, we compare and analyze the performance for query time and storage space through

experiments in various environments. It is shown that our method outperforms the existing index structures when processing spatio-temporal

trajectory queries on moving objects.
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EoJ9)3 ke bulk_segmento] HFHAYE AIHE AR
7F AIE 7l 1 A g dELE 718 7)E target_node
dMeg dEg M ARt current_posE kWA AEE
7} 7tElgE srgEd =g s1el7lE EUFo|th

bulk_segment
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cUurrent_pos g ¢
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(32l 10) ST-E2|o| Arel thH

(g 1)& ST-E¥9 44 <dudEE velhdy. 28
9] getSegmentlnfo= STB-E@|olA segment ZHE ¢
€ 1349 wfdzZA getSegmentInfor} ®lejglo® oju]z}
gorng gestn $4E ER1FY 38olA current_pos
7b 0old #A) olF AAe AIUE AR HE AYH
= A FolBE ST-E&9 Root =EE ¢o]4] target_node
2 AFgh 00] ofYH™ AAREEEHE A5Udd o|HE cu
rent_pos7t 7He7lE 49 xE AHRBRE ¢loJA target_
node® AA3A Fot 537 630l A target_node] FEl
£ A=zsta 7384 getSegmentd] UE AEZ F£71x

for & 535 InsertSegment() ¥+E &3t} Inse

HICI20IAM OIS ZHMIQ A HAME 2B Al

ok

2t eIz 75

rtSegment() T+= target_noded] MIHE ABE 44
st g2 A bulk_segmentE T8 A =Tk bulk_segme
ntE 23 e EA B9y x3= 84 target_noded] <
Ef A28 1009 ¢olA Ey, Eei, B2 Ve y
% 84% 7 dEg gt 4Ad=)e HEF segment
AR{2E 1009 QM Ouw, Oun)E FA8HAl ALt target_
nodedl W& bulk_segment’} FASW target_node|

Ha dEZ A7 AP segment FRE F&
o} 1189 for +& 0%H getSegmentinfod] 7| HE

o] el olE FHot AS AYHHL e EE seg
ment AEE0] target noded A AEZAT 4=
74 Agstrta we] 8 49 target_noded] EF dE
2 E $1% setBulk_segment® TAE F ook d7] W
olt}, 1289 add(data) T+ datad %E addE &S
e W ulxw Hs Ao HFste FSolth add)E
o] g5ted bulk_segementlilljl9 kS setBulk_segmentel
AAsHA Hed iE target_noded] AEFHO e Ao
2 je A7 dEZ A AdEH7)d A7 segment A
w7 AFE X8 dugith F, 224 wlE FEl9] bulk_
segment®] W48 139 Wl FEl9 setBulk_segme nt=
W7A38H target_noded] iMA YR AU H7Fsirk
2 B segmemt FREE setBulk_segment #g A$
t}. 138o)A setBulk_segment]l AZFE AIPE HRE
target_noded] kA AEZIT 7MAE YR EAE7}
7Hg71e =2 A9E& AEdA A

I oo

g4 . ST Insert ()
1:4

2: if (getSegmentInfo == NULL) return 2 ;

3: if (current_pos == 0) Root =58 ¢Jo]A target nodeZ
44,

4: current_pos7} 7H 71 gdd ==& 9l A

target_nodeZ 44 ;

5 if (target_node == internal node) node_status = true ;
6: else if (target_node == leaf node) node_status = false ;
7: for G = 0 ¥ getSegmentInfodl] & AET F) {
8: InsertSegment(target_node, getSegmentinfo, j,
node_status) ;
9: }
10: for (k = 0 ¥H target_nodecl ¥3t8 AEZ ) {
11: for (segment_data = 0% El getSegmentInfo.getSize()
kis=y

12 setBulk_segment.add (bulk_segment(k]

[segment_datal) ;
13: ST_insert (setBulk_segment, target_node

-> entrylk].child_ptr) ;

14: }
15:}

(33 1) ST-E2| e ¢mg|
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(¥ 12)9) InsertSegment() &= AIHE ARE 4
Y3t7] Ad E2=HE Fgolnh o] T4l A AL
28 A e=d NOHE A¥IE HAE target_nodest ST
B-EzoA ¢}o]& getSegmentInfo] jHA AET, target_
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node?] AH1E UellE node statuseltl. 13814 target_
node?} fullglA ofAAE HAMSIS fulle]® 283} 784
target_node®] node_statusE ZHAFgch node_status?t true
o]9 target_nodet WH=EPE uBE 43X com
pare() FE A 100S ©) 83 target_noded] ZE AE
29} getSegmentinfod] jHA AEZ S A|FZH =] v
2 F33to getSegmentInfod] jHA AEZS} 714 FHA
8335t: target_node?] 1MA AEZ FE tempe] A
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o] 4 AER HRE AT} node_status’} falseo] ™
2= S sty 9N BIE ATt EEA
328e g split()S getSegmentInfod] jHA JdEZES
A A target_node® AEexz 1At 2 A&
stz 3 F Adjust) F5E 01%3}@] AL A 3
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ARES FE39 AF4 BHo FH5H ST-EE ¥
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Segment() @4 target_node7} fullo] old AL & H
9 getSegmentInfo?] j¥A AEEZ FE target_noded W
A& vloj2ls ol 7]E3L target_node?] stb_ptrel get
SegmentInfool] A= e header Infod] F4F 71E]7]
Al e 2HHA dFEFEAAE £33 5 Y= .
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flo
w
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g9 : InsertSegment()
1:if (target_node®] AEZ = == HU dEg] )

2: if (node_status == true){

3: for ( = 0 %8 #Ad dEF & N

4: temp = compare(target_node, i, getSegmentInfo, j) ;

5: comp = greater (temp, comp) ; }

6: bulk_segment[comp][getSegmentinfo.j] ; }

7: else

8: |

9: new_node = split (target_node, getSegmentInfolj].id,
getSegmentInfoljl.MBR, getSegmentInfoljl.Interval) ;

10: Adjust (new_node, target_node) ;

11: getSegmentInfo°ﬂ AAEA Fa Fogle HH F

12 ST_insert{F&8 A=, 0,0);

13: 1}

14 : else

15:  setSegment(target_node, getSegementlnfo, j) ;

(2% 12) InsertSegment() &<

butk.segment

(38 1304 Agele A9 dxeFd 4 dehdch
7188 B2 49 == /O e EAAE #Zs] s

wE o bulk_segmentZhs QA AFTHE A
ST-E#9 442 7242z STB-EF9 FAHE 3t
Yol e ote] £3H ojE Aol thF A D\jg%% =
I a

Az 3 drleME (29 59 gal A9
2 R4 oA o] MZHE Oy, O, Oums, 0114, Ous
2 A3 g8 " == 1o g 2E JdEFHY Om
S wmpch Bt oL A (98 2o} AFD A
o YXg AH e AV F Aste)

sizess = (x,—x) * (y—y)) + (te—£)° )

A& diEz Epo] AdH®, Eo] 7ledle EIUHE
el SR Jhe o] ol Ei9] dEE w4 HK
£ 714 bulk_segment(klilel AYstHE AIHE Oms
Agget. 282 Omel A49d2=24 E9 ’\]5" Hg o of
HA4EE S = 19 e B9 AFT ARE f?l‘ﬂr
5o HYsHE AIHE Oy AFt ARV ¥AE E
7 g 2E dEFHET v udtE F33 bulk_segme
ntol] @ o] $7& AYstes AIWUET o o
g WA FAEc AYgdEE ATUESL o o4 gle
d Eo] 7HE7lE shEd k= 22 JHA Edd AYEHE
Aol Adsictn #AdE OmH OwsS =5 1A% e
W o2 49s stk E9] Adlel SEEHYE ol AdEI
of 4-d% AIUEES AY@th of#d AAHE bulk_segme
nt¢hl Q= RE AIWEZ AYE b7k sdE.

Adsts Al sl xzo g e /04
Ao Agdat e8] vhwa rh Ate e (¥
149 H&8) EH == 17 =5 2, == 39 o5 4z 1
Yo xE [/OF Y3 HI AAXHoezE 3HY k=
T [/0°1d Ay artE #Pste=d FE3I

3.4.3 ST-E2jel £3

RU/ME DR-EdS A ST-E99 28 7)F
& olg# w=EE Alold 4ol MY He ANE MY
2 7zoz ASHE 33 99 o9 ane 4
107 2ol 2§ O 08 Feol AXE 7|9 ALT
2ol AAE 279 AFeE 44 999 278 Adwt,

.ﬁ

overlap( Oy, 0;) = {spatial(Oy) N spatial( 0, )} (10)
+{ temporal( Oy ) " temporal( Oy )}

(2% 1499 8 FuFol vehsgich 238olA 4t
49 id, mbr, interval®] AHE A1 dE dEF 2
"“”‘“4 339 A A ==9 targetel e BE 7

Ege} Ay ddol He AEF e} AT AVE M
3}7] % FHolth. 539 space(a, b)E L%QJZ}E F
X AdED a by AFN HRE o834 a® bE I
Uz 153 39S i ArlE sty 639 areala)=

ﬂll rln

Bl



ALIAZ Folx= dER a9 AT ARE o439
Ao ar7ig gEshE 71%e 7k Fgolth 539A
target =Z0 £018lv= A JdEYG 4Y o dEF
e 32 153 FHE A9 A71E Joinspaced A
gt 680l = JoinsapcediAl ZHzte] H7|E wiE Fu=
AFERol 7V & A5-o JE} FHAE Grouplol =
target =9 1A JEZE A Group2dls A<
Aol He dED & AAITL 74 worstd] 2713
& Qolt} oA 3HRE 9B7A Y forEE Esle] 4
el =He AEEH ek 1FFH7| 7HE HAFsA &
target ==9] iMA dEFE T 4 vk 1034 tar
get =9 WA AEF ENA Groupl® Group2el & o
EE AAT A dEHEZ E'o AT 15 1639
A E'o £39E imAY AEZY Groupl, Group2E ol&
gto] A2 2538 HAUS e A7E dl, d2e] dAs
1730 2 19800]M di, d29] =Z7] BAZ vudte] 183 2
2089 W45 MAI H7]A expansiond FE7]gE 00
o e AEHES o &3t 228004 best_groupE T
& & 9em o best_groupel A& ZFH7I HEF
Eggolzte 9uE A 238 e B U= dEF
Z best_group®ll 38l best_entryS AAG E'S AAs
24~2788 4 Groupl 2 Group2el U= JEF £&
=0 AFE & Ue AEZY HaF mollA Edl X
QEZ & W Frol 2oy 258 % 2734 A Groupl
roup2¢t E'& 2F3gu) oleldk AL target ==
£ 7 dEFr}t 1§sE A ALEo R

¢ K

ool
o M

He

[e)

b

g
1
2: e = id, mbr, interval AR E 7MA 1L U AEF,

3: for (i = O0F-E] target =50 Qv BE dsdd )
4: {

5 Joinspace = space(target -> ei, €) ;

6 if ((area(Joinspace) - area(target —> ei)

- areale)) > worst){

7: worst = (area(Joinspace) - area(target -> ei)
~ area(e))

8: Groupl = target->ei; Group2 = €, }

9: }

10: E' = E - {Groupl U Group?2} ;
11: while (E'o] ¥ = 7}4])

12: {

13: for (int } = OKE] E'ol = EE dEF disf)

14: {

15: dl = area(space(ei, Groupl) - arealei)) ;

16 : d2 = area(space(ei, Group2) - area(ei)) ;

17: if (dl - d2 > expansion)

18 : best_group = Groupl ; best_entry = ei;
expansion = d1-d2;

19: else if (d2 - d1 > expansion)

20 best_group = Group? ; best_entry = ei;
expansion = di-d2;

21: }

22 best_group = best_group U best_entry ;

23: E' = E' - {best_entry};

24 : if (Grouplol = dEZ F= = m - E'¢tol U=

dez )
25! Groupl = Groupl U E'; E' = null;

HICI20AM 015 Al AN HAg RIS AIST M27T 77

26 if (Group2el %= 9EE] F =m - E'stol Sl
dEz $)

27 Group2 = Group2 U E’; E' = null;

2: }

29 : Group3d} =|# &2 AEF7} targetd] &A45H4H goto 3 ;

30:)

(38 14) Split() o2&

ok

- O N T

: Adjust()

3
-

if (node == isRoot())
CreateNewRoot(node, nnode) ;
else
{
parent = GetParent(node) ;
AdjustEntry(parent, node -> id, node -> MBR,
node->Interval) ;

8: InsertInNode(parent, nnode -> id, nnode -> MBR,
nnode —> Interval) ;
9: if (parent’} overflow=|'d)
10: Split (parent, nnode -> id, nnode -> MBR,
nnode > Interval) ;
11: else
12 AdjustPath(parent) ;
13: 1}
14}

(33 15) Adjust() €212|&

2§ EfE Y et dEd oW AMEHE Ad-
just g Fe] (2 159 2 AdustOe 7 A9 A
RIS M stuE 28 F A2 A7 new_nodeo] 1L
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ﬂﬁw
o
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TE gAY AZE =28 A4 A
!

29 AdjustEntry() &5E& o] &3}

B3 didde] F3ld == 9 £E F AR A =59 A

T 99 ARE Y F de dEIdE AT 63
=

ol ) T4 node7t Root :=E=7} obY™ GetParent) ¥55
o83t BE nEo HEE P9 parento] HH T
GetParent() &e 3ttt ojde] FE=E7F e A4 =
T Az Y 10844 AdjustEntry() B8
ol g3te] HExEd e dE=Z AHARE ZAHIA o
ARz E 2AE Aol F= parent? parent =Zo
A2 34 node? id, MBR, Interval® 7}At} o] A
o] ARE o] &3t 71 parent =ENAM nodeZ 717
199 dEY AFH ARE WANA "Hoh £33 109
AN E InsertinNode() &7} AH&E = o] Fre 28
T A2 WA nnoded AlFZ FARE parent =Eof A
Fa7] 4% dgoldh 1088 ¢¥stn ' parent =5
o Azg e H9HE 2AE 7HXA HEE parent
=0 overflow’t AT 7HeAdol ATk 113l over
flow7} ZAEHH overflow?t WAAE parent ==} overflow
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2 dAANZ dEe ARE o839 Split() FFE T
gt} Y overflowZF FAEA FdThH 14300 A Adjust
Path() $r+E parent =58 AGIRE 3t 3Z3T} Ad
justPath()E @A) =2 e dEZ Y AlF7 B ¥
o2 ¢l3] Root == Wiow FHEHE= LE_E]T‘Z:*Q] AF
7t ARE WASE Fgoith old diE HEE (1¥ 16)
ol A et

(28 16)9 = AdjustPath(Odl s vehtadoh. AdjustP
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3t FR=Z HA =29 AET ZH 5& A
A "tk o] Aol JFHLE FEIL HHA ‘:}/‘] Adjust
Path() &5+5 3%3] AdjustEntry() 349 715% Root
7hA Z st

34+ : AdjustPath()

1:A

2:  if (node == isRoot(})

3: return ;

4: else

5: |

6: parent = GetParent(node) ;

7. if (AdjustEntry(parent, node -> id, node -> MBR,
node —> Interval))

8: AdjustPath{parent) ;

9: 1}

10:}

(22l 16) AdjustPath() ¥D2|&
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B 9o 28¥E ¥IBE Foln EANoE WYL
9% ¢ AR GFRHAAL AW GFERAN
sEel Askd AR FHE Aelolth BHEEEA A
A9GeE “25E 34 Aolo] A@FFel ekt AAY
AR DA AF 2 A AAste ol

3.5.2 AN dagF

(29 189 d4 gagFo] Yeigith A4 A |
AR AH AAR roja Helgth A Mty
A3 Search() Fe ol A wiAEFE Zeth A A
wjrEe NS EA BLE@EO_]‘:}. rangel D rangd= BY
ANG Aslrl A% Az 2 FhE el wAe of7pd
T rangedv AEEFAANE x]a]s}ﬂ 98 A& Axo|th
g Eol “2AFE 3A] Ateld] AHFF] vhehd AH
AR A AAE HAseY e AAdA 2A%H 3
Al ALel'7h rangelel &3], ‘AT O rangeell &8HA
o} IR 2 yangeds 0EAY HA'E v
(19 18)9] 283} 8ol AA == Nol TGEREERIA
old x| A, @k} olUd HYAME A7



st S A Nt dre ZE AEFHY rangel, range
7t AAE AEZV A=A AARE ok A7 N rangel 3}
rang2s U&= MA dEIHE Zow 63 A
AEZ} 717 dHYdE == NS MH RE =3
3t rangel, range2E 7HX 1 N'o] @LREY w7ix] A
AL wbEsh gafol A i No| g¥To|yd Noj ¥ag
2 dEegd W rangel, range2?t BXEA % range3©]
mllRlA] oA E ZHARgoh 128 A 3 Y range3o°]
nulle]® @ AE3 A2A HAL 7HAE NY dEE
1= rangel, range2?] o] 2= HolHE 713 AA A
7t "k =3 4P AY range37t nulle] obd A
A& 7t N9 dEZ 7t sthoptrd A
T xZ9 range3E ol&3td AA FAE FP) Sear
ch_Trajectory() T4 (¥ 16)o Vel o} wlx|2te
2 AFT ZdgAMolA Hete Hg AA dHeolgrt 3
2 wgdE Bsta AA Eﬂ°]‘37} AeE AAHE Q1A
ol A& FY3A He A7t EAGEY 163814 H
8 dU =74 rangel, range2®) Ao UL wEsd
A4E Fagdoy Al AN giato] EA8A o= A S
returndtA Ak

1

4 : Search()
1:4

20 if (N!= &ZxE)

3:

4: for (i = 0% N £3d 31 ol

5: rangel, range27} @Z]é Ef7t A AAl,

6: if (&)8H)
degst 7te7)E e x5 N'E FEZ
st ohA] AAL; )

7: 1}

8: elseif (N == g¥xI)

9: |

10: for (j = O%E Noj| X338 AEz F)

11: rangel, range27} A A= dEZI}L =3 HA};

12: if (&o] 245 HA range37t NULL)

13: HF AE7E AT A9 A3

14 : else if (AXHA range37t NULLe] o}ud)

15: Search_Trajectory() &4& o]£39 range3&
wEsE AFAA

16: else return ;

17: }

(33 18) AN g12|E

(219 199 Search Trgjectory() e F 719 wi7pa
2 1A A WA RS ptrd rangel I ranglE T
Z3le= dEL 7L STB-E& e Header info ==& 7}87]
© ARoW F WA d/iEsE ol AA HHAHR
ok AAAA duFe FPL 23804 ptro] skEI)E
Fo ¥ Header info = ARE Yo]E9ltl 3304
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for?& WA v 338RE 7872 Header Infooll A

HICIR0AM OIS ZHAIQ A= 242

ru|o
%
ot
>
Op
™
=z
re
4l
A
3

range3%} AAE W AL JdE
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X
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S 83 9= U offsetd] YA Qv dTx=
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BE Z dEI range3st HRol AeA
oA HFAE dEIF YoW T 4 BnE
FAGTE 138 E 10309 forio] FEAHJAE B
g} & 1089 for?g B3 dAY d¥dez9y BE 7}
AEZ range3st HAE vFHOH offsete] HAE
e == sHeIA gl 15389 while()F2
927t range3t 9 o Aol & W7tAelH, do~
while()T-& 258 4o HYH 12844 FAA7 #45H

£ 1694 wigsln S8t} o8 $o2M Header
Infol A range39t AAE 7IAE & shte A ¥A dEF
g Tt =4, o] JEHY prE wet @RS ¢olA
range3st Aol glv AEYI AEAE Hw) o)y ¢
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E

%41 . Search_Trajectory()
1:4
2. headerInfo = getHeaderInfo(ptr) ;
3:  for (i = 0% F headerlnfooll 3¢ AEZ )
4: headerInfo2] A&} range3’} HX = dE7}
AeA HAL;
5: 94 range3st AT dEHE Fow
g AEe POSE offsetdl]l A ;
6: break ;
70}
8: dod
9: offset?] ¢ gl @Le= leafF Y EY ;
10: for {j = 0%E] leafo] X338 NED 9N
11: range3®} FAE dEZI} gl=A] HAL;
12: it (FAe JdE/ Jed) 3 dE
A4 3ng {4 ;
13 if (j7} leafel] 23 AEZ] FolH)
14: offset® NextLeaf %% ;)
15:  } while (range39] BHE Blold w@7tA)
16:  retum #HF AW ;
17:}
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