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Signature-based Indexing Scheme for Similar Sub-Trajectory
Retrieval of Moving Objects

Choon-Bo Shim' - Jae-Woo Chang'!

ABSTRACT

Recently, there have been researches on storage and retrieval technique of moving objects, which are highly concerned by user in database
application area such as video databases, spatio-temporal databases, and mobile databases. In this paper, we propose a new signature-based
indexing scheme which supports similar sub-trajectory retrieval as well as good retrieval performance on moving objects’ trajectories. Our
signature-based indexing scheme is classified into concatenated signature-based indexing scheme for similar sub-trajectory retrieval, entitled
CISR scheme and superimposed signature-based indexing scheme for similar sub-trajectory retrieval, entitled SISR scheme according to
generation method of trajectory signature based on trajectory data of moving object. Our indexing scheme can improve retrieval performance
by reducing a large number of disk access on data file because it first scans all signatures and does filtering before accessing the data file.
In addition, we can encourage retrieval efficiency by appling k-warping algorithm to measure the similarity between guery trajectory and data
trajectory. Finally, we evaluate the performance on sequential scan method(SeqScan), CISR scheme, and SISR scheme in terms of data insertion
time, retrieval time, and storage overhead. We show from our experimental results that both CISR scheme and SISR scheme are better than
sequential scan in terms of retrieval performance and SISR scheme is especially superior to the CISR scheme.

3|9E : 0% 2% (Moving Objects), FAl S HX 24 (Similar Sub-Trajectory Retrieval), AlZILI%-718t 442! 71 (Signature-based
Indexing Scheme), FAHd &H (Similarity Measure)
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int ADF(int al, int a2)

{
int Ang_Diff ;
Ang Diff = 180° + (a2 ~ al) ;
if( Ang Diff > 360°) Ang_Diff = Ang Diff - 360° ;
else if(Ang_Diff < 0) Ang_Diff = Ang_Diff + 360° ;
return Ang Diff ;
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int is CandidateSig(T_Sig, Q_Sig)
{

diff_dist // difference of distance between T_Sig and Q_Sig
NT // number of T_Sig

NQ // number of Q_Sig

H // threshold value

for(i=0 ; I < NQ-NT+1 ;i++) {

dist_value = 0 ;
for(j=0 ; J<NQ;j++) {
dist_value + = |T_Sigi+j - Q_Sigjl ;
}
if(dist_value < = §)
return CANDIDATE ;
}

return DISCARD ;
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Qg Tt =0 1@y T2 =1 19y T3, 1 =3
Candidate Candidate Discard
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A #AYE F A F3Y 84878 FE pde, pdoy,
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A AAE7] W&ol CISR A2 7139 4 HAE o
g3 A" A" A4 PHeA 4 F e 39
Q2E 719 £4 ARE #X% ¢ g dHe] A+ 2
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IYHE AMEEte] Al A o] AAE ztzte] dlolg
AH AIYAHES £33%Hcz G45td ey 3%
g AlayA g8y dAdAE 29 AF Aaydg ¥
st dlolel #13 Aayxgre Aoy s A9 o
Aete 2 dlojg g wANN 4L o #AY FR
b Folz Ze] AX Aol FAHE EAH7. o] HA4
A= CISR Al 713 & W& o 43

2 =RdAE olF AA9 AHE 2dYsir] Y @
3 Agg 25 nddh a2y AgkslE CISR 7)ol
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o] gt £Yad dolHE By Ysie FHL AL
ol W He{PelA A& doly AXHS s $g}
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33 TAL FEHUE HME 2t FAY &2F

AN "Eg Aol T F2B AU 4es)
€ dlolel AXT A HF Aol FAMY AL 5&F
AP REAH HAL 98 k-99 Az S S(k-
warping distance algorithm)& o] &%t} k-3 Az <&
A2 FL AAE dojetulo] 2ol FAL AMEAHA AN
< S8 ALHAL e 9 (time-warping) A8 &g
2 °olF AA A dojeld] A HIAFP L Fo
o F B89 A9 A udEL AAE doee 54
F FoA Ao AA2®ut ohz} doje Aldxo] sy
AE B3 MEg egoss A MuAds FAe
HEEAHE AR SngFolvh. a2y olF AAe #AH
dloletel A|AIE dlelelel= Hlojele] SA4o] ufg do)dt
7] W&ol EA&AHA A FEAY AML M= 23
HEg FEds B 99 A ¢3FEL adE e
Al 4 gk wEly B =FoAME o] Ao §AF B

99 ¢nFES 9YAA g9 k‘“’)‘l-zl‘_ HHE.g 3g
IEE 3 k-A% A dnYEFL o83 F AF A}
ol9] fFAHIE SAT 971A, 2FY L4d YT uz
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Holet =ride] S4d aa F5HY + U 48 =
9, 57, 5T, 715 2L A2Xx ¥ge dolg We
FTEbal)olvt 3718 (puck) 2L F8 o]F AHE
A% A FE2AA ZY Aele AFLE ol 2AY A
F7F H7] W&o k& A Aste Aol HAY 45L& A3
A1717] ek e W), PCSY PDASH Ze Fulg ©
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© 93, 49 #A3g s s 239y 82 qlilg
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FAHEE 53 5 A= Ad I, dy(Q, S F s
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dulali, 2, s05, 2D =lqli, 21—/, 211

if lql, 11—s[j, 111> 180 Then
dane (a7, 1], 507, 11) = 360 — (lg[i, 11— 5[/, 1]))else  (13)
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dys(qlil, s[11) = (( dang/180) * @) + (( d g /100) * B)
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Dy, (0, 0) = 0
Dp,(S, 0) = D0, Q) =0
Dy (S, @) = Dy (s[1], ¢[11) +
min({ Dy, (s[2+i: =1, @), 0<i<A),
Dy, (s[2: =], ql2: =)
Dy (a, b) = dya, b)
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A4 Ase] o Ao BFHde F7 vt X F7
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vtA g FA PN HEEY oA P3e F7F9 A
g 2P g ST v A A4 AT A8
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olF)E A™E Fx AAY FL FY H2E wxd
5% = Ao sARe2, ou] 7 Age FH BA
oA sz ofv] AR Fo FHUE AY}H do. (2¥
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Y 3d F739 AL 7HAEA, A3 olFE 4
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(38 1) olF A2 A 7|8 £ H|T|2 4 GUI

A% B71E ¢ A4 dolEZ% real dlolelet syn-
thetic Holel & 7FAE A&} WA, real HolEl: “&
Q= =(goal in) AW"E EFsIL = HA FT vdL
A BONERE F7F9 AHE FEF Ao o &339
#AA dolelg AAs7] fs8l, o8 ¥y L FIAA vE
46000048 =779 #H do]elo|t}l. synthetic ©lo|E}
= 999 AH doletE YHE F A= FHA AF H
ole} 44 Z2aYPg ol&3td WH(ZE), A" £ AH
£ FASE 3Y 829 & gdsiA FEAA A4
g 1,0000009 #AH dojeto|tt. 7|EY FA REAH
A3 AHE BPo] e Shant ZE B AFdAME
549 J2 718 AR g3 Aoz AA 4o
B2 AsA ZAs7]) gEel, B =M= 45 7}
£ fs A7 diolelrt A A= AA dlole L&
saAH oz A &3 &4 W(0]3} SeqScan)F A
¢tst= SISR 7IH# CISR 71¥H& v|lm 33t =3 4
T BH7te A AL AY AR, RO ARFReR Uy
o] F=8FcHI5,16). <E 1> 2 =FdA AlgsE 43
AHE ERTH

CE 1D AE ARSSHE A 2R

deolg 7 Synthetic
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Ay dolg 460,00071 1,000,000
$49 829 % 17 ~ 157
FEERS 10074

4 bit(CISR 714),
64bit(SISR 714)
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£49 849 ATUA HE 5
EEEE CEIED

A AE AA 7 vde RezfEH FE2dE A
48 5 39 847 23T A A E(ocation), AT
AR A ol AANEFTFIE 278 AAHG(  FTFTE
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&7 AolE), olF AA9 #FA Az 749 ¥7
9 8&(motion)& Al2YUA WA #AF doje HI= +
AE A9 g AFee b 288 AIGE gvEid
(2¥ 12)% Real dl°|ets} Synthetic wloletE 7tz 49
e 4 285E AMe FAF Aol SeqScan WH
< 548 J2 7UE AHEEA g eAAHA A% 84
o]7] Wil o5 AA2] AH wojgtE @A wolg #HY
ot AF3te ALE v g
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ESISR 71Y

Insertion Time(Unit:Sec)
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Synthetic Ho|&f

(3 12) dlolEr &gl AlZH

o7]A, A2%FS A4 Ae = 992 vehd RAon,
712%L 82 dolg FHE Jehdo 49 AL vz
2ol Aol @4 AZHCPU A7hd g3 H2 AL 2
T E2gg AA ANZHWall A7HE 9u g A% Hrh 2
3}, real dlole}e] 739, SeqScan 4, CISR 714, SISR
ZIvol tisiA zhzt oF 22%, 38%, 30%7t A8¥th syn-
thetic ®lolele] A%, 2ZHzt of 7T1x, 110%, 91&7F &8¢
t}. @&A, SeqScan el CISR 7'y SISR 7]l
v A A7k Ase] o CISR 7I¥e Aayd d=
co| T2 A4 7PiZFo] HA=o|nR olF #F
7] 1% dxe P32 Yol ¢ YREE AP A
Ya 2= ¥4& 7k SISR 7lHel ¥lsiA 4 Al
Zre]l ¥ g€t CISR 71yely SISR 7|8 A2y
7ol 544 SeqScan el sl o 1.3u]~1.7v) A=
o] Al Alztel f 879k

A4 4%5& HrHst7] 98 real dlolete} synthetic ©l
olEl 2R 292 ztzt 100702 Ao doleg F&§
F, ol& ol&8A 10¥e] A9 3E T HodE F
A HAol 275 d23 #olA HEA4(disk /O)%
&4 AlZH(search time)2E Wiro] 4% & A} o)
A SeqScan #4l9] A4t #AAH dHoletEo] AFY dHo)
e HAdg S5 4$2 Adsi, f2aziy by
22 doleE gojet A% daz HolA A7|< 8192B
(BKB)Z 7tA#A ¢lo] &1tk ukebr] SeqScan %49
A% AA dolgt RYe] A7|1E d2a Ho|A] AV|E Y
FolA FEE s dele] disiA dad dxa H2
g 78 Qo

(18 13)2 synthetic ®lo|EF2} real wlo|Elel] wiaA

ztzb A9 1007001 disiA 10Me] Fe] ALE T BT
& 7% b3 L A4E Yehdoh real dolete] 34,
SeqScan '8 < 12,0008, CISR 7I'§& °F 330M, 21
g3 SISR 7182 540¥0]t}, synthetic HolEle] A=
oF 43,0008, <F 9109, oF 1210®¥o]tk. F 7}A] dlojg 24
Fol disjA AltsH= CISR 71¥# SISR 71l SeqScan
o] vl3) 253 F2 45 BYY o= F /Y B
F deolgl #9-& F2er] Aol Aavd fdE FHA
B £o BHAF doleE AAs: "UHY AL A
Aoz A2 dolgt FdL FZHoF e 23 HE
357 g HoAdh 53] g3 F2 A5 FUUVE 2
g kA, CISR 7]¥e] SISR 71l #lsjy & o U
A%E YeRdY. ol Al2UA sddie] A AaURE
< BA8AM "HYse 349 Ao] w&eld. F, CISR
7199 A% A9 AH AaUAE ol &3t AH Ay
HES MM UEHY o, 2 24AE %] &4 E
228 AL Y AZUANAYE vpA Y FHY Al
U7tz sty &7718 49 AaUAE 39 Ay
A o|&gcl 1o |, SISR 719 ¢+ @8] d
ole} AA AU A disiA HE e didE T3 A
A ANIYHAE Teete ARS FE AIYHR F%35
7] wj&elct,

50,000 ——
45,000 ——
Q 40,000
g 35,000 | -
2 30,000 ——r
% 25000 (=
5 20,000 ——
2 15,000
€ 10,000

2 500
A

O SeaScan
QOCSR 7Y
B SISR 7|

Real cllo|&{

(22 13) #M Al 23=E 23 H2 #E5/0)

O SeaScan
acisr 71w
mSISR 71

8 8 8 8 8

Retrieval Time(Unit:Sec)

=
o

Synthetic Glo|&f
(22 14) 24 Zoloj| ChSh S AIZKCPU AlZE + 1/0 AlZH

Real dlo]g|

(¥ 14 29 dg AA &7 Aoz vRed
A Adste d £285E CPU At Alavd sdst o
olet AL ¢ dl 4 y23a Y2 AL 2F ¥
g Ake 4 ZAolth real dlolele] 79, SegScan



e o 135% CISR 71We o 82%, 18] SISR 7]
He 14%0]9, synthetic Wolete] A4, SeqScan WH-E
oF 487%, CISR 71¥& ¢F 302z, 28l SISR 7|H-&
ok 74%7F 42899 AEHez2 CISR 7]¥e] SeqScan
wrajol] wla) oF 158 Ao AM AEE Hole W,
SISR 71 o 7u]~10u] e A4 H4F& Bl 4
2808 SeqScan WHH vl A AtEHE CISR 71
# SISR 714¢} Hxa HT 35 FdEceE @44 Az
Z29olA A% Zol7} EolEr) o] SeqScan WHe F
o sxHoz AR g AA dHolg FUd& 9o &
oly wxt §Ag F¥s: o ukE, CISR 7ol SISR
7o A% Aayx SdiE de FE ATIYFHE
alM T 2o Gete AF doletutg #F dolg gt
dBE glo] Boly AY gAE £yY3hy| dEeth F,
Y gAe AL t2ag J2F deitt v go] Bol 8
FHE taz g4 A7Hseek timeyo] HA3t7] whioltt,

B} A% F3F ¥j&(Storage Overhead : SOY& 4] (15)
9} ol e AH doletE AFse o 8 AW
g NEoR Y2 sddA FrtHoer o 87HE
A379 v &g 9nigich

old

2

SO= oie srag an 10 (15)

1

Addx wdo ztzh ¥ A dHoletE: ARE AS Fut
B3 vEL2 <F 2>9 vl SeqScan WY B4
#7% A4 dolelg Holet Fde FAHOE AFsE
2ol 7] W&o R7F AAgzie] e genz Rt
3427 v&2 0% o|t} real wlolele] 7%, CISR 7|4y
7} SISR 7191& 22k oF 4% 5% AES #7F A &
72 o 278} synthetic dlolebe] A, ZkzF oF 3%t
2% Axutd] © 78R &) dolgdolsas] A7}
o ALFE AlaUx #de A B A% g L
| =of Hto] FolET)

24

f

I

by

(B 2 57t HE S 8|8

I et Real ®ole} Synthetic o}Et
SeqScan ¥ 0% 0%
CISR 714 5 % o
SISR 71 3 9% > %

npA gt g, wt e dolE e ofF AA ] AAE 7]
o AekEoizl 7)Ee] ATFES YRl AH HRE
zdagstn Foixl e A doly AH Abole] HAb
A EAs] AT AR FF VIOl AT Aot
olFojgth metd B =AM E Adste WHE FolH
a3 A3 7 HA SN 7)Ee dTed vl
9 g <& 3># #@rh

OIF 2419 RAF R2HT ZMB IS AITIUM-7Ig M2l 7iE 257

(# 3) 7|82 A7FE0e H|W

H o= Shan 2} Li9) | Shepherd®] | Dagtas®| | #Ik&te-
© 714 719 714 7] 719
AA dole |3 AR 33 0a AR <y 2% "J’jfgﬂ]

2d |[(BAAE) <i£‘2§}) (zesh | T o N
23 ;{g A4 29 =4 Adggk Al
A &R e ] .
Aw x| A4 | A% | AL 291
4 ?Xl] ;] # A ek | Agerst| AUAF | AUty | AL

5 WE % gx A7

2 =&AME olF AAZL olF= HH T A&H
A 4 FA BEAY HAE Y A2 AaY
=718k Aol J|HE Abstd k. AstE AU A7
Q 71He AH degs EdE #AFY AaUAE 44
st el wel 4 AloUA-Z1e A s F3
Al H -7 Al 7o . CISR 7|¥e Az
UH gdue A3 Alzud da=rt 7 do] da=
2 A, 43 dolelg P 3AY 84Ed F
7} 7hdolebe EAF $AY 845 4 AR TR
Bthe EAE a#ste ol ¥ AU 84AFE U9 7%
9 2 o] &#A F4Y AIUAE AL olEE X
% A (concatenated) Al A AF AlaUAE ST o
of uhsl, SISR 712 A2uA @9 e AH AaUA
gazrl 23de| dreg FAHY, A58 FASE A
A F4Y fANMBE AlFste] wixg 39 a7t
A =3 HA ol FAY 84E T HLE o] 88
o nAE A7 FAY AZURE P8t oS B
% Z3(superimposed) Al #H A A|aUHE T F
72 71 BS AAE AA AadA FRe Aad 5
ol A= BHA Folx ARLaL Ao AH FHE 7
oz dolel HAdg AR Fskr] del AA HAH Az
UHES gHste] deae sRgozA dolet e
A H98 dAs 2goed AN F5S Az
=5 g8 AF doletele] Ao AH dolekzte {4
e 2437 A8 k-9%8 dnES HEAA @44
Ee4E =k obgd, AMd VMY &4 S s
71 A8, A Az B AL B AR B

Real ©lolEls} Synthetic dlolelg ol &&lA &3k 2 W
A(Seq- Scan), AosHE CISR 71H 3} SISR 7|¥el o3
A Ay Hng FYsidnh A 37 29, A9 A% F
Hel X Real dlojete] 7%, Agtels CISR 713 SISR
71e] 47 SeqScanel Hl#] < 1L7dfet 1380 A= 4
g AZHE o aEe, A4 A SUAAE YA AA
$9 AHE 23E AP Adske CISR 4 7¥el
SeqScandl Hl& F 71X dojg} Tl ofsiA o 7~10

Q)
A
A
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vl Axe A% $4L Btk ofg At 7P A
F3 dlolEHlo] 2, Ruld dlolgjwo]x utje do|E )
olx T3 e &8 EobiA olF HA} olFE HAE
7Z|uke 2 &= Algzte] Ao A Ald % d4 A%
€ B FE A 7o Asd.

goze AFRE AAdE CISR 49 7193 SISR
A9l 7Y BEF T2 SA44 AaUA 3 AAE &
Hog gAgol st euF=g 7HAa ok wEtA @A
g FAANA7 98, 2E 2= T2 D (multi-
thread programming) 7|'8& ©o|&3le the txze
FAOl Yol Agsn F4E 4 gl #HE AH(par-
allel processing) 71'g& A7+& = ol
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