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Similarity-Based Subsequence Search
in Image Sequence Databases

Inbum Kim" - Sanghyun Park""

ABSTRACT

This paper proposes an indexing technique for fast retrieval of similar image subsequences using the multi-dimensional time warping distance.

The time warping distance is a more suitable similarity measure than Lp distance in many applications where sequences may be of different

lengths and/or different sampling rates. Our indéxing scheme employs a disk-based suffix tree as an index structure and uses a lower—bound

distance function to filter out dissimilar subsequenées without false dismissals. It applies the normalization for an easier control of relative weighting

of feature dimensions and the discretization to coripress the index tree. Experiments on medical and synthetic image sequences verify that the

proposed method significantly outperfarms the:naive method and scales well in a large volume of image sequence databases.
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AlZA HO|E{H|0|A(mage Sequence Database), EH

2|Z(Time Warping), &oloi Ez|

gloat-$-Adata warehousing), UAE o] A|/H]T) &
B.2# (digital image/video libraries) 53 728 Z&
oA 2 FeAde] A AxHI 13,32 53 Y2
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AEARS AL Ao AAA9 FAE ABARAAE o I VIEeE AREE TEAA AEAEs WA WEHe
olE] Al <QtelAl Zi= Ao|th. o] Ag- Aol A9 AT, o] Mg Mol FEE Hulo] EE|(suffix tree)[38]
Aol Aleko] gt E AR, oL A BEAE HAREA ¢er.

naived AL AA W 7 o|u[A] AlF sy ABEAIY & A2 A7IE Fo|7] A dA Fell o4k A dis-
25 dolHulo]lA22EH A2 & 5 Ao ouA A cretization) & E=9sIath o] HPRS fAKEE MBARAE T2
Axokel AE Aardol o) W2 e bo| e glo] AAs| fl3l Avle] Egle e3letdA sie AR &
ol ~9] AY|7F AT A4% 4% At AL & gl of3t} FhrR ARSIt
o afes §A AAs Fsr] fEiAE 5 A B o=EE S0 oldd £ AF[R]E A o
2l WHE AREshE Alo] B ot 2 2gg Aot & AlAAY davt @Y e e

ARz FAA A 7)1ES A A H4A4 ¢ Aol ol T e /MAE A5 ez s Az
¥ E A (qualitatively) 2 2 Afxg SAGE A ez e By 99 Al §FE ARs dds 7
FA (quantitatively) 2 2+ 24 @& 7hsAde] 97 W& ZZ Hulo] EFE A ARgEd ddae G375 o)
olty, 2HE fFAMY dd VL E "l FEEE o g Ay des =olr] 93] o] 3Hdiscretization) 7|
A& (Euclidean distance)® A43MH A2 H FE(false dis- HE Hgsttr o] oA ARH T4 W8S g A
missa)[2, 3]o] AT F5 9ok aEER HITY FAA 7HAeE, A G g 99 AR $FE A0 ks
A FAY AT 52L& 27U (scaling)[3, 14], A= g pddla Aoshe Hlold, EAE UAd dAE s
B (shifting)[3, 14], A7 3Hnormalization)[17, 201, €<} ¢ el e o)itg &= Aoli, vhAEE AR v gl
(time warping)[6, 23, 28, 29, 42]3} Z+& vheFst My A9 o] fAFEIA @2 AEARAES sy 3 §E o
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tance)= M I E F ARz Zor} 2 A9k ALE
F 5 g e, B 99 AnE J99 dole oy
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Wo] o] A a3l o] Ao e |7} £ m=FoA AREE 7|59} o] A
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& 74 AAAY ARARAE A ge Hog wa S eASE AR
5, ARl FdA FAREA] e AldAE o3E 5
o2 b HE Aold L ANE Addn ZuEH4] 2171 =
SAl 47 35 4 (triangular inequality) & 7P sk A I AEEE A sl AR AR A Vs X
9 AQle] Al AlEHd Arl FEoh A7 HEAE W CX[1], X[a]>% BRI x[)5 Xef i) el
ZapA] RETE, $AF AN AR pee] APY To I |Xle X9 94 A, v XY Zololvt, x[;: ;1 |
Al fdole] Wrpm FAEgich AEE pEH2 3] HEH jAAAAS] dAEs EFehe Xo ABAHLe| T
AA 2= Ao AAA9 8418 golE AR~ HAE A X[i: —15 (A 9A2ZRE vpA7 427149 AEAA
o A XTHA F= Aoz AHr}t FuEA[42]9] zoltk F X[ —1€ X[i:|X[1% #th EF x[i: -]
A= gl 99 At A BEAe wEsln] oo = T A AAZEE AAskE X9 AR ol (suffix) ol th <>
Pk 2 Ee A7 REAE AREE A Adse € A87F SR e Nlempty) ARAF EHAT
AEE FEkS 3884 Q= 2844 B 99 AgS WarSo] A §&& 2 ARAEL o)atsldiscretization)
ARgE gl Aol o 48 AR~ER WEd F ok xoE X=
S o)l AT[RBINA, 74 AAA PaEo]l & A FH wEE s Aol xeE xeo A
F2 e JHdE M4 sl v 99 ARE HAR xE xod Ad NFE FART xef 1% X[ c -]

Copyright (c) 2005 Z2EHHEREBAH M2 (ANEHAMAS Y &350 A)



(—‘) 21 2ot2A /2006.11.10 17:10 / (null)
= AREAUAFHEUEH

Camputer Scisnces Engresrng Ressarch Informaton Camer

o[Ofx] AlEA CO[E{HO[AOAM2 FARY Z[BF MEA[FEA HA 503

o] oulE &M V=d x[q: 5, X[ —19F ARk D, (X, V)&= 7128 o= £33 B (recurrence relation) =

B =ZJA AEsE & 24 A (bold font)s TR o] £33 & T2 3% (dynamic programming) 7]H[6]&
ARAAEY f8oth &, X = <X[1],, X[»]>T nl9 AREEA At 4 ol BH Zzodgy S E6le
AXES 1= o Ae Ang F4 Ag gelE(cumulative distances

7P 3 P oAb Al s R¥e|th x4
x table) TE AAsth A% +4 Ag THIXI Y= X

CXL, - XA E R A 38 7hAE X9
WA 948 BIRT gAY Adad nE dage g VO AR ARl AaS MRS AL A AL 7
e A S gg ARG E AREG. oluA Ause 15 ol A4S ARTesA S el o 5
A AR A9 3 oo|Th, e g gk o] A At BREE O(IX||Y])elt} <
% 1>e F AR X=<4,5 6 7,6 657 V=<3, 4 3>
22 7] B o G8 FH AYE Awe Asteleh o714 TIIXI,IYI]
291 Lp 7% =T[6,31=12 ©|2& D,(X, Y) = 120]c}.
LA Tve 999 7+ AEs X8 Ve fAMds 4 <E 1> X=<A 5 6,7 6 6 T Y=<3 4 30| Cf3t =
Asted FRLAEA AREHZ Y Lie dEE Ag EW Y =
(Manhattan distance), Lo= -28= A8 (Buclidean distance) 64 . I, I .
ol, Loz 99 A& AdAe JAZITH3B] L, A - 5 5 5 o
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222 54 919 7Y XY 3 4 3
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g 5 Wl e, Adass A edtel Waen f44 thAel B 9 Ae B4 Ak 2, kA 54
A AL A FEFE= ARE Adse e oY 2 A= eele ¥ g A4 x[9% vl g
Av =7bes B Aldage] AEE &) i = Ad] T Dopees AH AL
o= BA-4B B A cross—correlation)¢F &S A A
A oPEE AE T oRn. 54 das 2e GBI Dpd X[, YD = 3 W X (10~ Y1104
€ oot & EAE B A9 ARE A sZsa "~
1eH6, 311. ANA Wi hiA 54 7hgRolt F Aol Az

Bt & o]t ghel ARAE A g AfRa9 v FFZ Dopases O34, 299 F thabd Al9A X9 v
waty] g AEA GaeFs IRk Aeni3ll F o] AgE ofefet 2ol AT 5 9k

A~

Aol 2: Ao thatd ARA X9} vo thalA, o5 7He]
oAt B 99 Agle ohe ) 2e] AejHh

Dy (K ,(>) =0

] © cololo] = IS 3 o] 93
B 1298 7 Ada X, Yol g3, B 29 A Dy (X,<3) = Dy (O, ¥) = o0

g Dpio T3 2o AAA ez AoenH3l] Do (X.Y) =Dy (XT1]. YI1]
Dy (O, 0)=0 D (X, Y[2: =D
Dy (X, 0)=Dy (O, Y)=00 +min | D, (X[2: —=1,7)
D, (X, ¥)=|X[1]1-Y[1]| Do (X[2: -1 ¥[2: —])
DM(X,Y[23 _]) i
+min | D (X[2: —1,7) ANA p (X, V)E +8 BA v|uke] B4 maae )
Duw(X12: =), ¥12: =] A6l AHEEk o(r x|yl BRHER A 5 slok

Copyright (c) 2005 Z2EHHEREBAH M2 (ANEHAMAS Y &350 A)



Copyright (c) 2005 2=

HNE

HRHAAZEENY

Camputer Scisnces Engresrng Ressarch Informaton Camer

504 HERXNE[ES=FX D M10-DH H[35(2003.6)

23 =M He

B R BEE oA Az feleuo) ety 4
angoz Pag 5

o] A& Y=

polm A g
ance tolerance) ¢Z 7}A 11,
o] €]

A2 g o AP 58 A (dist-
lefof Zo| o]n]z]
AAAEY JHFAA D, (x, ) < eB T

tole] AHAIAA xB Z=th

Eﬂ ﬂg;]%l—f,:%lt loo

FRde 2 Afzo] 7
=83 kY )98 ZE k-nearest-neighbor d¢], A&
el ARTE Foll Agl &8 A ool RE AlfA
#& ZE alpairs 27 Stk o] 22 F 7 FH 4
Ao e 927} Agtet W) spatial join L] F[9]F
daE] (1918 H&ste] A gk

branch—and-bound 2

3. Aol Al
718 H(Raw) olalx| AlAA
HMAl o
| M olE| ol ‘ /
HHTE 2AAE olo|x| |Al- A

l MEslEl Clxbe @ AERl AlRX

| Mol 72 ‘

l Hojof E&|

(T8 1) 7ks & o[ofx| AIRA EEe
Loy
ANHAAE2SE AQs AT
(29 13} o), Aol v+ A (pre—processing) 373
aA FEE F v AA" HA
< 2o (raw) o|HA AHEAEY Azl e o] A
(segmentation), 54 FZ(feature extraction), 33 (nor-
malization), ©|*F#H(discretization) #4& A AE AH
29 Hgez WHEAZIT A 75 AL d# [y
o] EFE ol WgTgozM A& AHse JPoriy

71 81—9_
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Aitsel BHe gL BT AA9 4E AEA
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o3 BAL A9l TEE FE AY TRE Zo
2 Aol AT ABe WA olNRE 98 wA A
B8 oA AaEe od e APy e agew
2@ & 4749 age 449 4Re wgud dd 9
A7 A Feagd g T4 See 0F 24 g

Q] F AlZ(multiple-attribute type abstraction hierarchy,
MTAH)[16] ZFHe AREecl. MTAHE 3 S.f(relaxation
error)E A48 S=E UAY 259 AA & AAs=
TRHoeg ogn 2 el glviiel Ho] e 9
i FA NE FEXE Sl ZHFEE F4F EHE
(equal-length categorization) Bt} ©f A&3 ZAyE A
g Jdrh E4, Ad JEZT F7H(maximum entropy
categorization)ol ]3] LxEFo] 7HERE FEHo| F¢
stty. e o)k dgo] 54 BERY) ofEshA] WE
o Ao fFoser gtk & MTAH e 544 &5
Holvh A dEZF EFHe AMEHE OB A=
s e XA geth kY s 2 dAEERYH A
AH e zEls C=(CMmin, CM1max], [C[2]l.min, CI2].
, [CKlmin, Clklmax)® E#EHA. ste el H
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max],
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e A Fo, A daES ATEE T e dghs AR de BE FES A4 AS lwpel(N,, N,)E

AEE #adt 713 x s x=5H olis Hds F vhERATE

3l MEE HE ARSE e F ANFEERE Hulo] ETE A7) HaA, $=

= Haa 7Rk A4 Hrujo] Ef] A (disk-hased incre-

34 Mol 7= mental suffix tree construction) 7IR[7]1& ARE3IT: & A
EE A ABARAL MAS 93 Hulo] EE 2 08 ARHs Jgoriy AAH F A Ao Ef

Al Fx2 ARget) Hvlo] Efy thgy 2 FAel E W] fatd T el EglE FAl A9 3EHA

Aot AA, FolF A2 BE HuAE EF gt A FEH ABEAIE 2 st A2E At Hd 2o

gty e AMBEARL WA ofF AHFek FRolT 7 T mAle delE AlRAzRE Hulo] EYE A

A, Bele] F27h A Fede JHAEa A 2] a7 913 duelEe] BgEE O(mL)olth

Bol T A A EE IS FAEE AFE L (1 2% % A AR A Ko 4 B,CDCC

Fol= AR rRS w7 we YC= (A, CDE>ENE TARE Hulo] EdE nojErh
Hrulo] EglE & ¢ AA3 AHEAA. EFol(trie)v= 7 $7)5x Aujole] nAwe JER) = A Aol

A= HhA et JIY=E &S & F s A

ol Fxolt}, Hulo] EFol(suffix trie)e 719E Heol 4. &lo| Xz

Azl Hujolz TR Ae|r38]. Fulo] EffelE T+

Hes ve ZA dje AAwe A= ASe W AEd Ao oluA] NAAE Aol 54 =

atel grlo] B deojzint of gsiA Tt AlFas g = HEEC o WAz 29
2t AR Arols @ :mE(leaf node)z HEHCH Alglxele] 318 Agl(lower-bound distance)’} & 934

& o B8 2, Xi: = (p(x),)E A% golulel F1 MBAAASS AN 98 Huo] Ex

T oan s o3 ;L;fﬂsarﬂr A7NA Ip(x)T X4 AH Z RE »IDRE 438

Arolil j= Al Al FHort AlFEE RS JER a3 wel 9% Ayt 2Eg Aledeg 24 gl

o FE xDet g w2E s AR e BE iE 93 A7} et & ABAAASC] F1 M3t w3y

< ddstd a2 9 wEU gdshs gulels oA Ao 7FsAdel e, olg s ABAAAES AEH 7 (false

FE =9t Y =E N& 928 AR 4 BE e alarms)& 1 FTH2, 3] 28H ARE AAST] & A9

AdEH Nepfo] g x=E5o] VehleE fHulolse] 71 2 A 5 53 g (post-processing) Y-S FHIT. =

A FE Arelprefi7t Aot e 25 Nt N E A dolg o] 2o A e ABAFAAE FE2F F DuE A

X% 3 Y°2)

(38 2) X°=<AB,C,D,C,C> Y°=<A C, D E-EEE MME Fojof E2|. X°EE8{9| (<A B,C,D,C,
C> <B, C,D,C,C> <C,D,C,C> <D, C, C>, <C, C> <C>) 67| FO|o{e}t YCEEEQ| (<A C,D, E>,
<C, D, E>, <D, E>, <B>) 479| Fo|o{7} F&=/of Hojof Ezlof MlE. $= Fnloje 2 EA|
3= 7(&0[ch
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|34 259 g9 A9 AsE AdEm, v Tes A
A e AW At el 34 @& ABAIRAAES H
5 A2 9HEkEA "o

41 Mol 3| da|E

2 =FdA Agtes A ¢35 Aol (ZxEF 1)
Ut} o] xe|FE FEGoot)FE AL AFEA 7 =
ZES Zo] $H(depth-first)e2 Wty CN & =&
No| (HA) A w=ga gpat dugsEe] == N& W
oo, A28 FRE 2] Y8 244 A4 == CN;
& XAett &, FERYE ON;E dZ3e 427 A=
- FRES ALE F AEAE AR Y38, guEE
& label(root, CN1)$}F gAtel9] a8 B+ 98 A2 Daws
& T Dy T BellA Ao HT

duFs fGA AHstrl fEA, BE oAATF s
ek Agsta dokar 7} EAL label(root, CNDSE gAtel
of stgk gkl 9 A E Adsiyl YA T4 22
NHE JE3 5, XF FolE q8, VE doll= label
(root, CN)E 9AAZ AHAA +8 A Heolas 24
gr}. No| FE&H, +3 A7 Hol&2 3 sE(bottom)F-
g gteojant, o 9)e] Aol 3 AddRow(T, q, label(N.
CNY, D) & ZF310], FERH N7AA S4H0le 7]
£ Hol& THol label(N, CNyol A2de= e 8
ow)& F7Hgesq +38 A Holgd 750 A=
FrtEE Q9 s 2% 4 ghol 58 Ze] 24 eof
slo)d label(root, CN)& 3-8 Fghol|l F7hA| 71},
dug)EFL QA recursive) 2 ZEH2 R CNJF &
H FolE ONS A4 x=Zo| BEAG, A% B4
e Foly] fEiAE W Hadol 9FEH A
=nkg ok @t olE 8 rA AR HelEe] WA
9 Bs AAduo oA ol AR g FelA et #
A 2 Aol 3}‘%3}5 Jo® CNO A w=ss W
22 Fow No| g A48 CNurs Edh
o] 7}A]x]7] “c}‘ﬁ(branch*prumng method)& o5 A 1

=

B 113 Ae dole] A9 Be] wE dse] A

g &8 A eBv} & e MG, o] HolE
o N2L YE& FrEHHR goldte M=
%)\—9_ /%1/\-]61— g}p}

v FaFE2r] F=

Input : node N, query sequence g, distance tolerance &,
cumulative distance table T'
Output : candidateSet

THHARASHEH HZ2 (ANEHAIES GHE &30 A2)

HI

candidateSet < {} ;
CN < GetChildren (N) ;
for i < 1to [CN| do
CT; < AddRow(T, q, label (N, CN:), Do ) ;
Let dist be the value in the rightmost column of newly
added row ;
Lit minDist be the minimum value in the newly added
TOW ;
if dist < & then
candidateSet < candidateSet U {label (root, CN;)};
if minDist < & then
candidateSet < candidateSet U IndexTraveral (CN;, q, &,
CTi);
loop

return candidateSet

Ot=2 A /2006.11.10 1

(2P [E 1) IndexTraversal Algorithm

42 szt Elel 9= Az| B

Aol Ere 2 oA 52 ol & e o
oAd Adss Ak Q) wEel, Hrlel B ool &
el AR A9 dol ARA 7he] AFe g B g
Adle AT 5 ok 322 Ele Dl 38 A

= WEEE AEZF AY T Dawasrs EQTCL

£

Re] 3: %07 T A9 BRd ApAAs x 9 yolA,
Doy, y)°1 818 A2l Aale D
£ th83) Po] Aelgr}.

mitw- zb(x y)

DmtuJ*lb(<>,<>) = O
Doy 5(5°,0) = Dy (O, 9) =00
Dmtw—lb(x,.'Y) =Dmba527;b(xc[1],y[1])

Dmtw*lb(xc’y[zz _])
Dy n(x°[2: =1, )
Dppy—n(x°[2: =1,9[2: =]

+ min

k

Dmbase* lb(c’y[l Z

*Dbase lb(c[h] y [1][h])

Diyuse— p(CLAL, y [11[ A])

0 if C[A]l. min<y[1l[%4]<C[A]. max
={C[h)]. min—y[1][~#] if v[1I[4I< C[%]. min
y[1I[ A — Cl[A]. max if y[11[4]> C[%). max

g7 xe olats HAE B x2FEH A AR A
Azl cx x 9 A WA o
B AR o 5d8YE oxd 9
o2 e o W = HAug

Aele] 7 vl dasel Wey
Bop AAY e e wasis
oA

=

& F x ‘e, cln
AE0 hHA EA Y
I Haghg vERdT
A Dypase-7F Dispase
A sz e
Ax ARzEe U3 AAY Down?t Dpsed
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o 24 e #E wise e gttt £ =TdA g vlEi A, Ry= AREAE 858k A 518 A edll 9
ZﬂoPo}L Ao A duelE fAbekA] @ ABARA s 2AdT eo] v HobMd @A 3 At F el ME
g AHet7] A Dpwws o1& T AR HolE AR AFE7E FAF AR as Ay slod, 4o AE] A
2ok Aol ARage] gAY 8y 98 A" Dyt eB oA Aglel e FETHE WEE Aotk WUE g0
O 24 ge W, 259 &3 84 9438 &5 A Duws UF AA BE ABARATE AR AlaTE e gl
T 8438 eolstolrt. oA A AAXEEE go] U9 el ®E weEFo] WEH Ry=10] "
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