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Efficient Rotation-Invariant Boundary Image Matching
Using the Envelope-based Lower Bound

Sang-Pil Kim' - Yang-Sae Moon" - Sun-Kyong Hong™"

ABSTRACT

In this paper we present an efficient solution to rotation invariant boundary image matching. Computing the rotation-invariant distance
between image time-series is a time-consuming process since it requires a lot of Euclidean distance computations for all possible
rotations. In this paper we propose a novel solution that significantly reduces the number of distance computations using the
envelope-based lower bound. To this end, we first present how to construct a single envelope from a query sequence and how to obtain
a lower bound of the rotation-invariant distance using the envelope. We then show that the single envelope-based lower bound can reduce
a number of distance computations. This approach, however, may cause bad performance since it may incur a larger lower bound by
considering all possible rotated sequences in a single envelope. To solve this problem, we present a concept of rotation interval, and using
the rotation interval we generalize the envelope-based lower bound by exploiting multiple envelopes rather than a single envelope. We also
propose equi-width and envelope minimization divisions as the method of determining rotation intervals in the multiple envelope approach.
Experimental results show that our envelope-based solutions outperform existing solutions by one or two orders of magnitude.

Keywords : Boundary Image Matching, Data Mining, Rotation-Invariant Distance, Similar Sequence Matching,
Envelope-Based Lower Bound
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o 71& 476, M FH dojg AI2EE T F
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RI-Naive(query sequence , aset S of data sequences, tolerance £)
1 R:=Q;
2. foreach data sequence SES do
3 forj:=0to(n-1)do
4 if D(Q".5)<¢ then
5 R::Ru{s};
6. break;
7 end-if
8 end-for
9. end-for
10. retun R;
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s; <LEHE, I < gl 93 |s, —gl= [s; — 1|7+ BB, 2

94 wg 3¢ (<s<u)e ls>al205) gas yae
o wepy, (),

D(ALULS) & (si-
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a) & ga Auske RID(Q.S) o)
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o|vj k) &gt LB.sE{QS)E ).]-_g-'a'].u:] Az 3H-29 Ag
g ANs] RAE fAEHA @S Be dojg AAxg

ng 42 $ At &, LBe(D.5) 7} Foln gAnT
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Algorithm RI-SE(query sequence Q, aset S of data sequences, tolerance g)
1. Construct L and U from Q;
R=3;
for each data sequence SeS do
if [B;(Q,5)<e then
if RIDQ,5)<¢ then
R=Ru{s};
end-if
end-if
9. end-for
10. return R;
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Aol ek %, [dA 219 LBow(@:5) 7} LBy(O.S) u
o AN dA zZah F dehiAw, o LBw(@5) g
RID(Q,S) o ggo 2t 4T & LS £} 1 o
fi 38 LBown(@.5) 71 RIDQY,S) o) sh3tol7]= s}
RIDQ,S) o &g ofy7] wolth & Eo

E

(a) NEASY duzm, (b)) H-2¥ 2 RD(QU,S). (c)AYZI 7|4t 55HLB 4 (0.5)
(32! 6) 8|F T2 (04412 TRt ARe| AWR=o} 0l2| 5t
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450 -aa..

~450

(@) 24 ojnjA| et Y=,

RID(Q“*1,8) 74 RID(Q“*,S)nv} 2 4 qlz, o] A%
RID(Q,S) = RID(Q“*,S) 7} opd RID(Q™*.$)=z 2
A9 5 7] gEolrt, o d FAE HAs7] S, Al
A e A M HZA(disjoint)S! A Froz U
T, ol 3A T SREQ HAge AA e 8
§o2 A 0F AU T 7)Y¥S Aota)

("2l 1] do] nQ d9 ANdx Q7 FHE o, AA
?‘ﬁ“ [0,[]‘1]‘% A'IE.’;ZC\'I n’l?H-o-l §]75_‘|_ '?‘{]_‘ [aosbo], [apb;]‘

[am_[tbmq} (ao =0, da, =b&_| +1 , bm—l =n-— 1‘

k=lo,m-1 )2 stk a4, 229, 2 84 72

s LBun(©@5) o Hag(=MnLB,,©29))e 5o

ANdz Q9 dolg Afx S FA-8d A
RID(Q,S) 9] &}sto|c},

(5 9] d9 NEx 09 RE A AHEA F dHolg
Nazste Azt H29 A Ad2E O #4. 19
W, RID(Q,S)=RID(Q’,S)7} @gct, =3, A F+&
AN22Q A FHEZ YRV ", J & o @ 3
A el A Hed, old J 7 £3e IJAFLE
[ablet 82K(&, a<j<b) zew, RIDQ.S)=D(Q',S)
olmz, A% RIDQ",S)=D(Q’,S)=RIDQ,S) 7 43
g}, gy, LBun(@S) = RIDQ“",S) o s§el A
o] RID(Q,S) 9] &ste] gt A, o|& FAFLY 33

m-1
o Hagrel MNLE, 41(@5) = RIDQ,S) o to] Hrt.

(b) 2 A-B8 ARD(Q",5). () AL = 7|8} 1EH LB (@.5)
(2l 7) o|o|x] =HelofM 2 5|F 77+ T2ist A=z} ofe sfst

& eRdAE (49 09 s TLALLIQS) g
g 3A bl dia] dExE FAIG"E udA
LB (0,5) = g7)8ch. (MEE multiple envelopesE 2]
) [ellAl 2]el A A& vpel o], AR F7F [ab]ehe 1
qe  ag LBun(@S) = LBi(Q.S) un =i Hi,
LBn@5) g Hagioz ANa LBu(QS) o

LBy (Q.5) not AR 7bs4ol £k gabd, g4 #d &
24 olu)A] wjAo]y LBy(Q.S) A LBy (Q.S) & ALg
shd, £8ad IA-89 A AdE d5 Y 7 U3,
ol w2} & AA FIANE & Ut (¥ 8 HF
dUzLE AT SA-EW &FA ov|A wAY dxAF
RI-MEE YERdth

Algorithm RI-ME(query sequence Q,aset S of data sequences, tolerance€)

1. Divide the whole range [0,1-1] to m rotation ranges [a..b,] , ..., [a.:,0.4] 5
Construct [**' and U™ from Q for each [a,,5] (k=0,...,m~1) ;
R=0;

for each data sequence SeS do
if LBg(0.5)<¢ then [/ wg(Q,S}*!}l.:ﬂ-ﬂ.m(Q.-S)
if RID(Q.S)<¢ then
R:=Rufs};
end-if
end-if
10. end-for
11. retum R;
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5. COiS HH=Z JIHoN 3 72t 28

0F AU E 1P E AHEE] AsiME dA 71 o
g A FRez '-Jr-T-" $¥e] dasir. & HJME 3
A T AF7E FIRE W, 2 9 Ty 27§ 2A
e WS = Xﬂ51§°ll’*‘l 7V rdstA AdA
THE T UHZ e §Y U] £8E AN,
g&o g, As2doME J‘Jiﬁi’% HolE Haslshe o
FOE AW Te TP dURE Has 2R AN
@ vhA o2, AS3dNE dMEE Has 2L A
A28 A48 F Yt Felay gudFe AN,

51 S¢-uu| 2&

Y-y E&(equi-width division)& ## T 59
# 2719 g4 FRHoz e Wtk Ad2g Zo|
b noln g Fhe] 47 mold & u), o] B /YL
AA 7 On-11g 277 W/mel mAg 84 Fzre.
2 et & o 289 A, I8 71 0n-1g g
= A4 (D3 2ol mA A FRoR Ye,

{‘}EJ“M%H?H“} [(m v LJ’” ]} @

FY-Uu] 8L w$ Busiths 490 st aeu,
s LBu(Q.S) g 27147124 e SAE ool 4e
vk glon, 53 Au2d Ay ¥ Hago oy 7
o WAeke ¢ seel HolA: w0l At

f2 == A3 gt

2 oM dUzxo] Yolzt ol A ko] AA A
olgh= Aol Z<tsle] AW E HASHenvelope minimization)
TS A, gF duzx Bao glojM, duas
H43 £ A FUE] YA dlzLE WA
& Hagstuz s B8 7)ol o|& A9y $
8, WA U2 E Yol& o} o] Ao

(el 6] 2oj7t n Ae) Ad2 Q71 FojAE d, 3
A T2 [able] LRI o] Area(Q[a.b) £ Q9 A
2E 34 9 Ay Ada [ 3 U Aolo] fEerigt

n=l 2
fla'h] _ u[a.b]

Zn "2 Rogy, @

A

(B9 6] AURE Yol& AME3te], AT i)

M-gH @M O|0IX| DHE 17
TS 4¥H o FHostd g 2o

[(Fe] 7] A4 A 73 On-11g Az
A 7z 9.0 -1] [a,a,-1]

gt aap(a =0

o maje 3
o [, -z 74
a,=n) olf 3A 7z [a.a,-1s

o Awazs yolo § 4 ZArea{Q[ag %=y gan

HES 3d 7HES 24 YHS QYT iz ¥
gole} Aot |

a2, AUET H2s 2EE Jd FHES T
A% $7h ¥R gol, gHoR N8| ojge B4
ol ek & o s ARshd, A4 73] [On-1]

re,

n=2
B, mAY A P& FAsE WS F m- l]i»ﬂ
03} n-1& AYF n-2 A9 Fo|q 2 m-171¢ B&
7NEg Adsts 499 4o 93, 2 499 7 YR
ol Al "} dE Bof, Aol(n)7} 36001, ©]& 87]9]

358
4 Foz $Et sy, 3 [ ] = o 141x10% 7
J we 499 47 B4R, oF A% + Az o
A4 AMRE Yolo e Falof suz, AgHoz:
A4 F Qe Pl

53 AWz E A48 2| FaAE %D2F

B AN duzs i3 28A A FHe 2=
39 £8 207 98 Fyzy dugdzZe Aok,
Ak FA2Y gndde Zé”"“’“(g’[“*'““"”) g
Hastale H2o g g, R H(local) HA e 2
T WYoz 715d A9 £8 A Folua 2AHH &)
B2 2= ol (2% 9k dusx Has B 2
A e 2 FEad gueFoln. ¢nEe AY
s ot 2t WA Line 12 27] 282 $98= 2
o M AA A T2+ [On-11& mAe £ ] 3
A F2e2 et Line 4~69AE 2} #7re] AAQ 4
& A%E W a0 ne Aok g 42
(%1 uge Folop &) Alolold o]EA7|HMA duz
Z ol & T, 1 §e HAZ F: 45 Fe} A
2¢ AAZ etk A 284, o= 471 1 £ e
e R Yatlah Gu-2xeldN 49 FRAH H3



18 ZExM|===2X D M18-DT M1=(2011. 2)

#e FE Aol oYdE AL W g AYY RE Y
of thsiA wHE F35, Line 4~69 ol }AHL ZE

4ol A8t gl WA HE FFEcHLine 3~7).

Algritn Dine- Ranges(query seqence Q)
1. Divide [0,n-1] intom partitions [ag,a;~1], ..., [4,4,4, ~1] by the equi-width divsion:
=l
2. Compute ZAM(Q,[QJM—IB E
k4
3. repeat
4 for j=1 tom-1do
5 Set g; asthevaue intherangeof a;+1 to g -2

such that fﬁrea{Q,{lt,&ﬁ—l]) becomes minimum;
=

end-for
until no change;
return [ag,a-1], ... [0m1.0e-1];
(0% 9) Ad=xz A8 J|Ho| F2|AE Ln2F

L A

dizx Hi3dl $do Fooy dnFE AL
94 FHe FARE 499 48 24 29+ At (@
¥ 99 Felag duF AN S@=s g3 2o
Line 58 B&, 4o ey 4a*tla 4u-2a0) mE
&g didEle 7+ F7he AR E YolE FErl o)A,
4 7t50] AT  dE % ZAH o2 13 n-2 Alo]9
FEREA F n-2W7F 93, ool we Line 59 AX 23
TE O o] #rt, a#E, Line 4~69 for $IZE %
m-1¥ FYE22 Line 4~69 A Edxe O(mn) o
#ch, 9, Line 3~7¢ repeat +Z7} rl 8 dcn 3
W, FEad guFe AA A4t BgrEs O(mn)o] H
ot 49 A3 r& nol vEiM "4 ZFe gh(diEF 108] )

n-2
vhoz uehdon weld O(mn) = kA @[[m—]]]
o Hg] A BREE A £ Aolg & F AUtk 4
£0], no] 360012, mo] 8o]&H, IA HA A FH 2F
< 7] A E 141x10" e A% & s §
ou, Felz8 dagFere digF 20,00070 ~30,00071 <)
359 & ngde Aog Yelyr

6. 45 ¥4I}t

6.1 &8 &4 % ool

Aol = A 7HA dlol8 JEE AT A WA
dole] F#e 71 ATF3914A AF AHEE Mixed-bag
L2, F 160749 ojuA= P4 A o] Hely
& MIXED_DATA® 39 5 WA deolg J#L 3¢ 4

g olnjx2 FA4E SQUID dHely FH#R1]e2AM, F
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£ o2 SQUID_DATAZ %-&t. Al WA do|g e
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FET F, olE Zo] 3609 AAEE WS} dojHuo]
28 73394
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RI-ME(EW), dWz= His TS A8ds 39E
RI_ME(EM)S.2 %7|$tHEWE equi-widthE, EMS
envelope minimization 2z} vepbdch), A=, F Al 7}
A guFE nstden, A W 7Hx 49E 9%
Ak A WA Age RI-MEAA 3d 73+ £8 AAsE
Agolth. RI-MEY 7% 3d 73 Fo gt vl Aol
22k F Aok w2bA o] AgelMe A F U o
vl w RI-ME7} 7b4 £& o3 A5 ol g 43
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7t 9k 7 A¥A e g9 A9 AldA 1048 A
dte, o]& AT PF g FAHFCE AL

62 A8 Za}

6.2.1 RI-MES] 3|4 73t A5 44

2 A4ge gueF RI-MEAA 31d 73 Ax(F, 8A
T3 27)E AAS] A Agelnh RI-MEY] 2 $ 34
T3 ol we Awe] 9k £ 87 "ie, OE ¢x
g EFe] A% o] M HAHe] A F3F F£E AAJ
o ¥ =8dAdE 488 535 RI-MEEW)Y H3 34
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2 23RS (29 10()E 29 JA 7 571 FoF



dlglzx 7|8t siotE ALBS 2 EXQ S|H-2Y¥ 2

(31A F3+ 2717} sl wel AYEZ Yo7t F713
& & 7 Uk ol 2A Az, A % U S

5 @ FA g F9 A ANAAE ol 6%".
ole] wa} AW2E7} Wolx|7] wFolr} 4NN A
o] dlzxrl Y&45 dAx g3y doljA g, (19
10(2))8] Axgt g& o A #3 7 $&5E F2 4
& 48 F A 9ok a8y, 8A 73 8 @4 §9,

o Be 49 sa(MLE, ,)(@5))s Anset s o
Mal=s ek (29 10b)7F olald skt A2 ewes
g Ay Aoz A% Aotk (2Y 10b)E Y A
T2t 4 mo] FOE4E(FA T3 7 Wold4E) &
@ AR Ao ZolHe ¢ 4 ok A2, (28 10(2)9
(19 10b))e] ZAe Ffa 29, A 3 A7 S
2 QMR IE Yoy (Bae Z7sh)) s AL A
Zolgm, Wz 34 77 A5t Bere duz
FoALHERe A a% A4 e Sojuy

[H o
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RI-ME(EM)7} 7]&¢] RI-Naive$} RI-EAc] u]3| 3]4-&
WA A B5E A 9SS ¢ itk ol dd
22X 7)ube] 3% 7| e HEse B =R HIyge B
S Bgad A-89 A AL AAE F UL 9v
g} (19 12(a))9lA] RI-Naivest RI-EA7F 5384 e
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