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ABSTRACT

In this paper we address the symmetric-invariant problem in boundary image matching. Supporting symmetric transformation is an
important factor in boundary image matching to get more intuitive and more accurate matching results. However, the previous boundary
image matching handled rotation transformation only without considering symmetric transformation. In this paper, we propose
symmetric-invariant boundary image matching which supports the symmetric transformation as well as the rotation transformation. For
this, we define the concept of image symmetry and formally prove that rotation-invariant matching of using a symmetric image always
returns the same result for every symmetric angle. For efficient symmetric transformation, we also present how to efficiently extract the
symmetric time-series from an image boundary. Finally, we formally prove that our symmetric-invariant matching produces the same
result for two approaches: one is using the time-series extracted from the symmetric image; another is using the time-series directly
obtained from the original image time-series by symmetric transformation. Experimental results show that the proposed
symmetric-invariant boundary image matching obtains more accurate and intuitive results than the previous rotation-invariant boundary
image matching. These results mean that our symmetric-invariant solution is an excellent approach that solves the image Symmetry
problem in time-series domain.
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AlAIE dlolg] 7IHke] s -E F=4 olw|A] wi

=* \ ottt T
ol -wE A2 M. 2oy
2 ¢

Ho
)

s W olwAl v el oY WMEAA] Adahs A-EW &2 olmA wiAS At o] fsl, UA
oAl el Md Aeleta, w3 WAAS AgsttiTie - me] Ade FATS AP SHI w3 Y wES 9
3 ojmA] FHHNoRRY W AALS B&H R FEa WS AGAT. 28 O, ouAE WAt AAE A AALET 48 o]
A AAGE A st AT Y AAES AR SH-BW w2 SUSS ¥ ST 49 A, Aldeks WA
B &g om A w2 g WS A Qste 7]E owA wiAe] wa] Rt AEetn @A ANE mEdte oz yeyth o
22 A diA-BE & olmA] wfH o] omx|e] iy WMF EAE AAE Lol AEdFE ¢ HAAYS vtk

F19= - AAE 0jE, olofx| OHE, &M O|O|X| HE, SIN-SH, fa Ha

431

http://dx.doi.org/10.3745/KTSDE.2015.4.10.431

1.M B w2y dA57E @] AP 58] A7, AAE
ol Ad2)Y AP gAeR ofFold sy
A2 A AAM, 2, oulA WA, vlele ARA W Aggte] AAzol. oleld AAY dolge) i 74
Al 5 oY &8 RokellA d&=F diojg] 7wk AAE dolg, 4 dlolg, 97 doE, oux| &&A dolg 5
o] gtk # =RAAE olF & oA dolyuHol~
# o] w0149 % ARz HE ) Yo r A A o > b
< wol S 7] 274k Y (NRF-2014RIA2A2A01002548). 2 o g &34 ouA uH EAE 2l &%
# o] mid 20159 % SHARAT ] FASEERU AN AAE A oln| A wH & olm x| HFHHE AAGE Wil &
ole] 7|¥he] i W &3 olmA] wiF'e] AEOFE WiE =S - o N o o =1 '
e A9, AAE WA 71ES ARgate] fAF oA E 2 wWlolt)
v 3 Al A5E e wkaka [7. 9. 10]
o 3 A AE e Ak v ’
T 2 3 oA Adustn A sk AAEA QA olu| x| wl A o & = W3k i -
T+t _ﬁ_ﬂ:@]%-{l%;ﬂﬂm ngﬁi}@}z} e ° I.'fﬁ s ] ]O] H ooﬂ 1 EH o— %L(Syminetn? tI‘aI’l:fOI‘Z
Manuscript Received : July 6, 2015 mation)[11-13] &Aool A3 mjAS 3 vj$ F
Accepted : August 4, 2015 - - —
* Corresponding Author : Yang-Sae Moon(ysmoon@kangwon.ac.kr) a3 g——/‘\—O] 1:‘l' 71E A ] 71]% R O‘j——fLoﬂ }\1'1: O] E] A8 &



(2015. 10)

1 AM10=

=
il

CIOIE =3t X4

204 =

=B/ LTESR

I

dEMels

432

ez
=

Zrelolti7, 9, 14]. A7)

fZg Y eHEuclidean) A=[7, 9], DTW(Dynamic

L

N

AAE EHR1[3, 5lolA a4 gt
2+

=

=

3} fARRE dole AADE

oA Z=rQle] ZA
el

o
=

om A 7}

2=
T
[e)
T

s 243

o

g

[s}
FA ke Fig. 1(a)

[15, 16]
<]

g

B

A
ol Hw A

I A-E9 o)
!
Fig. 1(b)e] 3%

ACH 141,

b e

o]

2 Ags

R

o Ak HEZ A}

=%
[¢]

Time Warping) A2I[17], Edit 7 €][18]

o
NEE!

)
QLEES

N
=
T

s

0% AuAol 4 gol A

jK

45

It} B =2dAs

ail

7rers Wl CCD(Centroid Contour

Ddistance)

1=} [e]
el in
o] HJow

ojm A7} n-

Hat 9l

Al A
=

7ol &
n-

Ast e (A0=21/n)E Y}

]
o] 7]

[e]

o T
oo A

(b) Comparison with
a symmetric image

(a) Comparison with
an original image

» Time-series domain

CCD ol sl

L
L

to} Fig. 2

i

ke

ALZ vepd =

Image domain «

th. o]¢k o] CCD

Boundary
extraction

w3
A

A ALl

=

ojmAZEE WY A

L

olMAZHE AALE

SIGEE

]

p=2
il

°

)

I
pd

in Boundary Image Matching

3 B F W Az o

3
5

Kol
T

< A
1

Z!

)

Fig. 1. Motivating Example of Symmetric Transformation
i)

HH O g =

2 gFA

58ty

=

| Transformation

ojm

by CCD

Fig 2. Example of Converting a Boundary Image
to a Time-series by CCD

el
el

AAE =
Hgkste] o

o =RAE

e} wEhA

Q
a

s

2 2 o] AA|

3} 3

o A~
T
i)

5ol A

(3

|

h=}
L

(10, 14, 19]

o}
4

Bk

E

X
ak



A gk AQolt10, 14-161 Moon $1141& 342w
5e AR A3 oA fFANN FEF AALE
@ 4 oA AAD WAe SR 5 AADS
@ B4 oBake e oA @ 4 AUsE A% ¥
Q). webd, AADS @ 4 el o]l AAL )
A& SR BE 4 onAE AEE olvA uH
A% A9E Qv H9-29 424 olvA FL 9
@ AAG olFE et o] 4ot

A9 1. Aol nd ANAL T(={tyt), -t P7F FOIRE
o, T kb ol 5AZ AAL 7%= {h. ", ...t DE kol T
A2 Aols ¢f Equation (1) <] gh

k__
l;i= t(i+k+n)%n (1)

7191 A, i =0, 1, -, n-1019, —n<k<no]th

gel 1o wel, TO| 1-olF AlAE TN {t)ty ot 0t}
o], 10-01% AJAZ 710 {t,,rt, 1ty omrty} OITh EF,
(_5)'01% }\]?ﬂ*}—: T5E‘ {tn*S""’tnf]’ 02 nfﬁ}ol‘l1 O]—‘
7odek Fdsith E o w=RdAE diF Wy gd W
S FA Aty s A gkl AL kol Al
A2E Agate] Fd-28 S FPFt

o
ol

-

©

i

i

3. & WE Y tA-=H =M 0[0[x] oj

3.1 Olo|X| HE} AAL HE
]

=AM E ou A7) 1o Fe fAHE A5 )
At & ow A wjH EAE tETh o T2 A
W2 71 &34 owA] AN THEA F2 AMEL
Aol Ee 2 =iolAe diF #Ey g4 71E 3
A WS FAC AAFFOEM, oA AR ofz} I
Ao et FAE SA s|Astth A ZolA AW npel 7
o], 71& IH-EW &M omA wjHe] oA WIS A
&317] A A" oWARZEH 2 AAE, F o
A AAES Aslor gtk diA AAIES FE5e WY
A olw A Z=wl WHI AAE =Ml ol gl o
T A owAl Erdlel e B AAE S AT o

w2 A #EE thE 2ol gogitt
o] 2. Ao ojmA] I8 7+ 97} FolRE W, oMA [E
Ate BRE HES AA y=tanfz o 3] A o]&3}
A LE Wy W& oW At X*JOPU% o]

moE 9 ool
1o
2
S
o
du
o

Eu) M <

8

Il
<)
o

AIAIE IO 7[2t9] CHE-=81 &2 OI0|X| OHE 433

JH A A AAE S FE5= A4S YERAT Fig. 3(B)
= wH, W7 o=x/20122, AA z=o00] hal, F yF
o disl Fig. 3(A)9 €& olw[A7} A drt y5 g
oA E FATHE BE HEY 1 HA AW FoUt vy
g ojuAeA FEE AL 7,5 ¥ 3(A)¢F A
A ALl Equation (2)2} Zo] :r“é?jﬂr

ot =
v
1 0 .1 724n 1

T={tg, 11, ..., ty-1} T :g%ﬂltztl 2 fgn:;}l]
1 b

(a) Original image and its (b) %symmetricftransformed

time-series . — .
image and its time-series

Fig 3. Process of Extracting Time-series
from Original and Symmetric Image

4 W om A= A4 g0l wet Wi ohE ojm A
b A e, AR ge gdZoR oursg
e o5 71E AAY el Hesd A= v )
3 ARE dA A 28y ARdor A4S W oy
AE WA A A Avh debds s ok b 3,

onlA 7t g HekE WA A%t FUE UA-BE o)
2 Agelel @ 2dd AREe gAR olm A6l 5
29 o)A SAe AR g 934 Asad s
£ 598 04 298 dbge Aae 2agld. 3,

4 A8 onAE fd-2y we 48T 4% ovix
o YHZe nejet Polw Hrks Aotk He lo|
oleldt 4AL UEdth 4 1& A% e g4 A
gt W4T T 0F WR ouAE A2 Yo 4
$% 49 599 07 498 g 4RI,



(2015. 10)

1 AM10=

=
il

CIOIE =3t X4

204 =

=B/ LTESR

I

dEMels

434

=

], o

KR
=

Ae 1. A9 omA 9} F U 7 o, 57t FOIA

o

)
1o
2

ﬂy!
T

A

L
L

b Rl 2

vty NEF S

AAG 1= oA 7t

o
2= T(={typts

LA FE3 AA

=
o
Els

o
19l

s
2

3

9} Equation (2)°l whe}, of

g}
W=7k 2y

o

2

L 2FE FE3E AALet

1

o

Ao

]—,

L]

a

15|

pj

o
2l

oy

o+

ol A

HQ

i
B

17

3 A

12} 2299, Equation (3)°] A ¥

9]

222}

Equation (4)%

p
L

AAE
7t;—1})‘0/] t;

#%
ot

B AE AAL 7= {50

0

1 —1
Z |t(v.(7',+k+n)%n - tﬂ.i,|2

U
i

D(Tf’%):\/

Loty tel

1 tZ—zvtf,—l}: {tn—lvtn—zv--

s
0

7= {t;

N

o
o

o

X

/]2 A Rl

—~
~!
J
—
|
i
|
e
-~
|
0
-~
ol
of
ﬂAlO
o
=
=
T
=
T
1.2
-~
|
=
=
T
e
+
<
T
lT
-~
— o
I
A
=
Il

A

//a-, b-°l5 A9

..., n-1°]th

o7l M, i =0, 1,

2

%,(i#»b#» n)%n

t,

%,(1+1L+b7a+ n)%mn

t

 — 1

i

G =A%

//k = b-a) k7}

T
=

A

oyl

|

7,9 3

[ez}
=

2

AL TS B AA
W A

o
L
-

oo

)

e 2. oA [2F

ok o

Ji+b+n)%n

FAst,

4 A

W ol

3

to} o]

{tr st eer

e

3 AAL

Aol 39 we o
Equation (2)° we} A2

9.
‘ﬂ/

N

Equation (3)°] <
7.9 (b-a)-°l& AW &

T W
S
KO -
ERCY
o
il N
X o
=1
o> ™
0|
1L
Sk t;

)

X

AT
of

ek A, 7R

o)

e

10wzl ojm & of

)

el

—_
jo

A 1% Ae 20 weh 2 =

uA o

= oln

d =mQlelA

2], A

L
T

oA =wl Wt

-

A& oA =

ol M=

=

gt

ol A

omA| vj

3

0(n?)e o

[e]
5

P2 nxne] oA e] 7

S

A7 oF

o



ko]
27 s JEhds AL o 4 A old] we, ® Ao
MHe et &3

R
Image database

Time-series database

l Query time-series extracted by CCD J

Original time-series

Data time-series

\

i Symmetric-transformed time-series |\‘ Rotation-invariant time-series matching

Final matching results }u—"{

\__ J ‘\‘_ J

Matching results 1

Fig. 4. Overall Working Framework for
Symmetric-invariant Boundary Image Matching

g
N
a8
o,
o
=y
B
1o,
Ho
E)
2
o
t
-
o
>,
X
ne
o
o
e
z

ot
>

)

o

o
>
o ofn g 4 B

=

= 12 e

o

=2

)
N
2

il Sl

RI-Matching s <38t} RI-Matchingoll et zpAleh Aw-&

FuEd (1415 Bk 29 o, @l @)dAE 9

d Q'8 AMEste FH-EW olwA wjAS Frh

Aoz, el (gl AE gl sk BN Qe AnE
F

AIAIE IO 7[219] CHE-2=81 &2 OI0(X| OHE 435

Procedure SI_Matching() //SI = Symmetric-Invariant
Input DB: set of data sequences
Q: query sequence extracted from the query image
e tolerance
(1) Q' = symmetric_transformation(Q);
(2) Ry := RI_Matching(Q, DB, ¢);
/ /rotation-invariant matching using the original query
sequence Q.
(3) R: := RI_Matching(Q’, DB, ¢);
//rotation-invariant matching using the symmetric-
transformed query sequence Q'.
(4) Merge Ry and Ry return the final similar results;

Fig. 5. Algorithm of Symmetric-invariant
Boundary Image Matching
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