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A Performance Improvement of Automatic Butterfly ldentification Method Using
Color Intensity Entropy
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Abstract

Automatic butterfly identification using images is one of the interesting research fields because
it helps the related researchers studying species diversity and evolutionary and development
process a lot in this field. The performance of the butterfly species identification system is
dependent heavily on the quality of selected features. In this paper, we propose color intensity
(CI) entropy by using the distribution of color intensities in a butterfly image. We show color
intensity entropy can increase the recognition rate by 10% if it is used together with previously
suggested branch length similarity entropy. In addition, the performance comparison with other
features such as Eigenface, 2D Fourier transform, and 2D wavelet transform is conducted against
several well known machine learning methods.
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L M2 23} wrdgoel sk At ool AEY] o9
A7} de] gt 58 Fotehe AETA A9 T4
A e F A4S A9 ok AT A gk 2l AR 1A eH1][2]. ST Q14 g 9
* 2 ATE 014HE YR (UsF)e Moz StHHATMEe] A7 2 3 = A S
» 2 ATz SEMYHIALY MYSZ J|ZMHATRel 2015 ME 7| =P LM 2 - = A S Ch
Rt 20174 48 1Y Atz - 20154 05€ 102
THAX} 20174 058 102 WA} ZEf 3] e-mail : thkim@dsu.ac.kr



at7] el

A5

°.
=

i L] o] e gt

[+

_ﬂ

il
)
jutin
1o

%

o @& =3 Ato] Qo

s

Ea =0
H

ohyr} He

o
=

o] RE=A] 7]|Eo]of & A

Uy

=
=

R

7l AL

3}
=

BLS dlEz7)9}

=

=

EEEER

0|

NEE ol

A7 $17]
igto 2

]

RN

«

g A=

L
L

st

13

—_L
=

” =
=

o] Ak= AL ITH8-11]. <

==

=
(taxonomic crisis)

W

el

o
Hel
ol

7)) o

L

L

5t
= (eigenface), 2D 2]l

EOE

sl

1

T+ DAISY(Digital Automatic Identification

pd

G A2 2 A
¥l

H] 9120l A}E-
System)[6], 9]

1

il Al 7HA] 717

171 $13

&
e

- oy

il 7l4H3k Butterfly Ecology Z#3%[14] S°] itk

83

wir
o}J

AHERE 7171k el o

L

L

g}, 57l A

}

T2 744 o] Ak AERY W vl

[e)

A

[e]

He

%o %77}

L

7)ol e Aata A0

7hed| L)

=

[

1 AejolA) A

=

tHis5l 53] 58
160000] &l o]2[16] 7 Jelu A2 5o H3i4yg

=

& Elo]E o] 2ol A

| A

L

=

el

w

o
al7
i

I

Hl a7t e} ek e 67l

e A eI

shAh

9

oA 7] Aol f+AHd NEZS] ol o]

hom Ak

1

gl

7] 9

9

12

o 9] e Fel(shape) HH.

9

=
=

Ho]FStH18-23]. BLS dE

gl 7)< Fourier descriptor)t} $llo] &8l
7] 2 Hwavelet descriptor) 2.t} 3

oH23].

S}A] %k BLS JIEZ 3

5

]

ALt 5 a8 AR oE RS
[¢]

A
o] §A4 (BLS: Branch Length Similarity) 1E 23

E
=



626

o

ErIES

o0

t|=2X| 17 Vol. 17 No. 5

21 7HX| 40| SAMM

7HAl ZHo] fFAMI(BLS: Branch Length Similarity)
NEZTE 54 wES A0 FW LEE5) 71
2 AAE UEYIAE o R 75 do] BEE

ol &8 AHHig]. [2¥ 119 9% s} ==
o} n7lle] dAM o Yehd vESAE w9 74 Ul
E9= (UBN: Unit Branch Network)g}i sh=d,
UBNel| ti#t BLS dEZ3] S [23 1]9] L% 5
2o Aoy olu L= 2 449 AolE vEhirk

AEz1]

LAt

-3 log(p,)
J=1

)

a2 1. ©2f 71X WIESZ(UBN)LE 7EX| Zo| FAHE(BLS)
AEZm| A4t

BLS dlEZv=
3} g v & 9
[221[23].

MA o] FEurS o] &3] ¢

&, 154l
Aol e AT B

O on

£
N ol

3]
A

22 17 H=
A= (Eigenface)S Fo7 9=
‘Ei(elgen vector) & AL ol =

I
%a}f o g [24] of| A A]EE]C;M. o]
|

of

>

o ‘l’g
frl

-

)

e
ML
o

ks
OO
r&
N
g
=
_?L
o2
o>“
ro,
>
o,
>
oo
o
2 o
o
2
o o =

Hir

o HL
2
N
32
ui
fd
o
e
i
mlo >
g
Lo
i)Y
1o
0

(A I O
5

ol
)

rlo
=
Ho
R

[rt
o
oo
o
rir

‘d
o)y 0

=
o
o
il
-
oX,
of
ol
3!
i
)
R
o
o2
o
o

fru
rE
ot
s
Ev)
rE
.
rlo
i
o
DO
2
rie
=
fm
o il

OH mlO 9 ‘:‘:\

oo 2
)
M o2
[0 R ox
2
(2
)
o% N
oy o
(o
[o
_O‘L
i
To,

d oy o X
N
o) W
Coox
il
—{u:
nj
-1°1'
2
24
o2

. o
Hloue

of
=

F—.iogt:_o‘rﬂlil
L ok

o
-
£

o>‘ OEL

14
3
& of
o

1

=)

i
o
at
ool AT Al W

2
3

oy

o
=
N

]

(covariance matrix)< Al
gdo® af-x ¢}

LU

o
o
i)
o

&
o
=
nl
il
Y
o
ot

2.3 Ot FE2|of Het
—'?—E] Oﬂ %%(Foun’er transform)= A& 2] g]ol| A
T ooz HIgA AT E lf'—ﬁé}

2} g}_t_ _'ﬂog 25 ALE T og st o
A}

[
rlo Mo R Jm

o] G Aol ARgE o] A=El, n x n 27]9] 2244
D s, k), 1 < i, k < nell thgk o]t Fejol] Wt
A (el eJlf o] o

1 ind _ 2nlui+ k)

f(u,v):;;”;)s(i,k)e T , uv=0,...,n—1
(1)
olw] W & Auv)e AT FHE 7HIh whebA
AubA o2 W s AR 7|AIES f4E volH
2 A 2 e e e kel AAERS A
2)F ol&s 73 ¥ o]& 4 vloJH = AMEEITh
\/real -Hmag(f( v)? (2

= [¢] O \_].’
w40l 7hestal Fuba oy} g3 54 Zﬂ%
g %E} Oﬂ*oL %EMFZXH ojFt Aol EF WEE
I

21 s1o18) 9471 B, olela 8
3} o] 10e] 271909 4} Alolel B8 A

shol 8 4 itk

o(z,y) =o(z)p(y)

H( y) = (x)p(y) @)

P (z,y) =¢(2)y(y)

w Pla,y) = (x)b(y)
A7NA, dx)e 2ALY TFE pix)e dolER F4
2 717} bt 4] Ahe] slolBR B4 27t 44
H/, $A5G), IR volE 2 s
o AL, 23 A1AFE B A wisk 2ol 72



+ 9t
(l)]}m,n (T y) = 2]/2¢(QJT -m, 2jy_ 71/) (4)
1/};'~m.1l (z,y) =22 Pz —m, Py—n), i=H, V,D

W, (jom,n) = E Ef ) (@)
‘ \/ MN
M- 1\ 1

(z, 1)1) (;rﬂ,g) i1=H V,D
T{V Z“/Z”f G

w" (j,m,n)

o]714 MN= o=
o R RE ] dnkAl 54 —ir%% Haar $4] ol&
AR ARl 54 dizkA] solEEl &
AotaL 2t o] Al 7HA Al (detail)oll sl

ol BejH= YA E ARSItk

M— 1]\1

i=0j=

_IZ

. L] S diofg

AFERE HolH = & 15%] WH| 2 5-E 423749 9

A R I L S e A A Sl A |

H 1, 15529 LiH|et 2 B0 thet S Jhe

Species The number of images
Celastring_argiolus 15
Cynthia_cardul 22
Dilipa_fenestra 33
Favonius_orfentalis 16
Graphium_sarpedon 57
Libythea_celtis 30
Luehdorfia_puziloi 49
Lycaena_dispar 22
Lycaena_phlaeas 28
Ochlodes_subhyalina 23
Papilio_maackii 31
Papilio_xuthus 33
Parantica_sita 33
Parnassius_bremeri 16
Sasakia_charonda 15

423

B 7 g 9%
A Bz QY 2Ab] 0 WA WS F b
Z] o 3]

o] Az ool gk Fel[ 27 2(0]E |71 $8h
=4l X HE (Prewitt edge detection) ¥iz]&E
[23]& AF&aFoiTh o]%] 973 BLS AE=ZT] Ak,
) 3z gL (1 AERY] Altel b2 ARSIy,

o
rE O
o
2
>,
%
Ky

A e AEZT (Color Intensity Entropy) S &

93}7] Y= HA yn] G o= RE ZZH(patch)
S ok sl 22+S 7] YA Faz el
oiFo of [19 313} Zo] %
AEZIE AlLtslr] 9130 [22]

42 FESE A fAR

f
u
‘i
ol
ok
i)
5

_ﬁ
oM,
)
iy
lo
N

N

dr 4o ro MU

/N

ok
o



[}
N
©
rov
Hl
Ty
=
[
o
M
Hu

X| 17 Vol. 17 No. 5

E
A 7 22S gpFoz A AE dER ﬁ1 G= 4 (1)

o
r
N
2 o
2
BN
)
3
o
)
)
a3
N
o
A
okt
£ oo
o o 1
rir Y ox
o1 N oo

=,
[l

G’——Zpilogpl, D = nl (7)
| l S
. 2
)
R a9, A4 A= AERE 7)) Y Holg
9 @ AeE 9elel F uFlA g Aeyp L TR ASIE BLS e E2Rdbi
R I iAot
Ue] F4] 0.2 A=t} 7b ek AA A E QERS] ZRapS o] ] &
@ @, 6 oz [19 3l KA [ ge 1T 208 A 2 gl dms o

(@A T3 xS FAIE FUA] 74
EE TS T0] ofsk Wi Ele] e
A xE 7 o] W 7|Ee] He i

@Al bolt. sixuew dyee V. HE H At 24
AL F AE(x, x0), (X0, X)) 22 HE i R i
S B oA A7 1 } # A A ARG b

gl
H 2. M Zcol| CfEt ME AHERE B2 *é%}}*c}gl AT, EO%% 5 vpA e
- o 71E0] EA =2 e A= vy AdE 24
Category |men3|ty o= ] ‘4 =70 T=0o HE“’]’ [<2KS) ]—LL E‘]’]—E RUne|
1 0 ~ 3 =8
2 32 ~ 63
3 64 ~ 95
g % ~ 127 5.1 7173k Wy
5 128 ~ 159
6 160 ~ 191 Aokslt Az B AEZT 9 ATS Hrkslr] 3
7 192 ~ 223 . _
8 224 ~ 255 Hﬂ "}ﬁﬂi %t Al 7HA] 1A SE (o] =]
o

)3 7 Aol vha A e el gk 0 ~ 2%, “}- o oA 1% 4
% 2% MAE B A A4 4w dERAE g FIEC] W A3 vl=shin



-

Fyo| M| Z= AERLE 0|8t LH| 3 XS ¢4 o ¥ 629

o=z /7| E S5 AHdSER FH AISSE A= e £8 AskelA E5 osk=d sAvt
S Akl A (8) 22 wlo]= Ao 7Hke £ X AT
E8k5 7Inke] Al 71 A W el
P(ﬂwi)p(wi)
plw)lr) = ———=— (8)
p(z)
A7I1A wie 7 W] EE JER AL xE UH] 9
Hsh= 54 wig o)tk AR B2 pldw) = 7H-AIQE
Y E qara /Mg a Ao 5 S o] 83
wxol g & 439
E]—%— 'ﬁ-]H]E%% Cg]%‘i%, %g‘%, %@1%‘9] O;_I‘?_;ﬁ?_] (a)Papilio maackii & BA  (b)Papilio Xuthus & Fat
Ejel 3% P22 AT 485 == AgE 8 4. DN FETE RARE B4
AMEshE 54 WE o] A7|9f 2 YT k& Il
Lo A B oeFol AgSm Yt 15%9 v Felw
= UH] 9] 7S 150tk 2959 k= Tl oY Pavili i 23 Papilio Xuthus -2 [219 40
apilio maackii &2 apiiio >
Mo Age B8 b 2o A5 HolFs A4 i ot P AWE o o
e ME L g dxo] A9 LS Felo lE 7
Al &9 FHT] 7 kEs ATRo|E
. . Qo1 o]F BLS AEZITHS o] g3 FEa]3= of
FrE A Y g5e EUEs 7
5 IalE = =) olzl &
o N . At [22]. wpebA o3k EAlE sidsty] s HE

A glo] o) el A R olgat] Sl8) CI
AEzE AHe Aol

S h)2} skt Ta2de A5 7 o34
|22 (epoch)2} S 3 T ©H BLS AEZ 9} (1 AEZTZ 37 ALg3 2
7he] A Afolel] AjAMo] 0.1% o5kl A% S-S

Aste] AL wolnd A B% 4GS A

o8 B8 F %S 8% volH AHgata vt

45 ElgA W7 doJE R AMgEtE 3% WA

TR

T8]31 SVM2 Vapnikell 93] Ak A L8k 7]

SOE . )

E

o 5
oN X L ow

wke] 1Ak W oR, BRE A% 24 299
B e ) (3-fold cross validation)& A&3}F3ATE o] = <5 ©lo]
Ao MEE WE Aol 7+ (margin)g Lo -
7} BA] &8 A &3] A A U F ek
2M T2 7 AISkE Wl vl dukdS ztethe 3
(e}
7He WA 9ok BiAE SVMS ARS8 s Adst o
FE K y)=(xy+1)PZ AF&31913 SMO(Sequential as —
Minimum Optimization) 312152 AHgske] eh1e 0rs gt = = Sy
A S5 AMSAT SVME e 2 2Us wRl g F K
ojln R 15744 F& R3] A3l T S AME-st % x
= 3.5F # . . -—
= A 25 v (pair-wise classification method)< A} F " .
&8k S
- 82.5 -8
= g0l [~#— BLS emtropy
1T = = 1= |4 BLS+Intensaty w100
5.2 BLS IEZI|0| Cl AEZLIE FIISHS Q] . -~ B].s-rr-j;u;-:‘;xﬂcu
T1.5 —#— BLS+Intensity entropy(30)
= J
gB%fg 10 20 30 %0 70 90 180 270 360
ol AFee)z BLS A=z o] Fej 4 Number of Points
Hks o] &317] wlitol] 1916000 Fo] ¥& 3oz (@) loIx|et 2RI AE



|=2X| '17 Vol. 17 No. 5

of o T R B
_ < 7
o %ﬂfr% % IR S
N = < > = o
ﬂw]oWE 63 ol WW&%% mu aaﬂztmﬂevemﬁﬁ mﬁiE N~
mmgxi%ﬂii W |P8)53S Em&:ﬁﬂiﬂ%ﬂ%%ﬂiﬂ T
< 5% 3 KO BeRT ywme , ZELN o
RTI  a ur ~ oy 7 = T T W S nﬂuﬁdr
W@r@_dr_ﬁm ! ﬁﬂﬁﬂ% %%oru.oww_a% W &
R IR - W |2155E5 %4_:%%}0%%%1@%@ o o
= ~ H ' iy [o]] 8BRS N o o X2 R o o N ~K & ol T
B o D F 2 Bl W BREL R YD o B
Jo ™ o o F = = N B o o 5 o e o T Rx
o W XO o o) o = 2 o N o o = oF = R o
Aﬂ@%i@.ﬂ A PN @iPiEz%ﬂomo;TmE@ﬁwro e
2) ol L]o#le i 3|33 = Mﬂoﬂgﬁmﬂgﬁﬂ oo 4R WO T
B g W B SBES ks xR ™ B o & < o
« _ﬂ_a_ﬂm_.mwﬂ%% 4o ST ﬂuﬂa_ﬂ7%%ﬁugwéiovﬂﬂhzw% ﬂmoJ
= b 235 e oo
n mow%mg%wo%o o @M%@%%ﬁﬁ@z%wwga T
o wir w2 ~ W %ﬂﬂiodﬁ g = N
T wmiBsETeae £ | 2232EEiiCiEngl SIF
M hlin ~ = S ome 2 0 ‘|1_JI‘_| o 0 o
WoN I BRE S| s |3 mhxowﬂﬁ%a.wu@m@hﬂg% & o F
i I =3 | |E (g3 ]ﬂh%qiﬂrmﬂoﬁ%%? o R X
< . 0 ~ J_H,DF o) o [ Sﬂlﬂlw T5 oW AT e 10 hatl .
0 o o N B Slr| 3| E X0 | — P N HE WM < =
~ 3 o HEEE \[ﬂdrgﬁsﬂwwwwr_ a Vo Wr W R - o 5 X
i S 7 K o X B — o O
mCiMﬂxﬂﬁovﬂEE . mﬁmhzo
- SR =
Mo ol
H N 533 |8 1 .
e | T o N~ —
' BEE 1o \ FERE By ogrates
+ iig1R \ ERE o < wxmi%L%A%A%
. ...n...m...m"_ = .m {2 = - ,D,l o %O ,_uurL < N~ 7 W R oy
Fiee |~ 2 + b B 1o il . Do MO x e
» " HEEE | B LHEE (R 3 Took W o P I
e Je 9 B = B = utd.w:x — 1 o o K
wonhe | P e £E g E ~ w o 2 o AR a|J
me e HREE o 5 W ' LT P B g G ol o
- w o W an By 4 ~ 9 B o N3 0 ol
it . | w < e . deddd ] e gow._ W%B%@_ﬂﬁﬂuuﬁyﬂr N iﬁmﬂ
+0 K W_m - g _..ﬂ z 9 ﬂVﬁBﬂ%&ﬁ Z,_ﬂrﬂnm““o@ﬂwﬂ
b L . ) 3 3 . 'TYE o o =2 m or = =< & o =
g2z ~ [ 2E 3 WMy %@%%%@rﬁ%zigeu
ie xe . _uW 5 B Ko /woc]gamm%?ﬂﬂm_wﬂﬁ
. 8 AN 27 Um )Lgﬂﬂxﬂmemfjtaﬁ
xn e . le . e S n@ﬂwoﬂ%wuoﬁaAﬂ_.ﬂmﬂ“
Loy = s Hol SR T woe B Mo T =
2 = | . {2 o of (Nrmuli:&mﬂwiiwﬁwn
- g8 — B -l ﬂﬁﬁ%C%ﬂJSuﬂe_eaﬁxa
B IANSO] INI] 8 2 e 3 T ©N N wﬂ S X Mm W oF Lﬁﬁ
L . i fit
18y AANISO] 2 © oo 87 L% NI
sod o, i DWE ﬂoME%M% R
H R B Egﬂgokdw_f%
TN Mo W W



Yol My Z& AEZTE 0|82

-

B LIt 3 KIS 91 A WE 631

&

had

N

J9F A4 yH] F9] = wke] Fo] Jal )
Zb= U7} Brhs x4oﬂ/\1 e AR
AEZVE A7 ok 2 =S Uw
Mg AEe] REE o] &3 A AE JERT
131 0] 2 7]&2] BLS dEZ3|9} 3] AR

As BEe oz A4S

=

oy

e >

T

4
e

<

i

%

7

|

o mu 18
i
% E
ol >

hu
)
=
N
L
B
N

0,

H
S
X
o
o
Hl
1o
¥
%0,
32
aut
A
o
N
N
=2

)
4
rﬁ
1=
o

)
e

;g

& li i)
i
PR
iu)
it
n
oX,
it
)
=
El
p)
o
2
k1
=
il?

o X o
o
131 S o
= 0 >
I
% o o
—
=Y
m\1
) rfc; ‘]E:
>11..E rgi
rlo
2
I
tlo
4
o2t
:OII=
O
o,
[0
¢

o N
N )
2 o oX N olopr &
R flo =& |o
et N

_O|L

X m

=

jus}

r‘j dlo

Im
o
> 82

o
22
)

NO

)
S

3;3—" 1\;}1: /\]_/\1 S }\1 Al Zﬂ

EECE RN ]

md
&

e

o 2 fy o
)
%
i
N

=
ol
32
5

ol
-
2
]

AENE gAE 559 58 Ardow
G4 e SFoz wo o) 2sbuojo} o
t}, ¢4 =FA tE 15F9 dolHZEE QA&
o = *er]'O]-ﬂOﬂ‘“ nzs o] wol 23}
3wt ‘L:%xo_ glo]E] 2] "Zlo] 93}

|

[1] W. O. McMillan, A. Monteiro, and D. D. Kapan,
“Development and evolution on the wing,”
Trends in Ecology & Evolution, Vol.17, No.3,
pp.125-133, 2002.

[2] M. Silveira and A. Monteiro, “Automatic recognition
and measurement of butterfly eyespot patterns,”
BioSystems, Vol.95, pp.130-136, 2009.

[3] K. J. Gaston and R. M. May, “Taxonomy of
taxonomists,” Nature, Vol.356, pp.281-282, 1992.

[4 P. J. D. Weeks and K. J. Gaston, “Image

analysis, neural networks, and the taxonomic
impediment to biodiversity studies,” Biodiversity
Conservation, Vol.6, pp.263-274, 1997.

(5] P. J. D. Weeks, M. A. O'Neill, K. J. Gaston, and
L D Gauld, “Species-identification of wasps using
principal component associative memories,” Image
and Vision Computing, Vol.17, pp.861-966, 1999.

[6] P. J. D. Weeks, M. A. O'Neill, K. J. Gaston, and
I D. Gauld, “Automating insect identification:
exploring the limitations of a prototype system,”
Journal of Applied Entormology, Vol.123, pp.1-8, 199%.

[71 G. W. Hopkins and R. P. Freckleton, “Declines
in the numbers of amateur and professional
taxonomists: implications for conservation,”
Animal Conservation, Vol.5, pp.245-249, 2002.

[8] B. Arbuckle, S. Schroeder, V. Steinhage, and D.
Wittmann, “Biodiversity informatics in action:
identification and monitoring of bee species using
ABIS. Proc,” 15" International Symposium
Environmental Protection, Zurich, pp.425-430, 2001.

[9] S. Schroder, D. Wittmann, W. Drescher, V. Roth,
V. Steinhage, and A. B. Cremers, “The new key
to bees: Automated identification by image
analysis of wings,” In P. Kevan and Imperatriz
Fonseca VL(eds), Pollinating Bees- The
Conservation Link Between Agriculture and
Nature, Ministry of Environment, Brasilia, 2002.

[10] N. Larios, H. Deng, W. Zhang, M. Sarpola, ]J.
Yuen, R. Paasch, A. Moldenke, D. A. Lytle, S. R.
Correa, E. Mortensen, L. G. Shapiro, and T. G.
Dietterich, “Automated insect identification through
concatenated histograms of local appearance
features: feature vector generation and region
detection for deformable objects,” Machine
Vision and Applications, Vol.19, pp.105-123, 2008.

[11] B. Dayrat, “Towards integrative taxonomy,’
Biological Journal of the Linnean Society,
Vol.&, pp.407-415, 2005.



632

o

ZIHI XS5 =2X| '17 Vol, 17 No. 5

[12] M. T. Do, J. M. Harp, and K. C. Norris, “A test
of a pattern recognition system for identification
of spiders,” Bulletin of Entomological Research,
Vol.89, pp.217-224, 199.

[13] B. C. Chen, Content-based image retrieval of
butterflies, Master thesis, Department of
Computer Science and Information Engineering,
National Taiwan University, Taibei, 2000.

[14] S. Reed, “Pushing DAISY,” SCIENCE, Vol.328,
pp.1628-1629, 2010.

[15] Y. Zhou, Monographia rhopalocerorum sinensium,
Henan Science and Technology  Press,
Zhengzhou, 1994.

[16] M Mayo and A. T. Watson, “Automatic species
identification of live moths,” Knowledge-Based
Systems, Vol.20, pp.195-202, 2007.

[17] S. H. Lee, P. Bardunias, and N. Y. Su, “A novel
approach to shape recognition using the shape
outline,” Journal of the Korean Physical Society,
Vol.56, pp.1016-1019, 2010.

[18] S. H. Kang, W. Jeon, and S. H. Lee, “Butterfly
species identification by branch length similarity
entropy,” Journal of Asia Pacific Entomology,
Vol.15, pp.437-441, 2012.

[19]1 S. H Kang, S. H Song, and S. H. Lee,
“Identification of butterfly species using a single
neural network system,” Journal of Asia Pacific
Entomology, Vol.15, pp.431-435, 2012.

[20] S. H Kang, J. H Cho, and S. H Lee,
“Identification of butterfly based on their shapes
when viewed from different angles using an
artificial neural network,” Journal of Asia Pacific
Entomology, Vol.17, pp.143-149, 2014.

[21] S. H Lee and S. H Kang, “Performance
enhancement of the branch length similarity
entropy descriptor for shape recognition by
introducing crtical points,” Journal of the Korean
Physical Society, Vol.69, pp.1254-1262, 2016.

[22] M. Turk and A. Pentland, "Eigenfaces for
recognition,” Journal of Cognitive Neuroscience,
Vol.3, No.1, pp.71-86, Winter 1991.

[23] R. C. Gonzalez and R. E. Woods, Digital image
processing, Prentice Hall, Upper Saddle River,
New Jersey, pp.578-579, 2002.

[24] H. J. Woo, S. G. Lee, D. W. Kim, S. P. Ryu, and
J. H. Ahn, “Eye and Mouth Images Based Facial
Expressions Recognition Using PCA and
Template Matching,” The Journal of the Korea
Contents Association, Vol.14, No.11, 2014.

[25] G. A. Ryu, H W. Jang, Y. S. Kim, and K. H.
Yoo, “ROI Based Object Extraction Using Features
of Depth and Color Images,” The Journal of the
Korea Contents Association, Vol.16, No.8, 2016.

X Xt A 4
7+ % 3(Seung-Ho Kang) 3|9
£ 19944 8% 1 Ayktati A}
T EAD)
C 20034 29 ¢ Adojeha AAksE
(o]}
<0099 89 ¢ ek AAk

! Ko A
20101 10€ @ =7bee] ekl ya Al
« 20134 99 ~ &A) : AU AR Bkl wd

<EAREOR> e E, AT EA L, HRES

7 © 3|(Tae—Hee Kim) 3|
+1991d 29 © AR AR
AFekah(Fatat)

£ 199341 290 ¢ A Sl AAE

AS3H(o] 8414}

1909 29 © vl ek AHE

A o] shurAp)
L199841 29 ~ @A BASE JR WS} 1
<qARob> 1 ARFe A, dole o] 2t



