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Extraction of Basic Insect Footprint Segments Using ART2 of Automatic Threshold Setting
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ABSTRACT

In a process of insect footprint recognition, basic footprint segments should be extracted from a whole insect footprint image in order to
find out appropriate features for classification. In this paper, we used a clustering method as a preprocessing stage for extraction of basic insect
footprint segments. In general, sizes and strides of footprints may be different according to type and size of an insect for recognition. Therefore
we proposed an improved ART? algorithm for extraction of basic insect footprint segments regardless of size and stride of footprint pattern. In
the proposed ART2 algorithm, threshold value for clustering is determined automatically using contour shape of the graph created by
accumulating distances between all the spots of footprint pattern. In the experimental results applying the proposed method to two kinds of
insect footprint patterns, we could see that all the clustering results were accomplished correctly.

=
T w2, ART2 &12F, T3 3} Insect footprint, ART2 algorithm, Clustering

. Eahsta M A Haox}: 2007, 4. 5
» Eojf8tm Hejo|ciof S szt

0



A5 QAL 4 ART2E 0] &3 2%

PAEY AN U 9 52

I.M &2

Aoj A8 = 27} ko) meo] Bo] o] o} el whek
37} A9e B9 239 0|50 W AAHLE o]

-2%0111 NIE} 2R 4 A A EF 22 A 2

F2obFd EA HA FAT F A G Fo thE
Ageg %‘?Jilt BF 2 A9 A 7 o
d%E & 57t Ak

E3 2 TF S YIHoz YR X HTHE o F
& Fol A EFo] SBF SHo] Jon Uzkel Hd)
At ¥ @A A E dgo] FodEe S /1A
2 Atk WA 37 % dutel gEoju Ao &
o frgeol Hd FYPEeETFED T LAY YRS
shepay) fsiM e SEE PEel a7t

A FAA=S] 373 #¥ 34k Connovationdl] A
= °J o %“594 %‘ZH-% 92 USSR

EfF Hdolztn &
woMA o 2 2
1 zE L%‘:«l +Ade FH3)
58 wAE g ol83ta] MEAA 542 24
sh=d) L*al AHSE 3 glew], FF Aol e o] &
AN g FPHE TS AA AT =72 B8
g 7 g o] TH2)[3].

EA) g g o £AE BAZL AP x4 o]
BE R A HAEA 3 AR A H =], h
29 ol @ W e 23 FRUG SR TR
‘%‘EH@(Z%"J ﬂé_i E}%?SM 711%Zq < “‘Zﬁl% %

o Sl A 4
& AF FEeho] Q70| FAsHE YL A, AT
84S ¥oln UBE ANE Yol RAHE £ 5
sie o) wasi) e

7
o] 7M1 Y& A AP, A
ART2(Adaptive Resonance Theory)E Al-&3t31 )
olg1gt duE|FE A8 MEAA IE & AF
a%a%ﬂqﬂﬂ@°ﬂ@°ﬁﬂ§%aqw
71E22A S NIAE o|njA &

a2 (o oy

A g
a9 13 2L R HEGAE
174]9}7“ oi% HeAE 74
3}

Fl

Fl

L

a2 1. Black Trakka™ %X &

WA HE 3

Fig. 1. A tracking tunnel device using Black Trakka™
tracking card

L A3 85 g
EYF B FAE ol &3t wATol B3 £
£ 53t
2. 0|73} &4
2% AT FA LA E 2 E T3 1200dpi H
256 L@ o](gray) Bile] PFo2 WAL 2F
B2p= Q14 o f-&3trhar el %] Abutaleb 411E]
F& A3t o3t
A FE P
3-1. QARE s AAET) 8 4 T
gl EAdhe ZE Hpo)E 2 A Al &
ZARN 53 2HZE 83t AFRE FE
Fig=y
2. 33" AGE FA A A 294 o2
ﬂlﬂ?‘f}h dlol] &2},
Z a7
AAFLE A% 2 Ee ART29)

w

]

4.9

¢ 1
41-5?%

1605



F=AFHREN G =24 AW A8

YARLE AMEH T ZF 9] Av]9 B Il
#glo] HAZT L A G2 T35 Dt

4-2. 7239 dlolE o] AARE S Do} TZ A3
Qo] g dd o2 2F B AT

18 2 As dH9FEE el
Fig. 2. Process of automatic segment extraction

2.1. Abutaleb 0] 23} 719}

A7 g FA A 58 AT A= 244
o)) 2}&)] 1200dpi, 256 “1ello] W o) Z ) G Ao 2 W3t
532256 1Elo] FA-e Qa9 Axy vAlQl o3}
H4&9az Bk

olst YL HE AUA Y A4 AUEE A
Se 2o 242 A5 T o, A4 BF
o} 214 B0 me} o) 213 7]y & vha A H 851

O

on AZEE Eo)7) SlaiA Thekst HhEE o] 1t
o YH6I7). wWatA B =8 "7t A o
742 o)A 8} uhd Foll A 22 WA} ZF 3} Zo] A4t
o Maty YT} & Ao} Attty g
Abutaleb7} ®|2H3} 0] X138} & 2 2] &S AHE3HTHBI9]
olnx 2 ZHsE J2EIYN FERFYSF
(probability mass function)7} Z+z} h(g), p(g) 4 ™, &2 &
% 8+4*(cumulative probability function) T F24 2=

A 9] g
Pg)=32p(i),2=0. .. Gous M
i=0

J7)4 Guais 22ll0) G782} H ol ¥7134E Srl 2t

1606

A7 WAL ARl T & #@ A7
P(9),0<g<T% Plg), TH1<g< G2 EAH T, A
Az uRg el gL a3 2o

G
F(D=P= Y plg) @

o)

Abutaleb7} Aotk o] W38 dnelHe Mz dFH
=709 e AFE ST g, 2 ke SR Bale] 1
Zo] ezt goF 1 HAlo) o] 28 HTF aeo] HAgk
golth & %ol AAKT, TE 8] 2D 3|28
p(g,9)E AHE3T, 2R FA AT, D A4
37 Bk o0& 2 e F Aot o)W g JARE A3
NgEle AZ(H) AER I G Z(H,) JEEHE 2
A5 F24 ot

&G oeleg) , pleg)
Hj_ ,';J;P( D P(T; 7)
& & 9.9) p(9,9)
= i zT:+1] E]‘+1 1- P(Tﬂlogl—P(T,?) @)

2.2. A 3HClustering) 714
Tz B vl HEo| FEAH R Az
a1 ojg) 3t FAEo| FAtd %Eﬂi etk A8 G
oZREH JIAER BAZS ERANE 4 AL ¢
o] ojjm, 7}]54]%2 WA= 3237 JEA VIE A
2olME 229 FRs 27, o) 94, BRI 2
2 724 YA 2T o183 7234 3
[415]110].
o] =R o9 H o)X ok A& A LATS
27357 jaM 239 F2HY 237 Holjd A
Z3zw ¢ndEY ART2E ol&3td &3

ghct
[L1][12][13]. ART2 &g FL ZFo] 7FA L e T+
=



A5 A3 47 ART2E o) 86 23 A9 94 oy 99 3

el

T8 7129 Ao HE AL S B8
ob g WA = s o] VIEYAZ 71E SaHNU
| M2 & gl A8l AQAA FEE 2 E A2
AEH o2 A A2 woj e dAA A& WY
ZETh ol A AT A WA S 3 A
269 Q¥ oz Aesn g gFo] £9
712 S 2HE9 A 1] A} 270 AA
AAZET Zod 2 22 PR 2R
tow A2 e Fe2AEE A} AAE Az
AH8-3 ART29) 855 €318 5& o33 2t

[«

o

fo my o 1
o rE SR o sy 2

=

WA LkiA QRANDE x, AT 1A 22
289 F4 ke w;P ek

A2 A2 92 A 1, B A2 ADE
Ae 2L 57 2U2HZ AdEh 9

oz gy Fe2g A duHe Ae £
2] £ A 7] (Buclidean distance) 2 A AH5HT}

o~ w | = minfe,—w @

oA 3. 4 HElol g vigilance testS 3 3ok
4 G)elM B AAE g Hdo] 524 e 2E 9
SAES B Basts QA hthreshold) o ol
soje o] & Feo] Fa Fel2E % FAFE Y
A& onlste] o] YUY HH S A Fe{2E o] LA
A 54 ) 2ol s4 2Y 2 Y FA & FAR}L
agx god o] Y duez M2 FHAHE A
dgt

iflle,—w; | <o °ld, ®

xk+w;fd o Cluster;:ld I
= old ©
“ Cluster “ +1

new
-
7

w

A71e) A Il Quster? || & 7 2el =8
239 948 e o] sfsolct

B 4. RE 98 gho] A9 A7 9 198 2
A 3SR SR ARD HEHE GEe d

—

B SaaAY AT 228 34 ol wel ¢l
oW gEe FRET

23. Aod A5 YA AR 71

T3 AATAY FY 272 $3E A HolH
2RE q9Holx g FgF Fej=HP L sl v
A% 8 @12 E ART2E AHE-3HATE o] 2] ¢ ART2
duE S &) e Zelad e Fo4A G
YA U £y g} dslete FLHY F
A B w; b 2710l A4S = AR ool el 274
< ¢4 Ut ART2 AR T 2312} 5 9} vigilance testol
A A4HE A% o= L HE e 544 w2t 2]
t2A AR oA H, 7|E9 At 4 Ao
AEHA FH dolel & F3) do= A At Yot &
& QARE F2EY HAEE A= TR L

A
22 A4 gom, 29 298 244 224
AR JHAR AP @S R Aol FoAug
Fas
A4 g 2FES AFANOR B A7\ 0
o] HE Pe} 7129) ART2 $u?Z02 ST 7

3z
& QA A ool Atk
] & S o] Black Cockroach®] 7 $-oll & &zl= 9] 7
7 0] 27 3} 3 Native Bush Cockroach?) 7 $-oll = @z}
o] 7+A o] At A o g g of Black Cockroach o} Lah=
o st TR} 2 FHHEE YAFS B
Native Bush Cockroachg] 2Ha}ar& 7213} 8 o) &3 3}
| A] £3}= I Ao w8}, Native Bush Cockroach 2]
Wb et TR 2 FYHES dAgS A
7 31'H Black Cockroach®) A= #338} & of 73
3} 5] 2] 25t HAdo] BASHA et o] o] R E ZF
wasa) o] 249 A7)9 F{el wet e e
A2 GAoll A ZEaaE Agd YARE 271
AR &4 Qe ool sl

WA o] =EAMNE TF AT AL AE =
Aol AgslA A, 252 A7)} FF9 o] F&et
A e A S o] S5t AAE BAFE FE5}
71 Y&, SAtE AxE AR AR F, AA4T
dugZo A& AR 0 F AF o AAs A
gk Ak oA g AR 35 YHAE 3T
Ao EAete BB AE e Azl A A A=

Zolgstn glon, 28379 2 24 ALE 243}

1607



A S BTN =EA ALY AL

HoENYSA At =G
w0z 242 98 27
o e Qe AHHez
A9 HE & ol 83t
g AH5H ko
& A FTh
Aol A A e BE
3%l dehve
ol A vehd e

BE 7} wse WYE, Fel2
N
.

[
o
(&%)
rlo
r

047 48

i

)
o
do,
Y

)

re,
2
o
ol
ol
4r
Y
>

w Y

e okl o
o, ol pin
o
lo

Ho
NlO rH 1o mlm O{N'

o

Loy 1o
of X oft
o rlo & w

PO

L
o
o 3 2
A I U )
gﬂrﬂ
=)

e 19 39) zonea= 19 49
2%9] ¢kk(zone al), 7% (zone
g gxgled, F A 9aE
3¢ zone b B X &= 2% ¢, FIhd,
zone b7} A}

M
o oy
S0 O
o T
e odK

Orl.,

y
|

A=

08 3 wA=2 HE 72te] Al F3 =
Fig. 3. Accumulation graph by distances between
footprint spots

] .‘ \Zme al
B

Zone a2

Zoneb

.
' ‘/Zone a3

-

Ozl 4. 3 REle 25 ¢Xie
Fig. 4. A segment in an insect footprint image

adse 4
ojy, 1¥ 6
&) median E ¥

G4g olgste] 44T A 2y
2ol Iohzke EAH LR 97 9
4% 34 2 TE ehdch

1608

P
O 5 25 oy ME 7he| AHzlE FHAZ
=
Fig. 5. Graph created by accumulating distances
between all the spots

a2l 6. 2% 52 22 =0 median ZE{E XSt
Zo| geff=
Fig. 6. Graph after applying median filter to the graph
of Fig. 5

wetA] o] =RAME &
D% 2343} zone bE o] &
DA BAS A2 YE dAE FEd=d AHE

B},

o T
ol
o
R
o
Ach

N ol e rf
L oz

e

of ©
o 18 ™

2
&
o,
=
07
2
e
g
&
|
)
O
&, My lo o

i
o
1 e

fu g no
L
Xl

>
oo

oft
ox
o
fe
$
o
R org
ithS
i,

o o
_QL
L2

&
we (U g
A

U
-~

u
A
X

_(|)‘_|‘
o
o>,
ol B oox H
e

FAFA 29
ArHYS 9
CPCREECRE.
o|HZ ALRHE T

a3 7L e A
o] dFol, A
B a FAFTAHEE B
P A e 97 2EE o
HAx 9 ﬂr:H*Z‘]’-‘ﬁr-P(LmimRmin)’ P(Lmavamux)%
S 9ok ol @ HEE FH2HY AT A 2E
Ao AAHNEE LAt 19 8 A FH 0] 7t

e =

of
18
off
o
o
P

[

of
T
> e
. fru
Jo
o N
e 2
e rir
o =
T e
28 (1
s
o H!

1
e
9% 3o
B
oy

&~

&

o

~N

b



ZHE AAZ A A ART2E o] 48 22 229 Q14 U4 49 &

H

1 9E RAFHE ol gstel st AAz wed 2 Fo BA% A Y5oke aAdA 239 v

H2udy dnelA GEE FEAAAG DA B ol viee] Hol gt FEGEX BFHY §7
%3 ok Re2 A3 AR WAYA Y2 AT o2 A%k,
o3 B ol 22 AR E HEe] Bl W

At o)l @ ol 29 HFte HES INE BAT
AZ FRGENET S 24 X s 2%
7h 2#E 5 9lof o @ wol2E AAS L LA SE
A EahE Hete] vt sojoF E Ao Azt

max*Rmax) .
3 7.0 X3 weel 2 S4 27| . d .
Fig. 7. Center of gravity and size of a spot area vt W ~ L3
i *
¥ s d
» ¥ . Y N 1 - 3 \ *
. & - L4
" o 2 . . .
¥ & - % % . '
) .
L] ’ ’
e T7 o YR GANAR)Y ojTE dA(REH)
L0 Fig. 9. A sample imagelleft) and the binarized
image(right) using Abutaleb’s binarization algorithm
O 8 RHSAA 3T\ 888 ¥y FE oA
Fig. 8. Steps for segment extraction using center of ;
gravity and size » . ) '
i - i -~
» ."ﬂ L]
- ' ¥
m. A & o v | * T |
oy “e e ..
Aol AHgE 2% BAAZE A7]9t 24 o] A ol * 1 %
2 t}& Black Cockroach ¢} Native Bush Cockroach 2] 27} 3 - 3 ) )
A F78 AHESTE TR 9% 44 BFoA 2256 - .- '
ad o] eAle] &2} 4 A Abutaleb o] 713} ¢arg o : .- :
Z[8191°0 93 o] 3te FAde]rt ) Y
29103 28 112 A% LA ART2 4SS M v w0
45l gropd Fej2vi"] At o BA= s ¢

a8 &3 oito ¥ 1-& Black Cockroach®} Native

ClCalies i 212l 10. Black Cockroachel ¥ #=& Z3}
Bush Cockroach®} 23 tha} 242 3749} 4-d< Wit Fig. 10. Results of segment extraction of Black
A sigich Ad g = vAYEHY JA AFo Cockroach
Q18] kol Brb5dt 4GS Faglon o2 Q) A

FEE Pashe Aol AT T} olel @ HH R
A Fe B e IPAAE F e HTES R
o3 gleh.

1609



FHYAR TN =T A 11 A8

» N, ’ o,
‘n
\. L - Sl o, K
» . , .
", S e .i' ., ~, ¢ 'i
K] - .; ot
ooy . \' “

22 11. Native Bush Cockroache] ¥4 #&

Pijl_l.

FFig. 11. Results of segment extraction of Native
Bush Cockroach

EA1

L EX2e ¥y & 2R
Table 1. Results of footprint segment extraction

Native Bush
x5 Cockroach Black Cockroach
nl | n2 | n3 | b1 | b2 | B3
threshold 205 | 235 | 400 | 295 | 290 | 330
Far
AA )
o3y 0:3g | 9%0) |110)] 13(2) | 18(0) | 15(0) | 17(3)
° | E71Ed
a | A% 1| 10 17 | 15| 11
2 | deAAF 0 1 1 0 3
A3E 77.8% | 100% | 90.9% | 94.4% | 100% | 78.6%
v.Z 2
o] =R A e 250 BT L U457 AT A ?_P
Az A 912] thato] H& 2n) e g9 e wAwE 99
S %37 98 23 CnAEFE AAHAS AL
B 2R3 gae &L 7| EY AR aﬁal’%ﬂ»ﬂﬂ%:
o] BXE o] 43 AAIZk A A 7 F7}13k Aol
o}, Alorek 7)ol o &) 2 7}A] 239 “‘XH yeEL +
A3 e AYS Sy A GaTe] 219 HdE
Abol 9] Z¥A o] th ol & BFeln ARt A @3t o
Aste 2A3 298 240k

1610

D
re

=)

[1] “Connovation - equipment instructions,” http:/fwww.
connovation.co.nz

[2] Desley A. Whisson, Richard M. Engeman and Kellie
Collins, “Developing relative abundance techniques
(RATs) for monitoring rodent population,” Wildlife
Research, Vol.32, pp.239-244, 2005

[3]J. Russel, “A recent survey of methods for closed
populations of small mammals,” unpublished dissertation
to STATS776 Animal Abundance Course (A), 2003

{4] Lea Deng, Daniel J. Bertinshaw, Reinhard Klette,
Gisela Klette and Darryl Jeffries, “Footprint
identification of weta and other insects,” Technical
Report in CITR, The University of Auckland,
pp-191-196, 2004

[51J. Gray, Animal Locomotion, Weidenfeld & Nicolson,
London, 1968

[6] M. Sezgin and B. Sankur, “Survey over image
thresholding techniques and quantitative performance
evaluation,” Journal of Electronic Imaging Vol.13,
pp-146-165, 2004

[71 A.Rosenfeld and P. De la Torre, “Histogram concavity
analysis as an aid in threshold selection,” IEEE Trans. on
System, Man and Cybernetics, Vol.13, pp.231-235, 1983

[8] Young W. Woo, “Performance Evaluation of
Binarizations of Scanned Insect Footprints,” LNCS
3322, Springer-Verlag, pp.669-678, 2004

[9] A.S. Abutaleb, “Automatic thresholding of gray-level
pictures using two-dimensional entropy,” Computer
Vision Graphics Image Processing, Vol 47, pp.22-32, 1989

{10] Nils Hasler, Reinhard Klette, Bodo Rosenhahn and
Warren Agnew, “Footprint recognition of rodents and
insects,” Technical Report in CITR, The University of
Auckland, 2004

[11] Simon Haykin, Neural Networks: A Comprehensive
Foundation, McMillan, 1994

[12] Gail A Carpenter and Stephen Grossberg, “The ART of
Adaptive Pattern Recognition by a Self-Organizing
Neural Network,” Journal of IEEE Computer, Vol.21,
No.3, pp.77-88, 1988

{13] Gail A Carpenter and Stephen Grossberg, “ART2:
Self-Organization of Stable Category Recognition
Codes for Analog Input patterns,” Applied Optics,
Vol.26, No.23, pp.4919-4930, 1987



A5 QA A ART2E o] §8 22 LT el A4t 4 5

PPN |

A & =(Bok-Suk Shin)

1998 29 T fstE AR T

BT
2001 89 : S ugtw AFE TG
: 7} FarAAL
2002’@_3% ~20033 29 2olgdtn AL FAAY
ﬂ?*PMd?

20041 89 : SAFTh S AL AL S
% Bk AFH 1A, FAAY, AFEHA, ¢

AA%

o ¢
O

Xl o ¥(Eui-Young Cha)

o 19791 291 : A B Oj 8t AAF
e

19821 29 : A & o) &t AL A3
o 8414}

g

Hlxd
ﬁ £ o 2(Young Woon Wo0)
YNEET 10899 29 A E ARE S
= EEn
4 dAygte gt
A8t 3 A A
19973 8Y : ANt B sy AATEH T
ara}

19974109 ~ @A) : B h o} el n) o] Bph W
20079 ~ A : @7 Y8 F At FA o)A}
KA BoF: AFA S, G4A, JBAN

1611



