Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2017.18.12.157
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 18, No. 12 pp. 157-163, 2017

HE2Z ERY QA 3l

ol
o
e
ffo
do
ot
)
2
Sh
mgll_«‘

BlesAto|iChEtm F7 KRS AIZS

o = (i

Object Segmentation for Detection of Moths
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Abstract The object segmentation approach has the merit of reducing the processing cost required to detect moths
of interest, because it applies a moth detection algorithm to the segmented objects after segmenting the objects
individually in the moth image. In this paper, an object segmentation method for moth detection in pheromone trap
images is proposed. Our method consists of preprocessing, thresholding, morphological filtering, and object labeling
processes. Thresholding in the process is a critical step significantly influencing the performance of object
segmentation. The proposed method can threshold very elaborately by reflecting the local properties of the moth
images. We performed thresholding using global and local versions of Ostu's method and, used the proposed method
for the moth images of Carposina sasakii acquired on a pheromone trap placed in an orchard. It was demonstrated
that the proposed method could reflect the properties of light and background on the moth images. Also, we
performed object segmentation and moth classification for Carposina sasakii images, where the latter process used an
SVM classifier with training and classification steps. In the experiments, the proposed method performed the detection
of Carposina sasakii for 10 moth images and achieved an average detection rate of 95% of them. Therefore, it was
shown that the proposed technique is an effective monitoring method of Carposina sasakii in an orchard.
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1. M2 = GAol E¥E3, Hgolrh(Grapholita molesta)
I A A, ol ol A, A tF T S
Hsobd A U(Carposina sasakii)& ¥, A, & Jlgjsle] £ adl AR FFL A= Fa 8

"Corresponding Author : Tae-Woo Kim (Hanyang Cyber Univ.)

Tel: +82-2-2290-0311 email: twkim2@hycu.ac.kr

Received November 1, 2017 Revised November 28, 2017
Accepted December 8, 2017 Published December 31, 2017

157



FEAs71E8 8] =2 A Al8d A2z, 2017

% =9 shveld1][2].
Eeolilaubte] das Haslelr] Haide 2
WAZE v S et el
el JiAl =5 ZUE k] WA Al71e Al Sleee]
ARse Zlo] vigrdaitt. A aFe] RUHP e g
23 EZ(sex pheromone trap)[1][3]2 =Yl A=)}
B 5 el dF A 5 s Pow
e Aole] Belol] AZE RS AR5
A%l A 55 85k BAR W GAA 7]
o1 g8 A5 wUHY ol
ARDE o83 A% A Aol B Tl
HESAMA], E5FAL AeAA[5]
x5 Stk 9] A= SVM (support vector
machine)[6], ANN (artificial neural network)[7], KNN
(k-nearest neighbors)[8] 59 WHEC] AT+ Aok
ol5 HHELS FAlA HF A A8l
7|2 SJEEE Ao ue) Selold % WHA(sliding window
5171, AA 2%

=
4], 5% 71

el

REs

REaE Bohy

RLN

=
©

n=s=s
TIT=

approach) HH2l(object  segmentation

—

12 (feature based approach)[

P

)19
—

approach)
4]e1181°

—

il
T
i
P

&

i)Y
i)
<
of,
e
k1

o
1>

o o %
2012"
ofy

f
1=

BCd

=
__)H_II’
o

N
r;(;’ of
o
)

0%
[
5

ik

i
My
N

oft
2= o

]_

=

o
ot

[
-
ol
-
ol
-
=
(
vy

>

__>|“_’,’
M
et (o
ol
>
__>|4_1“
il
2

tjo M

zog
=
& o
e
(S
k1
A=)
[N

=
i<}
to
o

Jm oY
i
QL
=3 rir

o

Am -ﬁ e of
N

ox
o

(local feature)
Eig=s

A Az ER
< g AA 22
2](preprocessing), =El*] *]Z|(thresholding),
&4 e ¥ (morphological filtering), #°]&% A
Z|(labeling)[9]2 Tk ol HA F LEHA A=
T3] AsE Feske vie S8.9 A2 FAelrh
Akek hH-E FEX] X #dol|A] o] 44 &

M
u

o pir
EN N
ey

(
2

o8t
= ok

2

o of
ol

)|

iy

M
im

g
o oo
tu o

=

o 2
2
oo oy
X
= g

)
x
b
i
=

158

Bpop el 4A &
Fig. 15} 2t} 9d43oll 4= v
S nolvl, A YA g
A7} e,

% el vl
St o] Az, 2
o|2eo] o

ARE Bgol

ox Iy
e
Auk
rlr

-
it

Xorl

A 2% do
o ox M mo w

T8 X W(threshold ma
Py
A AA,

(local property)S g
whso] ARggitt 3

(morphological opening)[9]&
A B2 AAES wEshe
HS T3 Aozl AA S

(labeling) *E]E shH =g

o
2
=)
N
ofr N
o N

o

Sk e 1o a2
o, @

i)

Fig. 13} Fig. 33}
3] gote) Aolrh 27 e B
53} w7 kel W) Aolv)
a5 Edol & F g70]

e g

> o A Lo
o
N ooX

l‘.._iﬁ

BN
ol
lo

to ox
S o2 Hi

=

E9) A4S Wk

s

F
i




(b)

Fig. 1. (a) Appearance and (b) trap image of Carposina
sasakii.
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Fig. 2. Flow chart of object segmentation process for
the moth images.
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Fig. 3. Typical histogram of the pheromone trap image
of Carposina sasakii.
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Fig. 4. Extraction of thresholds from the moth image:
(a) globally thresholded result, and (b) sampled
regions described in yellow color box by using
the thresholed image and moth image.
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Fig. 6. Obtained threshold map: (a) the global version
and (b) local version of Otsu’s method, and (c)
the proposed method.
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Fig. 7. Comparison among the threshold maps resulted from
three methods: (a) difference image between the
local approach of Otsu’s method and the
proposed method, and (b) horizontal profile in
the center of the threshold map.
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Fig. 8. Flow chart of moth classification.
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(b)
Fig. 9. Training patterns for an SVM classifier: (a) true
moth patterns and (b) the other patterns.

10.

Detection of Carposina sasakii in the moth
image: the objects of red contours represent
single or multiple interest moths.

Fig.

H 35 S AR ol AR
21820 A Cannon EOS 40D 7}
Hojt}y. ¥ dEL AHETH
A& #I5f =7} 640480

re

2

%

oz

!

fru
M

it
dome

M oy
O

=

o
oy
i mi
e
e 2 o

M
L

Fig. 12+ Otsu?)
WO R AEgh AR
Hol 7|&Ee] Wn

2
ro
o

pz
i &
EN
o L

oXx,
w2
rTI
o2

ofr
ol



FRAS &= BA) A8 A125, 2017

&2 ATt A% hAeE AR A 7

5. 42

B =FoME H2E EY gio Bgolbd At
o] 3% HES Y3 A B hEE Aekskai). Aok
e SE G a4 EAS drdEEg ¢
Aagk FEYR] A2E & 5 3= AAo] ok AFelA
719 A9E Wt A W vlaste] A9kt
o] -8t A5 YeElbgS 2ok w3 5 94
of diall MA EFE T8t H 95%] HE&S 4
o] Hge] HgolalAute] mUE Y] {83514 A
43 JSE B

T Gl Tt slse] YehE YRR dF
FdEl gt Baol Aol A&l tigh Jdrt 2
23T},

Fig. 12.

Table 1.

Thresholding results: (a) by globally optimal
thresholding, (b) by locally optimal
thresholding, and (c) by thresholding using
the proposed method.

Detection and its success rate of Carposina
sasakii in ten moth images.

No

1| 2| 3] 4] 5| 6| 7| 8| 9| 10| Total

Correct
moths

65| 66| 10| 8| 8| 9| 19/ 9| 11| 4| 209

Detected
moths

570 621 101 9| 9| 9| 21| 9| 9| 4| 199

o) Rate(%)

88| 94| 100, 88| 88| 100 91| 100 82| 100| 95

Fig. 11. Typical detection of Carposina sasakii in moth
image: (a) input image and (b) the objects of
red contours represent single or multiple
interest moths.

162



HE2E EY FiolA

jh)
A

RS
o
N
U
]

Sid

o
ofy

[1

—

(2]

3

—

[4

—

[5

[t}

[6

—_

[7

—

(8

[}

[9

—

[10]

References

Sun-Young Lee, Kyung-Hee Choi, Yun-Su Do,
Soon-Won Lee, Changmann Yoon and Gil-Hah Kim,
“Management of Grapholita molesta and Carposina
sasakii Using Mating Disruption in Non-Chemical or
Organic Apple Orchards”, Korean J. Appl. Entomol.,
53(2), pp. 103-110, 2014.

DOI: https://doi.org/10.5656/KSAE.2013.11.0.056

Jeong, Sun-A, Lalit Prasad Sah, Jeong Joon Ahn,
Young-il Kim, and Chuleui Jung, “Occurrence Patterns
of Three Major Fruit Moths, Grapholita molesta,
Grapholita dimorpha and Carposina sasakii, Monitored
by Sex Pheromone in Plum Orchards”, Korean J. Appl.
Entomol., 51(4), pp. 449-459, 2012.

DOI: https://doi.org/10.5656/KSAE.2012.10.0.061

Adriano Guarnieri, Stefano Maini, Giovanni Molari,
Valda Rondelli, “Automatic trap for moth detection in
integrated pest management”, Bulletin of Insectology,
64(2), pp. 247-251, 2011.

Young-Seuk Park, Man-Wi Han, Hwang-Yong Kim,
Ki-Baik Uhm, Chang-Gyu Park, JangMyung Lee, and
Tae-Soo Chon, “Density Estimation of Rise Planthoppers
Using Digital Image Processing Algorithm”, Korean J.
Appl. Entomol., 42(1), pp.57-63, 2003.

Chang Bae Moon, Byeong Man Kim, Jong Yeol Yi, Jae
Wook Hyun, and Pyoung Ho Yi, “Detection of
Candidate Areas for Automatic Identification of
Scirtothrips Dorsalis”, J Korea Industr Inf Syst Res,
Volume 17, Number 6, pp.51-58, 2012.

DOI: https://doi.org/10.9723/jksiis.2012.17.6.051

Chenglu  Wen, Daniel E. Guyer, Wei Li, “Local
feature-based identification and classification for orchard
insects”, Biosystems Engineering, 104, pp.299-307, 2009.
DOI: https://doi.org/10.1016/j.biosystemseng.2009.07.002

Weiguang Diang, Graham Taylor, “Automatic moth
detection from trap images for pest management”,
Computers and  Electronics in  Agriculture, 123,
pp.17-28, 2016.

DOL: https://doi.org/10.1016/j.compag.2016.02.003

Chenglu  Wen, Daniel Guyer, “Image-based orchard
insect automated identification and classification
method”, Computers and Electronics in Agriculture, 89,
pp.110-115, 2012.

DOI: https://doi.org/10.1016/j.compag.2012.08.008

Hyeon-Joong Yoo, Tae-Woo Kim, and Chun-Seok Oh,
Digital Image Processing, Firstbook, 2013.

Nobuyuki Otsu, “A Threshold Selection Method from
Gray-Level Histogram”, [EEE Transactions on Systems,
Man, and Cybernetics, 9(1), pp.62-66, 1979.

DOI: https:/doi.org/10.1109/TSMC.1979.4310076

163

2! Ej S(Tae-Woo Kim) [BAI3]H]

1992\ 2¢ . FUYstul

]
AAEAF8ta} (F84Ah
01995 2¢ : st skl

AAFEA &8t (Fahtah
© 19979 3¢ ~ 20031 2€ : 44
F871E9 U-health® 54979
020039 39 ~ @A : FHFAfelH

deki A7 HAE AT

° 1984\ 24 :
#8333

° 19861 29 : FFuistal dhskdd
AAHE2 38 (FE2AAh

0200151 8¢ : gkt digy
g8 (B

0200351 3¥ ~ &AA : FEdga
AR e g

<ok
ARBOIA 28 Hlo]E] 54, e-Learning, 3/ ], AR E4]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


