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SOMBAT SUKSAWAENG : DECTION OF POMELO LEAF MINER’S EGGS USING
IMPAGEPROCESSING TECHNIQUES. ADVISOR: DR. SAPRANGSIT MRUETUSATORN,
154 PP.

Pomelo production in Thailand faces a significant challenge from the
infestation of the citrus leaf miner (Phyllocnistis citrella). Traditional manual detection
methods are labor-intensive and prone to errors. This research proposes an approach
for detecting citrus leaf miner eggs on pomelo leaves using image processing, focusing
on shape, size, and color characteristics. The novelty of this research lies in integrating
Hough Circle Transform with color range verification in the HSV system to enable the
detection of leaf miner eggs at an early stage before damage to the plant leaves occurs.
A dataset of 100 images (50 for training, 50 for testing) was collected under controlled
lishting conditions for preliminary validation. Various techniques, including RGB-to-HSV
conversion, Gaussian blur, Canny edge detection, and Hough Circle Transform, were
applied within a rule-based framework. Although this method achieved 96.00%
accuracy under controlled conditions, future work will focus on implementation in
actual orchard environments and comparison with deep learning approaches. By
integrating shape, size, and color analysis, the proposed method achieved the
following results: an error rate of 4.00%, precision of 100.00%, recall of 92.31%, F1-
score of 96.00%, and specificity of 100.00%, outperforming methods using only shape
and size (92.00% accuracy). This approach enables early pest detection, reducing

economic losses and excessive pesticide use.
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2.2.1 Image Intensity Transformation [24], [25]
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weion B fenavagsilinindinas

Logarithmic Transformation t9un1sulasAiues Pixel Taglailandu Logarithmic

WBLNS18AZLDUA UANATYIIANTDEUT DN INTATIAN Pixel ANLAINISNIZEFIVDIAILINTU

A15Uatn 8RNI NATANNTANS D FIUNT AU UAINNITNIZANEAIUINTY SI8ALLDEALUY

drulindagniiuligaudsu nmik1unsuUasasguloulinnuaNtaluuSaile W

USNUNEIN9019NaNTUaLIBYAAS

I'(z,y) = ¢-log(1 + I(z,y)) (2.2)
I(x,y) B AIALTLVDY Pixel Tusiuiis (xy) Tuniwauatu
I(x,y) g A1ANuLTNYBS Pixel Tusumis (xy) as31nn1susu

c fip AAsnlgAIUANTERUNTWUAY

Power-Law Transformation Power-Law Transformation #5891 .38n8nag1431

Gamma Correction tJunisutasiildiiiousuannuituves Pixel lunmusedaya laald

ANUEUNUETENINaAT Pixel Whnfu Pixel Tudl dnnudAglunisaivauseauaaaingdy

A v aa o o & ! ! . = 9
ﬂ']‘W‘Vii'E]sU@%Ija I@IULQW']%IU?I?EUV]ﬂ'ﬂqﬂiﬁMWUﬁigﬂfﬂﬂﬂq Pixel LLagﬂqiLLaWQNaluL‘UuLau@iﬂ

(non-linear relationship)

If(:r. y) =c-I(z,y)’ (2.3)
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I(x,y) A AANLTLBY Pixel Tusinnmis (xy) Tuninduatu
I(x,y) ABAIANITILYDY Pixel %8991nN15USUAIY Gamma Correction
C ARAIAINENSUUSUSTAUAIIUIY
=) 1 d" d' 1 %
Y Aor1 gamma Fsldlunismuaunisiuasunlaaaimnudy

I A v ! o b4 ! é’ 1 ! PN ! o 4 A
A1 Y NuUsanin 1 VAN IWEIUU dUA" Y nunnnin 1l yANINLNGY

Histogram Equalization Jumafianiislun1susuusamiunudavesnin (Image
Fnhancement) 1a8n15052218A1A210a7219%84 Pixel Tuninaanldvingiravesaiainuidy
(U 10 0 D9 255 @NUSUNINUIN) wazibinIndALALTANINTUIUUNINSE] TaeLaniy

281989 lun AT NLANEA19Yaaslinnn 1583l contrast ¢

I
st = T(re) = (L — 1)) pelry) (2.4)
=0

rk A9 SEAUAMNUIUAURTY
sk Aa sEAuANULNTA
N J 1 [ [ t4 5
pr(rj) AB AIAINUUIVLLTUVDITELAUAINULIY 1jr
L Ao Srunuseaumuuiduldle gy 256 dmsunin 8-bit)

T(rk) fim Handunisazan CDF

2.2.2 Image filtering [26]

nsnsesn nvanefansle Filter msadnmandii e sundanmaingaUsyasd
A9 19U N1sandaIMIunau (Noise Reduction) 13001517 4AINANT AVBIATN
i’mqﬂﬁzaqﬁLﬁaﬁamsaﬂé’mmﬁumu (noise) wazauliasinaevasnmludule Taeavih
Tinmgifeutuaranuusunusswia Pixel sy

Smoothing Filter Liu Filter AlTunsUszananann witevildnmgyuuiaty
Tnensannsildsuulasiinadaszrning Pixel vaasieaidonvesnn Filter Ussinniisinld
Wiean noise wiosumulunin viefieannnudaauvasseasdeadn 9 lunm ndnnis
Y19 Smoothing Filter aziluniswadgAdnionnuiduves Pixel lndifs siuluiui

%l 1un19lY Gaussian filter vinlwsngagidunlidAgse noise anad Jaun15nsdl
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Glz,y) =
) 5

! = exp ( J_; i .,y_) (2.5)
TTe . 20°

Glx, y) AD ANYBININTU o AL (X, y)
exp Ao WnTulondlniuugea (e snA1aa)
T (pi) fia Armedilo (Uszanes 3.14159)

O (sigma) e ALTLAUUNINTFIU TIMIUANAIINNIIYBINITNTEANY

Sharpening Filter t{u Filter 714 lun15UsERIaHaN M BLA HAINTALAUTDS
F19azdunm9 9 TunIw ImaLﬁuLﬁuﬂJawaﬁmqﬁaswaazLﬁamﬁﬁwﬁ’zﬂﬁLm%’ﬁu Filter 4
M39971AU Smoothing Filter ﬁﬁﬂﬁmw@umaﬁu Sharpening Filter g1 un159111%AT
Wasuulaswes Pixel Faaudunaziiiuaunudaluuinadiinswdsulawesdnion
1 MENN139P197189 Sharpening Filter Aan 154 4 contrast 5213749 Pixel 7 finfy

lngiamzluusinuniidurey faeg19auns Laplacian filter oglungy Sharpening filter

I(z,y) N 0?I(zx,y) (2.6)

L(z,y) = O dy?

L(x, y) Aouaansuasnsiamanitunisavangdeunuilenau Ix,y)
I(x, y) AaNeAtumrson mAuaty

92/9x? WA 82/0y? ADBUNUSIURUABININWLILAY X kAT Y AIUFIRY

Median Filter \Junilslu Filter L3 aduii doulduniign lnglddmiunisan
impulse noise (#39 salt-and-pepper noise) ?z'fﬂLﬁmmm;mm-@?wﬁﬂizﬁ]’mﬂismaagjﬁ’amw
Filter HhagyinsdnSesn Pixel luifuiifidmuamusduaun wazunuen Pixel nanaded
g1 19361 Pixel viavualuiiufidy ?jqﬁqmﬁqﬁ

-~

flz,y) = median{g(s,t)}, (s,t) = Sy 2.7)



27

flx, y) Aommadnsudannnislafmnseisagiu a dunds (x, y)
g(s, t) AvAImILdNYee Pixel TunwAuaty el sl (s, 1)
Sxy Aausinseus 9a (x, y) Akdlunsaun @niduntsisdndeusunn

3x3, 5x5, ¥30lngn11)

Bilateral Filter 91ulnsn5USUAN Pixel maiiuiiaiiudi (spatial proximity) wazid

ANAMULTUTY (intensity similarity) WSauAw vinlda1u190an noise lalagf diassnen

Yaunnhile ToluanundesnisassgazdenvaunInnsauiunIsan noise

x, y)

2.8)
(z.y) - Mi,pliggf(i..fyfr(fu,ﬂ I(z.)) - falli - 2), (G~ v)
I(x,y) A ATAINULTNTBS Pixel NGIN1INTBY B AILAUY (x,y)
Wp fie Arusuliduussiing1u (normalization factor)
5(,j)ES A NM53ImAves Pixel Tvualuu3ian S 5009 Pixel (x,y)
I(i,)) Ao AAMENYRY Pixel TunwAuatyu o swmis ()
fr() Ao HerFueraminauanuEsy (range kernel)

fd() Ao HeAgunsminauszeznIslunIw (spatial kernel)

f[.r.y] — median{g(s,t)}, (s,t) € Sgy 2.9)

fx,y) do mnnuduves Pixel lusiiishumis (x, y) 1859100150509

median{g(S,t) Ao AdsegIUvRIAIANULLTEY Pixel TuuTiaadlnalfesuas Pixel

g(S,t) Ao AmIILTNYDY Pixel NFUmua (s, 1) luamsiy

'
= 1

Sxy @a wne Pixel fiogluuinalndiAvves Pixel (x, y) Hagudimnd1uIn

ANLISYgIU
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2.2.3 Image Seementation [27], [28]

Wunszuiunisidrrluaiunisussutananin (Image Processing) WagnIs
AT (Image Analysis) Tnefiitmnenanasnisuisninesnduadiusg niowwniuunm
(Segment) NianuduRusrseauAGeAaeiu liinagduanundneadatunied Aady
WIeNURY WiV lanunsauweningusenunfisaulieenaniumdwenmineg19dniau

Thresholding (Binarization) tumaiafuguiildlunisuusdrunin Tnenisldan
AULTY (Intensity) ¥as Pixel wiiagan iNaN1MUAIN Pixel Wumdsazeyludiulavesnn
aa & o o I a L4 P 1 [ 1 [
Bnstaginulaen1sivuaeIwing (Threshold value) tivewusnineanidudasdiumdn

AREIUTIAIAUINEINIMAZAINIIAT threshold FRBEeAsIUR 2.32

JUN 2.32 nMmnaNgldaneaInn1syin binarization[28]

Fdge-based Segmentation adAfl 19n15m5995Uv8U (Edge Detection) vite
Aumvsunvesinglunm veuvesingannsanuldainnisiasullasisulsiessdnie
anuduatelunin Algorithm 7 dealdlu3sdldun Sobel, Prewitt was Canny edge
detectors N15l% Edge-based segmentation azvinlvveuvesinggnszyseedniay unaed

AU I DAING Noise N3DI1UALLDUATNTULDU T9919%11191N15M529TUVBUT AL

RAwanle

! ¥ o
aaa A a aa

Region-based Segmentation 1Ju35 7 1dA15UUIAINIAERNINTUINUA AT AN

v =~ o ax s oV v aa | . y 4 = a
AaneAdInuAIBlunIw 35Ua50vilanateds 1w Algorithm Region Growing &4131970
ALINALILGBN (Seed point) KAIVINNITVEIBVDUINDBNLULTDES MIUAIINARIEAT VDY
Pixel 30U9 991U IFUmgd TN M Tnguasiundlinuwana19TALAY wineIaLin

9

Jaynamngamdenluivangan viseinglianudutou
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2.2.4 Morphological Image Processing [29]
Wuwmadalunisusuld sulassasisvasingluamlaeldadnmans ds

Morphological L%ﬂﬁﬂﬂfﬁﬂqﬂlﬁ’fﬁumw Binary w380 ik 1uN15wUsdIU (Segmentation)
ud 1l ean noise USuUTa3Us9veeTng wierilvlassairsveatngdautaauiu
nszvrumsiduiifenlufunsUssnasanm mszdisluniseieudeyalindoudimiy
Fupounisiieseinidudouu

Dilation \funszurumsilalumsverssuinvesinglunm Tasnsiiis Pixel 1y
Tuuinasou Tng ilviingglvgdu Wlunsdiidesmaduiovsnevuavesingidaian

U N33UNGUTBY Pixel TID19UENINAWANTDY N3V TAT89319521I19 Pixel 30

'
% .

Tagilnaniu

= [ a

Erosion yimitifinssd1unu Dilation Astdunsanuu1nueding laen13au Pixel 9

¥
< adadaa

agsau veuveingeenly villiingoianas 3508Uselavilunisniidnga noise tane 7

¥
a v o/ IS v =2

\NERAnfuYeUYeding wsevinliveuingiiauaudnd

q

Opening Uun15%1 Erosion a1usiae Dilation Inenszuiunsididanunglunis

o w

fndm noise vuIAENTIBETOUY TAglunin &9 noise arfienavinliingluninglidaiau
o . 1 o v v a [ d’( o o . A 1o @,
13911 Opening Hevihliveuvesinginnuautnuiniu lnefidnge noise lidndusenly

Closing t10unszuaunis9i1 Dilation ausae Erosion ¥eldlun1sUavetinamies

a

unanluing Bmnzdmiunsfuduresinusedunviameluluing dievitbigusis

9

vasingaiunazsaiiowniy

a

Hit-or-Miss Transformation 10 un1sudasaini ldlunasnsaadugunss

wmneztiunm wadaliningdmiunsaumanuazianzyasing Wy N15RTIanIng

-

[

nilgunssanizvsevwanmvualilunin laglinsdugjusvedasadsimmuniuing

q

Tunw

2.2.5 Color Image Processing [24], [26], [30]
Wunszuaunsildlunissansuasusuudsnniiivaledesd (multi-channel) @

12

adwaridngnuansluguuuureduinadsineg u RGB, HSV nsuseaiananindd

Y

AnudAgegnlunsienuerd USuwsiad nievinuiuteyadianie lnsusaz Color

v @

Space #ANuwnzaudmsumslidanunuandeiu Jusgiuingussasalaz sz lanvesny

a o

NN
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Color Space HSV iuasAusznauddglunisfneil esnniuwansdluguuuy

o

a v 1Y) v v i ' ' ¢ =
Naonna 83l uN135 U v vduInnIlunada ug laousavesdUsznouvas HSV i
ANRLNBLANE 1AY Hue M Uiluuasdninuaandsinee wu dune aae) waydin
<) 1 a 1 = . [y a £ a A
wanaduANTayusEndng 0 89 360 89A Saturation UBNTEAUAINUUTANSVOIANT AN

Y ~ o

a a | a W ' o aa o | Y a I
dusvesd InuA1duigaUiuaniadanantaau diua1iosuanitadnneeme; wae Value 1y
Y] ) | a o A o o Y a aa ° ) P
N137ATEAUANATNYOIE AAANAIUDIEAT1S NFITUTQAE HSV wangdmTuaui
N8I3R UNITHENLEE WU NITILATIININNTBNITATITUTAAINE 1TB99INAIY
uwanesesdanunsaueneanladienilulIgid RGB uenanil HSV agigluauisednis
WUNLAFDBINIINAINEING WA INITaUSEUIANAE A DE 1ML UENUINTL
Color Space RGB ldiuaghsunsvatslugunsaluanina 1y ninvensuiimes
Insviny wagnaedn1e3u RGB MulagnIssINAIANYNYBIELAS (Red), dLl87 (Green)

=2

wazdunGY (Blue) Faliudndn wioadsdsineg unune sgrslsiniy ul RGB aztfiucColor
Spacefifivn wiidasainlunsuonuezauunndwesdidudou lnamzeged duaud
HBIN1INITTLUNRNIEE N15LUaan1ma1n RGB LU HSV Fatqelvinisuendlinnuusiugn
wazeiy

A98 1NN LAINNTZUIUNTS color image processing Tagvinn1suUasnIneIn

RGB 1Tu HSV faguii 2. 33

ﬂ)mwﬁuﬂﬁu V)NIN Plane H NN Plane S 3NN Plane S 9NN HSV

gﬂﬁ 2.33 Awiudasann RGB 1u HsV



auN1sN1TuUad RGB 1y HSV

n15MIAN H
R'= R/ 255
G'=G/ 255
B'=B/ 255

Cmax=max(R',G' B")
Cmin=min(R', G, B"

A = Cmax - Cmin

[ A=10
I G0° = (f —erfF} o (D = i
w>ﬁ—+ﬂ.mw_w

60° H4+Q Con = B

R’ g A17AINN1T normalize 98¢ color space RGB channel R
G’ fis AMLARINNTS normalize 989 color space RGB channel G
B’ Av AMILAA1NN1T normalize W84 color space RGB charmet B

Cmax A® A1 Channel ﬁﬁﬂ"@\‘iqm, Cmin Aa A1 Channel ﬁd

A(Deltal) ApAIANNAI95EAING Cmax AU Cmin

AUN159UIAT S

« [0 Cuu=0
o ri -(-Ilr.~rr.' '.'_t D

dun15uAn vV

V=Cmax

31

(2.10)

(2.11)

(2.12)



32

2.2.6 Feature Extraction [24], [31], [32]

Jutunsudrdglunsussulananinuaznisinesideyanin lneliingussasd
v A o @ o o w A A = o
wanfemsaingudnvuznlanudAgnsadaumngainam Feassaunluldluau

199 LU N1575937UTRe (Object Detection) 1580155 318 Ny 3 UkUU (Pattern

a

Recognition) Tutuneull Audnuaegnainesnuienadudnuusiddasaiig wu veu y

Y 9

¥303UT1909309 waraNuALITIEaR WY AadaNesu1efinNUTNkaEALLANANYBE

' '
a o v =

lnansfsnaanvauzdisanvuinvesdeyan nluvaeidinuiudoyaiidAny Feinlinig

Y

e

=

AnszinaznisinaulaludusaudalufiuszansS A nuwasuiug1unIu hazn1suseuana

¥ '
=< Y 1

mwszi’aeﬂﬁmiﬁ'lLLUﬂUizLmnLLazﬂwﬁmeﬁsﬁamﬂaﬁﬂﬁd’18LLazimL%aﬁuu fogeansilaann

N3¥UIUNNT Feature Extraction Ae3UN 2.34

Original Color Image Hue Image Saturation Image Value Image

Pixelinfo (X, Y)R,G,B  Pixelinfo (X, Y) intensity  Pixel info (X, Y) intensity  Pixel info (X, Y) intensity

Y
&
"
-
=

Histogram of all Bands Histogram of Hue Histogram of Saturation Histogram of Value

w Lol L AT

Mask of only regions
of the specified color Hue Mask Saturation Mask Value Mask

' =

JUN 2.34 Msainauan vaedvenaisaiu[2s]

Hough Circle Transform([33], [34], [35] 9nee luna u Feature Extraction L
wmedafysiunisatateyalaniziaizasainaiw dufenisnsradunasssydunisves
2nauvisedulanenanlunm lngendenisudasnmarnlamniBsiiuil (Spatial Domain) U
\Dulauuvesmsifitned (Parameter Domain) @ steliasnsassysiunisqudnaisuay
Safinonnaulfosnauiug wadailifeusnsofurnauviidy uidansansasdeya

alidndueonly uasiduanzauanvuziiauls Quiilfiennau)iewssudoyadmsunis

£%
=]

IpTeivEenIsUssaIanatugasialy aun13ves Hough Circle Transform 1Uugis
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ter)” = 1° 2.13)

=l
11
—
B
&

(xy) AYALAT ULLEUTOUIVBINNAL

(xcenter,ycenter) ABYAAUENANNYRINNAY
S v A

r fnSAdvasianay

2.3 U8 NNBIVD9

'
v v v ¥ ad

NATENRYITRTUNMINTIITUIngAIEITUsEIaNaTayan 1 Yagdumalulad
nsUszaranateyannladnsdiunldusslevdaganitevindudiunisinuns lnganie
agBalun1snTIaaeuLIadnsitY waznnsTEylsAliAnINwesT neridelminn1sAne
luideningataatunsuszandld n1suszulanadeyanin adussiauidmsunis
9338 MInsadulenueuvenludule fieismsUssananadeyanin 3nMsngIdela
= av A a £ v (Y ! av Q& o & o &

Anwnuddeingites hlinnsdangduanuidedu 3 nqueeil fedl

2.3.1 NGUNUITHANINTUNNIATITUNAANANNNITNEATIIEITUTLINIAHANIN

NSNAUITTUUNENUN 09 MUNANANTBIHANILHIINA N8 LaglEnsUENIaRE
AMLUU Color Space HSV[24] Lﬁaﬁi’muﬂmmqﬂaamﬂu 4 520 loun duns-gn dmdes-
NegnNNeny JWe-Au wazduinia-gnuin Inesuainnisulasatdann RGB Wy HSV 97ntiu
3995293 UAluY A MUA WTPuAUN1TNTITUTUNTIaEANTBUTAQLN 8YIIN1TTILUNE
HAaNSNLAAINNINAGaUiiaUkiug1anlauila EeAINYNABITINGY 98.17% Ta%ae
Tisguudamnsailuwmuiislglunsananendvewaniunvseisnadus Tusuiaale
szuumsidulsatuludnglaeldwmeinnnsussuianan n[26] Usenauniedunau
PANABNITTUNIN RGB N15USLUaNaTUAY ANSWUIAIUNIN MIANARMANBAE LAYNIT
o v 1 1 N =~ 1 a [
FuunUszian Iagldnsuusdiuniniluu K-means clustering tiiauangiunidulse @i
AMANYAMEMUE JUT19 wagiuil wald SM Tunisduundszinnlse duawelusuuuuney
a [ I3 a (Y] ~ £ o 6 Y & |
paRTUAUNNEAsNsa1usasUlann 1wt eians1amlsale NadwsSkandlAAuINTEUU
annsansidulsalufrendrdylaegremindwazusiug Tneflauuivglunisdwunlsa
gadis 95% uagldalumsuszananaiiies 2-3 Juriisienn Yrelviinunsninsianulsaly
a v v X = A ~ ) v | = v o
srezsuAUlAS WUl 70% Wauiun1insiaaeumeniua ann1snangibeivigyly

N15M5I1FRUMLALUalAD9 80%
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o

F3nsfidnavelunuised Aemsiauissuudawenvuialelidemaianis
Uszananann[11] Inglednass Web Cam 591U OpenCV Lﬁamamwlsﬂﬁﬁma@jﬁ’um%azy
Aunmuuiuiidmfidnsasounasn Mntusw aradesasausening Pixel vosl
LARZILALALISBEAUUM wansnaaesansliiiuinssuuansafanenlulils 5 auie
fia wes 0 duved 4 luszeznsdienn 60 ga. Fremnuuiugt 100% Ineszuuianuse
WafsAnieiiuUsyavsamuazti i lflumsdauenlylflugnamnssuldlusuan

F5nsfiiauelunuidedenissuunanuanvesndrsarulaeldmaianis
Uszanananm(25] Tneldluinad RGB way HSV lumsiinssviuassuundvesndieiian Tae
mzmumiL‘%'mG’fumﬂmi%'umwmaﬂé’wmuL%gjszw Mntwhmsatanudnuuzedd

dQJ

uazuUaInwaIn RGB 1u HSV ileszyandutusiusziuamugnueandie anvnelusuns

q

A o

wBATITILaTIMUNMNNAIBRI U TUNgUETIAMuUALT Nan1sVnaesanIruiuElung
AIRTUAvesN BT 86.27%

A15UsENNaNaNINAINDA (Digital Image Processing) i AIIvEEULALTIMLNYNS
uelufifisInni29] vuiesnannenaunuiia tnensvuiumsildndesiineaunuaemuywe
Tunsasivdey devdsdeyanmludinefiamesifioszananalaslituneuds (Algorithm)
Y uMIUsEnaNanTw Mntuazuanmanmssuunlingu nadwsanmaianiaesie
psaouTmuuAndenuiulagldiEnsUssnananmwuinedesilatannsnsuunens
WL v DoNNEUNLA FogsTiUsAnE A mgsis 97.50% aanuislunisnsaadey
TndiAssfunisasiadevdeaemuyed deUszdnsnmilduheananufianainainnis
TNADVMULANTIVIIEBaynd nsldmueTesdetanglvinisnmaaeuuassuunegusy
Juldegausdug

n15ld imallan13UsERIananIn (Image Processing) Lﬁam’mawﬂmmwmaqmﬁm
912813(30] InevimsAauenandnaiseenidu 3 ngu laua Srafiumda 919%n wazUane
#1850 mIvsznanaiiduannisssnmudadriundes mniurinisinseiuasdn
WEAMILYUIALALTNYULANY 9 Imaisi’ﬂummuﬁﬁmuﬁmﬁamnifwawaﬁmq AU
fiufl warinuuisunuveasdndnn itelildnanisnsraeuamnwdiulug nadngaInnns

o

FouandidiuinaiesiuuuuiiiautuannionsaseussAnusniudadnasoendu 3
nqu leun drafuman 91990 uazvaredndiu lhegrdiuszdnsnin tnedannuuiugily
N13N919A0UABOET 91.63% 9 99.57% Justfuusuasiodeildlunimaaey d
fegrefifiimin 5-20 nsusendsliuafiafianluduaruuiuswazanilunsiay

TagLpasanusalsyanananinkanigluia 8-13 Juriisenin ag13lsAny USuiusagis
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AurnAuldagyinliauniugianas 19991nn15T U UYRNUanT 1 TuN N Y 19T
LAS DA UL UUAILNTNANTEELIAUNNTASIER UL LN BL A UAUTITNSHUUA LAY LU NS

ARLLENAIELLIIUAUYIDLATBILDUINTFIY

' (%
av a4 v

s auslunuideifenisnsianisessnvedktlagldmadanisussuiana
ananglaszuvanainial32] Inesuannisialelundesagyayinaielidenlivenssi
wazUTass 1 ATARLTY WaSeuieufuNITATIEDUMELAINEIE1AE TURDUNIT
A15793U508517UTENDUMY 5 TUABDU bIA N1FTUNIN NSHENDIAUTENOUA NITAUNUNEA
nsauiUdenld wazn15ns293UTRBS1IAEWALA Hough transform §9@111500529%1
seeliegugnaadis 86.25% NNsnAgeY

Y] = v ) = PP ~

ANSWAIUILAS DI ULUUAALENABNATLS 89laeld3S n1sUsyulananIn[36]
TngUszasAiaRmLILATaURUUITUUAE I USRludRdmiuAnwanaenaa3esean iy 4
1A et NATANITUSEUIANANNAINALUUALAN TUABUNISUTELIANAUSENBURA 18NS
wuasn i udn (Grayscale) n1sudasiduninunimine3s Otsu's thresholding N3
Ysulsanmeematinuesinlad (Morphological operations) wu n1ssAxs (Filling holes)
ANSANUIUN UTI A LA UABUTDUADNLNBUTEUIUVUIA WAENITILUNVUIA ALY 11579
srgviawuuyAdn (Euclidean Distance) WiatSauiiguiuudhuunvuald nan1snaaes
WU TEUVAINNTOTATIENVUINABNLAQNADUNARY 97.2% LiTENAABULUULENEIU WALle
MU IUAVEENIUNITEUU ANQNADEARNNED 73.33% LTTDI9INT0I1 AR TUKAILAE

[ a a 1 1 s 1 @ [ £
n1sdnanennduuinlvgluiauysal egrelsiny ssuvanunsadauenaenlalaglyiaan
a a a = < 1 ¥
WAY 2.6 AUNTIREADN FILSINIINITITWTHIUAY

'
av a a

2.3.2 NgunuITeingdunnsIdudngiune3iussnananIn

o v A = 19 a =% a v

nsnTduLLasdngivuuluivlagldinatanisuseutananin[37] Fasunuain
nsagamluivuanvasdunmdmieandgyiasuniu nnduldnisiuasninaae
Gaussian blur tilaanAufgaiinaNTeuvesing nMsuusdiunmmemalla watershed
segmentation kazN13UsEUIaNaLTId g1 (morphological operations) ¥3glun1swen
AnINYOINIINIUNET NANITVARBIHARILATILIIT8UUAINTINTIITURIAARg HTuLlula
1 = a a v o o G L2 1 2 o LX
pg19ilUseEdnsam lnsannsadvitwusuasdngiyuuludiegidla 14 dauag 9 fa
MUE1PU Fesauduanldamnsaueaiulanisaiuan HeliinunInTa NI TanTIINy

Javunasdngiivlussezsuiuuavaliunistesiulaviuiaeg
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nsnsRduazuenuiasingielaeldmalinnsussananann31] Fasuainmsld
D% P ) Aa 1 v W ~ v & Ay v
naeslsmedunmunasneglududnmileanisluwaundny mnuunmilaasgnuuas
Dunwdinuazldnisnsesnmiuy median filter Wioandyaasuniu Wenmgniaiiy
dre1aKal TeUUAzUTeUWEUAT Pixel sEMinan nensduaznmidagiuiiensiaduniny
LANFLAZLENLUAIDBNNT NANIINAABIRAAIIALITTUUAINSanTIFTULLAsAR AT LA
1 a a a @ ) n:l' [ 1 [ 1 1 = LY}
ag1eilusEAnEnmuarIngd tnednuwiasngnasiadiuluwdas Tuegsening 38 fs 52 i
fodu
n1395337uAngluauuzemaniun1sUsEaIananInAINa (28] 1311NNTS
anennuziameasdinlasnmdunmdvn antuldnisuwusdiunimuasimaianisdugiu
g iveavdyIMsUNINkarLeNIngNauly (el mALaENUaULAIZHA) BONUT SYUUL
A11150UUTIWIUNUBULINZNA LUz B ARaE A1UAUS ekl N d adldle nanis
NARDILAASIALTILINTLUVANNTONTINTU MU U ENAlUS e zISuAU LA e 19TUsEaNS NN

v o <

nsUsTnanan wAIad miun1snsauAngiivuazlsaluivna[38] lWuunAdy
UsiatidinnUssasdilesaumuuariinszimaiansussananannddiadmsunns
n3193uAn i vuazlsaluNgnansnisinens lagiunsussendldluwuimsnenssinses
(Agriculture 4.0) su3dbiiagunszvaunisvdnlussuuitade tdud nisldundenin nns
Uszuranaa 19l N1SWUSEIUNIN (Segmentation) N1SER AR NWaIELaN1y (Feature
Extraction) 4agN1531WUNUsZLAN (Classification) Inewmadad wdui gniunldegis
N4199379 ba'wn K-Means clustering #1915Un15WU9Na AW Edge detection (+3u
Sobel) Ll arimunreuunesluRi“ns euuas Morphological operations dmuUTuss
5U3719 uag Color space conversion W¥aal Histogram equalization Lﬁaﬂ%’uﬂqa@mmwmw
uWazAMNANAAYEE drunnsTiuuntszaninliisnanssusveaad osuuud wiy
LU Support Vector Machine (SVM) wag Neural Networks 5931819 Convolutional Neural
Networks (CNN) fluansusgansnmgslunisandiguiuy mansyuynusandlifidiuinmaia
wandlrsfinanuuiuguazanunaialunisnsadulsauasdagiie annisfianinis
ATINABUMBAEALYYS GailTeRnnaInanmusnIde uaraNNsUTIIIANNGRLFETING

WISYENTLUNIANTITLNYASLA

2.3.3 NauUI8NAYINUNISATIVIUINATUNTINAL LAYAALEIELNDY

A153A129MAT Threshold Mnnzay wazlasnnead1nsun1studuamnupiLLny

a

M1[39] I ULTOUITARNOTLATIENMIAT Threshold Value MiwianzauuazUasnie
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dmsuszuun1sudusinualeituan (Iris Authentication) Ineldinaila Circle Hough
Transform (CHT) iilessysunisinuniuagsinunilunimanm ndurhmsatadoyauas
WisuifeudeyatinumiiAuld (s Template) Audeyasinundidrandudusinu (s Test)
\fie9nAn Threshold Value Mwsngan Ingfia1sanaina Genuine Acceptance Rate (GAR),
False Non-Match Rate (FMRMR), wag False Match Rate (FMR) Han153 3 g nu3 1A
Threshold Value flivngaufe 72.9246% A1 Threshold Value #fiAanumuzaunas
Uaensudmiuszuunstudufnuifesnsauutivegauazauiianaiad
MInsasugfun3esuLeanssedannmany Tnoimadanisyiidudiuuazain
nfsruanem33] uideiiaueiBnismnasuiueiesiuueanssedannindrelund
lngldmatian1sFanauiumazA1uNI1IBIANY TIAUAITMUAUSEANENS o) Iagly Haar-
like feature Tunsnsaadulunti Region of Interest (ROI) lunsseyiiuiiuftuiioTinszyid
uag Circle Hough Transform (CHT) lunisnsaaduannuniiswedssm da CHT galdiilessy

AUNUIAI0TUAINEE 1A8ALATIZUNANYULNNAUTBINNAT HANITITENUINNATA CHT
annsnnsasunmldgndasiosas 97 Guandliiviuinisnnsiivszdnsangslunis
pRsuEuLeanesadaInawaglunth

N13M9293UMNauMemAlla Circular Hough Transform[34] nuASeaueisns
asrasurenanlunnlagldinaiia Circular Hough Transform (CHT) Saufudunaunis
n3193U”9Y (Edge Detection) Llarinenamsiugilunissyyanaslunm Tnstanglunini

o o A

ansunIuseng Ndeuiuiu I5nstildaunsisnauieaiiamniwesvesaenanly
v a ¢ . A ° | o a a a
am wagldiunsndazay (Accumulator Matrix) Litessusiunusiagsalivesinaualviled
Tunm wan1smeaemuINEMsannsansiaduisnaulamenuuiug1geda 95% laely
Awinegiiluvisuy Fdnddiiiuinvedia CHT Susvansnmlunisnsaaduisnauusilu
AT UL UL Az I dYaTUNIU
aqa U aa v L 4 ¥ a U U 1
BNsUTUUTImERTanelaanzkatieslagldinaianisusuainuadne3s]
WAZUANAZYBUNIUNTUTUAT gamma 13n15HUTENaUMIN1TUTUU AR UNI1ERALUUUT UGN
(Adaptive Contrast Enhancement) kazn 15w laatnuunuulsusa (Adaptive Gamma
Correction) WnguUaan1mainluun RGB u HSV ieusuAnnuadng (V) wenandeuad a9
Pranni1sUnleud uonainilgslinatian1ssiunin (Image Fusion) WiaRITI8aZL88AN
d' 1 % ¥ Y I ad d' [ Yl
ANAHIUNITUTUUTIUED HaNTSNAaewanslinIIsn1sTaweaunsausuUsannlvdl
ANNAIILAZAMNTALRUNAT UL BLNBUAUIBNITUUUASLAY LU Histogram Equalization

(HE) wag Contrast Limited Adaptive Histogram Equalization (CLAHE) Tagdanan 14 A1
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Information Entropy (IE) wag Average Gradient (AG) %qLLamﬂﬁLﬁuﬁqmnﬁu%wuaﬁauﬂa
LaEAUANTAYDINN
BansuiulgnmiianeluanmuasioslaglfinaianisuasunuuuuuUsusalao)
(Adaptive Local Gamma Transform) kagn15vaLsed (Color Compensation) Wi oan
uansEvuNuatasieuiiliasiiane FnstEuannsuasnmain RGB i YUV ifleusn

JauanIuaIng (Y) waeld Fast Guided Filter lNBUSEU1UANEIUUTENDUYDILAIALV DU

Y
[

NUUTEN15UAILNULBUVUTUAANDUSUANUEINUDININIAEBIDINANAINUEINS L ULAY
g A ] a A ) a o a v 2
Hunvesnm wavldnalnnsymwediieysuusennududivedd nan1snaaokandbiiiudd

a

aa & o v [ a a a ! & A
FBnstianunsauiuusinmluanmuastesliegnalivszdnsam lnawiuauaindununia

o A

wazanpuaislufiuiiainafuly vinldamilddufiauassuasswaziBondidaou uenaini
F3nsiioaiiuszans nmlunisannissuniuanuasassauitlaasaue waviiuszansnmly
MsAafiRiilefisuiuIssdug fitey
FBnsUsvnananmaznsaafIonsiniaaiiRLuy FOMI41] $inquszasdiie
andasunaulunin CBCT ﬁi’mqﬂizmﬁtﬁaam?%aiumuLLazU%’UUmmmwmw CBCT d@msu
MsauNuias ey Ingldmaiaussanananmwuusada laun Median filter, MMG
filter ua¢ Bilateral filter (28 kernel 3x3, 5x5, 7x7) W DaAd QY UTUNIY, Image
thresholding Lﬁl@‘vf'lﬂﬁLLEJﬂﬁULLﬁ%ﬂi%@Jﬂ, Histogram normalization Lﬁ'aﬂé’uamqaﬁ,
Morphological operations (erosion e g dilation) T BMINUAYBULYA LAY Gamma
correction WiUSuAMUALTA NaN1SANEINUIT Median filter WU 3x3 kernel linadwsi
figelunsandssumunazasseavidoaveslassaisilunaznszgn

MNNEIIETAEWemn 18 3Teannsoasuilunmsadisuielidnlaing
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A15M9393UA NBULNIZYRI NUBUTIUIU NSEUINNISYINUlaesiu (Overall workflow)
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3.1 NSAUTIVTIN LAz 3Lﬂiﬂ$ﬁ‘ﬁayja (Data Gathering and Analysis)
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100 A(@la 52 A LTl 48 A aziinnsunludszananasall
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ASANTNNAILNABILBD D

]
AN Digital
vasludula
1

faly flow 3.3, 3.5

U 3.2 Madndeyann

=

U7l 3.3 Inséwidlefle Galaxy A13[42]

JUN 3.4 gUn3aldieAIuRuanInLas

a5
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3.3 N5USTUIANANTNIUAY (Image pre-processing)
I3 o ! o o Y ° o A v )~
Junszuaunslunsiininaieauatuesludulautvitnisusuinelvninidaing

WIPUNLUNIINTFUIUNITNITNTIIY 711 Workflow AU 3.5

3.4 n15n5993U b Inuauvauludula (Detection)
Wunszuiunislunisasiadulevusuveuluduls daideiainnsuseulran ndusy

(Image pre-processing) #1u workflow ﬁﬂgﬂﬁl 3.5

Ad111N flow 3.2

¥

Load image file

RGB to HSV conversion

49 1 Detections

E Color segmentation for Color segmentation for leaf
B Pomelo leaf miner’s egg(s)
R :: (8)
4 " E o Leaf miner's
. Pomelo leaf K Detect circle like shape egals) color
H . .
s i (Hough circle transformation)
: region i range :
R HH | (@ (1%
: - P Find Circle Find egg‘s;_ii:eljnculorrange
. Completeness >=80% ratio>=20%
I @) i : !
1 Edge Oval shape & Leaf miner's egg(s)
Reduce reflection RGB & information Smallsize on Pixsiiin coloncnge
(Contrast Adjust) - pomelo's leaf ratio
| @ P . e
H Edge adjustment Leaf miner egg
Convert to Gray Scale H EMmphO‘Dg',cal prediction
. Transformation
i (6)

H -
5 :
] H
H -
E E Edge detection E
E Image H (Canny edge detection) :

L T ERE R T R TR RN E R EEEsE RN EEEESEEEEEEEEAEEERSEEEEEEEEsEEEEES :

Reduce reflection Gray scale
(Guassian blur)

g‘dﬁ 3.5 Image pre-processing & detection workflow
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31N Image pre-processing and detection workflow é’fﬂg‘dﬁ" 3.5 uanedavuneuly
nsUszInanatiievduiuveslivueureulu (leaf miner) uuludule (pomelo leaf) Tngld
nsudasduarnisutingudsufunsfumningiifdnunsiamenunssuiunaded
(1) Color Segmentation[24], [26], [30] for Pomelo Leaf Lﬁa wenludule ﬁJ‘Uﬁyu
wdpenaniu wagmveuwavesdiluludule Tnsavinisnannmduatuiidusaunu
wduUasa1na1n RGB v u HSV & el saurufiniwad iduenanusavedludule u
1,031,506 finLwa waviin1sman min(H), min(s), min(V) wefinlummuaduagisdaes
lower waz ¥n1591#1 max(H) @un S wag V Asuadu 255 wWieilufmuaaigisdves
upper @ae lower Aildazidu H = 77.87°, S = 15.63%, V = 21.20% #1 upper 94 H
- 169.53°, S = 100%, V = 100% faeesvesd JU 3.6

JUN 3.6 Freeedivesed

(2) Crop image L oLdantanize1aus e sludulan lwa1n15%1 color
segmentation W LaAsULUL138 Laglty9d9laa1n1591 color segmentation 11%1A3
Mask a8 cv2.inRange saglviaiinaailu 255 nindeglugaeiinimun wag 0 winlyly

l¥cv2.findContours L on1vauLYRURing lu Mask wazidon Contour NEIMN wludule

Y

wd9nbe Contour vasludulowds Mcv2.boundingRect 1l av1ve UL WA BuRuRAT

&onseu Contour 9Nty nmduatuazgnianueuais il iiae

nsaduldvueureuly anuusiuguasivssansamanni
AUNIINITATIAIUVDIAIIUNTIN UAZAIINFIVOININAUATUAY AIUATIN LA

ANUgaTieInsiikansualuniinge

max_width max_height ) (3.1)

scale — min .
w h
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=

max_width Ag UIAAUNIENNTIGATIABINITNTILUAAIUUNTINTE

max_height AD YWINAUFIMINNFATHBINITNITILHAAIUUNTRE

w,h FIBYUIAANNT geUBInINAURTY

guni1snisusvauinuesnInln

new_width = w x scale, new_height = h x scale (3.2)

AUNITANUIUNVBUIA LUN N URTU

Toriginal = £ X scale_W, Yoriginal = ¥ X scale_h
(3.3)
Woriginal = W X scale_w, Rghginal = h X scale_h

XY fio fifngaLsuay (LNg1eUL) YesveundiaguEuRNaensau Contour U89
Tudule TunwAuSurUIfLA?
& v P Ay P
w,h fi9 ANUNTHATANNGIVBVBULUNEIMAENNRBNTOU Contour asludile Tu
ANAUSUIUIALAD
scale w, scale_h A 9957871UN15USUIUIATERIWNAINALATU LaznIWAUTUTUIA

e

(3) Contrast adjustment [24], [25] \ii sand NS navesuasazsiou laan1susud
alpha @aunsuU3u contrast uuuAal kazU3uil scamma Fafunsufunuveings ilean
aruaiaassaliuasaziioufleguiluduloanas wiutmgifusursnauligdaautuagsili
nsnsrasuludulearlalonueureuly vldatu uasdetouriliuisdiuvesamaing
1Auly n1sanA alpha < 1 IzdrvanANEIITTBINIITTIAT Saddauiiainaiuluanuas
aviou N13anAN gamma < 1 xvilinmauiidinazainsduniidudiaing, Tumsusuuss
ANAIMBININ LMMUAAINIITMesEmSUN15USU contrast uag brightness lagldr a
= 1.5 waz B = 10 wazdm5U camma correction 1961 Y = 1.2 Faddananildainnis

naaesUTuAmane sULUUB mnganfiudnyazvesnnluduleuazlivueuyeuly
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AUNT5VBINISUSU contrast

9(i,j) = a-f(i,5) + B (3.4)
o(i,)) ApA1ANEI9TOIPIXellUNINNAANS s uriafeIny
(i) ApA1ALEI19909PixellUNINAUN AR UNUILEIT | LazABANIT |
a Junsdmesiauauausi (Contrast)

B umsniiesinauaunamuaing (Brightness)

A1N15999N15UFU contrast Luuenidi(gamma)

T ¥
0= (—) » 255 (3.5)
255

| AoAPixelAun
Yy Aomisnfimesnatuaunisuiuanuadne  y<l  dudlnveaninagadnedy
NINNTEIUADN, 61 Y>1 EULAYDININIZLABININATIEIUAIN

255 ppeANETsEsanvaPixellunn 8-bit
(4) Convert RBG to gray scale [27], [30], [32], [37] vt eanA21ud udauaesd
fouazihlusmnszuIuns Tunsandvisnauasasiouiidmauniesgannsuiu contrast
Wiy #e Gaussian Blur siely
aun1suUasnin RGB (Ju Gray Scale
Gray = 0.299 xR + 0.587 x G + 0.114 x 8 (3.6)
(5) Smoothing Filter Gaussian Blur(cv2.Gaussian Blur) [26], [37] kernel Léuéfu i

3x3 LNOAALARIEEIDUUUAIN gray scale NIMadREaRIINN1TUSU contrast vinliawuae &

HasonITanLasAzYoun1NeeY LHeswinuasazoudnusngiduuinaiiainaunnuazdl
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YOULATALIU N15LUARNNIETIBaNANNANTATBIvBUIALAT YinlWlasasioun 1R
LaENI¥IEAIINATIYRasa oulUg inieaseu 9 ¥a8lvin1309193uveU (edge

detection) Tudunausaly

@UN19U8Y Gaussian blur

D= 3.7
G(z,y) = 5——s¢ = G-

Gx, y) A A1BITINTU  Fumie (x, y)
exp Ao ManTulondlniuudua (e nAda)
T (pi) Ao AAsiiln (Uszanas 3.14159)

O (sigma) B ALTEAULINATTIU TIMIUANAIINNIINYBINITNTEANY

(6) Canny edge detection (cv2.Canny)[27], [28] sievhnsmueuvesiudule wax
lenueuvouludule Tnefidunounisyiaundnldun nmsaadaanasuniy nsAuaa
Gradient uazdirnewesuey nsnaveuiiliifeades (Non-Maximum Suppression) kagn13
fMuAvoURaE Hysteresis Thresholding 21781 n13ms798 e Ul Arunal ug 1w nTu
Sane3suazAIuIN Gradient JULWILAY X Uag Y il 0M19UIALALAVIN98998U Non-
Maximum Suppression aznavauiliiisatesesniileliindeifissveuiidaauiign way
Funeu Hysteresis Thresholding a=19A13 A3 1@y (Lower Threshold) LagAT AN
(Upper Threshold) iiafunveufidaausazreuiionadululy Tnsveufionadululdas
QﬂLﬁ'i'fawiaﬁ’mauﬁ%'mLauwmﬁl,é’umaﬁamia adnsTldAen wluw3 (Binary Imace) 7ifiAn
finwaidu 0 (sildvev) wie 255 (Tuvev) Ferrelunisssyguiuarlnssairevedludale

wazlruauraululatALILTY

AUN13N19MIANINT(Gradient) Tu canny edge detection

1o 9 L
|G| = ‘V; I; + I, 6= arctan (T‘r) (3.3)

T
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Ix Ao Gradient Tunu x (AuFUlLLLILAY X)

ly Ao Gradient Tuwnu y (Aadulunwuinny y)

| G | A9 uInUeY Gradient(Gradient Magnitude)

O Ao fiAN19vee Gradient(Gradient Direction)

arctan fie Wuilsiduvnandamansildvuuansandiuesiunsstin wagdu

UseAnlugUanuwmdeuyuain

(7) Morphological Operations[29], [37], [43] Wi aUSUUA s veUT ns19suldann
canny edge detection l#vauvaslinusureulufinudaiay daifswazuuiu lnsayld
Dilation structure element WUUEMABNFIUIN 5x6 LAz Erosion WUUAMABLEILYIYUA
1x1 Wi oUSuBAInIMUOUT I#a1n Canny Edge Detection atdunaw binary Iae Dilation
kernel U 5x6 Winadwsidanureidoswoiniadeusevevgean wieuisinistaidon
sUs1etfeniian wae Erosion kernel wun 1x1 Lilehdnduifureseuiitinainnsyuiunis

Dilation AWML
@UN13UDY dilation
AeaB={z|(B).nA#0} (3.9)
A AaAINALRUY
B AalAsiasngesnysenau
P Fedrydnualvesnisvenenn

7 AaPixellunInNaans

UNIFVBY erosion

AcB={z|B,C A} (3.10)
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A AaNNANRUY
B AalAs9a51909AUsENaU
O AedydnualuesnisveIeAIN

7 AaPixellun nNaans

(8) 14 Hough Circle Transformation[33], [35], [39] viiiansaasursnanluain
YoIVBUT HUNTUSULAS LHBAISAUMIINANATVUNALALENWALT AvUA, §IUSUATS
M5393U3UNT99NaNs 28 Hough Circle Transform lafinvuaa param2 = 12 Faduen
threshold @115UN158UEUNIIATINTVINAY TaeAnnailaainnIsnaasanuInal 12 i

HARNSNVLN AR

d@1N13Y89 Hough Circle Transformation

2 P 2
= [

(:E Leenter)” =+ | u .'f-f-.'nL-'.'.T-::J':II =r (31 1)

(xy) Fogatne vudusauIwesgUnnduulunduinay
(xcenter,ycenter) fiagaaudnatavesgunsenduualuaduisnay

|
r Apsriivasinay
(9) MMsUTZIIUAMNENYTAIYD9LHUTOU (completeness) a1 kUILUNYDS
I I < al 1 1% A o 12 o .
anudulivueuveuly TngwSsuiisuseninenueniduseuliiAiulanduIuPixel
NogudusaUlt dusaUITAIUlAINANNNT 2T MINANANYIHNINATINT BN
80% azfioinenantiudanudulivueuyeuly

AUN1INIMIIUIU Pixel NoguuldusouIvaInaudd]

contour_perimeter = E (detected_contour == 255) (3.12)



Detected countour @9 Pixel Wsiaz Pixel ULLAUTOUNVDINAL

AUNIMIANANYTDIVRIINAN[45]

completeness = (

contour_perimeter

circumference

J«mn

contour_perimeter ABEIUIU Pixel MH3NUTULAUIINANTIINAIUUAIN
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(3.13)

circumference ABtdUTOUIVBIINANTAIMlANERT 2TTr (laeil r Aesrilves

WNay)

(10) Color Segmentation[24], [26], [30] for Leaf Miner’s Egg(s) LﬁaLLUﬂﬂEjmi’Nﬁ

dnsulivueureululinasupauynnguiioulvvesdlunusureuludwmsuiiluiimun

ngeneuatunisnsiadulenususeulunaaeunaunnnauReuly Inevinishsen fina vedly

Mdumunuiuau 74 Weos Todu 73,871 finwa uwarthuvinismia mean(p) ves H Av

Standard deviation(O) kag %A1 max, min ¥84 S,V et luiinuna1g9d8ve lower,

upper Yoannngulaulvvaslinusureuludemsean 3.1 uagdiegregudradlusun 3.7-

3.11

M39 3.1 asnsdvesnguluvusuyeuludule

Mean of Std Dev of Hue Lower color range Upper

Ege Group
Hue (@ H-G(H) | min(3) | min(V) | L+G(H) | max(5) |rmax(V)
Whitish 88.26° 8.98° 79.28° | 0.39%| 23.53%)| 97.24° | 100.00%| 98.04%
Light Yellow 73.90° 13.92° 5998 | 0.39%| 25.53%| &§7.82° | 100.00%| 98.04%
Dark Yellow 70.08° 11.64° 58.44° | 0.39%| 23.55%| 81.72° | 100.00%| 98.04%
Dark 16.74° 21.26° 5548 | 0.59%| 25.55%)| 98.00° | 100.00%| 98.04%
COthers 73907 14.22° 59.68% | 0.39%| 25.53%| 88.12° | 100.00%| 98.04%

K %#1809A1 mean

O 11899 Standard deviation

H 1119091 Hue
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S 9MUND9A1 Saturation
V vung9A Value

%298 917U Lower 79.28°%, 0.39%, 23.53% upper 97.24°, 100.00%, 98.04%

JUTN 3.7 $Reg19Ev I

4298 WidesuIa Lower 59.98°, 0.39%, 23.53% upper 87.82°, 100.00%, 98.04%

Y I

JU 3.8 freE e ndinGeIa

%298 Widesman Lower 58.44°, 0.39%, 23.53% upper 81.72°, 100.00%, 98.04%

% = =

U7 3.9 Meog1adedviaedng)

Upper
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%298 A Lower 55.48°, 0.39%, 23.53% upper 98.00°, 100.00%, 98.04%

JU 3.10 fMegreyedna

398 B¢ Lower 59.68°, 0.39%, 23.53% upper 88.12°, 100.00%, 98.04%

JUN 3.11 fegeriedidus

(11) Pixel ranges percentage Lilevansnanmdudneglunguyo9d veslivueu
gouluiloglurnauiinsiaduldfeunsatoun mind Wesiudduinndivieamanu 20%
¥ 1A1NANN 1 29 LaztuTuILnauey naeiduswuldnuey dedeg1aasnsluy

U7l 3.12

ammsmé’mwdamm?{ﬁmaﬁlwuslmqmau[46]

(3.14)

. total_color_pixels
pixel _percentage — = 100

pixel_count

total_color_pixel 91U3U pixel MsvuANIngIFUYE ugUnaule

pixel_count 913U pixel vianuan1elugunnauinig
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3.4 n15Useiiung (Evaluation)

56

A15U5eUNAaNSNSM5293U (Evaluation) n1suseiunisasiadulinueureuluay

To 2agld35n1sUseliunle 2 35

3.4.1 N5USEEUNI8 confusion matrix MLUNISNAABUANUKIUE1VDINITHTIIIU

LaEIAUIEANEAINANTINNUAILENEULLaN1ENIAINNNTUTELIANANIN LazANABAARDY

AUTENIN NSATITULINUBUTaUlUANLD AIR1S197 3.2

A15197 3.2 115191AS9E319 confusion matrix VBIN1IM5IIU MU UTaUTU

Prediction | _, | .
Tlanuou Laidilanuau
Actual
False Negative (FN)
s True Positive (TP) ’ % T
Hlanusu e | Ghwnen ity usivesasadl
iwendly vesasndla) |,
1)
False Positive (FP) True Negative (TN)
Laisilavuau (Viwnedflly uevesadsll | Ghuneilaidle veseSenlidl
i1l) 19)
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(%
=

wagn1sUsELiuNamen1sly confusion matrix ddisil
Accuracy (A13NABIluNIATIATY) Aemsindadiureinsnsraduiignaeile
= Y YR asd o do X Y ! v v = i o o
Wiguiunaansvianun 35tz indnginsuannsansiniulivuesuligndewiel Taetduns

N3R5399UTIgNABd (True Positive) wagmslinsiaduiilelsilliviueu (True Negative)

TP + TN
TP+ TN + FP + FN

Accuracy = (3.15)

Precision (AMuuaRgTUN1T0159330) Ilunmsussduanuaansanseylovueu
goululagndesualrilunguiignszyindulanueu Afigsmanedsnisseylunueunuiasale

Taglifin1sns193uRaNaIuINIA

rp (3.16)
TP + FP

Precision =

[y

Recall (Ml lun1sns293v) Ta17735n15a5293ulnuauausansIanulinueu

launualruainlynueunvanndeglunmn Algsauuainszuvaiunsansiadulyle

AIBUAGN

4. TP (3.17)
Recall = ————

F1-Score 1UUAI LHa1NN1TAIUINAILRA 852U Precision Wag Recall Lo
Y1l dudUat Ussansanlaesiuve93s rule-based 81A19949 Precision Way Recall

wANANIAULIN F1-Score aggaedliiufniuaunalunismsaiu

Precision x Recall
Fl1=2 (3.18)
. Precision + Recall
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Error (AMURANAIALUNITHSITIV) AREILYBIINLIUASINLUMaYINUNERA Wiy

[y

UTUIUFBE 1IN NU T2

FP + FN
Eriiie 3.19
L= TP L FP + FN + TN (3.19)

NIENsUssdutswusdndulinsimunnsauieuvesiiosesiunanis
NARBINHTIMLA 33 JUAM Aem15en 3.3 elriAnanuidlalunavesnisuseiiu visedad

msthluiasaienisusulsesialy

M13791 3.3 agunanisilSeuiieudsgansninnisasadulanuewseuluuulugeudulenily

wazlidily 50 nw

Prediction TunavinueIdly Tupavinugnlislay
Actual
Tunmludulefidle True Positive (TP) False Negative (FN)
26
Tunwluduledliila False Positive (FP) True Negative (TN)
24

3.5 N1599NLUUNISNAABY (Experimental design) azUsznaulufae
3.5.1 gunsaldmiunisaiegy 1insdwislefio Samsung Galaxy A13 faguil 3.3

fiflnuaziBen 50 &1 Pixel LUU Auto Focus fiszezrinsanludule 10 lwudiuns Tned
n3ld qunsaltemuaan LA TueINNdesN Tz AuALTRveINdoNT s

- naemandAuaridyn 50 61U Pixel §3Ules /1.8 A5¥UU PDAF (Phase
Detection Autofocus) dmdunsiuiiafisiniiiuazusiug,

- naesdans1lan Auastden 5 41U Pixel juwas /2.2 Yuuadnding 123
939F1 dMTUMTENEAINYNN I

- naganlas AUazBEn 2 41U Pixel 33uuas /2.4 WWdmsunisdignin
szeylng

- NADIAIINEN AIWALLBEA 2 61U Pixel F3uuas /2.4 ¥dwmsun1susumnu

ANVDININ WU N15A519euNg bokeh
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- ndommthauazidun 8 &1 Pixel Tonilnd bokeh dwsunisananmsai
3528Unsal @1935UN1IW 1 pre-preprocessing ka¥ main processing LUy
computer laptop § W LENEVO 51 LOQ 15APH8-82XT004GTA nu8UseuIana AMD
Ryzen 7 7840HS (3.80 GHz up to 5.10 GHz, 16 MB L3 Cache) niigUszaiananin NVIDIA
GeForce RTX 4050 (6GB GDDR6) %1ia8m31dn 16 GB DDR5 5600Mhz miaeiiudoya 512
GB SSD PCle M.2 Gen 4
3.5.3 Softwared 15 UN15YI1 pre-processing Wag main processing Usgnaunlg
Windows 11 Home Single Language, Python, Vs Code, OpenCV library, Photoshop
3.5.4 Sauaunmiitanldlunisvaassianun 100 i wiadudeyanimdmiu

SN 50 N1 wazdayaNNEMTUNITNARY 50 AN LaemulaATIaTINneIUN 3.13

I

nagey > 0

\' 1u7‘.a:.':m \ \ 1uﬁ"ﬂ;'im' | \ Tuiifld
{ 26 1N { 24 0m J L 24 0N | ‘ 26 M

P oo e | o | o | e | e [ TR, o E =
1 o) o) 1 o) o) o)

2| o o 2| o o
3 [9) 3 o) 0

4] o o) 4 o) o) o)
5 o) o) @) 5 o)

6 [5) o) 6 o)

7 7 o

B o) 8| O o)

9 o) 9| o o)

10 o) [e) o 10 1

11 o) 11 1 1

12 o) 12 3

13 o 13 2 2

14 o) o) 74 14 2 1 w
15 o) 15 2 3

16 o) o 16 3 1

17| o o 0 17 2 1

18 o o [¢) 18 3 1

19 o) o 19 1 1

20 o) 20 2 3

21| © o) o 21 1 1

22 o o 22 2 2

23 o) 23 1 1

24 o) o) 24| 1 1 3

25 o) 25 1

26 o o 26| 1 1

JUN 3.13 Tassasadeyanin

3.5.5 Wenagtgunuunangaluviinisnaaes {I3elavinnisusuusianisiines Gn
Tuea) Tunisesrasulinusureuly annanduatuvedlunily 26 a1 waslunludile 24

A luviavun 35 JULUU Sgasdundstayalunisnan 3.4
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sluuy Contrast |Gamma| Guassian Blur Gy Dilation | Erosion _Hoegh Circle Transformatit_)n's p?rameter =
B threshold dP [minDist|Param1 [Param2 | minRadius | maxRadius
1 Alpha=1 1 10, 245 3x3 1x1 |1 10 1 1 3 13
2 Alpha =0.9 1 10, 245 3x3 1x1 |1 10 1 1 3 13
3 Alpha =0.8 1 10, 245 3x3 1x1 |1 10 1 1 3 13
4 Alpha =0.7 1 10, 245 3x3 1x1 |1 10 1 1 3 13
5 Alpha =0.6 1 10, 245 3x3 1x1 |1 10 1 1 3 13
6 Alpha =0.6 1 3x3 10, 245 3x3 1x1 1 10 1 1 3 13
7 Alpha =0.6 1 3x3 20, 235 3x3 1x1 1 10 1 1 3 13
8 Alpha =0.6 1 3x3 30, 225 3x3 1x1 1 10 1 1 3 13
9 Alpha =0.6 1 3x3 40, 215 3x3 1x1 1 10 1 1 3 13
10 Alpha =0.6 1 3x3 50, 205 3x3 1x1 1 10 1 1 3 13
11 Alpha =0.6 1 3x3 50, 205 5x5 1x1 1 10 1 1 3 13
12 Alpha =0.6 1 3x3 50, 205 5x6 1x1 1 10 1 1 3 13
13 Alpha=0.5 1 10, 245 3x3 1x1 1 10 1 1 3 13
14 Alpha =0.6 (LE) 10, 245 3x3 1x1 1 10 1 il 3 13
15 Alpha = 0.6 0.8 10, 245 3x3 1x1 -4 10 1 1 3 13
16 Alpha =0.7 0.8 10, 245 3x3 1x1 1 10 ol 1 =) 13
17 Alpha =0.7 0.8 3x3 10, 245 3x3 1x1 1 10 1 bl 3 13
18 Alpha =0.7 0.8 3x3 20, 235 3x3 1x1 1 10 1 al 3 13
19 Alpha =0.7 0.8 3x3 30, 225 3x3 1x1 1 10 il 1 3 13
20 Alpha =0.7 0.8 3x3 40, 215 3x3 1x1 1 10 all 1 3 13
21 Alpha =0.7 0.8 3x3 50, 205 3x3 1x1 1 10 1 a 3 13
22 Alpha =0.7 0.8 3x3 50, 205 5x5 1x1 1 10 1 1 Bl 13
23 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 1 3 13
24 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 2 2 13
25 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 4 B 13
26 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 6 3 13
27 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 8 3 13
28 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 10 3 13
29 Alpha =0.7 0.8 3x3 50, 205 5x6 1x1 1 10 1 12 3 13
30 Alpha =0.7 0.7 10, 245 3x3 1x1 1 10 1 1 3 13
31 Alpha =0.7 0.7 3Ix3 10, 245 3x3 1x1 1 10 1 1 3 13
32 Alpha =0.7 0.7 3x3 20, 235 3x3 1x1 . 10 ul 1 3 13
28 Alpha =0.7 0.7 3x3 30, 225 3x3 1x1 1 10 1 1 =] 13
34 Alpha =0.7 0.7 3x3 40, 215 3x3 1x1 |1 10 1 1 3 13
35 Alpha =0.7 0.7 3x3 50, 205 3x3 1x1 |1 10 1 1 3 13

TgUsrasAveanIsuTumnlmesivand

Alpha, gamma, gaussian LeandVISNavoIAIE DY

Canny Threshold LilomuANALazLBuALasANNLINETIUNITATIFIVTDY

Dilation aUsUANALTAVBIEUVBY, Erosion tiNavinlivauilnnuuudu

Hough circle transform
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msvinglufidvueuvevluneauads Wieudu 92.31.00% v83n3nsrdusiogunss uay
yunm A1 F1 Score 96.00% #1931 model flmnausiugh uaganuawnsalunisnsraduludiil
wuauvoululaf Uiy 92.31% Y89n15ATITUAIY JUNTI LasIUIN AIAIUTINIE
(Specificity) 100% wlauffu 91.67% aensnsrdude JUnse uazwwa agslsfinuiaes
Fsanmsansaadulavueuldiviniy (Recall = 92.31%) Auduagulddinisnsadugunse

YA UardNFTUTEENTAM ANIINTIRTINTUAILFUNTE UazuUIa
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2. M wd5avealuIme Rule-Based msidonldnganaudnuusiitaaunasn
AlA (M39naY, VU ~1 LY., YIEVIIWIA-ERIIR) Ngatuainiivmeunariussansnin
dnsudlgmilnelianmundounuay Taelianaldidieu

3. fuanuisudine msamnule uazduunsAuu Welfisuiulums
Machine Learning ﬁéfaqum%’ayjasuum‘l,mg

4. 9auuvRINIFUILNITUSEANARAA T Tunoun1andvEnaLasaziousaens

USunaunsan (Contrast Adjustment) Lagn1stuaanIw (Gaussian Blur) Sauiun1suuas

1%
=

fufid (RGB to HSV) Freis3eunmdImsun1snsaasuaey (Canny Edge Detection) was
sUs192enau (Hough Circle Transform) l¢ifuszAnsnimanniu

5. nan15v19uT i s Uld A ueua Te9 LA a9 sludau machine learning L9y
Chakraborty tagaug [47] (ANNWUULTT 96%), Ahsan tazAe [48] (AIULUUATI 96.5%)
wag Sunil wazAmy [49] (ARMLLLEN 99.53%) FauandliifuinuuInisuy rule-based 7

Wnaueasaussaraansilndifeiulaglidedldyateyadmsunisinasuvuinlviey

5.2 Usymn uazauassalunisvinuide

Tumsanduisei pf%’aﬂizauﬁiy,mué’ﬂwm&J‘Uigmiﬁdqma&iamsmummaz
HARNS:

1. dgmduteya mafunumuamliueudedvuiaidn (~1 u) uazdnaundy
fuiily Wunssuaunsiideddauasdengounasiag

2. Ygpmuanimuas ulfazldgunsalmunuuas uinsAsunUaswoLas
sssunassnadutiadoddgiinsenudenanmaimuasanunsivesrddldlung

3. HmdnunsUssanananin malauisduneu wu minsaduvey (Edge
Detection) °UNﬁ%'jﬂﬁwalajauyizﬁLﬁmmﬂﬁiy,zymiumuﬁaﬂ’mﬂﬂ%’mLf\]ufuawaulﬂﬂumw

4. fodfinvesluina Rule-Based lunannalinavinanuilenuingnssnaydudiid

Indvfsaunlu (W vean W) Jadudedinleesssugfvessyuuionfonginaminied,

5.3 UDLEAUBLULVYDINUIRY

Va v A Y

Wewmunszuulvlidnen ndmsunisussyndldasduaiudule fidelivoiauauus

Y

samalUdl:
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1. YIBVUIALATANUNAINVAIBVDIYATOLA AITNUTIVTINANLUANTNLINGDY
Weivanmany (LALAn TuL JuNAeeeil) lilaliiunmudiunss (Robustness) ¥as
luna

2. WimunUiulsanaiianisusganananim ﬂ’;'ﬁﬁﬂmmﬂﬁwﬂﬁﬂ%ugqmﬂﬁu
1 miﬁauﬁsﬂam%q (Machine Leaming) #38 N13t38u31898n (Deep Learning) oy
Wy FuenUsean (Classifier) wUU Support Vector Machine (SVM) %138n153ANguAIN
(Image Clustering) Lﬁa%’mmsﬁumm%’u%mmmjuﬁL,Lasamwamﬂma Tneanzlunad
wngaufugunsainnm wagldwdsnusogng YOLOVSs

3. naaeuiarUsuldluanmuindenass msthsvuulunageuluamudulesss e
UssiliuUszAnBnmnigldanmuasuazgfindsiidudou wiomisiaudanwannsaluns
Meukuuiealng

a. WuunduszuunSououndinduufoing: Wemsldinuade msiannluaals
Juneunarduuugunsainnni (Mobile Application) fvnumsnsanunsaldauldasanuas
s luiluiiay

5. ysannstumaluladdu msinwnswanudumalulad dumesidnuesassnds
(IoT) wieassszuudhseTadaluiffianunsansiaduuasudafiounissvunnldviug

6. MuUALNATINIARAULIENTUNITINNIT AITANYINITAIAUALNIITIUTU

'
1 v a = o a

wiu ynwulugeundlaiu 50% veansis dedidigseauingaifesailiun1saiuauiiug

Y

A v Y U a [ 3
L‘Wi’ﬂ‘ﬁi3UUaUUEﬁHUﬂ'ﬁG\@Iau1QGU@QLﬂ@miﬂi‘lﬂEJEJ'NLTJUE‘UﬁijﬂJ
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import cv2
import numpy as np
import os

from tkinter import Tk, filedialog, simpledialog

def select_image():
root = Tk()
root.withdraw()
file_path = filedialog.askopenfilename(
title="Select an Image",
filetypes=[("Image Files", "*.jpg *.jpeg *.png *.omp *.tiff")]
)
return file_path

def resize_image to fit(image, max width, max_height):
h, w = image.shape[:2]
if w > max_width or h > max_height:
scale = min(max_width / w, max_height / h)
new width = int(w * scale)
new_height = int(h * scale)
return cv2.resize(image, (new_width, new_height),
interpolation=cv2.INTER AREA)

return image

def crop_image(image_path):

image = cv2.imread(image_path)

max_width = 800

max_height = 600

resized image = resize_image to_fitimage, max_width, max_height)
hsv = cv2.cvtColor(resized_image, cv2.COLOR BGR2HSV)

lower leaf = np.array([39, 40, 54])




upper_leaf = np.array([85, 255, 255])
leaf_mask = cv2.inRange(hsv, lower leaf, upper_leaf)
contours, = cv2.findContours(leaf mask, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)
if contours:
leaf contour = max(contours, key=cv2.contourArea)
X, ¥, W, h = cv2.boundingRect(leaf contour)
scale_ w = image.shape[1] / resized image.shape[1]
scale_h = image.shape[0] / resized image.shape[0]
X = int(x * scale_w)
y = int(y * scale_h)
w = int(w * scale_w)
h =.int(h * scale_h)
cropped_image = imagely:y+h, X:x+w]
total_pixels = cropped_image.shapel0] * cropped image.shape[1]
print(f"Total pixels in cropped image: {total pixels}")

save_path = os.path.join(os.path.dimame(image path), "cropped_image.jpg")

cv2.imwrite(save path, cropped image)
print(f"Cropped image saved at {save path}")
return image, cropped _image

else:
print("No leaf detected.")

return image, None
gamma_value = 0.8
def adjust_contrast(image, alpha=0.7, beta=0):
adjusted image = cv2.convertScaleAbs(image, alpha=alpha, beta=beta)

return adjusted_image

def adjust_gammalimage, gamma=gamma_value):

inv_gamma = 1.0 / gamma




table = np.array([(i / 255.0) ** inv_gamma * 255 for i in np.arange(0,
256))).astype("uint8")
return cv2.LUT(image, table)

def detect leaf and eggs(cropped image, gamma_value):
hsv = cv2.cvtColor(cropped image, cv2.COLOR BGR2HSV)
lower leaf = np.array([39, 40, 54])
upper_leaf = np.array([85, 255, 255])
leaf _mask = cv2.inRange(hsv, lower_leaf, upper_leaf)
contours, = cv2.findContours(leaf mask, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

if contours:
leaf contour = max(contours, key=cv2.contourArea)

cv2.drawContours(cropped _image, [leaf contour], -1, (0, 255, 0), 1)

adjusted image = adjust_contrast(cropped_image)
gamma_adjusted image = adjust gammaladjusted image, gamma=gamma_value)

masked gamma_adjusted = np.where(leaf mask[;, :, None] == 255,

gamma_adjusted image, cropped_image).astype(np.uint8)

gray image = cv2.cvtColor(masked gamma_adjusted, cv2.COLOR BGR2GRAY)

blurred gray = cv2.GaussianBlur(gray_image, (3, 3), 0)

edges = cv2.Canny(blurred_gray, 50, 205)

kernel = np.ones((5, 6), np.uint8)

dilate_edges = cv2.dilate(edges, kernel, iterations=1)

kernell = np.ones((1, 1), np.uint8)

erode_edges = cv2.erode(dilate_edges, kernell, iterations=1)

canny_edges with filled circles = erode edges.copy()

circles = cv2.HoughCircles(erode_edges, cv2.HOUGH GRADIENT,
1, 10, param2=12, minRadius=3, maxRadius=13)




detected by shape =[]

egg count =0

if circles is not None:
circles = np.uint16(np.around(circles))
for circle in circles[O, :1:
center = (circle[0], circle[1])
radius = circle[2]

circumference = 2 * np.pi * radius

detected contour = cv2.circle(np.zeros like(leaf mask), center, radius, 255,
thickness=1)
contour_perimeter = np.sum(detected contour == 255)

completeness = (contour_perimeter / circumference) * 100 if circumference >

0 else 0

if completeness >= 80:
detected by shape.append((circle[0], circle[1], radius))

cv2.circle(cropped_image, center, radius, (0, 0, 255), 2)

cv2.putText(cropped image, f'{completeness:.1f}%",
(center[0] - radius, center[1] - radius - 10),

cv2.FONT _HERSHEY SIMPLEX, 0.5, (255, 255, 255), 1)

print(f"Circle at ({center[0]}, {center[1]}) with radius {radius} and
completeness {completeness:.1f}%")

cv2.circle(canny_edges with filled circles, center, radius, 255, -1)

circle_mask = np.zeros_like(leaf mask)

cv2.circle(circle_mask, center, radius, 255, thickness=-1)

pixel_count = np.sum(circle_mask == 255)

print(f"Number of pixels inside the circle: {pixel count}")




hsv_circle = cv2.cvtColor(cropped_image, cv2.COLOR_BGR2HSV)
mask_circle = cv2.inRange(hsv_circle, lower_leaf, upper_leaf)

mask_circle = cv2.bitwise_and(mask_circle, circle_mask)

color ranges = [
(np.array([40, 1, 60]), np.array([49, 255, 2501)),
(np.array([30, 1, 60]), np.array([44, 255, 2501)),
(np.array([29, 1, 60]), np.array([41, 255, 2501)),
(np.array([28, 1, 60]), np.array([49, 255, 2501)),
(np.array([30, 1, 60]), np.array([45, 255, 2501)),

combined color mask = np.zeros_like(circle mask)

for lower, upper in color ranges:
color_ mask = cv2.inRange(hsv_circle, lower, upper)
color_mask = cv2.bitwise_and(color_mask, circle_mask)
combined color_mask = cv2.bitwise or(combined color_mask,

color_mask)

total_color_pixels = np.sum(combined color mask == 255)

color_percentage = (total_color pixels / pixel count) * 100 if pixel count >

if color_percentage > 20:
outer radius = int(radius * 1.2)

cv2.circle(cropped image, center, outer radius, (255, 0, 0), 2)

cv2.putText(cropped image, f'{color_percentage:.1f}%",
(center[0] - outer radius, center[1] --outer_radius - 30),

cv2.FONT _HERSHEY SIMPLEX, 0.5, (0, 255, 0), 1)




print(f"Found color range {lower} - {upper} in circle at ({center[0]},
{center[1]}) : {color percentage:.1f}%")
print(f'Contour_Peremiter: {contour_perimeter}")

egg count +=1

cv2.putText(cropped image, f'Total Eggs: {egg count}’,
(10, 30),
cv2.FONT HERSHEY SIMPLEX, 1, (0, 255, 255), 2)

print(f"Total number of eggs detected: {egg count}")

return gray image, blurred_gray, edges, cropped _image, masked gamma_adjusted,

adjusted image, canny edges with filled circles

def main():
image_path = select image()
if not image_path:
print("No image selection.")

return

original_image, cropped_image = crop_image(image path)

if original_image is not None:
cv2.imshow("[1] Original Image", resize_image to fit(original image, 800, 600))
print("OK")
if cropped_image is not None:
resized cropped _image = resize image to fit(cropped_image, 800, 600)
gray_image, blurred gray, edges, result image, masked gamma_adjusted,
adjusted_image, canny edges with filled circles =

detect_leaf and eggs(resized cropped image, gamma_value)

cv2.imshow("[2] Cropped Image (Cropped Image)’,
resize_image_to fit(cropped image, 600, 400))
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cv2.imshow("[3] Cropped Image (After Contrast Adjustment)’,
resize_image_to_fit(adjusted_image, 600, 400))

cv2.imshow("[4] Cropped Image (After Contrast Adjustment -> Gamma
Adjustment)', resize_image to_fit(lmasked gamma_adjusted, 600, 400))

cv2.imshow("[5] Cropped Image (Grayscale - Before Blur)",
resize_image_to_fit(gray_image, 600, 400))

cv2.imshow("[6] Cropped Image (Grayscale - After Blur)",
resize_image to fit(blurred gray, 600, 400))

cv2.imshow("[7] Cropped Image (Edges)', resize_image to_fit(edges, 600, 400))

cv2.imshow("[8] Canny Edges with Filled Circles",
resize_image to fit(canny edges with filled circles, 600, 400))

cv2.imshow("[9] Cropped Image with Leaf and Eggs Detection”,
resize_image_to fit(result_image, 600, 400))

canny edges with filled circles save path =

os.path.join(os.path.dirname(image _path), "canny edges with filled circles.jpg")

cv2.imwrite(canny edges with filled circles save path,

canny_edges with filled circles)

print(f'Result image saved at {canny edges with filled circles save path}’)
result image save path = os.path.join(os.path.dirname(image _path),
"result_image.jpg")
cv2.imwrite(result image save path, result image)
print(f"Result image saved at {result_image save path}")
cv2.waitKey(0)
cv2.destroyAllWindows()
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Detection of Pomelo Leaf Miner's Eggs Using
Image Processing Technique

Sombat Suksawaeng
Faculty of Informailon Technology
Thai-Nichi Institute of Technofogy
Bangkok, Thalland
su.sombai_si@ini.ac.th

Abstract—Pomelo production in Thailand faces significant
yield losses due to infestation by the Citrus Leaf Miner
(Phyllocnistis citrella). Manual inspection of leal miner eggs is
labor-intensive and prone to human error due to their small size
(=1 mm) and color similarity to leal surfaces. This study
proposes a rule-based image processing pipeline for automated
detection of pomelo leal miner eggs using geometric and color
features. The novelty lies in integrating Hough Circle
Transform with HSV color maiching to detect pomelo leal
miner egps early, before leal damage ocours. A dataset of 100
images captured under controlled lighting (using a Lighting
control box) conditions was used for validation. The proposed
method  integrates HSV  color  sepmentation, contrast
adjustment. Gaussian  blur, Canny edge detection,
morphological  operations, Hough Circle Transform,
Circularities, and color matching verification. Experimental
results demonstrate that combining shape, sire, and color
leatures significantly improves performance compared fo using
peomelric features alone. The proposed approach achieved
96.00% accuracy, 100.00% precision, 92.31% recall, 96.00%
Fl-score, and 100.00% specificity, with only 4.00% error rate.
The results indicate that the method is elfective for early pest
detection under controlled conditions. 1lowever, performance in
real-world orchard environments with natural sunlight. shadows,
and complex backgrounds remains to be validated, Future work will
therefore fous on dataset expansion, real-world orchard validation,
and comparison with deep learning approaches o enhance
robustness and field applicability.

Keywords— image processing, pest detection, pomelo leaf
miner, agricultural, rule-based, edge detection, pomelo,
citrus leafl miner, Hough Circle Transform, Color segmeniation

[ INTRODUCTION

Pomelo (Citrus maxima) cultivation represenis a
significant agricultural sector In Thailand, contributing
substantially to the national economy. However, Citrus Leaf
Miner (CLM) infestations cause annual economic losses
exceeding 450 million baht due to reduced yields [1].
Traditional manual inspection methods prove inefficient as
CLM epgs measure approximately 1 mm in diameter and
exhibit color characteristics similar to leaf veins [2].

This paper presents a novel image processing pipeline for
automated Pomelo Leaf Miner ege detection, addressing three
key challenges: (1) small target size relative w leaf surface,
(2) color similarity between eggs and leaf background, and (3)
variable lighting conditions in field environments. Unlike
prior studies focusing on leaf damage symptoms, this work
detects pest eggs at the pre-damage stage, enabling earlier

Saprangsit Mruetusatorn
Faculty of Information Technology
Thai-Nichi Institute of Technology
Bangkok, Thatland
*Corresponding Author:
saprangsit@ini.ac.ih

intervention. Our  approach combines multiple  image
processing  techniques to  achieve robust  detection
performance.

Given the well-defined visual characteristics of Pomelo
Leaf Miner eggs and the limited dataset available, this smdy
adopts a rule-based image processing pipeline grounded in
domain knowledge rather than deep learning. This choice
offers advantages with low computational cost, high
transparency, and minimal data requirements, making it
particularly suitable for initial deployment on low-power
devices, where the computational overhead of deep learning
models would be too heavy. Future work will compare this
approach with machine learning methods to further validate
robusiness in real-world conditions.

[I. RELATED WORKS

Recent advances in agricultural image processing have
demonstrated promising results for various pest detection
applications. Leaf diseases detection, SVM for classification,
achieving a 96% accuracy rate in identifying apple leaf
diseases [3], plant disease detection and proposed an
integrated deep learning based on a combination of AlexMet,
ResNet50 and VGG16, the maximum detection accuracy of
the proposed method for binary dataset is 1009 and for multi-
class dataset 1s 99.53%. [4]. Ahsan et al. [5] repurposed the
large-scale IP102 dataset by adding detailed annotations for
four insect life stages egg, larva, pupa, and adult. Using deep
learning models based on ResNet50 and EfficientMNetVV2M,
they achieved high performance in life-stage classification,
with EfficientNetV2M reaching 96.5% precision and 96.1%
Fl-score for stage identification. While deep learning
methods such as CNN have shown strong performance in pest
detection, this study establishes a rule-based baseline method,
which will be compared against learning-based approaches in
future work

111, METHODOLOGY

The methodology adopts a rule-based pipeline for three
primary reasons: (1) Pomelo Leaf Miner egg wvisual
characteristics are well-defined and distinguishable through
geometric and color features, eliminating the need for data-
driven learning; (2) the rule-based system operates with lower
computational cost suitable for resource-constrained devices;
and (3) it requires significantly less training data than deep
learning, which is practical given the limited dataset
available.



The overall workflow of the proposed system, based on
this rationale, is shown In Fig. 1 and consists of four main
stages: Data gathering and analysis, Image acquisition, Image
pre-processing, and Detection combining geometric and
color features to enable accurate identification of pomelo leaf
miner eggs.

Data gathering and analysis 4

System 1

Image Acquisition B

]

Image Pre-Processing C
¥

Detection D

|
¥

Evaluation E

Fig.1 Overall workflow

A, Data Gathering and Analysis

The life cycle of the citrus leaf miner was examined to
identify the most suitable detection stage for preventive
control. The egg stage was found to be ideal due to its
stationary position, consistent shape, and visibility to the
naked eye, with a diameter of approximately 1 mm.

This study collected and analyzed pomelo leaf images,
focusing particularly on young to middle-aged leaves, as
these stages are the most susceptible to citrus leaf miner egg
infestation. An analysis was oconducted on the color
characteristics of both the leaves and the eggs to determine
color ranges that could be used for feature extraction. Pomelo
leaves were predominantly green, while the eggs ranged from
off-white to pale yellow, making color a viable attribute for
distinguishing between leaf and egg regions in images.

B, Image Acquisition

Images were captured using a Samsung Galaxy Al3
smartphone with camera resolution 50M pixel at a distance of
10 cm under controlled lighting conditions box. The dataset
comprises 100 images, randomly split into a training set of 50
images (26 with eggs, 24 without eggs) and a testing set of 50
images (26 with eggs, 24 without eggs). All 100 images were
captured under controlled conditions using a lighting box with
an lluminance of approximately 125 lux, measured at the leaf
surface using a digital lux meter. The semp for image
acquisition a sample leaf with eggs and without eggs as shown
in Fig.2
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A Lighting control box

$iid

B:Leaf without eggs

C: Leaves with eggs
Fig.2 Image acquisition

C. Image preprocessing

The image pre-processing stage aims to prepare the input
images for accurate detection of leaf miner eggs. This stage
is organized according to specific objectives.

1) Pomelo leaf region finding to separate the pomelo
leaf from the background and identify the segmentation of
the leaf from the background by applying color
segmentation [6], [7],[11], [13],[22]. A representative input
image is loaded and converted from the RGE color space 1o
the HSV color space. This process results in approximately
1,031,506 pixels corresponding to the leaf region. The HSV
thresholds were statistically derived from 50 training images.
The lower bound (H=77.87°, S=15.63%, V=21.20%)
represents minimum observed values, while the upper bound
(H=169.53%, S=100%, V=100%) was intentionally set to
maximize coverage of leaf color varlations under different
lighting conditions. Visualize color as shown in Fig.3

A Lower bound
Fig.3 Color segmentation

B: Upper bound

Z) Reduction of light Reflection to reduce the
influence of light reflections on original RGB image.
Contrast Adjustment[20],[21] is applied using parameters:
@, [ which controls multiplicative contrast. and y which
adjusts brightness through a power-law transformation. This
process helps to diminish the brightness caused by reflections
on the pomelo leaf surface and enhances the visibility of
circular-shaped objects. As a result, the detection of pomelo
leaves and leaf miner egps is improved. Reflected light can



cause certain regions of the image to become excesively
bright. Reducing a < 1 and [i = 0 helps decrease the overall
image brightness, including overly bright areas. Additionally
# = 1 increases the brighiness in darker regions more than in
brighter ones, thereby improving image balance as shown in
equation {1} and (2) and before and after image contrast
adjustment as shown in Fig. 4. In this study, the exact
parameter values used were o = 0.7, | = 0, and ¥ = 0.8,
determined empirically to optimally suppress specular
reflections while preserving egg visibility.

Contrast Adjustment(alpha)
glij) = axflij)+ B (0]

g(i,j) represents the brightness value of the pixel in the
output image at the corresponding position.

fli,j) represents the brightness value of the pixel in the input
image at row I and column j.

a is a parameter that controls the contrast.

[ is a parameter that controls the brightness.

Contrast Adjustment(gamma)

e (ﬁ)*xzss (2)

1 represents the intensity value of a pixel in each channel
(R, G, or B) of the RGB image.

v Is a parameter that controls brightness adjustment. [fy <1,
the dark regions of the image will be brightened more than
the bright regions; if v =1 the dark regions will be darkened
muore than the bright regions.

255 is the maximum brightness value of a pixel in an 8-bit
image

A Original
Fig.4 Contrast adjustment

B: Conirast adjusted

3) Reduction of Color Complexity to reduce color
complexity before further processing by converting RGB
to Grayscale. [8], [9], [10],[13], [14], [15]. This simplifies
the data and prepares the image for further reduction of
residual light reflections that may remain after the contrast
adjustment. Before and afier contrast adjusted and convert
from RGB to Grayscale as shown in Fig.5
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A: Contrast Adjusted

B: Grayscale
Fig.5 Convert RGB to Grayscale

4] Reduction of Residual Reflection to further reduce
residual reflection remaining after contrast adjustment
by using Gaussian Blur [8],[9] with an initial kernel size of
3x3 is applied to the grayscale image. The blurring process
indirectly mitigates reflections, which often appear as overly
bright regions with sharp boundaries. By blurring the image,
these sharp edges become less defined, causing the reflected
light to appear more diffused and spread across neighboring
pixels. This enhances the performance of subsequent edge
detection by reducing noise and smoothing out overly bright
regions. As shown in equation (3) and image of Before and
after Gaussian Blur as shown in Fig.6

eyl
g Zal [3)

G(xy) = 2no?

Gix,y) is the value of the Caussian function at position
,y)-

e is the standard deviation, controlling the spread (or
“width") of the Gaussian kernel.

x and y are the distances from the center of the kernel in the
horizontal and vertical directions, respectively.

B: Afer
Fig 6 Gaussian Blur

A: Before

5) Detected Edge Refinement to refine the edges
detected by the Canny edge detection method, enhancing the
clarity, continuity, and roundness of the leaf miner egg
boundaries by applied Morphological Operations
[9].[12].[15]. After converting the contrast-adjusted image to
grayscale and applying Canny edge detection to obtain a
binary image as shown in Fig. 7, morphological operations
refing the detected edges. Experimentally evaluated multiple



dilation kernel sizes and found that a 5=6 kernel vielded the
most continuous edge connectivity with minimal shape
distortion compared to other kemel configurations.
Subsequently, 1=1 erosion kernel was selected to eliminate
residual edge artifacts introduced by the dilation process, as
larger erosion kernels were found to cause unacceptable
shape deformation in circular structures.

ol

A Grayscale image B: Binary image
Fig.7 Obtained from grayscale to binary

*

A: Before B: After
Fig 8 Morphological operation

@) Preliminary Finding for Leaf Miner’s Eggs to
segment the color range of leaf miner eggs and ensure
coverage of all possible color conditions by applying Color
Segmentation [6], [7], [13] for Leaf Miner's Egg(s),
representative pixels from 74 eggs samples (totaling 73,871
pixels) were extracted. The mean (1) and standard deviation
{o) of the Hue {H) component were calculated, along with
the minimum and maximum values of Saturation (8) and
Value (V) as shown in Table 1. These values were then used
to define the lower and upper bounds of the HSV color range
for each group of egg conditions, serving as the foundation
for color-based detection rules.

TABLE I: LEAF MINER EGG COLOR RANGE

T Gromy 1:6::‘: ::.L:Tp. " -(H]:"'h.:-":: jﬁ-‘:-T el | |.:1I.:...I [ mamivy
Whitieh BE26° | E98° |70.3E7 0.30% 33514 | 100000 %) 918,04 %)
Light Yelow | 73.90° | 1392° { 100,007 98.04%
Dok Yalow | 70.08° | 11 100.00%]| 98.04%
Tk 6. 140 it | S8, 0 %
Lithers 73900 24 100, 00%| 98,049

0. Detection

{} The Hough Circle Transformation [16], [17].[18].
[19] is applied to detect circular shapes in the edge-
enhanced image, as shown in equation (4} The parameters
were configured as param2 = 12, MinRadius = 3, and
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MaxRadius = 13, The radius bounds were derived from
diameter measurements collected from 74 leafminer egg
specimens, while param2 was determined empirically
through parameter tuning, yielding a value of 12 from
experimental study that minimized detection ervors. This
method identifies eircles that match specific size and shape
criteria. allowing for the detection of objects such as leaf
miner eggs that exhibit circular characteristics.

{I - xr.'uw.'}z + U" _y-\.'nu:'..'r:l1 =r* 4)

(x.¥) represents any point on the circumference of a shape
that approximates a circle.

(xcenter,ycenter) represents the center point of the shape
that approximates a circle.

r denotes the radius of the circle.

2} Evaluation.of Circular Completeness 1o assess the
likelihood that a detected circle corresponds to a leaf miner
egg, the completeness of the circumference is evaluated, as
shown in equation{3). This is done by comparing the actual
number of pixels detected along the circular edge with the
theoretical circumference calculated using the equation 2ar.
If the completeness is greater than or equal to 80%, the circle
is considered to have a high probability of representing a leaf
MINer egg.

completeness = (wj x 100 (3)
cmcumicrence
contour_perimeter represents the no. of pixels detected
along the circle contour drawn on the image.
circumference represents the perimeter of the circle,
calculated using the formula 2ar where r is the radius of the
circle.

Matched Color of Eggs to further validate whether a
detected circle corresponds to a leaf miner egg, the
percentage of pixels within the defined color range
specific to leaf miner eggs is calculated for each detected
circular region (based on shape and size), as shown in
equation (6). If the percentage of matching color pixels is
greater than or equal to 20%, an additional eircle is drawn
to mark it, and the circle is counted as a valid leaf miner egg.
As shown in Fig.10

total_col els
color percentage = (ﬂ}x 100 (&)
- pixel count

total_color_pixel represents the total no. of pixels within
the circular region that match the specified color range.
pixel_count represents the total number of pixels inside the
drawn circular region.

A: Before B: After
Fig.10 Detection



E. Evaluarion

To quantitatively evaluate and compare the detection
performance between the two proposed methods are using
only shape, size features and using shape, size, color
range features. Confusion matrix was emploved for each
method. The matrix categorizes predictions  into  four
outcomes: True Positive (TP), False Positive (FP), True
Megative (TN), and False Negative (FN), as shown in Table
2. Kev performance metrics, including Accuracy, Error Rate,
Precision, Recall, Specificity, and Fl-score, were calculated
using equations (7) — (12) for both experimental setups.

TABLE IL C'L'J.‘\!b'L'SION MATRIX OUTCOMES

Prodicird
Actual [ With Egg Without
o, of pamels leaf with rgg Trug Positsee (TP) Falur Negative (FN)
%o, of pomebs leal wiiloui False Positive (EF) True Negative (TN} |

Accuracy: Overall correctmess of predictions.
TP+TN

Accuracy = ————
Y = P TN+FP-FN

(7

Error: Proportion of incorrect predictions.

FP+FN

BT S TN FPEN (8)
Precision: Reliability of positive detections.

TP
TP-FP ©)

Precision =

Recall: Ability o detect all actual positives.

TP

Recall = TPFN

(10)
Specificity: Ability to reject false negatives.

Specificity = TNAEP (1)

Fl-score: Harmonic mean of precision and recall.

Precision x Recall

Fl=2x ———
r Precision + Recall

(12)

IV, EXPERIMENTAL RESULT

A. Leaf Miner Egg Detection Using Shape and Size

Egg detection using shape and size was evaluated on 50
young pomelo leaf images. The model achieved 92.00%
accuracy and 92.31% recall but produced false positives in
two non-egg images, resulting in 92.31% precision, 91.67%
specificity, and an F1 score of 92.31% (Table 3). These
results suggest that further improvement is needed to reduce
false detections.
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TABLE III: CONFUSION MATRIX DETECTING
RESULT BY USING SHAPE AND SIZE

[Actual T Predictey Predicted: With Egg | Predicied: Without Egg

[ moor pomeba beal with rgg True Positive{TP) | False Negative(FN)

6 [ 2 2
Na of pomecla leaf without exx | False Posative(FP) | True Negative(TN)
24 2 22

B. Leaf Miner Egg Detection Using Shape, Size, and Color

Range

Egg detection using shape, size, and color range was
evaluated on 50 images of young pomelo leaves. The model
achieved 96.00% accuracy with a 4.00% error rate and a
recall of 92.31%. It obtained 100.00% precision and 100.00%
specificity. with an F1 score of 96,004, as shown in Table 4.
These results demonstrate the model’s strong effectiveness in
detecting leaf miner eggs and distinguishing between images
with and without eggs.

TABLE IV: CONFUSION MATRIX DETECTING
RESULT BY USING SHAFE, SIZE. COLOR RANGE

|:.ch.| e Predicied Fredicted: Witk Fgg | Predicied: Without Fgg

¥ L‘---."-"'\——
%o of pameds keal with (g True Postive{ TP) False Negative(FN)
[ 7 24 2
| N of pomeo leaf without g | False Posaive(FP) | True Negative(TN)
24 a 24

A False Negative example is shown in Fig.11. The model
failed to detect the egg because the test image's heavy

shadows were not well-represented in the training dataset.
pF £ og=nll

Fig. 11 False Negative

C. Comparison of experimental result

To further assess the effectiveness of the proposed
approach, the performance of two detection methods between
shape, size and shape, size, color range was compared using
confusion matrices, including aceuracy, error rate, precision,
recall, specificity, and Fl-score based on confusion matrix,
evaluation result as shown in Table 5

TABLE V: COMPARISION EGG DETECTION RESULT
Ieteciion Crieria Accuracy | Error Rate|Precision| Recall | Specificios[F1 5core
Shape & Sire | ozoom | saome 2 sasin] SLame | o230n
Shaps, Siee & Color range | $600% 4 e 100007 (92.30% 100000 | 9600




V. Discussion

Combining shape, size, and color range significantly
enhanced detection performance over using shape and size
alane, Color verification improved precision, specificity, and
Fl-score by reducing false positives, but recall remained
unchanged {92.31%) because epgs under heavy shadows
failed shape detection before color verification could be
applied. Occasional misclassification of similarly shaped and
colored objects highlights the need for better feature
discrimination. Owerall, the model shows strong potential for
early-stage pest monitoring in agriculiure.

Future work will investigate shadow removal and
illumination normalization techniques such as adaptive
histogram equalization to improve recall.

All parameters were manually tuned on the training set
(50 images) wia trial-and-error o maximize F1-score.
Selected values: o=0.7, v=0.8, Gaussian kernel 3=3, Canny
(50.205), dilation 5x6, erosion 1x1, Hough param2=12,
minRadius=3, maxRadius=13

The study was conducted under controlled lighting with a
limited dataset, which may not fully represent real orchard
conditions. Rule-based thresholds may be sensitive to natural
light varlation, shadows, and leaf backgrounds, and circular
objects such as water droplets or debris may be misclassified.
Future work will address these limitations by: (1) expanding
the dataset with diverse real-orchard images, including
variations in lighting conditions, temperature, particles and
water droplets, (2) benchmarking against lightweight deep
learning models such as YOLOw8s selected for their
suitability for deployment on mobile and low-power devices,
(3) integrating adaptive thresholding, and (4} developing a
mobile/loT-enabled application for real-time farmer use.

WI. CONCLUSION

This study proposed an image processing approach for
detecting pomelo leaf miner eggs based on shape, size, and
color range. Experimental results showed that the integration
of color features significantly improved detection
performance compared to using only shape and size. The
proposed model achieved high accuracy (96.00%), with
strong precision, specificity, and F1 score, indicating its
potential for agricultural pest monitoring. This performance
is comparable to related works, such as Chakraborty et al. [3]
(96% accuracy) and Ahsan et al. [5] (96.5% precision),
demonstrating that the proposed rule-based approach
achieves competitive results without requiring large training
datasets.

The current study demonstrates the feasibility of a rule-
based image processing approach for detecting leaf miner
eggs under controlled conditions. However, the method's
performance in real orchard environments with natral light,
shadows, and complex backgrounds remains to be
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Color segmentation on pomelo leaf

Lomwer

Mix(Hze) =3
MEx(Samzracion) =40
Mix(Valze) =54

Uspper

Mix(Hze) =85
Mix(Samarasion) =£ix 255
Mx(Vaze) =£x 255

v a = d
msaauilasiInenunus

Crop image
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Max width /[ w Max height /b X = int{x * scale_w)
- 600/ 3080 - 200 / 4020 153 * 5.1 - 765
-019% ~019% y = int(y * scale_h)
203 * 5.1 - 1828
Scale; = mingl.196, 0.196) w = int{w * scale_w)
O 3% + 5.1 - 1538
h = int(h * scalo_h)
423 * 5.1 - 2840
o = W/max iy SO Th "“m New bounding
bax - 765,1820,1533, 04

Surau L
A MRty 2080 - 360
LERTE 600« 300
Bounding box (%) 120, 200,300, 400
Bounding box () 765, 1020, 1530, 2040
ARSI 1530, 2040
R ] 3,121,200




148

mamauileadiineniinus

aUN5U94N15USU contrast nuvAn(alpha)

i Aermrnebaaaaiines Fuatufdummis wp 501 — et cONtrast ses.
)

=i Aedmrnefayatinee lmimiwaliv So<] — am contrast s

0 eudaTinng

" v .
B rusanmiritu/essanirin (erigkmes) 01t — e

- 5 . &
a B> —F TR

2 f(i ) = 100(F~n0— 233
a =15 (fx contrast 1.5 wey

feman B=0 (Furnrmaietu 20 wia)

=(ij)=(1.5%100}=20
e{ij) =150 = 20
g(if) =170

msmauileadiInaiinus

HUATSUINITUTU contrast BULERNAIAI(Gamma)
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Color segmentation for leaf miner egg

e | MeaNGaott | o N T T T T | el | e [ o
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Color segmentation for leaf miner egg
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#@UN5924 Hough Circle Transformation
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