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ANGKACHUT MEUNKAEWIJINDA : HYBRID ARTIFICIAL
INTELLIGENCE APPROACH FOR GRAPE LEAF DISEASE DIAGNOSIS
SYSTEM FROM COLOR IMAGERY. THESIS ADVISOR : ASST. PROF.

ARTHIT SRIKAEW, Ph.D., 252 PP.

GRAPE LEAF DISEASE/SELF-ORGANIZING FEATURE MAP/BACK-
PROPAGATION NEURAL NETWORK/MODIFIED SELF-ORGANIZING
FEATURE MAP/GENETIC ALGORITHMS/PARTICLE SWARMS

OPTIMIZATION/SUPPORT VECTOR MACHINES/GABOR WAVELET

Vegetables and fruits are the most important export agricultural products of
Thailand. In order to obtain more value-added products, a product quality control is
essentially required. Many studies show that quality of agricultural products may be
reduced from many causes. One of the most important factors of such quality is plant
diseases. Consequently, minimizing plant diseases allows substantially improving
quality of the products. This work presents automatic plant disease diagnosis using
multiple artificial intelligent techniques. The system can diagnose plant leaf disease
without maintaining any expertise once the system is trained. Mainly, the grape leaf
disease is focused in this work. The proposed system consists of three main parts: (i)
grape leaf color segmentation, (ii) grape leaf disease segmentation, and (iii) analysis &
classification of diseases. The grape leaf color segmentation is pre-processing module
which segments out any irrelevant background information. A self-organizing feature
map together with a back-propagation neural network is deployed to recognize colors

of grape leaf. This information is used to segment grape leaf pixels within the image.



Then the grape leaf disease segmentation is performed using modified self-organizing
feature map with genetic algorithms, particle swarms for optimization and multiclass
support vector machines for classification. Finally, the resulting segmented image is
filtered by Gabor wavelet which allows the system to analyze leaf disease color
features more efficient. The support vector machines are then again applied to classify
types of grape leaf diseases. The system can be able to analyze the image of grape leaf
into three classes: scab disease, rust disease and no disease. The proposed system
shows desirable results which can be further developed for any agricultural product
analysis/inspection system. These allow the system to sufficiently achieve a desirable
grape leaf scab disease performance up to 93.38%, grape leaf rust disease performance
up to 85.32%, grape leaf no disease performance up to 95.89% of accuracy for using in
the variety of real applications and sufficiently achieve a desirable performance up to

99.33% of accuracy detection for using in the variety of real applications.
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4 1 a . Ay a 1w dy a o
(blue : B) ¥au@az@ogUUITEUIUNIN (image planes) mﬂuaﬁizmaﬂuuuwugmmmizuuwm

S A [ ~ 9 s ~ 9 [ aa o a 9 o

mMinseuaaadluglin 2.6 ndeaddruninnlslumssunimaana deulduuusiana

= S [ [ 3 o = 2K g o A o
o RGB LﬂugﬂlmﬂiuﬂﬁiUﬂWW ANUU LUV 1803d RGB NL’]JHLL‘]J‘IJM@EN‘I/]Z‘TW\EIJUGIUﬂﬁ

szurananIn

A J o =
E‘]JCVI 2.6 ANUANUBILUUINDIT RGB

2.4.3 HUUIARIT HSV

2

o = <3| o A o d? A g A o
HYU1003Id HSV HJL!LL“]J‘U%1ﬁ’é)\‘]ﬁ‘l’]WGJﬂH“lluLWfllﬂuﬂN!a@ﬂﬁluﬂTiﬂﬂ’i‘uﬂﬁ

)}

Tasuuusiaesd HSV vz lianuvuenaniuilonandedana q lwdedady wu ienandad

A A S 1

A a = 1 [} 4 = 1 = = 1 A A oy
wiaeeluneAadzaeinnuuana 19Ny WeNsadiMaod0ou divasdun nieaiiimiaini

)

1 1Y 1 1 aA A = u'/ = [y 9 A A -Q' Y d‘
ﬂ’J']ﬂJLLG]ﬂﬁ'NﬂH’E)EJNUli SNUNNNAADTLHADIUULDI LANTEAUANNVLVNNITOUAINNDUAIN
1 [ [ agj o = o = =< Y YR Lﬂ' 9 Y 1 o [
UANANWNNU ASUUNITNIUHUATUDILDVINADIT HSV ﬂ\ﬂﬁﬂ”ﬂi]?lﬁﬂ‘lfllsll'lﬁlfl]ulﬂiﬂﬂﬂ’ﬂﬁ"lﬁi‘ﬂ
J o = Y J A
VYYILUUIaDIT HSV 1szneuaie 3 0enllszneuno
1 A = A aAaA v A ] A
A1 H AD AT Wi@ﬁﬂuﬂ’ﬂu!mﬂﬂN’ﬂﬂﬂll‘]JGﬂllﬂ’ﬂﬂJﬂsUi’Nuﬁfi LU LA ITAN

= oy a A | Y
e 1WINU 15U 1T uau (pure color)

[}
v A

' A A < o | ~ [ =
11 S 19 ANDUAIN Wuasvenseaudloeunumadu §

' '
% =

J A = A A = = Aa v aa Y v A AaA I
FHUNAIAD AYUWADTUAIUUDUNYILUAT TN WNAITND fgranteanivisoNavInd

AIUNAY
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v v
A a v A 1 %

A1V A FTAUANNEINNVeIERNMAFULaTANUBNA T nnua e o Taen
[ U .; =R Ao [ ] S 1 A v A U Q' v A 1 %
sEAUANUAINMgarenedd hiteell madu vieaanusudrdmlauazszauni
[ =K A & J A 1 A = 1 A o 09/}
AINGIA BTV MIFUTUANA I NGAVRIAMTTULATAMANNDUAITY 9

Y
HUUS18098 HSV Henunson 1 Iasmsuaanianuuusiiaodd RGB aaauns

‘ﬁ 2.3-2.6
9
H, M B<G
[ ) 2.3)
360" — H, N B>G
Taofi
H, = cos™ 0.5[(R—-G) + (R~ B)] (2.4)
J(R-G)R-G)+(R-B)G - B)
¢ Max(R,G, B)-min(R,G, B) 2.5)
max(R, G, B)
y - maxX(R.G.B) 26)
255

71U 2.7 upudiaedd HSV
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2.4.4 1UUDADIA CIE L*a*b
1UU§18098 CIE L*a*b lawauiuuusiandIag CIE (Commission International
4 I o { o qs/l

de I’Eclairage) o1 uanasgiumsindiasounagunnuuusiaosd 19 RGB ag CMYK Loy

I Y o AA A 4 a a 4 A a 4 A
aunsoly ldnudnnaninglnsainniszinn 017wy 190NN IADST IATOINRUN ATOITLNU
I 9 ) [ 1T A o =\ A = = 31 a (=
Wuay #MSuUAFVUIUUI1a09d CIE L*a*b A0 NN (A9 1A8aziQauauul aued
HUVF12098 RGB F9%529A13 U094V V1a098 CIE L*a*b UAIUAI1NINAIULUI 1804
~ ' Yy A o A 9 < A
o RGB 1azAo U UNgInsa Iaguuuinaead CIE L*a*b 15znouaie 3 09A1senaune

AML* A9 JTAUANNAIN VA1 0— 100

1 = % =S S A =KX A A =

f1 a* o ﬁ%ﬁﬂ'i_l"ll@Qﬁ'ﬁﬂﬂﬁl"llﬂ’)]lﬂﬂﬂﬁLMQ A1 -120 93 +120

' = % =) = :’ a 2K A = S 1 =2

11 b* o 53ﬂ“]J"U?Nﬁﬁ]'lﬂﬁu'll,\iull‘]_lﬂﬁﬁlﬁﬁﬂﬂ A1 -120 99 +120

FIVUI1a098 CIE L*a*b a1unson ldanmsuiasuuuiiaesd RGB Tae

a ° = <4 ° = o =
Lilliﬂﬂﬂ”l’i!!,ﬂmmﬂﬁ]”la’f)\iﬁ RGB lﬂu&luu%1a@\1ﬁ XYZ N UN1TN 2.7

X 0.049 0.310 0.200|| R
Y |=/0.177 0.813 0.011| G 2.7
VA 0.000 0.010 0.990|| B

v
@ o 1 o o <3| o @
mﬂuuﬁﬂmmuuumamﬁ XYZ ll”l‘ﬂ”lﬂ?ﬁl,!ﬂaﬂlll‘L!LLTJ?J%”I@’EN?T CIE L*a*b a3

aumsi 2.8-2.10

L*=116f(Y/Y)"” -16 (2.8)

a*=500[f(X/X,)-f(Y/Y)] (2.9)

b*=200[f(Y/Y)~f(Z/Z,)] (2.10)
dmuali

£ =1" iile 1> 0.008856
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dmsunsaiauimualy
f(6)=7.787t+(16/116)

dmsumves X, =95.05 ¥ =100 uaz Z, =108.88 Fuilua1gadu1d (white point)

317 2.8 1UVI1A09T CIE L*a*b

2.4.5 HUVIARA CIE L*u*v
o = I o A o d%l SR F A =
HUD1009d CIE L*u*y iHunyuiiaosnwmunvu las CIE Fuiludngiuunnii
A A v o 9= N Y KR ° A
NeT0TOANNNIIBUAZ TOAAADINUNMTUAAIAIINE ANVOWYBE 1A Fauuus1a9d CIE
4
L*u*v U52noudle 3 afdsznoune
ML* 7
1 A =
A u* Ao szaud
a1 v* ﬁ
[ o 2 I o 2 9 o
MsulasnanuLuIIaeed RGB 1lunuu31a09d CIE L*u*v 9zdnaniinisuilas
1 o 3| o o H oa/’ ) [ o
A191NUUUI1a098 RGB 1 UuuUI1a09d XYZ @9aun15n 2.7 9101 udaihaiuuudiaed

XyYZ wimsudaadluuuiiaesd CIE L*u*v aaaunsi 2.11-2.13

L*=116f(Y/Y,)" -16 (2.11)

u*=13(L*)(u'—u)) 2.12)
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VE=13(L*)(V -V)) 2.13)

Taeh

4X

!

U=—
X+15Y+3Z7

9Y

’

Vs——
X+15Y+3Z

517 2.9 VU109 CIE L*u*v

U

2.4.6 UV YCbCr

o = I o A g 9 aa Aa o 4
1HUU19938 YCbCr L‘]Jmm‘ml”lamﬁmﬂummgmiumﬂmmmmammﬁu

o ddyd J v Y 4 1 1 1
IﬂEJLL‘LI']J"M@E]\‘lﬁu3Jﬂ’J"IﬁJ]l’N]@ﬂWii'lJzﬁﬂﬁﬁJﬁ"liJlgHEJ ludiuvesn1saesadng (luminance)

YoIMW1IANNTUEIUUDINAIDUA (chrominance) TABIUUI1ABIE YCbCr UsEnoUAY 3

r'd A
09n152NoUAD
MY
A1 Cb

A1 Cr

B 3¢ w‘]Jﬂ’J"IiJL%lI"UENLLﬁQﬁ’J'N

'
1% a o A 4

A
f

A = oy a
Ao FTAUANNBNAITAVDIDIAYTENOUFNINY
A

f

@ A o oa 4 =
9 JTAUANNDNAIAUDIDIALTENOUALAY
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Taguuusianed YCber m'ldonmsmlasuuudiassd RGB daaunsh 2.14

Y 0299 0587 0.114 || R
Cb |=|-0.169 -0.331 0.500 (|G (2.14)
Cr 0.500 -0.419 -0.081|| B

2.4.7 HUU8098 YIQ

o = o3| o A Y 1 @
HuUaeed YIQ Wuuvuiraesdnidlumnasgiulumslsanuuwsmmdyaa

o

g 4 . .. . Y a o J Y '
In59e 580U NTSC (National Television Committee) LAZNABIIANAY UDADHINNINUDI

[

0 a Ay o , A v o Y = Y
SN LRGN YIQ o GU@lJaﬁZﬂﬂlﬂqﬂgllﬂﬂﬂqﬂm@y‘aa @\iuuﬂlﬂmaﬁﬂluiy’]m%\iﬁ'ln1iﬂﬁl%hl@ﬂﬁ

k1)

9y = Y o <& o = 9y J =
%ﬂ%@gﬁﬁllﬁﬁgﬂﬂlﬂhﬂﬁﬂlﬂ #1 BV VI0NT YIQ ﬂigﬂﬂﬂﬂjﬂ 3 @Qﬂ‘ﬂi%ﬂfl‘ﬂﬂa

B 32 w‘]Jﬂ’NiJ!elgljiJ"U'é)\nlﬁﬂﬁ’)lN

)3

My

)

=

M1 Ao Aaau

v
[ a

MQ AD FTAUANNONAIE

)Y

g o ' I o {
Iﬂﬂ@\‘]ﬂﬂﬁ%ﬂfJ‘U'i$ﬂ‘Uﬂ'NiJL6fJ}3J"UfJ\1!Lﬁ\iﬂ"ﬂ\uﬂuﬁlgﬂ%}ﬂgﬁﬁgﬂﬂlﬂW 6l'l«!sllfllgcll’:]

Y = o

7 A A & = Y
emﬂizﬂaumwamﬂuﬂmmamﬁ HuyIaodd YIQ ﬁ'WNWiﬂWW"lﬂIﬂfJﬂ']'il!‘]Jﬁ\HﬂﬂWﬂ

U

HUVI1AD9T RGB Aaun15N 2.15

Y 0299 0587 0.114 || R
I |={-0.169 -0.331 0.500 || G (2.15)
0 0.500 -0.419 -0.081|| B

4

v o 2 1 ad '3 Ao o 3 s Y}
ﬂﬂuu%gl'ﬁ'u’ﬂﬁlﬂuﬂﬂﬂﬂizﬂfJU‘V]ﬁWﬂﬂJusll@\iﬂWiNGQLﬁUWGﬁWSWWNH‘HEl fﬂﬁlﬁlﬂ

1 4

4 1 a 3 <
ﬁ@uhléllﬂ1iﬁ@Qﬁ’ﬂ\i"’ll’f)\ﬂlﬁ\iﬂﬂ@ (normal illumination) uui%UUﬂWﬂJ@Q!Wu"UfJQNHHﬂEﬂ$ﬁ
[ v Y1 A 1 1 1 =& an [ A 4 v Yy Y
ﬂ'NiJul'WI’é]fnﬁ'i‘U'iﬂ'lﬁiﬂﬂﬂ']']ﬂ'lﬂ'ﬂuﬁ')”lﬁ G]N@nll‘ﬁi'ﬂJG]ﬂﬁﬁsllf)\‘]'lﬁﬂ‘l/lﬁ'liJlgEt’Jﬁ'nJ'lﬁﬂﬁ‘Uzulﬂ

U q

9 v Y
wunannmsiuasdiudesnsznuiag uadag idwnsoaasuuasdainanla
A < o q ¥ a YR Ao w ' A a 9= A
gasdnveuuazi lmnannuidnndidyed 3 Ysemsas tnannuganluses

Adu (hue) tian w3 anluiTean15a09a319 (brightness) taztnanuianluToqueaad

@

A . A P A = o q ¥ Y
DUAN (saturation ¥13® chroma) Iﬂﬂﬂ’lﬂllgﬁﬂiu!i@ﬁuﬁﬁﬁ‘ﬂz‘ﬂﬂ“ﬁﬁ?ﬂﬁWﬁWNﬁﬂ!Lﬂﬂ!Lﬂz@ﬂﬂqﬂ

[ A <3 I = 9 1 A A o Y] 9 =R A AA o qu; o
MUAIFNNOUH T ULFITUAVIN T HTONUA fﬂ‘Hi‘IJﬂ’J”IiJEﬁﬂiuliﬂﬂllﬁﬂﬁﬂu@’luuﬂ%‘ﬂT

9 9
A o

) ¥ a an v g A o A Ao a
Elﬁﬁ"lll"liﬂgﬂ’J"IJJ“]JiQ’VI‘ﬁGU@QLLﬁQﬁ]lﬂ’NLﬂ‘L!E‘T‘LHNH“F@L%‘L!WEE’J?(UHQH%N
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< o o o @ 4 a
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q

o

o 1% a @ <
AN T IATY msumiamiwﬁﬂmmmﬁaﬂmimqmmjmuuyﬁ

q 9

Y] J
2.5 AINIVINIVDI

9 ¥
§1n50901U05 (Gabor filter) 1A U0 1A8%1IFIN15%0 Gabor (Gabor D, 1946) 1111

a & & ya d o A I Y Y 3
WlﬂLlﬂﬂ15llﬂﬁﬂl?7\llaﬂ§ﬂllﬂﬂﬂuﬂ “]NGlGI)"Jm'513Wﬁiyﬂe}"lmLWi’]Glﬂllﬂsllﬂﬂamﬂﬂ"lﬁlﬁaﬂlagvnﬂ
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d' o Y U d‘ z d’ L] d‘ q‘/ A a d
AITUD Tl?iﬁﬂiWiJ’J"lﬂ’J"liJﬂUULﬂaﬂuLL‘]JENE’Jfl"l\ihlillﬂzmﬂ(lﬂ HUAD AUATIZHI U VUIRLALS
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Y
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q
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o [ Y 4
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[ < - A A [ 1 1
Suimsueariuiugiuiiiaedud ou'ldun 1du (bars) HazvoU (edges) HANTNANDINTIN

u

©

k4 v Y < dy =\ a d v P 3 Y
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1, =div(c(x,y,t)VI)=c(x,y,t)Al +Vc.VI (2.18)
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HnuLne - D910 “Scale-space and edge detection using anisotropic diffusion,” TﬂﬂPerona, P. and Malik,J.,

1990, IEEE Transactions on Pattern Analysis and Machine Intelligence, 12, 629-639.
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NUBLHE) 910 “Scale-space and edge detection using anisotropic diffusion,” a8 Perona ,P. and Malik,J., 1990,

IEEE Transactions on Pattern Analysis and Machine Intelligence, 12, 629-639
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g(x,y)=

{1 o f(x,y)ZT}

0 0 f(x,y)<T (2.29)
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T=T{f(x,y)} (2.30)
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