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Figure 1. The image of fungal disease of greenhouse cucumber, a: Powdery Mildew,

b: Anthracnose (Original)

1- Symptoms
2- Sign
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Figure 2. Different classes of cucumber leaf, A: healthy leaves, B: Powdery Mildew,

C: Anthracnose (Original)

1- Background

2- Matlab code: (g =imresize (I, 0.5))
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Figure 3. The block diagram steps of image processing
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4- Classification

5- Clustering

6- Decision tree

7- Support Vector Machine
8- Artificial Neural Network
9- Bayesian Network

10- KNN

11- Fuzzy technique

Sl Ol 30 Mo 9 (pmadd

Syl sl Oljn edd ) salens ray opl 02
ck_ﬂéumal.\_x:g;,ugﬂ@u_@ﬁ@
MJJ\‘:A_E{\))ASMQTuJJTéLijé?ﬁ
1l 0k 538y o Ot Ol e
() aka

A 100
=—X
Y=g

o3 3T s gls S sl A (ol Ol Y
.w‘gx&{éhm}‘MAt})l:}gjchﬁ
w8l (29 gl !
a3 ol ol ys Sl eslizal Ll sl s
Col 4Bl drn 5 (6555 LEST DY emme i kS
35 ST 5 b ol S35 ol 55
3 5d g oaliial (65,9LiS” Calbes Y guames 0y s |
Sl e ol it ool ss (Mery etal., 2013)
nu;_.ﬂl“_gp,_;)r_am;ub;,)bgsgj S o

:(Mollazade et al., 2013) «(® ak/,) ol ok

(0) akal

i
Cungylmm) = ) Y (M q0> =nand (p+Ax,q +1y) =m

=] Otherwise
p=lg=

ﬁgmn,mcgg,ﬁw;ucc@balﬁ
oIl 51 g puS geal 53 GLbg) Sdb 4 by
AX 5 AY ol o 5" Gl Slaiee @ 5P <y 5
0 sl e pomen cdidl o' Bl sl el )l
5l o= (Mery et al., 2013) ws iy o,
Calises gla WS i slas (g3, p ST ol 6l
oAl ool L La S35 L 5 1 (gL
.0 J,u\?)mc\;@\é%ﬁ
SEPn (el 4 Joo (150

R opl 33 aeas S 3 )8 51 Lol Coda

1- Co-Occurrence Matrix
2- Spatial position
3- Offset parameter



0 VAF Olws ) F o5l Fr e (65,5887 Lale aloes) (S5l

F IR o S SOk Sl TR ) Jou
Table 1. Features extracted co-occurrence matrix

i

Equation Co-occurrence matrix Mathematical equation
6 Contrast ZU —jI2p(. 1)
ij
N2
7 Energy Z(P(l,]))
ij
. p(@i.))
8 Homogeneity LT+ =]
L)
9 Entropy - Z Z Py(i, DlogPy (i, )
J

L St Lo 5 ol 03 e p3lae ..A.pf oslatul
ot 38 1B gl 5 (6,803l 3550 il 3lie
sl ol U aSs 5 50T o Syl O aeiie
S 55 g sl 58 Ut 0150 5 5,5 by
Slapz s s 51 aSs 55T 50555 K b5 gaT
trainscg ,traingd dtraingdm drainlm ;5.7
o Gaijv;i,}ixl (Jde ,a sloul s 5 b eslizal
ol ok a3 8 b s
ol Ol glaesls 4 (o3b u.(:...u i sés
3L Ghls 5 (Ken gl &S 5,05 OT i jseT (sl
(oiaeT AT 3 0t JolS 51 ay ol ol il Ja 5
Wads 5 o Jlail 5 428 aseia b S0y olod
oS ollg mas S Jbe Sl pl s s 6
CEs L aSh 35,5 DMl plul (s 5 o3l
Y a3 aS ol s ba¥ osluw s il ) Clie
ooy Slalins 3,8 o 51 s S 53 055 A
Lo tlasT plait g Lot 5 a3 b Y pams o7 o
ssbieas Sl ;S 0LLE 5 pd e ol b il
omas S 55T 3 S sl 33,0 05 503 OLSS
Voodaly a8 Lsd giledle i esls oled Consl oo

1Ly ealeu) Waesls Q:; 053l 5 gl

(\')424‘)

_ X—Xmin

Xnorm -
Xmax~Xmin

BE 4_@..«5‘)‘-\_.;.& Xmin LJ_._IJ.C:.G k}_'*';‘j J‘-\_}.AX

(s LSt > Slae oo (6l Shash cal 3
il Sl Y slaesls s (13 555 5 5 e
35 Calen (glaosls 3l oslizal &1 5 wae SaSKS
(s 03 9 455 5 55 0 Lol S 15 T pKCn
St 5, SMoe 53 3l s ys 503 S 4 2 1y Wnesls i
03 AT (155 il 5 adeds shien b 2l
Ldd e w3 Sy adlie S 3058 515 1 mlaw
Sl olss S5, F sHSV , L*a*b* RGB
s (53555 Olyean (K 5 05 AT (55331 e5L)
Col o . Jols a8 g 5 sl 0ol 03t
oo am o3 0T &8 L (Y (e &8 14 () : fuls 457
il e ST BT 5 (653 5 &S Ak B
SLrosls sl i L 58 de aSs Sl b s
s S s 5 09T o) Sl eslizal 5 63553
by oVl s Sles gites Y S L O
25 5 eS8 51 S e Y JSH b
S ol b Bl e (e p I OT (s Y
Q&A&éﬂ@y)sﬁiﬁéuo)j Sy Cbls 4 g
ClB S 505,57 55 i s |y s S
S ostie mad 4 das Cws Sl 355 e
Ll B5saT 4 samn 55 p o O e e 35 50T
sl (gHLT sl 5HIA 5 ldis fSl 4
Sl o e ol sl (MSE) Slay o 5 550a

1- Over fitting
2- Mean Squarer Error



3 G0 S e 3B (6 lew Lt bl 101K 5

S Al a5 eSS o St g g 4
(235 SE Ol Ak jadde S A2 w13, B, G R
i gn oo S B s K55 all o (5 28 b aba
QJS8) 55 65y o 03T 15 sk i
o 03T (15 (K03 5dme S T 1 Js
PPV T v W YGRS AN Rt o
(sl e S5y sl 5 esgdoms K 5 im) il
Qlj;;pd?ﬁchdvjuéuwa\@ilquw@\{
lg e Jole ) 457508 gluarb 5 oluls (glen
gl 03T (155 gudal S5 Ol 0557 oS 55
Sl o slite men 4 Bl il ol S S
352 3V 05y s gl 03T (5 (Sis  ne
sl 1 53,8 Ol (K (sl o elis Ll
slas 93 nRGB K slas o gdle ot fiouaas

A 8 5 s p 255 5 HSV y LY K,

A

Y¥Y

lmosls y3 ar i Hldde Ximax 833,55 slmosls

Al oo b aicd ldie Xnorm 5 6339

o g b

Lipo gy 1 &5 g =l Sl S

i ol s SLadS 1 e 51 (6l et gos L
e p S S s S ol 8 e oS S fol
dﬁ-ﬂb\}fﬁ):ﬁcﬁ}l}&i«g@j@BJGcR adl 30
DA B AT o3 gitome 5 3 L5 Las 5Lsy,
L S adle op g oo sl 10 A JSK8) ol
ST Ao 5l oslial caia s K5 059 ol 4 45 5
S s 6 o glan 5 13 b i) b b anglia )
.uesmlewoyﬂ;lﬁ,ad\&:gs\ﬁ
&y g 0391 (A9 S i S

5 o 03 fT (ol sk i ) slatess 13 5

da

B atgo iz G i 10 R dlhe [ WS s B poai Sy SBAG0 4 L9 0 I T gitud —A JKE
Figure 8. Histogram of gray image color components: A: R component, B: G component,
C: B component
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Figure 9. The profiles of intensity gray arrays of red, green and blue cucumber leave
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Figure 10. Single-Layer Perceptron Neural Network
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Table 2. Confusion matrix of the network structure 3-4-13

Predict Actual Cl_ass

Healthy Powdery mildew Anthracnose Accuracy
Healthy 17 0 100
Powdery Mildew 1 0 99.95
Anthracnose 0 17 99.98
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Abstract
Plant disease can cause quality and quantity reduction of agriculture crops. In some
countries, farmers spend considerable time to consult with plant pathologists, as time is an
important factor to control disease; so it seems necessary to offer a fast, cheap and accurate
method to detect plant diseases. Since the fungal diseases named ‘Powdery Mildew’ and
‘Anthracnose’ cause the greatest amount of damage in cucumber produced in greenhouses,
thus in this research the two mentioned fungal diseases detection and classification were
studied using image processing and neural networks techniques. Image processing include
four main steps: 1) Image acquisition 2) preprocessing 3) extraction of the best color
parameters of HSV and L* a* b* color spaces in order to classify and extract defected
areas of the leaf and 4) extraction of textural properties of defected areas of cucumber leaf
using co-occurrence matrix. Since, two factors of accuracy and time are important in
detection and classification of plant disease, thus artificial neural networks (ANN) with
back propagation algorithm (BP) and Levenberg-Marquardt (LM) training function were
selected as the best model that was able to successfully detect and classify the mentioned
plant diseases in 6 seconds with 99.96% accuracy.

Keywords: Powdery mildew, Anthracnose, Feature extraction, Artificial neural
network, Co-occurrence matrix
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