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PLANT LEAF DISEASE/GLAY-LEVEL CO-OCCURRENCE MATRIX/

SIMPLIFIED FUZZY ARTMAP NEURAL NETWORK

This research presents plant leaf disease diagnosis system from color imagery
using unsupervised neural network. Images are processed using both color and texture
features. The system is mainly composed of two processes: disease feature extraction
and disease classification. The process of disease feature extraction analyzes feature
appearance using statistic-based gray-level co-occurrence matrix and texture feature
equations. The disease classification process deploys the unsupervised simplified fuzzy
ARTMAP neural network to categorize types of disease. Grape leaf disease images are
used to test the system performance for four types of classification including rust, scab,
downy mildew and no disease. Desirable results have been achieved with more than
90% of accuracy. The proposed system can be applied to diagnosis other type of plant

disease sufficiently.
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H —cost 0.5[(R—G)+R-B] 04
' J(R-G)(R-G)+(R-B)(R-B) '

_ max(R, G, B) —min(R, G, B)

S (2.5)
max(R, G, B)
V = w (2.6)
255
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FUVUVT1809F CIE Lab ﬁ'm'liﬂﬁWlli'%I‘ﬂWﬂﬂﬁ!L‘]JENLL‘U“]JGUO"IQ’GQ% RGB lagisu
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AUMIN 2.8 D9 AUMTN 2.12

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)
mviua i

f (t)=t" iiio t >0.008856 @.11)

Smsunsaisusmualy
f(t)=7.787t+(16/116) (2.12)

dwisuAes X, =95.05 Y, =100 uaz Z, =108.88 Fuilumiqadun (white point)
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v=13(L)(V —v,) (2.16)
Taoii
u __Aax (2.17)
X +15Y +3Z7
)

V=———— (2.18)
X +15Y +3Z

319 2.11 1DVTIADIA Leh (Getreuer, 2006)

2.4.6 WUV Leh

° A | = ' ' - '
FwsamuInuadene L (hghtness) cﬁﬂllﬁﬂ\iﬂ’]ﬂj'lﬂﬁj']\”]ﬂqﬁclf\iﬂﬂ']@glj

= 1
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L=L c=+a%+b? uazh:tan‘l(—) (2.19)
a

i h Uanisenin 0° frualy h=h+360°

%30 1 h Aawnnn 0° fmuali h=h-360°



20

JUM 2.12 1D VT1009F YIQ

247  wUUA9E YIQ

o = < o aa g 9 1 o
HYYIaeNd YIQ uJuwuumamﬁmﬂummgm”luﬂﬁ“lcmmmwaq;muwm

@

v o a 4 1
Tnseiluszuy NTSC (Nation Television Committee) 1Az NApIIANAY F0A0819U1NVDI

o 2 Ay o v A v Yoy o = u vy
HUVIaONT YIQ AD GllﬂlluaﬁgWlll“l/l']ﬁ]gllﬂﬂﬂ']ﬂsll’ﬂuaﬁ ﬂ\iuusll@ll“aﬁﬂ]uﬂlu']m{ﬂ\?ﬁ']u']ﬁﬂalclfllﬂﬂﬂ

U

=

9 = Y D) o & o v s A
ﬁyﬂmauﬂaﬁuazmagammagamn A1 FILDVIN0NT YIQ ‘]Jﬁgﬂ@‘ﬂﬂ’m 3 ’fNﬂ‘]JﬁSﬂi’)“]Jﬂ’E)

1 A @ 9 1
1Y A9 FTAUANNUUNVDIUFITIN

' A o

1 A
A1 1 Ao Aaau

'
(Z

! A v a =
1 Q D ITAUAITUDUAIL

J @ Y v I 9 @ A~
1@1EJ’e‘NmJizﬂmJ’ia:ﬂ‘ummmlaJﬂlmLl,mﬁaw,ﬂuﬁlg@mam”aimmm Sluﬁumzﬂ

s A A g Y] a ° = £%
@Qﬂﬂigﬂaﬂﬂlwaﬂlﬂu%ﬂmaﬂaﬁ HuYIaedd YIQ ﬁ']ll'liﬂﬁ']llﬂiﬂElﬂ'lillﬂa\ill']i]']ﬂ

q U

HUVTIABIT RGB AIaNMIN 2.20 wazuaaeazl 2.12

Y 0299 0587 0114 |R
| |=1-0.169 -0.331 0.500 || G (2.20)
Q 0.500 -0.419 -0.081| B



21

a 4 Ao w < 1 4 Sld' [ 1
auesnalszneundn YUBDINTITUDUNUADTIYNTNYHY ﬂ'lflﬁlﬁl\iﬂuuléllﬂ'ﬁﬁ@ﬂﬁ'ﬂﬂ

4 =

2 . . . ¥ < '
vouaslna (normal illumination) 53UUﬂ’]ﬁi‘llq%:ﬂ']ﬂfniN@QL“H%@QNHH&%%N?YNN“?@f)ﬂ']'j

=1

o 1 T 1 < a [ J [ Y a
Sudmduinnmaianuaing FBamsssunaudiduesiagiauysdamnsasud lduuma

q

tﬂ' = g’/ 1 % % 1 = S o 1 9
NNMINUEITUUTDINTENUING L!GI’JGIQulﬂJﬁHJﬁf]ﬂﬂ“lﬁJL!ﬁ\iﬁﬂ\iﬂaTJll’imlﬂ

A <3 o Y a v Y Ao w ] A 1] 9/:&’ A o
LLﬁQﬁV‘3J@\1lwuﬂgﬂ']Glﬁlﬂﬂﬂ'ﬁﬁﬂgﬂ'l\‘]ﬁ']ﬂﬂ'lﬂﬁ']ﬂmu@E‘J] 3 Usegmsne MsSuSiseaau

U

(hue) N155D51509N 158090319 (brightness) 4az 155151509 AITOUAD (saturation 150

=

A a o 9y = Y a A < I
chrome) Tﬂﬂlll@tﬂﬂﬂ'lﬁﬁ‘ﬂgllﬁﬂﬁ ﬁ'lflﬁ'ﬁ]3'ﬁ'lll'lﬁﬂLLEJﬂLLEJ$'E]@ﬂulﬂ']'lllﬁﬂﬁmﬂﬂﬂl‘ﬂulﬂul!ﬁﬂﬁ

Do,

Y a 9 ' A A o o ¥ A ad o ¥ o q ¥ ] A
HIUIULUY I 1IN mmummgﬁﬂiuu,iammaa3Jmuuﬂwﬂwmmmgmmmqm
a 3

anyr < a Y A A goJ =)
611’aqumﬁ”l@'Jnﬂuaumuwmumaﬁumuim

< == o w ) [ y a
i]gLWHUWﬁNﬂ?WﬂﬁWﬂWUN'lﬂﬁ'TWf!'“]JﬂWiﬂﬁgll'JaWaﬂTW Lﬁ’ﬁ]ﬁﬂ’lﬂ%ﬁ’lﬂ’lﬁﬂ@‘ﬁﬂ’lﬂ

[

@ 4 @ @ J o Jd Y 9
mﬂaﬂymmmmquazmmmﬁqaﬂymzmummmqmﬂmqmimmm Ul@] HazInUDYa

1 Y Y 9 1 1 = @ 1 o Y
ﬂm’;”l’mnmumgyEﬂammnmwﬂmmLgmﬂmwmm@mmzizﬂummmwmmumumﬂ?f

9 9 1 4 a =~ 1 o = Y
vl@l@ﬁﬂ?ﬂ@l’llﬂﬁ’l ﬁ"]fJ@]']GIJ@QNHBUﬁTM’]ﬁﬂWﬁ]’]ﬁm’]ﬂEﬂUWIfJTJﬂ'J’]?JLW]ﬂG]’N(’Uﬂ\iﬁgﬂ‘Ulﬂﬂﬁul@

q

Y
9 9

v 2 | 3 @ a 4 o <
Lﬁ‘(’l\? 12 mﬂ%mmu ﬁﬂﬂ!ﬁﬁu%ﬁlﬂulﬂﬁWﬁﬁ?ﬂ@ﬁ?ﬂi'ﬂﬂ'ﬁﬂmi1$Wﬂ1WG]13JWﬁﬂﬂ'153J’O\1LWu

q q

YDIAOAWYBE

4 \ \l
25 misiszanananmalgdaaazlasesiavesmn
Y [ 1 [~ gJ/ dy 1
M31szurananInaleglananas 1n333 190940 M UNTZUIUMIVUNUFIUDE
Lé o 7 e./ 1 A 1 a 1 1 Lé
nilveamslszuranamun dmsumsaadenssuauanaIuladiuriiavesginin Tae
4 H
HuguvenszuaumsneglInsesunmezinertoeny ngujueusa Tasmaluniawes
1 A 1 A 9 ] A o I o 1 1 Y

sUs1amselnsesnwae Ny leglsamiegns swesingluamidudumu 1y nquisya

a0 ¥ ° 3| Y R ° Jq 9 o @ 2K o A
yammadmnanuamelunmendniludugsmusoii hldszgnd lddmisumsasiagh
aulvlugUmwieununsooiuireglsieag vesing nieldlumsdsulsegdnin nou

A [ a 4
mawaqmiamﬁwgﬂmw

2.5.1 NIZUIUMINNATINSVDINWUIN
9 Y
ﬂiﬂﬂ?l.lﬂ?i‘ﬂNﬁi§ﬂ$"lJuﬁu§1uﬁ1ﬂiﬂﬂ1iﬂigh’JaNﬁﬂWW ﬁ@ AND OR iag
= g oA A ' ' X Y =
NOT mgﬂumimmuﬂ1i1/1fg@n1wmim@mmweummwmamwmuulﬂ YNIUNTUVDI NOT
I o A v ) [ o
Lﬂumi@uuumim?@mwmmumwﬁm !la%Wa"UfJ\iﬂiz‘U'}Hﬂ1iﬁiiﬂ%ﬂ1ﬂﬂ1W!Lﬁﬂ\1ﬂ\i§ﬂ

n2.13
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Binary Image (B)
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[NOT (A)] AND (B)
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N1 : 9107 Digital Image Processing”, Ta®8 Gonzalez and Woods, 2008, Prentice-Hall, 84
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2,52 MIVANYVIUNIN (dilation)
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2.6 M3U5ud59mNUe 1NN (Image enhancements)
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2. ﬂ1‘§ﬂ§ﬂﬂ§iﬂ11ﬂl‘uu§§1u"lﬁ)ﬂM‘Timlﬂﬁll (histogram-based image enhancement) 11u
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3. msﬂ%"uﬂgqmwngmmsﬂsmmqsﬁumm (spatial filtering-based image
I o A [ o o
enhancement) HJ‘L!fﬂiﬂuuuﬂ1iﬂﬁ’]J‘]J§\1ﬂmﬂ']W‘lJ’ENﬂTWIﬂﬂi%}ﬂﬁz‘U’JuﬂWiﬁQm?lWlﬂﬂ”I\‘]
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1 $ I
4. M3U5VYFIMNUUFIUV09AIUD (frequency-based image enhancement) 111N 13
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o . 2 a1 3 v 3 1w (% o g Y =
ﬂ"liﬂi’)l!T’J’sjf]fu (convolution) FaNAMMUNIY 1IN Uaaea wadﬁnﬂmﬂ@uhg%uumm

o v 7 o A A =) @ ~
HINAANTUININITIRAY I@ﬂlaﬂﬂﬂ’lﬂﬂﬂa’m ANTUNIIN 2.24

g(i,j)=med[x(i+r, j+s)eA(i, j)eZ’] (2.24)
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= A 1 o v o 7 . . Y o A ¥
INNAN A1 thﬁ']ll']ﬁﬂﬂ'ﬁ]ﬂﬁﬂlum?mﬁﬂﬂ?uuﬂﬂlﬂ’]ﬁl“ﬂﬂu (Gaussian noise) ]’lﬂﬂl‘!ﬂ Nﬁ‘ﬂllﬂfl]']ﬂ

]
=

9 o
MInNTes naadlanagili 2.16
v Y Jd A .
262 nsdSudzamwaiamanseamuuma®ey (Gaussian filter)
[ 9 L= I 9 9
mMsdsvlgammalrenisnsosuuumdisewiunisnsosvoyaninlaegly
¥ H a 1 %,’ @ ]
MIFINTAUUFINUN (spatial convolution) IuanbMEaUNIAT IWFNaN ANMnLlia

@ [ o J [
Llﬂiwu@nllaﬂ‘hlmgﬂ’]ﬁﬂigi]']ﬂ@'gllﬂﬂlﬂ'lﬁL%ﬂH ANTUNIT 2.25

h(x,y)=I 2 (2.25)

4 @ 4 @ a
lﬁ@ a ﬁ’f]ﬂ'ﬂllﬂ'il'lxi"ll’f)\iﬁﬁﬂ‘i'E'NLLU‘]J!,ﬂ'I’L‘TLG%EluGl,uﬁﬂ‘Hﬂ!%L‘]f\Hﬁgf}u LASEINITD

v A o ul Y d'ul v 7 o q ¥ ~
lemmammu 9 (low-pass filter) NAN ﬂﬁ]1ﬂﬂ1iﬂ‘i’t)\‘]l,mﬂl,ﬂ1ﬁ!‘3]$ﬂuﬂ8“VlﬂﬁﬂTV‘lllﬂ’NllL‘]Ja’é)

[ v o A

a3 2.17 druderdeds iawnsomvady s UNIUULDUINGD-W3 N 1N (salt-pepper
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1 I cg:J/ { o
Mauena UMWY UTUABUNTIAYUUAD UK HIVDINTUTZUIANANIN (Gonzalez and
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4 1 ) ¥ A A v Ao
paAtlsznoumn TaguendIumuauANANLAYDIRANN (pixel) MelunuimeInuRTANY
A [ a z:' 9 [l o [ a o dyd =S 2 d'
launu matanlglunisuendiumnd 1 uivaIuITIUAN1T Hivasuaeu
9
=}

3 { A 3
(thresholding¥o4n 1 1 unszuaums lunsasefiunnauiuengi (uniformity) Tu
2
A

v
A

I I I
gUnmeenilu vesmw Wunszurumslumsadreivunndanuiuengl (uniformity) 11
3 ' o A { % o {
gﬂmwaemﬂumuq AUINAURYDIVAIT U A8U (threshold crierion : T ) Fauaasaaaunisi

4 I J g A 1 I ] o {

2261000 T Wulanduvsunamvesvaisunlasy f(x,y) Lﬂumizﬂumwmmmwﬁ (%, y)
A 9 = A a A a [Y o
way A(X,y) unugaaniavesganindiufsd lagninnivasuasunal gx,y) a9

aung 2.27
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T=T {x, Y, A(XY), f (X y)} (2.26)
g(x Y)={é :Ei 3;;21 2.27)

a9 Y [

1 Jd o 1 4
MueIlansu T ﬁﬁﬂiﬂll‘ﬂ\illﬁ}?) IBAUNUALT

' v Y
1) Iaisulasuraniia (global threshold) A1 T azlimuegiumszaumIve

u@iamﬁmwﬁ (x,y) winfu
T=T{f(xy) (2.28)

[

] ' ' Y
2) Yaisuaeum iz (local threshold) A1 T g 1AugnUIAnN NGRS

uazmizﬁumwmgﬂmwﬁ (X, y)
T=T {A(x, y), f(x, y)} (2.29)

' H Y
3) Yaisnnlasunadn (dynamic threshold) A1 T %mﬁuagﬂuﬁumuwm

9 = 1 [ ~
YANTWUNUAYILLASATISAULNIVDIYANTNN (X, y)

T=T{xy,AXYy). f(xy)} (2.30)
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matrix : GLCM)
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7Y

o Y A 9 = A a d a 1
mviuala | ADUOYANIN, HUUIA MXN ez P AoIuaIngsnasIu(co-occurrence

U

matrix) WAAIAIAUNITN 2.31

N {1 if 1(x,y)=iand |(X+A,,y+A,) =] 2.31)

M
P(, j) = XZ:;,Z 0 otherwise.

y=1

e (A,,A,) Wesyszeern A sgniniinma (i, j) hauleduingadiafios

v 9 v f ZI_, ] o
F9 A gunsodenlanua 1 wseunnan ualaena liudam A azgnaslin 1 uazdvae

v
1 =

2 Y
(A,.4,) #dlFszyanuiauledmivaiaunsndiiasuszdum (GLCM) 4l [0 A]

[-A A] w5y 45 :P, [-A 0] @ w5y 90°: P, i

d1msy 0 :P right diagonal >

horizontal >

oz [-A —A] dwmivu 1357 :P

left diagonal

a o L a oA a g
WaIny GLCM uugﬂummﬂGﬁﬁﬁﬂmnﬁnmmuamummmmmﬂcu GLCM HuUDN

a
'
v a4

o 1 a 4 @ A 2 g
MrUA TAgAIVUIAUBDIUNATNETZAVINT (Number of gray levels 50 Ng) Fuilutfavenil

9 ' % a -4 o o 1 2 {
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a J J o J ES < 1 @
ﬂi%ﬂ?l&ﬂ?iﬁ%}%‘lm{ﬂiﬂ“}f GLCM ﬂﬁ?’)ﬁ@ NITNIUUAAT Ng UU L‘]Jl!ﬂ"lﬁ‘U\'i‘U’f)ﬂﬁ\‘iiZﬂ‘Uﬂ’)"lﬁJ

N ANNAZIDYA ‘llf)\i!ll@]aiﬂ“]? GLCM

0 1 3 5 0 00O
7 11 15 23 0 00O
31 47 63 79 0 0 01
95 127 191 255 11 2 3
(M) IWATAFAUUDY (¥) A Ng = 4
0 00O 00 0 O O 0 0 O
0 0 0O 0 0 0 1 o 1 1 2
011 2 1 2 3 4 3 5 7 9
2 3 5 7 57 11 15 11 15 23 31
(A) A Ng=38 () A1 Ng=16 () 1 Ng =32
0O 0 0 1 ON\N I 2 0 1 3 5
1 2 3 5 3 5 7 11 7 11 15 23
7 11 15 19 15 23 31 39 31 47 63 79
23 31 47 63 47 63 95 127 95 127 191 255
(R) 1 Ng = 64 () A1 Ng = 128 (%) A1 Ng = 256

{ @ ' a2 J o @ ° 1 @ J 1%
gﬂﬁ 2.19 AIDYIUUATNEAIHITUNITNIUUAATITEAULINT AN NU
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135°[-1 1] 90°[-10] 45 [-11]]

1/

> | 0°[01]

Pixel of interrest |

) AIFAYSUDIUNAI NHNATINTZAVUTINT GLCM

1 0 3 0

2 2 0 3

3 2 0 2

1 3 2 3

V) A3 NFA2DE1

0 01 2 1 0 0 1 1 0 0 1 1 010
1 0 0 1 0O 010 0 0 0 1 0 00O
2 01 1 2 01 1 2 1 1 1 1 1 2 0
1 0 2 O 1 010 1 0 3 0 1 0 0 2
) P, (0°) 9) P, (45) ) B, (907) ") B, (135)

A o 1 a da [ A 1 a {1
gﬂ‘ﬂ 2.20 G]’Jf]EJNﬂ1§ﬁ%}NL3J¢]iﬂ%m@i’nﬁ%@ﬂlﬁn (GLCM) N3282Y 1N 1 Nnya nm

Ng=4uazaguﬁ1mﬂ@hqﬁu P,(0°).P(45), R, (90°) uaz B, (135)

a [ a Jd Aa 1 [ g}/ o
M50 ULAUANYULVDIUUATNHNATINTZAVINT (GLCM) Uu & 1Fnsfuamain
AuNINAAaNEULYIINGIFIADA (Haralick, 1973; David A. Clausi, 2002) HAAIAIANNIIN 2.32
= A & o A y X A q 9 ° Y
DaauMsN 2.51 Fagumsgaanyazmaiignai e lglumsaiuguanyuzling
a d Aa 1 [ 1 [ |ru g}/
VOUNAINFINATINTLALN (GLCM) tiaazou 5031 1agns991nm1581Ua3 GLCM 114 4 9381

0°, 457, 90° uaz 135



o - a da o J J o
Mruald P(i, j) Aowa3ndinaiamszaum GLCM, N Ap Managagavodnszauimi

p.(0) =Y (i, J) . P, (D) =2 i, j)
=2 200G D)y =D D0 bl )
ol =Y > (i-m) pli, i)

of =2 > (i—u)" pli, J)

Ng Ng

Py () =D">"p(, j) k=23,..,2N

i=1 j=1 i+j=k

Ng  Ng

Py, (K)=>>"p(,j) k=01.. ,N-1

i=1 j=1 li-il=k

HX =<3 p, i)-log(p, ()

HY =—§ 0, (i)-1og(p, (1))
HXY = —ZZ p(i, j)log( p(i, j))
HXle—ZZ p(i, j)-log{px(i)py(j)}

HXY2==3"3" p, ()P, ()logp, )P, ()}
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aumsnaanyae uaadldaedl
1) Autocorrelation
DG 7)pd, )
i
2) Contrast
- - 2 - -
D li-if pd, j)
i
3) Correlation

220 1Pl D)= sh,

0,0y

4) Cluster prominence

ZZ(i +§ = =) PG J)
5) Cluster shade

sz:(i +§ =t ) P J)

6) Dissimilarity

> > li-il-p(, )
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(2.32)

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)
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7) Energy

D) 239
8) Entropy

-2 pl. i) log{pd. )} 239)
9) Homogeneity

— 7P, ) (2.40)
Z;H (-
10) Maximum probability
MAX p(i, j) (2.41)
i
11) Sum of squares
> 2. (-v)*p(, ) (2.42)
i
12) Sum average
2Ng
Di-p,,, () (2.43)
i-2
13) Sum entropy
2Ng

_Z p X*Y(i) IOg { px+y (I)} (2_44)



14) Sum variance

2Ng

> (i—Sum entropy)’- p,,, (i)

i=2

15) Difference variance

16) Difference entropy

2Ng

2., Mlog{p,., ()

17) Information measure of correlation I

HXY — HXY1
max(HX, HY)

18) Information measure of correlation II
(1 —exp[-2(HXY 2 —HXY)])*?

19) Inverse Difference normalized

p@, j)
ZZ1+|| jl? /Ng

20) Inverse Difference moment normalized

p(, j)
ZZ1+(|

j)?/ Ng
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(2.45)

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)

(2.51)
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Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 1 29 0 0 96.6667
Downy mildew 0 2 28 0 93.3333
Normal 0 0 0 15 100
Average 96.5
M1319 A.2 wamsuunyiiavedlsnluedu dmsuwaing GLCM y11a Ng8
Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 1 29 0 0 96.6667
Downy mildew 3 1 26 0 86.6667
Normal 0 0 0 15 100
Average 94.8333
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Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 1 29 0 0 96.6667
Downy mildew 1 1 28 0 93.3333
Normal 0 0 0 15 100
Average 96.5

M54 A.5 wamInuunsiavedlsaluedu dmsumaing GLCM wina Ng6d

Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 2 28 0 0 93.3333
Downy mildew 1 0 29 0 96.6667
Normal 0 0 0 15 100
Average 96.5

Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 2 28 0 0 93.3333
Downy mildew 1 4 25 0 83.3333
Normal 0 0 0 15 100
Average 93.1667
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Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 2 28 0 0 93.3333
Downy mildew 1 1 28 0 93.3333
Normal 0 0 0 15 100
Average 95.6667
M54 .7 namssuunsiaveslsaluegu dmsumaing GLCM vu1a Ng256
Downy
Scab Rust Normal Accuracy(%)
mildew
Scab 24 0 0 1 96
Rust 2 28 0 0 93.3333
Downy mildew 1 2 27 0 90
Normal 0 0 0 15 100
94.8333

Average




HNNARUIN 3

AanhminszanoInnszUIUMIMOUVe IA0NEMSTRIUNG B
[ v v Y A v
slayuugnuulSuainteilsaediaig

(Simplifies Fuzzy ARTMAP : SFAM)



138

—

hts

0.582615

0.994638

0.000176

0.999012

0.997315

0.000152

0.013085

0.999584

0.999778

0.508427

0.994419

0.000191

0.998842

0.997205

0.000164

0.012035

0.999511

0.999732

0.591734

0.994636

0.000176

0.999039

0.997314

0.000153

0.013125

0.999595

0.999785

0.507484

0.99438

0.000192

0.998883

0.997186

0.000165

0.01197

0.999526

0.999733

0.417385

0.005362

0.999824

0.000988

0.002685

0.999848

0.986915

0.000416

0.000222

0.491573

0.005581

0.999809

0.001158

0.002795

0.999836

0.987965

0.000489

0.000268

0.408266

0.005364

0.999824

0.000961

0.002686

0.999847

0.986875

0.000405

0.000215

0.492516

0.00562

0.999808

0.001117

0.002814

0.999835

0.98803

0.000474

0.000267

A v 3 @ A = 9
g‘lh’l 3.1 ﬂ?l!"lﬁl!ﬂﬂﬁgﬁ"mﬂg'ﬂﬂ 1 91ANTIT8U]

@

{ J ?,} = A Y 1 %} o =} 9 a
gﬂﬁ 3.2 ﬂ1u1ﬁuﬂﬂ§$ﬁ'1ﬂ"1§@% 1 ‘1/]NTL!fﬂi‘]JTUﬂ11&11/71!ﬂﬂWﬂﬂWiLiﬂugﬂJ@Mua@uwg}

N R
BUAN 1 AIDYINN 2

9
UGHG

dunAviian 1

(%

oA
1VYNN 1

—

hts

0.582615

0.986123

0.000176

0.997563

0.993035

0.000152

0.013085

0.99893

0.999323

0.508427

0.985668

0.000191

0.997337

0.992806

0.000164

0.012035

0.998821

0.999216

0.591734

0.986336

0.000176

0.997711

0.993142

0.000153

0.013125

0.998999

0.999381

0.507484

0.985629

0.000192

0.997226

0.992786

0.000165

0.01197

0.998774

0.999192

0.329273

0.005362

0.999115

0.000988

0.002685

0.999185

0.97021

0.000416

0.000222

0.377462

0.005581

0.999058

0.001158

0.002795

0.999133

0.971882

0.000489

0.000268

0.302348

0.005364

0.999144

0.000961

0.002686

0.99921

0.969201

0.000405

0.000215

0.387265

0.00562

0.999048

0.001117

0.002814

0.999128

0.972186

0.000474

0.000267

9



139

weights
0.582615| 0.986123| 0.000176| 0.997563| 0.993035| 0.000152
0.013085| 0.99893| 0.999323| 0.508427| 0.985668| 0.000191
0.997337| 0.992806| 0.000164| 0.012035| 0.998821| 0.999216
0.591734| 0.986336| 0.000176| 0.997711| 0.993142| 0.000153
0.013125| 0.998999| 0.999381| 0.507484| 0.985629| 0.000192
0.997226| 0.992786| 0.000165| 0.01197| 0.998774| 0.999192
0.320554| 0.005362| 0.999115| 0.000988| 0.002685| 0.999185
0.97021] 0.000416| 0.000222( 0.370862| 0.005581| 0.999058
0.001158| 0.002795| 0.999133| 0.971882| 0.000489| 0.000268
0.28415| 0.005364| 0.999144| 0.000961| 0.002686| 0.99921
0.969201| 0.000405| 0.000215| 0.382691| 0.00562| 0.999048
0.001117| 0.002814| 0.999128| 0.972186| 0.000474| 0.000267

v
° @ 9

d' 1 d' d' 1 [} 1 so} Y = 9 a
g‘].h’l 1.3 ﬂﬂ!"lﬁl!ﬂﬂﬁgﬁiﬂifﬂﬂ 1 ‘VIPﬂuﬂ"l'i‘ﬂﬁllﬂ"lu"lﬁuﬂﬂWﬂﬂTﬁLiﬂugﬂJﬂyﬁﬂuW@

N N
FUAN 1 AIDYIN 3

weights
0.582615| 0.986123| 6.53E-05| 0.997563| 0.993035| 5.92E-05
0.007435| 0.99893| 0.999323| 0.506493| 0.985668| 7.24E-05
0.997337| 0.992806| 6.56E-05| 0.006635| 0.998821| 0.999216
0.591242| 0.986336| 6.64E-05| 0.997711| 0.993142| 6.04E-05
0.007322| 0.998999| 0.999381| 0.493501| 0.985629| 7.25E-05
0.997226| 0.992786| 6.53E-05| 0.006625| 0.998774| 0.999192
0.320554( 0.003165| 0.999115| 0.000726| 0.001584| 0.999185
0.97021] 0.000316| 0.000191| 0.370862| 0.003341| 0.999058
0.000792| 0.001672| 0.999133| 0.971882| 0.00035| 0.000232
0.28415| 0.003193| 0.999144| 0.000724| 0.001598| 0.99921
0.969201| 0.000314| 0.00019| 0.382691| 0.003341| 0.999048
0.000853| 0.001672| 0.999128| 0.972186| 0.000375| 0.00024

A 3 A A o a3 . = v A
?,lh/l 1.4 MU ﬂ‘].]ﬁgfﬁqtﬂ‘;]qfﬂ'ﬂ 1 VIW’]Uﬂ’]ﬁﬂﬁ‘Uﬂ1u1ﬁuﬂﬂ’]ﬂﬂ’]§Lﬁﬂu?jﬂl@u‘.a@uwg}
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0.839924

0.692361

0.206295

0.964565

0.830088

0.182725

0.395144

0.984901

0.992028

0.798046

0.686424

0.222254

0.956682

0.826663

0.19328

0.37531

0.981444

0.989883

0.844227

0.692624

0.205664

0.96474

0.830247

0.182218

0.39632

0.985015

0.9922

0.800423

0.686628

0.220689

0.95781

0.826752

0.192866

0.377385

0.9819

0.990046

0.160076

0.307639

0.793705

0.035435

0.169912

0.817275

0.604856

0.015099

0.007972

0.201954

0.313576

0.777746

0.043318

0.173337

0.80672

0.62469

0.018556

0.010117

0.155773

0.307376

0.794336

0.03526

0.169753

0.817782

0.60368

0.014985

0.0078

0.199577

0.313372

0.779311

0.04219

0.173248

0.807134

0.622615

0.0181

0.009954

A v 3 @ A = 9
qﬁl‘]_hfl 3.5 ﬂ?l!"lﬁl!ﬂﬂﬁgﬁ"mﬂg'ﬂﬂ 2910N15L58UY

@

4 1 901 d' d' ) g 1 %} v =) a
1 4.6 anhwiiniszgamyai 2 AumsiSuaniminnnmsiSeuiteyaduna

A A o 1A
BUAN 2 AIDYINN 2

9
Voya

dunaviian 2
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oA
1VYNN 1
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hts

0.807442

0.67589

0.206295

0.957404

0.820362

0.182725

0.395144

0.982069

0.99105

0.76045

0.669129

0.222254

0.94977

0.816347

0.19328

0.37531

0.978705

0.988847

0.815556

0.676726

0.205664

0.958832

0.82084

0.182218

0.39632

0.982693

0.991415

0.758779

0.668371

0.220689

0.948521

0.81591

0.192866

0.374315

0.978214

0.988705

0.160076

0.307639

0.75181

0.035435

0.169912

0.788601

0.60251

0.015099

0.007972

0.201954

0.313576

0.734169

0.043318

0.173337

0.777673

0.622368

0.018556

0.010117

0.155773

0.307376

0.754927

0.03526

0.169753

0.790496

0.598384

0.014985

0.0078

0.199577

0.313372

0.731421

0.04219

0.173248

0.775859

0.622615

0.0181

0.009954

9
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weights
0.807442| 0.67589| 0.078657| 0.957404| 0.820362| 0.068877
0.257248| 0.982069| 0.99105| 0.76045| 0.669129| 0.083876
0.94977| 0.816347| 0.072463| 0.244594| 0.978705| 0.988847
0.815556| 0.676726| 0.075992| 0.958832| 0.82084| 0.067084
0.264593| 0.982693| 0.991415| 0.758779| 0.668371| 0.0834
0.948521| 0.81591| 0.072039| 0.245838| 0.978214| 0.988705
0.160076| 0.175721| 0.75181| 0.023693| 0.092581| 0.788601
0.60251| 0.010026| 0.005242( 0.201954| 0.179482| 0.734169
0.027621| 0.09463| 0.777673| 0.622368| 0.011762| 0.006393
0.155773| 0.173979| 0.754927| 0.021648| 0.09164| 0.790496
0.598384| 0.009106| 0.004595( 0.199577| 0.179066| 0.731421
0.027486| 0.094399| 0.775859| 0.622615| 0.011677| 0.006269

v
° @ 9

d' 1 d' d' 1 [} 1 so} Y = 9 a
1N 9.7 ﬂﬂ!"lﬁl!ﬂﬂﬁgﬁiﬂslgﬂﬂ 2 ‘VIPﬂuﬂ"l'i‘ﬂﬁllﬂ"lu"lﬁuﬂﬂWﬂﬂTﬁLiﬂugﬂJﬂyﬁﬂuW@

San

N A
BUAN 2 AIDYIIN 3

weights
0.799409| 0.67589| 0.074133| 0.957404| 0.820362| 0.063834
0.257248| 0.982069| 0.99105| 0.754298| 0.669129| 0.07924
0.94977| 0.816347| 0.067042| 0.244594| 0.978705| 0.988847
0.808712| 0.676726| 0.072883| 0.958832| 0.82084| 0.063032
0.264593| 0.982693| 0.991415| 0.739745| 0.668371| 0.080499
0.948521| 0.81591| 0.06772| 0.245838| 0.978214| 0.988705
0.160076| 0.172482| 0.75181| 0.018553| 0.090922| 0.788601
0.60251| 0.007629| 0.003484| 0.201954| 0.17615| 0.734169
0.02218| 0.0929| 0.777673| 0.622368| 0.009147| 0.004301
0.155773| 0.17167| 0.754927| 0.017642| 0.090489| 0.790496
0.598384| 0.007258| 0.003306( 0.199577| 0.176985| 0.731421
0.023012| 0.093355| 0.775859| 0.622615| 0.009513| 0.004539

A 3 A A o a3 . = v A
?,‘ﬂ‘ﬂ 1.8 MUIN ﬂﬂﬁgﬁqtﬂ‘lfﬂ'ﬂ 2 VIW’]Uﬂ’]ﬁﬂﬁ‘Uﬂ1u1ﬁuﬂfl’]ﬂﬂ’]§Lﬁﬂugﬂl@uﬁa@um@
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hts

0.901168

0.838176

0.057564

0.990477

0.914695

0.052605

0.292097

0.996073

0.998244

0.8793%4

0.836525

0.060105

0.988733

0.913821

0.05423

0.285615

0.995342

0.997855

0.90424

0.838276

0.057162

0.990868

0.914738

0.052368

0.293526

0.99623

0.998307

0.869818

0.83592

0.060738

0.988498

0.913484

0.054631

0.283775

0.99522

0.997717

0.098832

0.161824

0.942436

0.009523

0.085305

0.947395

0.707903

0.003927

0.001756

0.120606

0.163475

0.939895

0.011267

0.086179

0.94577

0.714385

0.004658

0.002145

0.09576

0.161724

0.942838

0.009132

0.085262

0.947632

0.706474

0.00377

0.001693

0.130182

0.16408

0.939262

0.011502

0.086516

0.945369

0.716225

0.00478

0.002283

A v 3 @ A = 9
g‘lh’l 1.9 ﬂ?l!"lﬁl!ﬂﬂﬁgﬁ"mﬂg'ﬂﬂ 3 NNTITYUY

@

4 1 901 d' d' ) o 1 %7/ 3 = a
11 .10 Andunindszanngai 3 AdumsdsuaniminnnmsiSeuidoyasuna

A A o 1A
BUAN 3 AIDYINN 2

9
Voya

uUNAYIAN 3

(%

oA
1VYNN 1
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hts

0.859695

0.838176

0.015926

0.990477

0.914695

0.014181

0.14517

0.996073

0.998244

0.826407

0.836525

0.016784

0.988733

0.913821

0.01477

0.140029

0.995342

0.997855

0.872177

0.838276

0.015528

0.990868

0.914738

0.013945

0.148033

0.99623

0.998307

0.828944

0.83592

0.016752

0.988498

0.913484

0.014727

0.140244

0.99522

0.997717

0.098832

0.069692

0.942436

0.00664

0.035535

0.947395

0.707903

0.002748

0.001254

0.120606

0.07105

0.939895

0.007613

0.036238

0.94577

0.714385

0.003176

0.001534

0.09576

0.069204

0.942838

0.006087

0.035285

0.947632

0.706474

0.002519

0.001137

0.130182

0.070952

0.939262

0.007646

0.036186

0.945369

0.716225

0.003182

0.001522

9
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hts

0.859695

0.838176

0.010754

0.990477

0.914695

0.010325

0.14517

0.996073

0.998244

0.826407

0.836525

0.010998

0.988733

0.913821

0.010558

0.140029

0.995342

0.997855

0.872177

0.838276

0.010722

0.990868

0.914738

0.010308

0.145973

0.99623

0.998307

0.828944

0.83592

0.011484

0.988498

0.913484

0.010931

0.140181

0.99522

0.997717

0.073145

0.064358

0.942436

0.003544

0.032844

0.947395

0.707903

0.001515

0.000831

0.085443

0.064936

0.939895

0.003802

0.033143

0.94577

0.714385

0.001642

0.000958

0.07479

0.064401

0.942838

0.003426

0.032867

0.947632

0.706474

0.001475

0.000838

0.108024

0.065629

0.939262

0.004599

0.033497

0.945369

0.716225

0.001998

0.001206

9

d' 1 d' d' 1 [} 1 %} % = Y a
g‘].h’l 311 ﬂ?l!"lﬁl!ﬂﬂﬁ%ﬁ?ﬂifﬂﬂ 3 1/1mumiﬂﬁumumuﬂmﬂmmﬂugmagaﬂuwm
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d' 1 = =
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A A o oA
BUAN 3 AIDYINN 4
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hts

0.815734

0.838176

0.010754

0.990477

0.914695

0.010325

0.13425

0.996073

0.998244

0.772235

0.836525

0.010998

0.988733

0.913821

0.010558

0.128989

0.995342

0.997855

0.836021

0.838276

0.010722

0.990868

0.914738

0.010308

0.136815

0.99623

0.998307

0.781002

0.83592

0.011484

0.988498

0.913484

0.010931

0.13001

0.99522

0.997717

0.073145

0.061915

0.942436

0.003544

0.031522

0.947395

0.707903

0.001515

0.000831

0.085443

0.063034

0.939895

0.003802

0.032096

0.94577

0.714385

0.001642

0.000958

0.07479

0.061506

0.942838

0.003426

0.031314

0.947632

0.706474

0.001475

0.000838

0.108024

0.062761

0.939262

0.004599

0.031954

0.945369

0.716225

0.001998

0.001206

[ ]
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weights
0.404924| 0.999583| 1.57E-06| 0.999888| 0.999791| 1.52E-06
0.001027| 0.999951| 0.99997| 0.345018| 0.999569| 1.65E-06
0.999873| 0.999784| 1.60E-06/ 0.00097| 0.999945| 0.999966
0.692483| 0.999635| 1.25E-06| 0.999945| 0.999817| 1.19E-06
0.001297| 0.999976| 0.999986| 0.413874| 0.999582| 1.62E-06
0.999894| 0.999791| 1.53E-06| 0.000997| 0.999954| 0.99997
0.595076| 0.000417| 0.999998| 0.000112| 0.000209| 0.999998
0.998973| 4.87E-05| 3.03E-05| 0.654982| 0.000431| 0.999998
0.000127| 0.000216| 0.999998 0.99903| 5.51E-05| 3.44E-05
0.307517| 0.000365| 0.999999| 5.48E-05| 0.000183| 0.999999
0.998703| 2.36E-05| 1.42E-05| 0.586126| 0.000418| 0.999998
0.000106| 0.000209| 0.999998| 0.999003| 4.62E-05| 2.96E-05

9 o

= 1 %’ [} d' = Y a a d' 1 d'
E‘IJVI 3.13 ﬂ"luiﬁuﬂﬂﬁzﬁiﬂifﬂﬂ 4 9INNMITLITIUIVOYADUNATUAN 4 AIDYNN 1

weights
0] 0.999583| 4.93E-32| 0.999888| 0.999791| 4.93E-32
0] 0.999951| 0.99997 0] 0.999569| 4.93E-32
0.999873| 0.999784| 4.93E-32 0] 0.999945| 0.999966
0] 0.999635| 4.93E-32| 0.999945| 0.999817| 4.93E-32
0] 0.999976| 0.999986 0] 0.999582| 4.93E-32
0.999894| 0.999791| 4.93E-32 0] 0.999954| 0.99997
0.595076 0| 0.999998 0 0] 0.999998
0.998973 0| 0.654982 0.999998
0 0.999998| 0.99903 0
0.307517 0.999999 0 0.999999
0.998703 0| 0.586126 0.999998
0 0.999998| 0.999003 0

(=][=][=][=][=)
[=1[=1[=][=][=]

9

@

4 1 901 d' d' ) o 1 %7/ 3 = a
1 .14 anhnindszanyad 4 AiumsdSuaniminnnmsiSeuidoyasuna
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BUAN 4 AIDYINN 2
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weights
0] 0.999583| 4.93E-32| 0.999888| 0.999791| 4.93E-32
0] 0.999951| 0.99997 0] 0.999569| 4.93E-32
0.999873| 0.999784| 4.93E-32 0] 0.999945| 0.999966
0] 0.999635| 4.93E-32| 0.999945| 0.999817| 4.93E-32
0| 0.999976| 0.999986 0] 0.999582| 4.93E-32
0.999894| 0.999791| 4.93E-32 0] 0.999954| 0.99997
0.595076 0] 0.999998 0 0] 0.999998
0.998973 0] 0.654982 0.999998
0 0.999998| 0.99903 0
0.307517 0.999999 0 0.999999
0.998703 0] 0.586126 0.999998
0 0.999998| 0.999003 0

(=][=][=][=][=)
[=1[=1[=1[=][=]

A 3 A A o 1 3 o a vy A
31_]1’] 1.15 MUIN ﬂﬂﬁzﬁ’]ﬂa‘fﬂ‘ﬂ 4 ‘VIWTL!fnﬁﬂﬁﬂﬂﬁJ’]ﬁu’ﬂﬂ’]ﬂﬂ1§lﬁﬂu§m@ya@uwgl

A A o oA
BUAN 4 AIDYININ 3

weights
0] 0.999583| 4.93E-32| 0.999888| 0.999791| 4.93E-32
0| 0.999951| 0.99997 0] 0.999569| 4.93E-32
0.999873| 0.999784| 4.93E-32 0] 0.999945| 0.999966
0] 0.999635| 4.93E-32| 0.999945| 0.999817| 4.93E-32
0] 0.999976| 0.999986 0| 0.999582| 4.93E-32
0.999894| 0.999791| 4.93E-32 0] 0.999954| 0.99997
0.595076 0| 0.999998 0 0] 0.999998
0.998973 0| 0.654982 0.999998
0 0.999998| 0.99903 0
0.307517 0.999999 0 0.999999
0.998703 0| 0.586126 0.999998
0 0.999998| 0.999003 0

[=][=][=][=][=)
[=1[=1[=1[=][=]

[ ]

A 3 A A o ¥ o a vy A
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Plant leaf disease diagnosis from color imagery using
co-occurrence matrix and artificial intelligence
system

Ch. Khitthuk A Srikaew
School of Electrical Engineering  Schoal af Electrical Engineering

Swranaree University af Soranaree University aff
Techaslogy Technology
Makhon Ratchasima, Thailand Makhon Fatchasima, Thailand
chaowalit ktigmail .com mafimsutac th

Abstraci==Thiz paper presents plant leal disease disgmosis
system from coler imagery nsing wnsupervised neoral metwerk.
Images are processed using both color and texture features. The
system is mainly | of twe pr di feature
extraction amd disease dassification. The process of discase featwre
exiraction analyzes feature appearance using statisticebased gray=
level co=sccurrence matriz and texture festure equations. The
disease classification process deploys the unsupervised simplified
furry ARTMAF neoral network to estegorie types of disease
Four types of grape leal disease images sre wsed to test the
system’s classification performance which are rust, sab, downy
mildew and no disease. Desirable results have been achieved with
more than ¥0% of accuracy. The propesed system can be applied
to disgmosis other type of plant disease sufficienthy.

KeywordsmFPlant leaf divease detoction and classification, gray-
lewed co-pconrrence matrix, simplified ficzzy ARTMAP,

L INTRODUCTION

Mowadays, vegetables and fruits are one of the most
important  agricalural  products of many  countries.  This
obviowsly is because the world constantly peeds mone and more
food. In order 1o produce mone valoe-added products, a product
quality control is essentially required. One of the most important
influences of such quality is plant diseases. Consequently,
minimizing plant diseases provides eonsiderably improving
quality of the products. This requires ability o diagnosis plant
disease with high accuracy to Gmely react io detect disease and
minimize the damage Mowadays, precision agriculture and
smart farmer technologies have been widely deployed in most
agriculiural products in both aspects of increasing products amd
quality control. Image processing and computer vision ane ones
of the most efficient echniques for various caregories of
applications. In [1], the arificial neural nerwork and image
processing was applied o detect and classify Phalaenopsis
seedling diseases wsang both color and texture features. The co-
occurrence matrices from gray-scale images were used o extract
disease features and fed into back-peopagation neural nerwork
for leaming and classifying diseases. The image processing
technique had been wtilized in [2] to automatically detect amd
diagnosis plant disease. In this work, threshold technique was
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used 1o remove anwanted pixels and statistic-base analysis of
color co-occurrence method was deployed together within HIS
color space for disease feature extraction. K-means clustering
method was then explodted o categorize disease types and
artificial mewral metwork was employed © recognize the
dizeases. In [3], the we grape leaf di diagnosis
system was proposed in which the system can perform in
outdoor enviromment wsing lightness compensation  during
different time of the day. The system was able 1o segment grape
leaf from complex background wsing self-oroanizing feature
maap together with genetic algoritlm in order 1o categorize color
groups. The back-propagation was then used 1o extract grape
leaf pixels from background. The resulting pixels wene analyzed
o bocate disease pixels using modified self-organizing map and
genetic algorithm for automaric disease color grouping. Disease
feanres were extracted wsing Gabor filter and used for disease
classification wsing support vector machines. The resulting
syatem was the plant leaf disease diagnosis system that can
automatically perform in actual outdoor environment with
complex background. Color co-oecurrence method and RGB-10-
HEI conversion had been used in citrus leaf disease diagnosis
ayatem in [4]. The proposed system can examine texture features
of eitrus leal and perform disease classification using
diseriminant classifier. n [5], The same technique of using color
co-pccurence method and discriminant analysis had been
applied for classification of grapefiuit peels diseases. Another
approach of using the fuzey clustering algorithm (FCM) had
been deploved in cocumber leall disease dizgnosis system 1o
deteet spots on cucumber leaf mainly wsed for classification in
[6]. The work presented in this paper mainly wtilizes the
sunplified-fuzrzy ARTMAF neural network [10] as a classifier.
Thiz ART-type network can automatically learn new patiern
without retraining the whole setwork and can  perform
incremental learning for each new sample presented to the
aystem. This unsupervised feamre is practically suitable in many
classifying  applications  comparing 1o traditional  back-
propagation metwork of suppont vector machines.
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I OVERALL SYSTEM STRUCTURE
The system is mainly d of two parts: statistic-based
disease feature analysis and plant leaf disease classification. The
plant leaf extraction is performed manually in which the
proposed system is focused on disease feature extraction and
classification. The overall diagnosis system diagram is shown in
Fig. 1.

Plaet beaf exmacton &
Disease Seorare
exeactice

Sontotcal Gscese Classificsion

Tawge t—o-
‘ ferore wwdysn drease

Fig. 1. Overall plast leaf discase disgnosis system.

A. Plant leaf extraction and disease feature extraction

Figure 2 displays process diagram of plant leaf pixel
segmentation from complex background in which the manually
segmented area of pixels is analyzed and extracted for disease
pixels. The color and beightness of input image is automatically
adjusted [3] to reduce the effect of taking pictures from different
cameras and different lightness in real outdoor environment.
Example of plant leaf extraction is demonstrated in Fig. 3.

Anto bevel )
okt iad ] Freehand

lenage e N
Brightness crop

Fig. 2. Plam leaf segmentation diagrem.

(a) ple of tfrechand crop
process
Fig. 3. Example of plast leaf exiraction.

In order to perform disease feature extraction, the image is
initially processed to edge removal using Gaussian low-pass
filter. The remaining pixels are analyzed to extract disease coloe
features using hue component | and h from YI1Q and Lch coloe
spaces, respectively. These selected color components show
salient colors of disease pixels and bence are suitable for using
as disease color features. These two color components from two

The image Py, is re-processed for the mean gray-level of
each leaf pixel area and disease pixel area. The resulting image
is then sub d with pre-defined mean gray-level using
thresholding technique. The image is improved by edge
enlarging and multiplied with its original gray-scale image. This
yields enhanced gray-level image of disease feature for using in
the next ansalysis and classification processes. The diagram of
plant leaf disease feature extraction is displayed in Fig. 4 and
resulting example images are shown in Fig. 5.

Calors space
Co-Processing

limnage | Thresholding

Mean
auto Jevel |

Fig. 4. Plant keaf discase feature exaaction diagmm.
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Fig. 5. Discase feature plam leaf’ extraction process. diagram.

B. Swtistical disease feature analysis

The disease feature from previous process is statistically
analyzed and deseribed using combination of gray-level co-
occurrence matrix and texture feature equation. The gray-level
co-occurrence matrix (GLCM) [7] is a description of feature
appearance that can measure distribution of intensity and
neighborhood pixel relationship.

1} Gray-level cosoccurrence matrix: Given the input image
I of dimension NxN, the co-occurrence matrix P can be

color spaces are co-processed 1 sufficiently distinguish leaf 4 from 3) [8]
pixels and disease pixels using the following equations: g F
N N
Pl ) = P,(i, [} — Pl L ifi(xy) =tand l(x+4,,y+4,)=)
(i) = Pi(e) = PG ) (1) r(gn-ng o Hxt / 3)
ey
Pl = Pin(E.]) 2) The offset (4,, 4,) is used to specify distance A between the

max(Pin(i, 1))

where P; is l-component from YIQ image and P, is
hcomponent from Leh image. The example of £, Py, and
resulting Py, images are displayed in Fig. $(b) - $(d).

pixel (1, )) of interest and its neighbors. This A can be chosen
to be greater than or equal 10 1. Generally, the value of A is
equal 10 1. The offset (4, Ay) is also used to specify angles for
creating gray-level co-occurrence matrix (GLCM) i.e. [0 A] for
0°: Py, [—A A] for 45%: Py, [-A 0] for 90" F,, and [-A — 4]
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for 135" Py, The GLCM is symmetry and its dimension is
apecified by number of gray levels (Ng). The levels of Ng
imply finefeoarse of GLOM as shown in figure 6.

135 -1 -1 S0 [-10] =F[-1

| .\&i . win

Pixel of imersest——

8} Example of GLOM offsets
110
1103
3 roao o2
1323
b Examgle of o | masrix
o012 [1 oo Loao 1] [1 o010
1 moo [ I ooooal o ona o
oo 200 1] 201011 1120
lToz2al (1010 1o 30] [1ba?
< Py (0°) AP (45%) e R(90%) 0 P (135%)

Fig 6. Co-sccurrence matrix genention for Mg = 4 levels and four differes
alfsets: Py (0%), P, 4(45%), £,(90%) and P 135

2 Stavistical textre feanores: Haralick [7] and Leen-Kiat
Soh [9] proposed the equations to compute texiure features of
co-occurrence matrix. These equations are built from GLCM
functions of compensators from all angles at 02, 437, 90 and
135% The texture feature equations can be caleulasted from
Table 1. Given p(l,J) be the (L, f)th entry in a normalized
GLCM, p. and p, are the marginal probabilities which can be
computed as follows.

Py = Eiple. 0. pe ) = Zpp(t )

TABLE L TEXTURE FEATURE BOUATHS
Texture Feature Equation
Correlation _ LiEdndipltdl-suity
e
Energy f2=FEEplij)?
Entrgy f3=—F %, pc Dkog{p(t. )}
Homogeneity

FA=E 5 Pl
f5 = maxpli.f)

Mmnimim Probabilicy

Bam eniropy 6 ==X posy iogfp. o (0]
Enformation messas of |7 = (| — exp[—2[HXTYZ — HAY)])'
coamelation

HIY = = E Ky p(t YlogCp(L. /)
HAYE = — B F v (e (D oa{p (e, (0}
Iverse difference

1 .
e (TN} fe= EE!:@F&H

brverse difference
e DoEalized

[o=LE —gepli)
(DN} e

where py, fly, 9, and o, are mean and standird deviations of
Py and py,, respectively.

g =E Bl pll ).y = E Ep) - p(L1)

Fy = E[EI[‘ - J‘x]‘z 'p(‘-.ﬂ

g, = LRl — ) - p(lf)

Pray(k) = Eima Ejms P g juie t k= 2.3, 2N

The resulting disease feature extracted image s then built o
obtain GLOM of four different compensators (07, 457, 907 and
135%). The featare equations are then computed to et statistical
appearance featunes as displayed in Fig. 7.

CLCM Statisies
uscting cormpesing
[ Rty | Temtre frwtnae |
_— Rty | —
[ gimry | Teswan fratnee | watisien) Bhatze
[ Rpnasy [ Temtre featrre |

Fig. 7. Datasen of statisticsl featire geseration process.

. Plant leaf disease classiffcation

In order to classify plant leaf diseases, the simplified fuzzy
ARTMAP (SFAM) [10] was employed (see Fig. 8). This
unsupervised network can deteet and categorize the unseen
disease images. Imitkally, the propesed system was tested with
346 grape beaf images from 4 groups of diseases which are scab
disease (BT images), rust disease (98 images), downy mildew
disease (97 images) and non-disease (64 images).

-| SFAM H Dicaainie: class

Fig. £ SFAM-based plasa k@t discase ¢lossifeation syssem disgrom.

Dunnbes ol
kst feadire
dnbsiici-bisal

III. ExXPERIMENTAL RESULTS

The proposed system had been tested with 100 untrained
arape leafl images imcluding 25 scab disease images, 30 st
disease images, 30 downy mildew disease images and 15 non-
disease images. Different number of gray levels (Ng) had also
been tested including Ng = 4, Ng = 8 Ng = 16 Ng = 12,
Ng=64, Ng = 128 and Ng = 256, Examples of classification
are demomstrated in Fig. 9 The cassification nesalis are
displayed in Table 2. The performance of classification had been
evaluated by Receiver Opetating Characteristic (ROC) curve,
The resulting curves firom all Ng values were sufficiently closed
o lowith all accaracy shown in Table 3. The results were
desirable considered using just low number of training images.
The best classification performance came from 3 different Ng
values which were 4, 16, and 12,
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TABLE 1L IMAGROSIE PERCEN TAGES OF SYSTEM FOR IFFERENT
WLIMHER OF GRAY LEVELS

TABLE 1L ACTURACY OF CLASSIFRATHON FOR IFFERENT NUMBER OF

GRAY LEVELS

Mumber of Do ﬁ" e verall Mumber of gray L Tre mrum",r,ﬁ, ——
ray levels St Rusr il e | TVETSEC levels Accwracy el me
Na4 k] Db | 933333 [101] S SO0 N4 L] OYSHE 00320
Ngs a5 SEbLGT | Kb ST LWl S4.0533 Ngs 0.970 L] 0517
Ngls ] SEbAGT | 933133 L W1 s, SO0 Ngls LR DS il 00330
NgiX bl S33333 | Shubbad LWl s S0N060 Ng3X 9D OS5 i 0320
Mgt k) F33333 | X33353 LWl 95, 106T N g 800 04253 ALO6ET
Nglre k-] 933333 | 9333533 151 S5.005T Nglze 0.497% 0S4 LIEITEE]
Nag2sh kel F33533 | SO0 L 940533 NgXih 0970 D45 00517

a) Exmmghe of scab Sssase images

) Exnmiple of rust disense images

«f Example of dowsy mildew discase images

) Examople of mon-discase images

Fig. 9. Examples of classification for plant |eaf disemses.

ROal for classif otk by 5F AW

Trne Fosifive Rate
b

Fig 10. ROC curve shows results of plant leaf disease dingsesis for different
mamiber of gray levels.

IV, CONCLUSIONS
This work presents plant leaf disease diagnosis system using

color imagery with disease feature analysis. The co-processing
of | and h composents allows the featare appearance o be
efficiently salient. Gray-level co-occurmence matrix and texnre
feansre |:|._|uu[il‘|r| are used as statistical data for gimpliﬁtd fu?_l!.-
ARTMAP 1o sufficiently classify 4 grape leaf disease image
rypees. The results are desirable which can be suitably applied 1o
real-world plant leaf disease detection and classification.
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