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Detection of Callosobruchus maculatus F. with image processing and artificial neural network

S. SAJADIANY, D. MOHAMMADZAMANI™, S, M. JAVIDAN?

1. Department of Biosystems Engineering, Islamic Azad University, Takestan Branch, Takestan, Iran; 2. Department of Biosystems
Engineering, Tarbiat Modares University, Tehran, Iran

Abstract

Due to the high speed and accuracy of intelligent pest detection in warehouse products, in this study, the detection of chickpea four-
point beetle pest was simulated by image processing technique using artificial neural networks. To prepare the images, a glass box was
prepared and the chickpea seeds were placed in the center of the box. The light was then illuminated from all six sides and photographed
with a digital camera from all sides. The image properties were then extracted by Wavelet Gabor using MATLAB software and applied to
the ANN as training data. To train the network, 69 images of chickpeas damaged and 59 healthy chickpeas were used. Then, to evaluate the
network, a set of data that did not play a role in network training as test data was applied to the network and its results were evaluated. In this
study, Perceptron and Elman neural networks were used which had better results than Elman network. The proposed method was able to
detect the high rate of damaged with 6.17% non-detection error and 4.86% error-detection error. After image processing by the neural
network and detection of damage points, the amount of crop damage was also calculated. For this purpose, the level of detected damage was
calculated and divided by the area of total area of chickpea seed and percentage of damage. After identifying the injury sites, the damage was
estimated 2.3% in the studied images.
Keywords: Artificial neural network, bean, Callosobruchus Maculatus F., image processing
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Fig. 4. Tan-sig function (Minhaj, 2018).

i oS S sl 2 ¥ IS 51 S 6 Siles
CLacr o aan T S ol 2alS wals b (glamios
Jer a8 das e QLS 1) s ool 53 el 4 S S
DL 53 01 53 S 5ol Sl sde Sl oS il o S e
osmoa I Gl Slacrse B me 5l e Lledd ST
3 g g 43 ey gl 555 s 1 (S ol
OF 035y ol 3550 53 Sl 1,3 48 i 1 glo 2y
g S e 5l g a1 S 55 (6 S e
Il o s G SUBEIEPSP Jalaze (g s>
Db o ) S se 4y gba s

ool sty g £ 5l S Lo e
Gla S5 pmile Coii> 03 54 S 15 s S
G308 oy S el 5 sl o 1y s 5 0 ey
S S5 o5l oLKT sl VAXYY slulas ez
..,\;”L;a Cowdds & alaly
(YAXYV)xE+=V48¢w €3]

OIS 53 i sl Cesay sl S5y ek
oy gas (i ledss ol 5 (Il s 5 4l
s 4 b s sl gl el s eslinal
Ot S pe a5 (3L el e ol
Wl aend S Sl o ¢ Sl 0L g
jb)wslup&iéwlwwkw%ﬁ
355 adls glals eyl j3 &S J.i)'jﬂ slaesls 31 Sl
B T3 P RN NS P
L LT S a8 alasls p blae 53 Ll a5 oS 35500
gl Al Sl ey dns Sl e sl 03,55 sdalin
G B s Laesls s 4o gl il slse 2wy 51 (S
ol dal gt 3 VAEES L ls

LoV olal s 5 5 483 o fimbio Sl 61
s Cahl 5 Sllons a0 Sy Ol tal s, 5 5
33 o b s el ol Bl e Lolre o e S

LY aw O s (ee2e S0 Sl 0 e 5 (el 4805



d',:u”g@\:}

ol (ilwand &Y dw O i (r2e 45 o)lu b
el o o3ls 2l N IS 53 MATLAB i385 )

Layer

R e

Uﬁj““:“")i LS“"G W“)])CJ‘\’_-\ Jﬁ
Fig. 6. Perceptron Neural Network Schematic.

Best Validation Performance is 0.20506 at epoch 51

Train
“alidation
10" F —Test =
'g /_\___ﬂ_ oo Best 3
E T Goal -
=0k :
[
o
=
1T}
-2
g 107
m
T
W 10'3_
[=
o
s
o't
1L , . \ . L
0 10 20 30 40 50

57 Epochs
O3 ey 65 55 50) 13 5ad =7 Js.:

Fig. 7. Perceptron network training diagram.

w3 5 g0l sl Sl esliul U e !
Jl35ai 4S5 &5 8 413 i34l 3,4 Levenberg-marquardt
N T [P QP S IO P - B GRS P B S W |
S 3 et il ot 4l al e s sl
ol oy 0k e 3 Shas 4y 3 gal 0553 OV 01,8
S Shee 5 iipal Olas Siigel 6553 slas A ST
s e OLES 1y el 31 e
O3 s 4 (sl jasiiio A IS5 53 oS 4,80k
Y Ve—t s Shas as o35 OV OIS 51 e JU_,,JC,;J
St ¥ aw Goll ae a0 el bl sk
st o3l Ghles 4 S 53 15 MATLAB L33l 5 55 o

A4 5 08 ) oyled M Al 1 alE sla s lew 5 ST

Slagl rzmen 5 ods ol slaails 5 Wl 555
SaS ey 8 g i g5 o Jlas) 635 4 50 Ll o pllase
e g Ll sy gla0ss Uar jlisl ey o), S
el 45 S 5 b Ll e oS 35 5el slaTesls
Lame ey sl los VAXYY oS 5188 5 50 slamails
ol b Sl sl G SO0 SO Ll
e Ve Lol S gl Sl ey 5 0
S Ol Ot 2 S Sop el K o LS LS
e g sl ene Sl (25l sl 5SS
Jslas sds omul sladils Glajls o G5l 4 &S Oy o
Cgr Sl =/ (Il laails sl jls s slslay 5 +/4
iomlis pslal g (gl s 4B S S0 4 ) g0l
ammr 55 0 53 bas e gladils 5 edd 4 Glald Glasr
oles 315 0lbl L5 Of woamy 5 5l e A 02l 13
WS il sl LS plonil (1 nSe O 3l o s s
53 eslizal Il 415 08 5 ey ol 3555 s g
—tisel slaesls sS4 s nae slaaSid 5l
s S d Sl 5585 4l g el el 2l
3p5 s gl el LB s S s edalie oS | sl
Camse ldalie 51 a LSS @l s sl e b,
S kil B cgr 0 4SS S50 sla el s
5 0led (issl o slitan a5 L &S ol Slialis
QJJ)WL&)}AI)" o by S8 laasls s Slas

U’:‘AJ}—’ L'J'i‘-/‘: ol ealaiul Q)f.w.r]j dg.,.w be )\2.'5-[.\.«—0 }.ﬁw"
Fig. 5. Perceptron Network Structure Used in This Study.



gwwa.a&.:,,u..aiu:‘,h,;‘&.&iL_,:ob\,»@«hbﬂgf&yuiwgl,&u,g\i:\aw \\o

Progress

Epoch: 0 100 iterations | 100
Time: 0:00:04

Performance: 552 [ded | 0000100
Gradient: 545 [ OONZE | 1.00e-07
Mu: 0.00100 | 0.000100 | 1.00e+10
Validation Checks: 0| 0 | 6

U’:'J)ATJ\U’“: wj' @)ﬁa}} &j)ﬂib}}.} slaws =\ JS.:
Fig. 11. Number of training courses and performance of elman
network after training.

s 4 (el asiie V) S oS 4 SKkes
il o3 Ve DUSLIS S e 5l G ol
=l b s SNes 5 Ay B s g0 5 Ses 4wl 8
RSV P PVIR WS Vi AP

s A 3 i opl 3 A eLil &S 4, Sles
Lel o 516 s esls (33 sl 5 s3laanes oll 5 053 2
ol eolein i) 00 S8 w gl S o e
SOV Jader 55 &K 3 ol i 50l 5l Jeol R
RGPS W

O3 oy 480 (sl jasedin \ U 3 S &S00
o el 4 el el oy Vool e s Shas 4
Cr% Oy oS bl 51l s 5 0l (s 5 Shas
33 =l Al e 4D e e el LS s Shas
&?ﬂiflu\j;:_}fumiﬂU:\.s)ljéb;.;_uﬂ.s)jﬂb&i
I o 3 8 D8 5 ins blE 5 ol g Jos o
Ay S Dbl gl (5 St 4 Ol &Sl 6l
ol a3 Gl lei S S Sa L Al s oyl
A.S.L;:la._:.éjf)l)ju@_uﬂ:)}»j_}d‘f')saﬁéud:
Wl sl &Y st s 0T 1 ol il

4S ol gl Bl (aiis pde gl Y S 3
o glast 5 cul sdid esls Laskid &S buy
Llodd 0313 yasdd ol olidl 4 oS Lz bl ol
3 Sdes O3 sy 4 il S 5 aS 4 SSles
O 4= MLl a2dls ol a0 & ol 55
el el Sl e ol S 65U G

Progress

Epoch: 0 [0 Siiterations 100
Time: 0:00:02

Performance: 0.678 _ 0.459 0.000100
Gradient: 0861 [ n0odes | 1.00e-07
Mu: 0.00100 1.00e-06 1.00e+10
Validation Checks: 0 f | 6

}.wO}j:';.dj:l:Mﬁﬂaﬁjoujh‘.}j)ﬁTé)}))lM_l\ e
!
Fig. 8. Number of training courses, time and performance of
perceptron network after training.

coll s Sk o g b -4 S

Fig. 9. Elman neural network schematic.

5 izl pslal b s ilaand 5l ey &S ol
as S l3 ULJJ,J > Levenberg-marquardt V:J_,jfll

el ol IV K s Kl i sel Sl e

Best Validation Performance is Inf at epoch 0

Train
= Validation
Test
Best
Goal

Mean Squared Error (mse)

. . . )
0 10 20 30 40 g0 60 70 a0 an 100
100 Epochs

ol as el s -V 1SS
Fig. 10. Elman network training chart.
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Table 1- Results of training of two selected networks.

Network type Number of training courses Function
Perceptron 57 0.459
Elman 100 16.4
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Table 2. Test results of two selected networks on 20 pea
seeds images.

Network type Lack of diagnosis Misdiagnosis error
Perceptron 2 3
Elman 6 5

A. orginal Imge

B. Processed Image
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Fig. 12. Image Processed By the Perceptron Neural Network.
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