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Introduction

Pistachio or Green Gold is one of the most important agricultural crops and is especially important for
Iranian exports. A group of pistachio's pests mainly feed on pistachio, among which Idiocerus stali is very
important. Conventional methods for identifying insects using identification keys are time-consuming and costly.
Due to the rapid development of the Pistachio industry, the use of artificial intelligence techniques such as image
processing, for identification and population monitoring is highly recommended. On the other hand, little
research was carried out on |. stali. Therefore, in this research, I. stali was selected as a target insect for the
identification and counting on sticky yellow cards using image processing techniques and artificial neural
networks. The purpose of this study was to determine the feasibility of I. stali identification algorithm by image
processing, to determine the possibility of separation and counting of I. stali from other non-target insects by
artificial neural network and to determine its accuracy in identification of I. Stali.

Materials and Methods

Idiocerus stali was selected as the target insect for identification. Sticky yellow cards were used for
collecting samples. Taking the photos with the help of a SONY Handycam Camera, which had a 12-megapixel
resolution and G lens, was carried out (SONY, HDR-XR500, CMOS, SONY Lens G, Made in Japan). Then
insects were counted on each card manually and the data was recorded. The data, which were digital images of
yellow sticky cards, were imported into the MatLab R2017b software environment. A total of 357 color
properties and 20 shape's features for the identification of I. stali were extracted by an image processing
algorithm. Color properties were divided into two categories of mean and standard deviation and characteristics
related to vegetation indices. An ANN-PSO (Artificial Neural Network hybrid method-Particle Swarm
Optimization) algorithm was used to select the effective features. The selected effective characteristics for insect
classification were: Color index for extra collective vegetation related to HSL color space, normalized difference
index for LCH color space, gray channel for color space YCbCr, second component index minus third
component for color space YChCr, area and mean of the first, second and third components of color space Luv.

Results and Discussion

Comparing the results with the results of Qiao et al. (2008), we found that in his study, which divided the
data into three categories, for medium and high-density groups, the detection rate was 95.2% and 94.6%,
respectively. On the other hand, in low densities (less than 10 trapped insects); its detection rate was 72.9%,
while the detection rate of the classifier system designed in this study for different densities of trapped insects,
was identical and equal to 99.59%. Also, comparing the results of this study with Espinoza et al. (2016), we
found that their algorithm in whiteflies detection had a high accuracy of about 0.96 on a sticky yellow card,
while the Thrips identification algorithm accuracy was 0.92 on a sticky blue card. As stated above, the correct
detection rate of I. stali by the algorithm designed in this study was 99.72%.

Conclusion

The results showed the feasibility of the new method for identifying the pest insects without destroying them
on the farm and in natural light conditions and in a short time and with very high accuracy. This suggests that
this algorithm can be applied to the machine vision system and can be used in future in the construction of
agricultural robots.
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(TBW1(i,j)>110 & TBW2(ij)>110 & TBWS3(i,j)>105 & abs(TBW1(i,j)- TBW2(i,j))<10) [TBW1(i,j)>150 )

(G2 Cow) CMY (S5 (sl 4, RGB 5005 o5 g (Sl Canns) RGB (S5 (5Ld 5 Sy 55 &) S 05 =) JSW0
Fig.1. Images of a sticky yellow card in RGB color space (Right) and the converted RGB image to CMY color space

(Left)

3

(o Coows) Bilods yasciio o)lows b slosl a5 oad (5515, 3,5 ©)l8 g (Cawly o) digoj o Bl (¢l dilil Jlos! =Y JSWS
Fig.2. Applied thresholds to remove the background (Right) and processed yellow card with objects marked with the
number (Left)
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islasas 30 LS cpl sl &5 00 sanddl WS 40 & laodl
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5 tansig satling JLas! mls ¥ (gpes YA ¥ ¥ L S aYas
S hjgal @b b pgw 5 pgd Jgl sloaY ) i 4, tansig

oM 9 4 (andid e oy oY ol Yy gyt e S ol polie —) Joua
Table 1- Parameters' values of the multilayer perceptron neural network for hidden layers for classification into two

classes
Neurons First Layer: 18, Second Layer: 13, Third Layer: 7
Léu,).’ \'4 ‘P Qy SY !,053 QY A !Js' Qy
Number of Layers
ladyY sluws 3
Transfer Functions First Layer: satlins, Second Layer: tansig, Third Layer: tansig
Jlas) wles tansig :pow &Y dansig :pg> 4 Satling : Jgl 4¥

Backward back propagation network training function
SIS 2 Ll ey 4SS (hjgel @5
Backward back propagation Weight / Bias learning function
S5 Uil b 039 6 xS b

Trainlm

Learnsom

1- Multi-Layer Perceptron (MLP)
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Table 2- The relationship between the area under the
ROC curve and the accuracy of detection
Area  Diagnostic accuracy

Excellent
0.9-1.0 e
Very good
0.8-0.9 .
PO
Good
0.7-0.8 .
e
Sufficient
0.6-0.7 .
iy
Bad
0.5-0.6
kY]

Test not useful
Consd Mo (y905]

sensitivity
~{2\
2
A
3\
Vo
7
z
)
e

0 1

1-specificity

(ROC) oaScily s slhles Copogas oxie =¥ JSUd
Fig.3. Receiver Operating Characteristic (ROC) Curve
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ool wiye Sl eola ol Uy cudly g9 0y5 )8 4o (59, 40
S9) y= Ny SBS 205 0515 ,5095 jobds 0 (b g
045 03]y L;Uapfl)is' A 03] yaeSS JL......» 35 gba,§
Slodpn (8ly ol b pgal (915 pius Al baeiges
3,5 &8 A ol | Stali slaws u,uvu,u;u Copd bl o>
-/Aavy Pl u»)l.)): 4.1».«»5 A 0445 0d) U’l"’D‘Y I. Stali s 9
>hb pgal (5wl paseis 5 cal e (¥ JS5) o5

7- Coefficient of determination (R?)

24y LS4 wail plusw LIS 5 3Sles )
Jaged g gaipaiils <8 ¢ Ll w plo ) 025 S o
eyle 395 oo 03l T(ROC) suScil  Sllas cuogas
O g sl da WwMS olis 4 &S xpe Gl o ilo ¢ plizel
sl Cwp oS olasdly IS loe g ganadds By )b
Voo csiinail clapisfll 3,Slas cusl o0 &) ciilons
e A5 e iy B ol s b)) ey
(F) 5 (V) Ly, 5l oolisal b o ey €83 5 Copols el jlina
:(Kazmi et al., 2015) 145 o0 i ya5

Sensitivity = L (v)
TP+ FN
TN
. . . — ‘“
Specificity TN + FP (v)
TP +TN
Accuracy = ——— (¥)
N
Zhg‘s) u}l ).)

SPECIfiCity (4—o)d s y3) Cuwlus Sensitivity
G ) ABb oo JST B> ACCUIACY g (hoyd G y) Camols
ladiges dlass b cusl ol TP dadiges IS slaws ol N ((as )
M b el jolp TN ilonds (sinddb cunyd o (S
Sy A4S Glaiay0e S Sl e 05 la S sladiges
3y90 S sladigel gaemme b cuwl plyy FN Lilonds canadl
sk 4 b Sloads (canaib i )50 (WS 5 s 4 &5 b
L sl il FP aslons anaib 1505 (slo oS 5 s yol
oS )0 Gl job 4y oS 00 glo S ladiged gaemme
(Kazmi et al., 2015) sloais gandals Lo 540
8 ) 035 3 o & ixia o o 5 ROC ieta S5
r S o SaS By Wb s Sy pad g
72 e 9 3dl S0 e G VL 4B 4 g ;18
(7 JS8) 2l (s yiag 0,8Mos St i A3l 55,5 (i
Ol g 2l 4ty G g jho G ()lMe Sl (Sxie ) e
s S Gl Al wls Db lp o (a3l S
2 (AUC=1.0) 5yl 1y, SO ol (ioxie ) daw Jle dnadlb
35 il (e s A bl g So &S (J)ge
b Lasis €85 3 AUC (o day IS jsbay (AUC=0.5)

1- Cconfusion matrix

2- Receiver Operating Characteristic (ROC)
3- Sensitivity

4- Specificity

5- Accuracy

6- Area under the curve (AUC)
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Fig.4. Regression graph between number of 1. Stali observed (horizontal axis) and number of |. Stali identified by
image processing algorithm (vertical axis)
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ol ols Olpls pablgsy &S e 40 iy sNl opl slbadb Al Sy 505 dlwd dw ¥ Jod s jd el oad &)1 Y Jous
Loyd AV/OY cpoles giiadb alwd dw a1y )5 )5 g, O-Sewe 4B yai0 sluil a5 0)l> dgng 4B yate <Ll o Anthaxia Sp.

ool Joud BB ey oS il o as jabolen il S 90,5 L (500 a8 et Ol i cul

Confusion Matrix

Output Class

Target Class

ilieo WS dw (sly (905l dsgare g9y p L] s 5le —0 SO
Fig.5. The confusion matrix on the test set for three different classes
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Table 3- The confusion matrix and accuracy level of the classification system on the test set for three different classes

Idiocerus ) Anthaxia S Percentage of Total percentage of
Classes stali Mlscgl_lar:eous s ‘S.wp. Total misdiagnosis correct diagnosis
. objects Ty  ae ae
LY S 25 ﬁ)&:nslw‘ )?“? “5.»» Js QETw o 3D Qi JS ae g
v - g 0,3 QW' C«.M))D
Idiocerus stali
. . 1614 40 3 1657 2.60 91.53
Ly S 255
Miscellaneous
objects 91 330 15 436 24.31
45).&.:40 ;L:.»:)‘
Anthaxia Sp.
o5 g Swgw 6 28 33 67 50.75
5 092l Sl (Slai O ygods o i VYA im0y dlass oyl g S 205 olwlad 3855 cpl 5l Gun aS pl a dagi b Lol
¥ Jods o5 JSi j0 45 asoS led ged odlaiwl (oxiw,lael Qb oy b dlwd 50 du baodld 130,651 ol 5l ekl b W g
oy o8 diwy Sy o0 olid] [asuil o pd e e odblie 0yl Dawi S gadals Anthaxia Sp. g diw S0 b
Giadb i S olelid gly w0 cds g il Anthaxia Sp. o, s g 54 FIFA 5,5 )8 (59, diuy S 205
bl e o pd A/D catwd 93 & aodly 2o )d ¥ojl piaanaw 9 109y 0 i FYV+ £o0ome 10 oS dgy dis YY)

Confusion Matrix

Output Class

1 2

Target Class
ciliia WS 93 (sl (9051 dsgeime 59y p LEEED G le =1 JSW0

Fig.6. The confusion matrix on the test set for two different classes

Ciliseo (oS 93 (sl (1903l degare (59 g2 (SHuib s <85 ljre 5 (S (e —€ Jgo
Table 4- The confusion matrix and accuracy level of the classification system on the test set for two different classes

1. stali Anthaxia Sp. Percentage of Total percentage of correct

Classes .. e e Total - . . .

o, S Sy 308 ,4led g Svgw misdiagnosis diagnosis

o “ R g bw,‘,aw' 55 o yd S 3> s "'"sz):

. stali

. .. 1657 1 1658 0.06 99.59
Ay S 3

Anthaxia Sp.
308 Hlgd g Sugw 6 64 70 8.57
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ober Syl g i 3489 @l L @ls cnl awglie
dg5 Giod p Lyl a5 (Heidari and Amiri Parian, 2019)
ol gl ol 300 cds oS cwl Jb o pl g Bog0d
Dbl oo Ao yd AA/DA ity S yo5

i 4 bgyye CBy g Cuold wpwlus 12lae O Jgi>
A wles 0556 A2 o Ll |y (M 90 clls (gl (ganadb
2 aS 0300 (F) L (V) Laslyy 5l oolazol LD Jgdo )0 39390 poldo
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ShIS diy S50 alolid )5 S plodjl-puas S yun o)
2hb i &5 Casl xe ol cpl g WSl 0 AA/AF Couslus
ol 0313 (auseils Cuwpd 1y diwy 45055 0 s duo pd A4/AY s
S iy Lm0l 45 Gl xe (pas YU Cuwlus (IS j5boay
Sl i Cuold 84k 5l lead ganddl s jgboay
aS ol (ime ol ol g el Cand s AVEY L plps o piis et
olw blis 5 Anthaxia Sp. o s Loy MDY laid wsdal piwws
30,5 o odlie Culpd pd .l 03 sl diwg S o0 olii!
ol 045 (ganadls duo)d AA/D Cdd b dtuy S yoj 0 pulis A

Choetal.,) o)Kea 5 5> 3o gols b guls oyl dwslio
i liseo oy dw aS L] LS )0 &S 2ad o odmlie (2007
oA £ 9 03 )8 (Lol 3)90 |y g atd (Sl
do)d MR 5 0o )d AVIVY o 3 AY/EY L ply ol iy iyl
2hb dhd il wiw (el Fp aS Cwl Jb o cpl g0y
5 Ol 0oLl ply 4 0 i £55 93 b (gl pSls BaE5T )0 o
D9 o yd aa/64 )g‘ﬁ

OHESen 5 3 L gy 3aics Ly 3ind ol puls dwslds jo
yo—al iild s i | Ll 45 (Boissard et al., 2008)
Sl b 95 bl )3 g o )3 () Se g0y
CaBy a8 25 o odaliio cdidged odlatwl Sbisew (ololis
izt ololidh w6 S (e i cB> oS Jb 10 g oy
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Qiao et ) l)Lsen 5 LS 5o gl b guls opl dwslis jo
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Table 5- The sensitivity, specificity and accuracy values of the classification system for the two classes

The hybrid method of ANN-PSO
155 pladjl 5 lwdiae —(Egan (mas &Sl 2 ()

Classes Sensitivity Accuracy Specificity
L9513 Coww b cdd Cuold
. stali
. .. 99.94 99.59 91.43
Ly S 5
Anthaxia Sp.
91.43 99.59 99.94

Ly jo 3 o Saogu

Table 6- The values for the different error criteria, the percentage of the correct classification and the Area under the
ROC curve for the 2 classes

AUC(2) AUC(1) OCA MAE RMSE MSE
WS g2 g e WS (G g e gaalib S Shd (bo Olrypo uiilo ady;  Olrype (o
Y ) Y Gl s as
0.99962 0.99969 99.59 0.013 0.0598 0.0036
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8 5 4o

S5 lwlid S ugal (il wh oSl dswg
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5- Overall Classification Accuracy (OCA)

oo jl 3)S 1S5 Lasby g 3lge s > 45 465 len
A (g o3l Ly e by ) (2] el Copoguad TVY
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Fig.7. The ROC curve for Artificial Neural Network

classification for two different classes, (Class 1
Anthaxia Sp., Class 2 Idiocerous stali)

1- False Positive Rate (FPR)
2 -1-specificity

3- True Positive Rate (TPR)
4- Non-diagonal elements
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