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Teble 1. Statistics related to the types of models used in the artificial neural network
Two hidden layer One hidden layer

Number model RMSE R?
neuron numbers neuron numbers

1 1 0 0.205395 0.31519

2 1 1 0.205335 0.31559

3 1 2 0.202454 0.334659
4 1 3 0.085991 0.879969
5 1 4 0.085607 0.881038
6 2 0 0.083406 0.887077
7 2 1 0.082937 0.888341
8 2 2 0.082888 0.888476
9 2 3 0.080272 0.895403
10 2 4 0.08156 0.892019
11 3 0 0.082992 0.888194
12 3 1 0.080963 0.893593
13 3 2 0.231007 0.133754
14 3 3 0.231124 0.132877
15 3 4 0.076488 0.905033
16 4 0 0.078048 0.901118
17 4 1 0.078016 0.901199
18 4 2 0.077057 0.903614
19 4 3 0.072099 0.915618
20 5 0 0.075289 0.907987
21 5 1 0.230553 0.137156
22 5 2 0.07257 0.914512
23 5 3 0.06521 0.930973
24 6 0 0.072517 0.914637
25 6 1 0.230553 0.137156
26 6 2 0.066735 0.927706
27 6 3 0.063475 0.934598
28 7 0 0.072198 0.915387
29 7 1 0.065558 0.930234
30 7 2 0.064251 0.932989
31 7 3 0.061596 0.938411
32 8 0 0.067088 0.92694

33 8 1 0.063621 0.934295
34 8 2 0.063103 0.935362
35 8 3 0.061683 0.938237
36 9 0 0.072824 0.913914
37 9 1 0.062822 0.935937
38 9 2 0.063117 0.935334
39 9 3 0.062033 0.937535
40 10 0 0.065787 0.929746
41 10 1 0.061981 0.937639
42 10 2 0.062423 0.936747
43 10 3 0.061348 0.938907
44 11 0 0.065138 0.931125
45 11 1 0.061348 0.938907
46 11 2 0.061348 0.938907
47 11 3 0.061348 0.938907
48 12 0 0.062301 0.936994
49 12 1 0.230228 0.139586
50 12 2 0.061348 0.938907
51 12 3 0.061348 0.938907
52 13 0 0.062039 0.937524
53 13 1 0.230228 0.139586
54 13 2 0.061348 0.938907
55 13 3 0.061348 0.938907
56 14 0 0.062598 0.936391
57 14 1 0.061348 0.938907
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Figure 1. Results of sensivity analysis of 8 parameter selected related to the Sunn pest adult insect
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Figure 1. The schematic of the multilayer perceptron neural network of the with topology 1-3-4-7
Selected climatic parameters as inputs and population flactuation of the Sunn pest adult insect in
the output layer

Error Histogram with 20 Bins
T T T T T T T T T T T T T T

T I I L | -
N Training

70} I validation
I Test
Zero Error
GO | =
501
0
5
e 40—
n
c
30
20+
10l I
0:——:--——.- I..u—u——
W o= W W oW T D @ M = 0 W @ @ M @ T @ W
=2 T B - B T - B S TP Y S < B T A = S
[ S B - =~ T T T O T ~ S~ S O~ S~ T
- s T 5 v @ kR ® % N O = 9 B O @ o - o= v
s g g T o =T 2 = =2 @ & =2 2 2 g 2 5 o 55 o
T T s © © © © © © © o =3



YAV Hler A ol (Gl codlol o1 olKiiilo) (S50l S AR

e (699,95l b ole (e ez o515 (o Gl Je 50 a3 el Seca jloges —F S
Figure 2. Error histogram chart in prediction model for population density of the Sunn pest adult
insect with four selected inputs
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Table 2. Output of the best ANN model to estimate the population of the Sunn pest adult insect

RMSE SSE R? p
Training 0.0563 0.0752 0.948 0>0.001
Testing 0.0726 0.181 0.910 0>0.001
Validation 0.0853 0.335 0.900 0>0.001
Total 0.0616 0.306 0.915 0>0.001

Best Validation Performance is 0.0029154 at epoch 26
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Figure 3. Diagram of the best validation performance in the prediction model of the population
density of the Sunn pest adult insect with four selected inputs
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Figure 4. Predicted and measured values of population density of the Sunn pest adult insect, using
the multilayer perceptron for total data
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Figure 5. Predicted and measured values of population density of the Sunn pest adult insect, using
the multilayer perceptron for testing data
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Abstract

The Sunn pest, Eurygaster integriceps Put. is the most important pest of wheat
and barley in Iran. Many studies have shown that various biotic and abiotic
environmental factors affect the population of this pest. In this study, the
relationship between population density of the Sunn pest adult insect with
different environmental factors including sampling date, average daily
temperature, average relative humidity, wind speed, wind direction, heigth from
sea level and degree-day was investigated. Field data were collected from two
wheat farm of one-hectare in the city of Chadegan, Isfahan province. The used
network type was multilayer perceptron with back propagation algorithm and the
learning algorithm was Levenberg-Markvart. After sensitivity analysis due to the
ease of the model and extraction of effectiveness of factors including four factors
of sampling date, temperature, humidity and wind speed were selected. The
results showed that a neural network with two hidden layer, 7 neuron in the first
hidden layer and three neuron in the second hidden layer, as a sigmoid activation
function, and a data percentage of 60, 30, 10 for training, testing and validation
for prediction of population fluctuation of the Sunn pest adult insect is used (R?=
0.94)

Keywords: Sunn pest, Artificial neural network, Sensitivity analysis,
Environmental Factor, Chadegan
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