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' Multi layer regression (MLR)
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' Artificial neural network-based fuzzy inference system
(ANFIS)

2 Multi-layer perceptron (MLP)

® Basis function radial (RBF)
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' Sensivity analysis
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Table 2- Statistical performance of Anfis, for predicted total growth stage population of Sunn pest.

Optimal model structure

2 RMSE Membership (Jao 4o LA L) . ANEIS
R yins) functlon_of output mem_bershlp model
) e e ~ )/aflflbm . Number of function of input Joe)
(o o Susde 0l) membership function variable N
(e (s> (csde g alaas) e 2y pde ) (o
(9909
0.942 0.07078 Linear (k) 2 Trimf (k) 1
0.954 0.0627 Linear( 1) 2 Trapmf ((s) 453 53) 2
0.951 0.0653 Linear(ba) 2 Ghellmf (¢ oS53 3
0.944 0.0694 Linear( 1) 2 Gaussmf (<) 4
0.952 0.0648 Linear( 1) 2 Gaussmf (.. <) 5
0.952 0.0647 Linear( 1l.) 2 ass 9eSaa) Psigmf 6
(=S5
0.950 0.0655 Linear( 1) 2 Sigmf (s seLuis) 7
0.950 0.0655 Linear( l3) 2 Pimf( ., wz) 8
0.969 0.0516 Linear(ba) 3 Trimf( k)
0.968 0.0525 Linear( 1) 3 Gbellmf (1 455) 10
0.970 0.0510 Linear( 1) 3 Trapmf (sl 4w 43) 11
0.970 0.0510 Linear(ba) 3 Gaussmf (- <) 12
0.969 0.0512 Linear(ba) 3 Gauss2mf (. ) 13
0.969 0.0517 Linear(ba) 3 Pimf (s 4u) 14
0.970 0.0509 Linear(ba) 3 Sigmf (sus seu) 15
0.970 0.0509 Linear( ) 3 Pimf (., «.2) 16
oS e Comazr JS e gl ANFIS Jos o 2s (s & Y Jsutr
Table 3- Output of the best ANFIS for estimation of total population of the Sunn pest.
P R? SSE RMSE Modeling steps
(5ol Las) (O ) (Uox olasso psans) (Uax olagse (:Sile 5 5i00) (ol Jas Jalse)
0>0.001 0.971 0.307 0.051 (oBosel) Train
0>0.001 0.968 0.125 0.050 (0s251) Test

0>0.001 0.970 0.431 0.051 (Js) Total
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Figure 3- ANFIS 12 model structure for prediction of seasonal total growth stage of the Sunn pest.

Training data : o FIS output : *

g@ 9 *%* + #
Foms e @!&Q @m

100 150 200

S2ass st esls
r.\.f e S J»l,a gy - sl ‘f:J"ﬂi Ge3ls 5 ol gilwdhe (g03)> dmslas —F JS..:«
Figure 4- Compare modeling and training data for prediction total growth stage of Sunn pest.
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Figure 5- Correlation between the predicted and observed data by the ANFIS model at the training stage.
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Figure 6- Correlation between the predicted and observed data by the ANFIS model at the testing stage.
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Table 4- Regression relationship between the population of the total growth stage with selected variables

RMSE R? P value Coefficient Input variable
(ba olayse oSl 5 5ias) (o ) (ol bixs) (l»2) (2300 laiis)
0.26 0.47 0.00 0.71 Average temperature
(Los (:Sils)
0.26 -0.11 Average relative humidity
(s by (Siki)
0.66 -0.03 Wind speed
(Wb e )
0.30 -0.20 Sampling date

(ol G 3200)
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Abstract

Intelligent systems have received considerable attention as a modern modeling methods in recent years. These
models is used for prediction and classification in situations where the classic statistical models are not able due
to their constraints. This study is aimed to compare the ability of ANFIS and multi factor linear regression
models for predicting density of all growing stages of Sunn pest. The data population fluctuation of Sunn pest in
the years 2015 and 2016 on a farm with an area of one hectar in chadegan city was obtained. Predictor variables
including variables sampling date, average temperature, average relative humidity, wind speed, wind direction,
rainfall, height from sea level and degree- day were processed as input data to achive an output of number of
developmental stages as response variable. In the ANFIS model, 70% of the data was assigned to training and
30% for validation. After network training and assessment of the best structure according to type, number of
membership function and related rules with the use of MATLAB software, the appropriate model was selected
based on statistical indices of, root mean square error (RMSE) and coefficient of determination (R?). After
sensivity analysis the results showed that ANFIS method (RMSE= 0.051, R*= 0.97) had higher accuracy than
multi linear regression (RMSE= 0.26, R*= 0.47) and better predicts the population fluctuation of Sunn pest
Eurygaster integriceps.

Keywords: ANFIS, Climate, Multi factor linear regression, Sunn pest, Population fluctuation.
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