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Abstract

Despite the use of robust statistical methods and fuzzy-neural networks, models that predict the distribution of organisms have seen
rapid development in the field of ecology. However, due to the challenges associated with sampling, these studies often lack sufficient
samples. In this research, we compared geostatistics and fuzzy-neural networks to estimate the distribution of the tomato fruit worm in
a tomato farm in Kermanshah city. For this purpose, the length and width coordinates of the sampling points at the field level were
identified and used as inputs for both methods. The output of each method was the count of this pest at those locations. In the
geostatistics approach, we employed the normal kriging method, while in the fuzzy-artificial neural network approach, we used the
sigmoid activation function. A comparison of the results from geostatistics and the fuzzy-neural network demonstrated the superior
performance of the fuzzy-neural network. The coefficient of determination for the fuzzy-neural network and geostatistics was 0.9 and
0.6, respectively. In conclusion, the fuzzy-neural network method, by integrating latitude and longitude factors, was able to predict the

density of the tomato fruit worm with high accuracy.
Keywords: Kriging, Fuzzy-Neural Network (ANFIS), Helicoverpa armigera.
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Table 1- Mean squared error extracted for each membership function

MSE for each function

Sampling date Trapezoidal Gaussian Triangular Sigmoidal
2019/07/17 0.1306 0.1342 0.1003 0.00331
2019/07/22 0.1321 0.0921 0.0803 0.00189
2019/07/27 0.1234 0.231 0.0365 0.0031
2019/08/21 0.1410 0.1219 0.0994 0.00221
2019/08/27 0.1360 0.1875 0.0310 0.00412
2019/09/01 0.214 0.1032 0.0413 0.00201
2019/09/06 0.145 0.1130 0.0532 0.00311
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Table 2- Geostatistical characteristics of the infected plants to Helicoverpa armigera in the
tomato farm

Degree of Range of

gzgpllng Model ggfgﬁ'&n;tgn MSE spatial spatial Nugget
dependence  dependence
2019/07/17  Spherical 0.711 0.325 0.540 140.11 0.045
2019/07/22  Spherical 0.723 0.170 0.638 126.80 0.032
2019/07/27  Spherical 0.545 0.165 0.511 130.11 0.087
2019/08/21  Spherical 0.703 0.210 0.505 160.07 0.041
2019/08/27  Spherical 0.580 0.189 0.556 180.23 0.083
2019/09/01  Exponential  0.635 0.301 0.523 150.74 0.071
2019/09/06  Exponential  0.689 0.299 0.601 173.63 0.067
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Table 3- Linear regression relationship and coefficient of determination between dv (actual value)
and pv (predicted value by model)

Sampling date Network Utilization phase Linear regression g:g:iniifnn;tgn
OIS b-0siTidy 418 097
sotgorpy TG Phase poossn 06 0o
2019/07127 Test Phase - L0080 av 10024 097
10821 o v- 096562 00205 09749
0100827 oo V- L02ave00a 09824
Joto0001  Jrening Phiase P 0967 w00t 0568
2019/09/06 Training Phase pv=1.0052 av +0.0031 0.988

Test Phase pv=0.9919 av +0.0097 0.9738
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