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A Prediction Model Integrating Phase Space Reconstruction and

Artificial Neural Network and Its Application in Pest Forecasting
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Abstract: Insect pests can significantly impact the production of many major crops. Brown planthopper.,
Nilaparvata Lugens (stal).is one of the most devastating pests of rice in China. Although substantial
efforts have been directed to examine factors affecting the occurrence of Brown planthopper and to predict
its future outbreaks,the long-term forecasting power is still lower. We propose to use nonlinear prediction
of chaotic time series for the forecasting of insect occurrence. The term“chaotic time series” here is applied
in a broad sense, covering observations with complex behavior derived from underlying nonlinear
phenomena of a presumed deterministic nature. Numerous complex prediction techniques,including neural
networks, projection pursuit regression and radial basis functions,have previously been used for chaotic
prediction. However, those methods require long time series data sets and their prediction accuracy is
unsatisfactory, limiting the scope of their applications. We have built a model for predicting insect
occurrence by integrating phase space reconstruction theory and multilayer backpropagation neural
networks. A database of Brown Planthopper,collected by Taihu District Institute of Agricultural Science,
Jiangsu Province, was used to test the accuracy of the model. Test results showed that the relative
forecasting error was 9. 68% and the prediction accuracy was 100%. These results demonstrate that this
approach can effectively improve the prediction accuracy and does not depend on long-time series datasets

for chaotic prediction.
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Table 1 Standardization training set of the network (BP)
Learning samples to input Hope to output
0. 2500 0.0438 0.4175 0. 8076 0. 8463 0. 8229 0.9999 0. 8905 0
0.0438 0.4175 0. 8076 0. 8463 0. 8229 0.9999 0. 8905 0 0.6037
0.4175 0. 8076 0. 8463 0. 8229 0.9999 0. 8905 0 0.6037 0.7799
0. 8076 0. 8463 0. 8229 0.9999 0. 8905 0 0.6037 0.7799 0.9729
0. 8463 0. 8229 0.9999 0. 8905 0 0.6037 0.7799 0.9729 0.7503
0. 8229 0.9999 0. 8905 0 0.6037 0.7799 O R9729, 0.7503 0. 3279
0.9999 0. 8905 0 0.6037 0.7799 0.9729 0.7503 0. 3279 0.4947
0. 8905 0 0.6037 0.7799 0.9729 0. 7503 0. 3279 0. 4947 0.7935
0 0. 6037 0.7799 0.9729 0.7503 0. 3279 0.4947 0.7935 0.3742
0.6037 0.7799 0.9729 0.7503 0. 3279 0.4947 0.7935 0. 3742 0.5672
0.7799 0.9729 0.7503 0. 3279 0.4947 0.7935 0. 3742 0.5672 0.3173
0.9729 0.7503 0. 3279 0.4947 0.7935 0. 3742 0.5672 0.3173 0. 3541
0.7503 0. 3279 0.4947 0.7935 0. 3742 0.5672 0.3173 0.3541 0. 4805
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Table 1 The test for the forecast results of BPH population occurrence numbers at generation three between 1997 and

1999
(CZP)
v Observed Forecast Relative Absolute Simulated Observed Test
. es
ear data value error error occurrence degree occurrence degree
1997 827.27 791.2 4.41 56.5 @ Vv
1998 374 415. 6 —11.12 —41.6 @ Vv
1999 248 281.5 —13.51 —33.5 Vv
2000 292.5
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