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Time series prediction of the concentration of chlorophyll-a based on RBF neural

network with parameters self-optimizing

TONG Yuhua, ZHOU Hongliang* ,HUANG Zhefeng,ZHANG Hongjian
Department of Control Science and Engineering , Zhejiang University , Huangzhou 310027 , China

Abstract; Algal bloom development is a complex, nonlinear and time-variant process for which accurate prediction remains
a problem worldwide. At present, the prediction of algal bloom is mainly based on two aspects: the ecological model of the
mechanism and the artificial intelligence model. A large amount of research has verified that the algal standing crop and the
physical, chemical, biological characteristics and most quality of water can be characterized by chlorophyll-a concentration.
In this study, a time series prediction model of chlorophyll-a concentration was developed, based on routinely monitored
aquatic ecological data (sampled at 10-day intervals between January 2000 and December 2003 ) from Yuqiao reservoir,
which is the only source of water supply in Tianjin. The model used a radial-bias function ( RBF) neural network with self-
optimizing parameters. A RBF neural network consists of RBF neurons, and it is characterized by simple training and fast
convergence,, which could make up for the shortcomings of a back propagation ( BP) network. Cubic spline interpolation
with a small global error and good continuity was used to generate a sufficient number of training samples and make the time
intervals of sampled data uniform. The importance of the input variables, chlorophyll-a concentration, total P, total N,
dissolved O and water temperature was determined using principal component analysis and the input step of the time
sequence was set as 3 after trial and error. The number of training samples and the extended speed value (SPREAD) of

RBF neural networks could be self-optimizing in this predictive model. The SPREAD optimization algorithm automatically
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selects the optimum SPREAD value, which has traditionally been difficult to determine. This model should thus improve
prediction accuracy. The feasibility of this model for prediction of short-term trends in chlorophyll-a concentration was
investigated.

The results indicated that the model that combined the time series and RBF neural networks, after identifying the
optimum SPREAD value and confirming the minimum number of training samples required, allowed for increased precision
in predictions. Nevertheless, prediction performance (assessed using an evaluation index) changed with the size of the
training sample. Analyses indicated that at least 2 years of data collection was required to accurately determine the
fluctuation rules of chlorophyll-a. In this study, the most accurate prediction with a correlation coefficient between predicted
and observed value up to 0. 982 was obtained with a sample size of 105 and SPREAD value of 10. The quality of these
predictions would be sufficient to be used as an early warning system for algal blooms in the reservoir. The model therefore

has both potential research and practical applications.

Key Words: RBF neural network; time series; chlorophyll-a; Yugiao reservoir
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Table 1 Principal component analysis
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£ F WS> 5wk Contribution of various principal components
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