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A recursive training algorithm for echo state networks ( ESN)

LEI XiaoYi CAO LiuLin YU Jin

(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Two new recursive algorithms are proposed in the light of the problems of the irreversibility of the high
dimensional matrix, and the inability to apply online training, associated with a traditional echo state network
(ESN). We put forward a forgetting factor recursive least square ( FFRLS) algorithm and an unscented Kalman fil-
ter (UKF) algorithm for the training of the connecting weights in association with the linear and nonlinear output
neuron functions, which can directly and recursively update the output connecting weights. The proposed methods
have the advantages of higher precision and can be updated online and, in addition, can solve problems associated
with the traditional echo state network training methods, such as the batch data based matrix inversion being diffi-
cult to perform, and the inability to solve the inverse of the nonlinear output function. Simulations of the concentra-
tion and temperature in a continuous stirred tank reactor (CSTR) demonstrate the viability and effectiveness of our
proposed methods.

Key words: echo state network (ESN) ; forgetting factor recursive least square( FFRLS) ; unscented Kalman filter

(UKF)
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