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Fig.1 Network validation error with the

change of adjustment factor o

Tab.1 The performance of MI-JIT-ESN models in
different subsample length

L FE e AV ERE HERWRE
4 800 0.028 5 0.002 3 0.013 7
4 600 0.028 0 0.001 9 0.012 9
4 400 0.027 8 0.001 9 0.0125
4 200 0.027 5 0.001 8 0.012 2
4 000 0.027 0 0.001 7 0.012 0
3 800 0.026 1 0.001 5 0.011 5
3 600 0.026 3 0.001 6 0.012 0
3 400 0.026 6 0.001 8 0.012 4
3 200 0.027 1 0.002 0 0.012 7
3 000 0.027 3 0.002 1 0.013 0
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Fig.2 Trend plots of substrate concentration
predictions at one testing batch using unoptimized
ESN and MI-JIT-ESN methods
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Fig.3 Trend plots of biomass concentration predictions
at one testing batch using unoptimized ESN and
MI-JIT-ESN methods
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Tab.2 Comparison of testing RMSE values using unoptimized ESN and MI-JIT-ESN methods

- A POk AW aRE R RWE
ESN MI-JIT-ESN ESN MI-JIT-ESN ESN MI-JIT-ESN
1 0.152 7 0. 040 9 0.053 1 0.001 9 0.026 0 0.010 2
2 0.087 6 0.017 5 0.049 5 0.001 3 0.014 9 0.009 8
3 0.091 3 0.021 4 0. 056 4 0.001 8 0.022 7 0.0133
4 0.114 6 0.021 1 0.054 7 0.001 1 0. 020 4 0.010 4
5 0.172 2 0.030 8 0.080 0 0.001 7 0.021 1 0.015 7
FHE 0.1239 0.026 3 0.058 8 0.001 6 0.021 0 0.0119
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Tab.3 The initial conditions of different working conditions

R WRIKIE,  AEMHRIE SR %
PRIy el ()
K T4 4.5~5.5 0. 004 ~0. 005 0. 035
T 14 ~ 16 0.09 ~0.12 0. 045
[ 23 ~217 0.18 ~0.22 0.070
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Tab.4 Comparison of testing MRMSE values using

different neural network methods
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MI-JIT-ESN 0.033 1 0.002 4 0.012 5

& T Elman 0.020 2 0.032 5 0.012 7

BP 0.047 7 0. 660 1 0.089 3

MI-JIT-ESN 0.030 1 0.001 8 0.013 0

T T Elman 0.043 9 0.064 4 0.015 4

BP 1.229 7 0.771 8 0.110 7
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BP 2.104 0 1.112 6 0.156 2
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Tab.5 Comparison of MRMSE values of quality
variable predictions using MI-JIT-ESN and other

methods on normal conditions

ik Rk E  EYREWRE HERKRE
RVM — 0.1927 0.042 8
KPLS 0.541 0 0.897 0 0.1950
MGMM 0.073 0 0.092 0 0.038 0
BI-SVR 0.0850 0.071 0 0.0110
MI-JIT-ESN  0.020 9 0.001 5 0.0120
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Optimized Echo State Network on the Basis of Mutual Information and

Just-in-time

ZHANG Heng, WANG Heshan

(School of Electrical Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; To improve the adaptability of echo state network (ESN) , an optimization method based on mutual

information (MI) and Just-In-Time (JIT) learning was proposed in this paper to optimize the input scaling

and the output layer of ESN. The method was named as MI-JIT optimization method and the obtained new net-

work was MI-JIT-ESN. The optimization method mainly consists of two parts. Firstly, the scaling parameters of

multiple inputs were adjusted on the basis of MI between the network inputs and outputs. Secondly, based on

JIT learning, a partial model of output layer was established. The new partial model could make the regression

results more accurate. Further, a multi-input multi-output MI-JIT-ESN model was developed for the fed-batch

penicillin fermentation process. The experimental results showed that the obtained MI-JIT-ESN model per-

formed well, and that it had better adaptability than ESN model without optimization and other neural network

models.
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words: echo state network; mutual

penicillin fermentation

information ;

Just-in-Time
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