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Abstract: The proper orthogonal decomposition and the Galerkin projection are widely used methods for sol-
ving the model reduction problems of complex nonlinear systems. However, only a part of basis function modes
are extracted with these methods to construct the reduced systems, which usually makes the reduced systems
inaccurate. For this issue a method was proposed to efficiently correct the errors of the reduced systems. First,
the Mori-Zwanzig scheme was employed to analyze the errors of the reduced systems, with the theoretical form
of the error model and the effective predictive variables obtained. Then, the error prediction model was built by
means of the partial least square method to construct the multiple regression model between the predictive vari-
ables and the system errors. The constructed error prediction model was directly embedded into the original re-
duced system, to get a modified reduced system formally equivalent to the model obtained with the Petrov-

Galerkin projection on the right side of the original model. The error estimation of the modified reduced system
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was given. Numerical results illustrate that, the proposed method can improve the stability and accuracy of the

reduced systems effectively, and has high computation efficiency.
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Table 1 Case 1: the CPU time for solving the reduced models( and the CPU time for solving the original system is 2.12 s) (unit; s)

order of system k 5 10 15 20 30
POD-Galerkin 4.79E-2 7.47E-2 8.71E-2 1.04E-1 1.19E-1
POD-Galerkin-PLS 4.27E-2 6.81E-2 9.49E-2 1.10E-1 1.27E-1

FE R RS TEXE] ¢ e [0 5,2 s] BIATHEE 200 R RGN E.E 1 (a) 451 T 21
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i Z2 WURLAS I, T e OB S A BRI A b £ 15 A A28 B 1) 2 PR RE 1. 1 1 (b)) LR T BBV B AR 2 22 B, (k)
W] i 31, POD-Galerkin-PLS f#HXF 522 B2/ F POD-Galerkin 2555} T POD-Galerkin-PLS, PLS J5 % 19 1 HL
TR L) DR TR R R OB I8 2 9 REGERI I E = 8 I PRI RGEK A5 29 R A0 B a (1)
=[a,(t),a,(t),,as(t) J(E2LEH T a,(t) ,a,(t) ,as(t) ,as(t) MIGER, Hp REAIEE R hE 2
F1,POD-Galerkin 45 R 5F RGN R AR KIRZHMILZ T, H T closure HA #% 1F , POD-Galerkin-PLS
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Table 2 Case 2; the CPU time for solving the reduced models( and the CPU time for solving the original system is 2.27 s) (unit; s)

order of system k 4 8 10 20
POD-Galerkin 1.52E-2 1.63E-2 1.89E-2 2.34E-2
POD-Galerkin-PLS 2.95E-2 3.31E-2 3.52E-2 5.04E-2
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