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Abstract: To effectively use the empirical knowledge to compensate for incomplete training data coverage, a fuzzy
modeling method that incorporates empirical knowledge in the form of TSK(Takagi-Sugeno-Kang) fuzzy rules is proposed.
In the structure identification process, a fuzzy rule fusion method is proposed to determine the initial fuzzy rules. In the
parameter identification process, the original objective function of the gradient descent method is improved and the evaluating
parameter of the accuracy of empirical knowledge is introduced to trade off the influence of sample data and empirical

knowledge. The numerical simulation and engineering case studies show that the proposed method can offer more reliable

and accurate forecasting values.
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w[Co] [0.08%, 0.15%)

w[So] [0.018%, 0.051%)]
Aw|[C] /min~*! [0%, 0.004%)]

Aw[Mn] /min~"  [0%, 0.03%)

Aw([Si] /min~?! (0%, 0.009%)

Aw[S] /min~?! [—0.002 9%, —0.000 7%)
Dp /kA [0, 6]

ms /t [0.2,1.2]

T/°C [1535, 1569

my [t (95, 100]

MR Y R 20 06 i AR 4R DL R (S B
(Mn) TG AT TR A 250 .

Rulel : If w[Cy)] is FP(0.11%, 0.12%) and
w[So] is FP(0.032%, 0.037%) and
Aw|C] is FP(0.001 7%, 0.002 3%) and
Aw|Mn] is FP(0.012 5%, 0.017 5%) and
Aw]Si] is FP(0.005%, 0.006%) and
AwlS] is FP(—0.002%, —0.001 6%) and
Dp is FP(2.5,3.5) and
ms is FP(0.616 7,0.783 3) and
T is FP(1549, 1555) and my, is FP(97,98);
Then zg; = 0.990, 2mn = 0.980.

Rule 2 : If w|[Cy] is FP(0.12%, 0.13%) and
w(So] is FP(0.032%, 0.037%) and
Aw|C] is FP(0.002 2%, 0.002 8%) and
Aw[Mn] is FP(0.012 5%, 0.017 5%) and
Aw[Si] is FP(0.003%, 0.005%) and
Aw[S] is FP(—0.002%, —0.001 6%) and
Dpis FP(2.5,3.5) and
ms is FP(0.616 7,0.783 3) and
T is FP(1549,1555) and m, is FP(97, 98);
Then zg; = 0.945, zymn = 0.900.

Rule 3 : If w[Cy] is FP(0.11%, 0.12%) and
w(So] is FP(0.036%, 0.041%) and
Aw[C] is FP(0.001 7%, 0.002 3%) and
Aw[Mn] isFP(0.012 5%, 0.017 5%) and
Aw[Si] isFP(0.003%, 0.005%) and

Aw[S] is FP(—0.002%,
Dp is FP(2.5,3.5) and
mg is FP(0.616 7,0.783 3) and

T is FP(1549,1555) and my is FP(97,98);
Then zs; = 0.950, zym = 0.955.

—0.0016%) and

Rule4 : If w[Co] is FP(0.11%,0.12%) and
w(So] is FP(0.032%, 0.037%) and
Aw|C] is FP(0.001 7%, 0.002 3%) and
Aw[Mn] is FP(0.012 5%, 0.017 5%) and
Aw[Si] is FP(0.003%, 0.005%) and
Aw|S] is FP(—0.001 7%, —0.001 3%) and
Dp is FP(2.5,3.5) and
ms is FP(0.6167,0.783 3) and
T is FP(1549, 1 555) and m, is FP(97, 98);
Then zg; = 0.985, zpy = 0.980.
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A =0.2; kK =0.1; OLeM = 0.65;
h? =05, p=1,2,---
ne = 100; E, = 0.0035.
1AL 99 3R 288 T7 1% 32 MW s 5 40 L DU IE, x5 Si o
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RMSE (Si) 0.36 0.99 1.50
RMSE (Mn) 0.99 113 139
MAE (Si) 0.40 1.66 2.70
MAE (Mn) 1.4 177 229
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