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Grinding process modeling based on fuzzy sets merging and

rule simplification
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(Research Center of Information and Control, Dalian University of Technology, Dalian Liaoning 116023, China)

Abstract: In modeling the typical grinding process, we propose a fuzzy modeling method based on fuzzy sets merging and rule

simplification. In the fuzzy rule extraction process for the Takagi-Sugeno model, the proposed method adopts fuzzy C mean clustering

to partition the fuzzy membership function of every variable to obtain the representative merged membership functions for every working

condition to reduce the negative impact of the over-fit phenomenon. Besides, using the weight of each rule, we simplify the fuzzy rule-

base by merging the fuzzy rules with the same premises to obtain the final fuzzy model. To validate the proposed approach, a series of

comparative experiments are carried out by using classic data and industrial data. The experimental results demonstrate a remarkable

generalization ability and practical application potential of the proposed method.
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Fig. 1 Flow chart of the grinding process
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Fig. 2 Distribution pattern of the fuzzy sets
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Table 1 Fuzzy modeling results of the Mackey-glass time series with Gaussian white noise

‘ YRz MR ZE
ik MUEE REERIZE
MAPE RMSE MAPE RMSE
ARSI 3.44E-02 3.71E-02 434E-02  4.58E-02 8 32
T-SHRY 259E-02 3.03E-02 4.49E-02 4.98E-02 16 64
Anfis 3.35E-02  3.70E-02 4.26E-02 4.57E-02 8 32
271E-02 3.03E-02 4.50E-02 4.88E-02 16 64
HTHFEERE  4.05E-02  4.41E-02 430E-02 4.69E-02 20 80
HIT-SHEAY 3.61E-02 3.89E-02 4.32E-02 4.46E-02 30 120
. 68E-02 4.01E-02 4.03E-02  4.40E-02 12
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Fig. 3 Prediction results of the Mackey-glass time series with

Gaussian white noise
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control of the discharge water of ball mill)
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Table 2 Fuzzy modeling results of the discharge water of ball mill

. WekiRzE MR ZE
ik MlgE  REERESE
MAPE RMSE MAPE RMSE
BARINBHH  2.74E-02  39.8467  2.89E-02  40.5157 11 44
T-SHEAY 2.32E-02 37.6884 2.82E-02 41.7308 16 64
2.41E-02 353239 327E-02 45.0919 11 44
Anfis 231E-02 339631 3.39E-02 48.2650 18 72
2.16E-02  32.0821 3.52E-02  49.8670 22 88
HETHEERE  3.82E-02  56.7715  4.83E-02  62.4544 40 160
F TSRS 3.39E-02 51.8504 4.54E-02 59.6709 80 320
2.66E-02  40.6645 3.01E-02  43.0195 11 19
ATk 2.63E-02 369737 291E-02 40.5672 14 19
2.53E-02 36.0076  2.67E-02  37.2149 16 19
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Fig. 4 Prediction results of the discharge water of ball mill ’
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Fig. 6 Distribution of membership functions after fuzzy

sets merging

Hi &5 —6RIR3AT LA Y, 22 @l & A B R, 42
BT SR B TRk ), RBR T EE T
EX5 S AT RPNl E e Y RS ey
J BRI P AT S e RS, R T A, 1R
I 195 T AT AR

&3 R Iy EHLN AT SR ak A R AL £ ] 2R

Table 3 Results of fuzzy sets merging and rule simplification of the proposed method
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5 45 (Conclusions)
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