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Figure 1 Viscosity Data from a Chemical Engineering Process
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Table 1 Akaike Information Criterion and Sum of Squared Residuals Values
of Different Time Series Models in Fitting the Viscosity Data

A 70 TAR AR(2) ARMA(1,1) IMA(1,1) ARIMA(1,1,1)
AlC 130.929 176. 389 137.373 166. 930 147.773
FR A 26.541 30.937 30. 589 30. 805 28. 690
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Figure 4 Process Output after Removing the Assignable Causes Resulting in Trend
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Table 2 Simulation Results of Mean Squared Error in Different Degree of Assignable Causes Resulting in Trend

IR & 0.10 0.25 0.50 1.00 5.00 10.00
FofE i A 29.553 41.511 81.979 240. 439 5223.447 20 740.340
AR - 28.131 29.772 29.375 29.028 28.111 27.934
VNGRS TN 26.902 33. 664 63. 560 200. 753 4853.046 19 421.470
EWMA-4iiHi (A =0.10) 27.014 26. 864 26.766 26. 881 27.811 29.045
EWMA-#i A (A =0.10) 25.371 25.485 25. 864 28.301 118.706 400. 146
EWMA-%ith (A =0.40) 27.843 27.840 27.440 27.135 27.049 27.506
EWMA-# A (A =0.40) 25.463 26.378 30. 646 50. 559 727.906 2 836.857

R3I FARXKNDEBENKETHARL BLUSR
Table 3 Simulation Results of ARL in Different Degree of Assignable Causes Resulting in Trend

Rt 0.10 0.25 0.50 1.00 5.00 10.00
AR - 77.739 52.168 32. 866 19.749 5.169 2.525
RIS A 55.962 73.706 85.950 92.883 97.496 97.773
EWMA-#iii (A =0.10) 62. 906 34.515 22.107 14.323 5.143 3.288
EWMA-#i A (A =0.10) 5.568 7.444 12.627 19.524 24.224 24.429
EWMA-Hiii (A = 0.40) 72.629 41,474 25.399 15.012 4.195 2.380
EWMA-#i A (A = 0.40) 16. 695 27.253 39.457 46.353 50.041 50. 194
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An Integrated SPC-EPC Study for Checking Assignable Causes Resulting
in Trend Based on TAR Model

Zhang Xiaolei,He Zhen,Nie Bin
School of Management, Tianjin University, Tianjin 300072, China

Abstract ; The linear time series models applied in traditional integrated SPC-EPC study sometimes cause error in modeling com-
plex nonlinear autocorrelationships and affect the final control result. This study presented a method using a kind of nonlinear
time series model, that is the threshold autoregressive model ( TAR) to describe the dynamic noise of the system, and built an
minimum mean square error ( MMSE) controller based on this model and further built an integrated SPC-EPC control system.
Aimed at checking assignable causes resulting in trend which is common in continuous manufacturing processes, the control result
of this controller and integrated control method was analyzed first by examples and also compared with the result of linear control-
ler. Next the result of this integrated method was verified and analyzed further by simulations. The final results indicate that the
integrated SPC-EPC method based on nonlinear time series model can reduce more variation in controlling complex nonlinear sys-
tems which have assignable causes resulting in trend than that using controller alone. Simulation study verifies that the integrated
control method is effective in controlling different sizes of trend, and also gives the integrated control schemes in different situa-
tions.

Keywords ; statistical process control ; engineering process control ; time series ; threshold autoregressive model ; autocorrelation
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