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detection. The batch means control chart offers a simple alternative by aggregating
consecutive observations to mitigate autocorrelation without explicit time-series
Keywords: modeling. This study evaluates the performance of batch means control charts for
Statistical process control detecting mean shifts in first-order autocorrelated processes. Through simulation,
Batch means control chart the effects of batch size and batch interval on the average run length are analyzed
Autocorre.:lated process under varying autocorrelation levels, and practical design guidelines are proposed.
Mean shift detection A case study using sound signal data from a thread turning process demonstrates
Average run length (ARL) the applicability of the method. Results confirm effective false-alarm reduction and
Turning sound data reliable mean shift detection in autocorrelated manufacturing processes.
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Fig. 1 X control chart with observations of autocorrelation
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Table 1 Average run length of batch means control chart
compared to Shewhart chart
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Fig. 2 Batch means control charts for out-of-control processes
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(a) Thread turning experiment setup
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(b) Spectrogram of the measured sound signal

Fig. 3 Experimental setup and time—frequency spectrogram of

the turning sound signal
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Table 3 Twenty acoustic signal data for a case study

1600 Hz 1700 Hz 1800 Hz 1900 Hz 2000 Hz
2.781 2.356 2.334 1.789 1.981
3471 2913 2451 2.175 2.158
2.329 2.971 1.857 1.468 2.074
2472 2.755 1.607 1.684 2.462
2.544 3.956 1.507 1.928 2.408
2.563 3.601 3.012 2.185 2.809
2.744 3.710 2.878 1.626 1.965
2.578 2.846 2413 1.784 2.428
2.400 3.464 1.996 1.762 2.539
2.277 2.642 1.701 1.422 2.407
2.484 2.172 1.909 1.704 2.822
2.898 2.813 1.953 1.814 2.640
2414 3.251 1.413 1.847 1.572
2.842 4.134 1.520 1.825 2.555
1.623 3.146 1.547 1.734 1.964
2.447 3.692 2.208 2.052 2.391
2.536 2.811 2.032 1.933 2.287
3.003 3.489 1.992 1.687 2.205
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Fig. 4 X — R Shewhart control chart with sample size n=5
applied to the turning sound signal data. Frequent
out-of-control signals appear even in the in-control

region due to the strong autocorrelation of the process
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Fig. 5 Batch means control charts applied to the turning sound
signal data (w=0, b=80 and b=90). The proposed

method successfully detects the mean shift while reducing
false alarms caused by autocorrelation
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