
decline in error values as time progressed. As desired, both model variations exhibited no predicted anomalies based on any of

the exceeding threshold criteria discussed.
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Figure 10. Error and error derivative curves between measured and M1 model during healthy D2 testing dataset when (a) a single or (b)

multiple principal components are used.

4.2 Performance under synthetic anomaly realizations

Model M1 was tested on the synthetically altered variations of D2: datasets D(a1)
2 , D(a2)

2 , and D(a3)
2 , using both 1PC and MPC185

variations. The results are presented in Fig. 11, where the first row (Figs. 11a, b, and c) shows the 1PC model responses, and

the second row (Figs. 11d, e, and f) presents the MPC model responses. Anomaly criterion selected for this analysis is the

joint condition (∆E ∧E).

The 1PC variation demonstrates overall enhanced coverage (highlighted in blue) and reduced detection delay relative to the

onset of the ground-truth anomaly (highlighted in red). This is particularly evident in Fig. 12 which compares detection delays190

for 1PC and MPC under various anomaly scenarios. Although the MPC model includes more principal components, this added

information can dilute the influence of specific anomalous channels, especially when the anomaly is strongly represented in

the leading component but has minimal contributions in subsequent components. Conversely, if an anomaly were introduced

in a channel with weak or near-zero loading in PC1, its detection would likely require the inclusion of additional components.

Thus, while MPC offers broader coverage across the feature space, it may also distribute the reconstruction error in a way195

that reduces sensitivity to certain localized anomalies. Additionally, detection performance generally improved with increasing

severity of the synthetically introduced anomaly. This is indicated in Fig. 12 which shows detection delay in seconds between

synthetically introduced anomaly and the predicted anomaly by the models. The figure also shows a sensitivity analysis of the
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