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Figure 11. Anomaly detection based on ∆E ∧E criterion during synthetically altered dataset variations of D2 and M1 model detection

response, with (1) 1PC - D(a1)
2 , (b) 1PC - D(a2)

2 , (c) 1PC - D(a3)
2 , (d) MPC - D(a1)

2 , (e) MPC - D(a2)
2 , and (f) MPC - D(a3)

2 variations.

models to the timestep at which the data is sampled. Small timesteps (high sampling frequency) can provide reduce anomaly

detection delay but at the expense of computational cost.200

4.3 Pre-strike anomaly detection

During a high rotor angular velocity test, D3, an unexpected anomaly caused the rotor to accelerate rapidly. The resulting

increase in thrust forces caused significant blade deflection, and within four seconds, one of the blades struck the tower,

leading to severe damage, as shown in Figure 13.

Models M1 and M3 were evaluated using both 1PC and MPC variations. The normalized error and error derivative, each205

scaled by their respective threshold values, are presented in Fig. 14. Anomalies are identified based on the joint exceedance of

both criteria (∆E∧E). As shown in the figure, the predicted anomaly region (blue) aligns well with the ground-truth anomaly

(red), demonstrating the efficacy of the detection method. Additionally, anomaly conditions are detected prior to the blade

strike, suggesting that such models could be used as preventive measures against consequential incidents.

For all models, the error derivative remains below the threshold prior to the anomaly, indicating that system behavior was210

consistent with healthy operation. However, the 1PC variation of model M1 shows threshold violations in the error metric

E, before the onset of the actual anomaly. This can be attributed to a mismatch in operating conditions: M1 was trained on

13
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