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A Study on Uncertainty Quantification and Performance
Confidence Interval Estimation for Application to Digital
Twin of Oscillating Water Column Type Wave Power
Generator System
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{Abstract)

Oscillating water column (OWC) type wave power generator system is a power
generation system that uses wave energy, a sustainable and renewable energy source.
Irregular cycles and wave heights act as factors that make it difficult to secure
generation efficiency of the wave power generator system. Recently, research for
improving power generation efficiency is being conducted by applying digital twin
technology to OWC type wave energy converter system. However, digital twin using
sensor data can predict erroneous performance due to uncertainty in the sensor data.
Therefore, this study proposes an uncertainty analysis method for sensor data which is
used in digital twin to secure the reliability of digital twin prediction results.
Uncertainty quantification considering sensor data characteristics and future uncertainty
information according to uncertainty propagation were derived mathematically, and
confidence interval estimation was performed based on the proposed method.
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Fig. 1 Principle of OWC type wave power
generation system [1]
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Fig. 2 Composition of generator physical model:
(a) Simulink model and (b) surrogate-model
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Table 1. NRMSE accuracy measure

A5 NRMSE
A 1.85e-4[%)
A 0.23[%)
RE] 0.12[%]
== 0.28[%]

Table 2. Calculation time comparison

HE 3 =g Simulink
1 0.0008s 1.75s
10 0.0004s 1.71s
50 0.0001s 1.66s
100 0.0001s 1.64s
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Fig. 3 Sensor data of generator speed
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Fig. 4 Applying Savitzky-Golay filter and distribution
estimation
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Fig. 5 Uncertainty propagation results: (a) current,
(b) voltage, (c) power, and (d) torque
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