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Frequency security; Early warning; Machine learning; Uncertainty of renewable generation

Loss of massive generation caused by HVDC blocking or tripping large power plants is a severe
threat to receiving-end grids' frequency security, especially those with a high penetration level of
renewable generation. Frequency security early warning is necessary to send warning messages in
time. With the warning messages, appropriate measures can be taken in advance to minimize
possible losses. In this paper, a machine learning-based frequency security early warning method
considering the uncertainty of renewable generation is proposed. It includes three core parts: future
scenario generation, assessment model establishment, and early warning indicator establishment. In
the future scenario generation part, Markov Chain Monte Carlo (MCMC) is combined with
Generative Adversarial Networks(GAN) for generating numerous future scenarios reflecting possible
future operation modes of the system, considering the uncertainty of renewable generation and
loads. In the assessment model establishment part, the assessment model with clustering based on
metric learning is applied to establish the machine learning-based frequency security assessment
model. The model is continuously retrained with Domain Adaptation Metric Learning (DAML) and a
transitive closure-based constraint propagation clustering approach to improve assessment
accuracy. Future frequency security risk indicators are established in the early warning indicator
establishment part based on future scenarios’ assessment results. According to the risk indicators,

future frequency security is classified into different early warning levels. The future frequency
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Loss of massive generation caused by HVDC blocking or tripping large power plants is a severe
threat to receiving-end grids' frequency security, especially those with a high penetration level of
renewable generation. Frequency security early warning is necessary to send warning messages in
time. With the warning messages, appropriate measures can be taken in advance to minimize
possible losses. In this paper, a machine learning-based frequency security early warning method
considering the uncertainty of renewable generation is proposed. It includes three core parts: future
scenario generation, assessment model establishment, and early warning indicator establishment. In
the future scenario generation part, Markov Chain Monte Carlo (MCMC) is combined with
Generative Adversarial Networks(GAN) for generating numerous future scenarios reflecting possible
=) future operation modes of the system, considering the uncertainty of renewable generation and

loads. In the assessment model establishment part, the assessment model with clustering based on

metric learnina is applied to establish the machine learnina-based freauency security assessment
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A state-of-the-art fiber optic gyroscope (FOG) using a 250-m quadrupolar-wound coil of
polarization-maintaining hollow-core fiber (HCF) interrogated by a broadened laser is demonstrated.
The fiber coil is directly connected to the multi-function integrated optics chip (MIOC) to reduce
instabilities and reflections. The HCF FOG is first driven with a broadband source, yielding an angular
random walk (ARW) of 2.12? prad/vHz and a drift of 0.375 prad. This drift is 3.4 times lower than
taE) reported in any previous HCF FOG. Measuring the loss and ARW versus wavelength of the HCF FOG

driven by a tunable narrow-linewidth laser reveals that the HCF supports a dense spectrum of high-
scattering surface modes (~70?modes/nm). The HCF FOG was also interrogated with a 22.5-GHz
broadened-laser source, yielding an ARW of 62urad/VHz. This ARW is most likely limited by
backscattering mediated by coupling to the high-scattering surface modes. The drift of the HCF FOG
driven by the broadened laser was 0.88?prad. This drift is limited by polarization coupling, and
confirms the holding parameter given by the fiber provider for this fiber (10\n-3\n?m\n-1\n).
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This report discusses the study phase of the tern| AIEZUPIERAS
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