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Abstract: Sub-synchronous oscillations induced by the
interaction between direct-drive wind turbines and the grid
pose a serious threat to the safe and stable operation of the
power grid. To rapidly identify the triggering unit, a
localization method for sub-synchronous oscillation source
based on short-time Fourier transform ( STFT) images and
transfer learning is proposed. Firstly, compressive sensing
technology is employed to transform output data into
observation signals, and then the STFT is performed on the
observation signals to obtain the mapping image with
oscillation characteristics, and the link between the mapping
image and the oscillation source unit is constructed.
Secondly, an adversarial transfer learning architecture is
utilized in conjunction with the power system to achieve rapid
generalization of unlabeled oscillation data in the target
domain. Finally, the traditional transfer learning method is
introduced for comparison, the results show that the proposed
method performs better in terms of localization accuracy and
efficiency, and has strong noise resistance.
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With the swift growth of global clean energy, wind
power is gradually replacing traditional fossil fuel-based
electricity generation. However, this transition presents
unprecedented challenges to power system stability,
particularly in integrating large-scale wind power. The
connection strength at the receiving end diminishes,
increasing the risk of sub-synchronous oscillations
transmitted over long distances. Evaluating and
identifying oscillation sources are crucial for ensuring
power system security.

Currently, oscillatory source identification
methods can be divided into two categories. The first
category is numerical simulation methods based on
mechanism analysis. However, in the face of
increasingly complex actual systems and diverse
operating conditions, physical mechanism-based
models cannot simulate multiple operating condition-
induced oscillations at the same time. The second

category is based on data-driven methods, combining

S12

measurement devices and numerical algorithms with

physical models. Yet, as power grids expand, errors

in calculations become significant, challenging
accurate source localization.
To address the subsynchronous oscillations

induced by direct-drive wind turbines connected to a
erid, a short-time Fourier transform (STFT) image and
transfer learning based subsynchronous oscillation
source localization method is proposed. The process of
transfer learning is shown in Fig.1. Firstly, the signals
are converted into mapping images with time-frequency
domain characteristics using compressed sensing
techniques and STFT processing. The adversarial
transfer learning network structure is used to extend the
simulated data to the real system data, overcoming the
limitation of scarce actual oscillation samples. The
proposed method is validated using an actual power
system simulation model, indicating more accurate

positioning within a shorter timeframe.

Fig.1 Process of transfer learning
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