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Fig.1 Identification system of closed-loop impedance
model ( grid-forming converter)
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Fig.3 Comparison of the training speed of
five backpropagation algorithms
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Fig.5 Comparison of frequency-scan and neural

network prediction for a stable operating
condition ( grid-forming converter)
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thmic derivative for an unstable operating condition
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A neural network design for black-box identification of converter

impedance models in arbitrary operating conditions
CHEN Bing"*, ZHAO Chongbin®*, JIANG Qirong’, WANG Xu', WANG Fangming'
(1. State Grid Jiangsu Electric Power Co.,Ltd. Research Institute,Nanjing 211103, China;
2. Jiangsu Electric Power Research Institute Co.,Ltd.,Nanjing 211103, China;
3. State Key Lab of Control and Simulation of Power System Operation and Contorl
(Department of Electrical Engineering, Tsinghua University ) , Beijing 100084, China;
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Abstract : The impedance-based method is favored by engineering because it can analyze system stability under conditions with
the unknown device control structure or parameters. Considering that the impedance characteristics of AC grid-connected
equipment represented by power electronic converters are easily affected by the AC steady-state operating point, quickly deriving
an impedance model for any operating condition of the converter using black-box identification can greatly improve the efficiency
of stability analysis. The neural network-based can eliminate the limitations of the least squares method-based identification , this
paper further improves the neural network design to significantly improve its interpretability. In the data collection stage, the
frequency sweep method is used to obtain the frequency response of the closed-loop impedance model under enough operating
conditions. In the model training stage, taking into account the latent features of the converter impedance model, a neural
network with the same number as the disturbance frequency was designed, and the Levenberg-Marquardt algorithm with Bayesian
regularization integrated is used to enhance the generalization ability of the network trained with a small dataset. In the model
verification phase,the network is fed with set operating conditions, achieving highly accurate identification of stable operating
conditions and offline prediction.

Keywords : power electronic converter; impedance model; black-box identification; neural network ; stability analysis; pow-

er quality
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