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Controllable scenario generation method based on improved
conditional generative adversarial network
ZHANG Shuai',LIU Wenxia', WAN Haiyang', LU Xiaoying',MAHATO N K',LU Yu'?
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;

2. Economic and Technical Research Institute of State Grid Jilin Electric Power Co.,Ltd.,Changchun 130022, China)
Abstract: The renewable energy generation has strong randomness and volatility,in order to achieve efficient
and reliable scenario modelling,a controllable scenario generation method based on an improved conditional
generative adversarial network is proposed. A scenario generation framework based on the conditional genera-
tive adversarial network is proposed. Combining the global attention mechanism of Transformer and the local
generalization mechanism of conventional convolution and depth-separable convolution, a network structure
suitable for exacting different dimensional features of the renewable energy generation is designed. The con-
ditional generative adversarial network model is used to establish the mapping relationship between the low-
dimensional meteorological feature latent space and the high-dimensional renewable energy generation data,a
generation method of the controllable scenario is proposed,and four generation strategies of random scenario
generation, scenario reduction, extreme scenario generation and continuous daily scenario generation are estab-
lished. The simulative results based on the actual photovoltaic, wind power data and meteorological data
show that the proposed model and method can effectively learn the randomness,timing,fluctuation and spatial
correlation of renewable energy generation,and realize the controllable generation of scenarios under different
strategies.

Key words:scenario generation;conditional generative adversarial network ;feature extraction;distribution net-

work ; controllable generation
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Stability analysis and oscillation suppression strategy of direct-drive
wind power grid-connected system with static var generator
ZHANG Fang',WANG He',LI Chuandong’

(1. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China;

2. Electric Power Research Institute of Fujian Provincial Power Co.,Ltd.,Fuzhou 350007, China)
Abstract: Most of the stability analysis and oscillation suppression strategies of wind power grid-connected
system focus on wind farm itself,but less research is implemented for direct-drive wind power grid-connected
system with static var generator(SVG). The control channels that have a significant impact on the stability
of grid-connected system are screened out based on eigenvalue sensitivity. The grid-connected system is
equivalently split into multiple single-input single-output (SISO) control channels from a multi-input multi-
output(MIMO) coupled system based on the individual channel analysis and design(ICAD) theory. The sta-
bility of the grid-connected system stability is analyzed qualitatively while the interaction between different
control channels is evaluated quantitatively. A sub-synchronous oscillation suppression strategy based on H,
robust control is proposed to suppress the interaction between control channels. Through electromagnetic
transient simulation,the correctness of the grid-connected system stability analysis based on the ICAD theory
and the effectiveness of the sub-synchronous oscillation suppression strategy based on H, robust control are
verified.
Key words: direct-drive wind turbines; static var generator; individual channel; H, robust control; oscillation

suppression
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Table A1  Parameters of direct-drive wind power grid-connected system with SVG

ZH HE
GSC #1288 UK Ly/mH 0.2
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BIER T E AT Sma/(MV-A) 5.8
BRI X1 0.08
BIER T2 HE AT Smao/(MV-A) 12.5
R AR I X2 0.08
i FRLZE 2% L Le/mH 19.5
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Table A2 Controller parameters of direct-drive wind power grid-connected system with SVG
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FCl n=18 BPRY 2 DNEFYIRIEHIBETRE 1 5

Table C1 Stability analysis of two equivalent individual control channels with n=18
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Fig.C2 Nyquist plots of two equivalent individual control channels with K;,,=0.2



2 4 8 % w R B

F C2 Kp=0.2 Ff 2 MEYIITHIBIERE M ST

Table C2  Stability analysis of two equivalent individual control channels with K;,,=0.2
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Fig.C3 Nyquist plots of two equivalent individual control channels with K2=0.1
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Table C3  Stability analysis of two equivalent individual control channels with K;,»=0.1
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Fig.C4 Nyquist plots of y with the variation of K,
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Fig.C5 Nyquist plots of two equivalent individual control channels with K,5=0.3
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Table C4 Stability analysis of two equivalent individual control channels with K;s=0.3
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Fig.C6 Nyquist plots of two equivalent individual control channels with K,5=0.2
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Table C5 Stability analysis of two equivalent individual control channels with K,5=0.2
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Fig.C7 Nyquist plots of y with variation of Kps
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Fig.C8 Nyquist plots of two equivalent individual control channels with K,s=0.4
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Table C6 Stability analysis of two equivalent individual control channels with K,c=0.4
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Fig.C9 Nyquist plots of two equivalent individual control channels with K,s=0.3
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Table C7 Stability analysis of two equivalent individual control channels with Kpc=0.3
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Fig.C10 Nyquist plots for y with variation of K
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Fig.C11 Root locus with variation of number of grid-connected direct-drive wind turbines and controller parameters
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Fig.C12 Bode diagram of weighting functions p; and p3
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Fig.C13 Waveform of PCC active power with variation of K2
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Fig.C14 Waveform of PCC active power with variation of K;s
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Fig.C15 Waveform of PCC active power with variation of Ky
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