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Empirical mode decomposition

▣ Empirical mode decomposition(EMD)[1] 

□ Fourier Transform(FT)와달리 non-linear and non-stationary 시계열에도작동

□ Basis function(𝑥𝑛(𝑡))이 data-driven 형태
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EMD Algorithm [3]



Empirical mode decomposition

▣ Hilbert Transform

□ Hilbert Transform : Real valued signal(xi t )을 complex plane(z𝑖 t )에확장

If xi t = cos(w0t + 𝜃) then 𝑧𝑖 t = cos w0t + 𝜃 + 𝑗𝑠𝑖𝑛 𝑤0𝑡 + 𝜃 = 𝑒𝑗(𝑤0𝑡+𝜃)

□ Hilbert Transform :

□ Analytical signal zi(t) :
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Empirical mode decomposition

▣ Hilbert – Huang Transform

□ IMFs can be expressed as follows :  

□ The signal can then be expressed as follows : 

□ Signal에 noise가더해지면복원어려움.
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Variational mode decomposition

▣ Variational mode decomposition (VMD) [4]

□ Intrinsic Mode Function (IMF) :                                                     ≫

□ Wiener Filtering : 𝑓0 = 𝑓 + 𝜂, 𝜂~𝑁 0, 𝜎 ⇒ (Least square method + Tikhonov regularization)

□ Optimization problem : 

□ The augmented Lagrangian : 
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Application

▣ A hybrid stock price index forecasting model based on variational mode decomposition 
and LSTM network [5]

□ HSI, SPX, FTSE, IXIC stock index에대해분석
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Application

▣ Non-ferrous metals price forecasting based on variational mode decomposition and 
LSTM network [6]

□ 런던금속거래소의아연, 구리, 알루미늄가격분석
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