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•

➢ Science etc.

➢ Engineering etc.
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DMD [Rowley+, 2009; Schmid, 2010]

•
𝒙1, 𝒙2, … , 𝒙𝑇 , 𝒙𝑡 ∈ ℳ ⊂ ℂ𝑑 or ℝ𝑑

• DMD

𝒙𝑡 ≈෍

𝑖=1

𝑟

𝜆𝑖
𝑡 ⋅ 𝒘𝑖 , 𝜆𝑖 ∈ ℂ, 𝒘𝑖 ∈ ℂ

𝑑

➢ … 𝒙𝑡+1 ≈ 𝑨𝒙𝑡 𝑨

➢

➢ Koopman
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• coherent patterns … : [ ]
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illustration from the book [Kutz+, 2016a]
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• coherent patterns … : [Darling & Widrow, arXiv:1904.08896]
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110Myr



3/3

•

➢

➢ reduced order modeling / / 

➢

➢
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[Mauroy & Mezić, 2016] [Takeishi+, 2017a]



•

𝒙𝑡 ≈෍

𝑖=1

𝑟

𝜆𝑖
𝑡 ⋅ 𝒘𝑖

• ∠𝜆 𝜆
➢ ☺

➢

off-attractor 

➢ … multi-resolution DMD [Kutz+, 2016b]

• DMD … 
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[Takeishi+, 2017b]

•

𝒙𝑡 ≈෍

𝑖=1

𝑟

𝜆𝑖
𝑡 ⋅ 𝒘𝑖

•

𝒙𝑡 ∼ CN ෍

𝑖

𝒘𝑖𝜑𝑡,𝑖 , 𝜎
2𝑰 , 𝒙𝑡+1 ∼ CN ෍

𝑖

𝜆𝑖𝒘𝑖𝜑𝑡,𝑖 , 𝜎
2𝑰 ,

𝜑𝑡,𝑖 ∼ CN 0, 1 (CN: circularly symmetric complex normal)

➢ 𝜎2 → 0 DMD

8



•

➢ ∠𝜆 𝜆
→

9

𝜑

• 𝜆

𝒙𝑡 ∼ CN ෍

𝑖

𝒘𝑖𝜑𝑡,𝑖 , 𝜎
2𝑰 , 𝒙𝑡+1 ∼ CN ෍

𝑖

𝜆𝑡,𝑖𝒘𝑖𝜑𝑡,𝑖 , 𝜎
2𝑰 ,

𝜑𝑡,𝑖
𝜆𝑡,𝑖

∼ CN
0
𝜆0,𝑖

,
1 𝜔𝑖

ഥ𝜔𝑖 𝜈𝑖



•

➢ 𝑥

𝔼 𝒙𝑡𝒙𝑡
H = 𝑾𝑾H + 𝜎2𝑰, 𝔼 𝒙𝑡𝒙𝑡+1

H = 𝑾diag ത𝝀0 𝑾H, … ,

𝔼 𝒙𝑡+1𝒙𝑡
H 𝜼Hഥ𝒙𝑡 = 2𝑾diag ഥ𝝎 diag 𝑾Hഥ𝜼 𝑾H ∶ ℂ𝑑 → ℂ𝑑×𝑑

➢
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𝒙𝑡 ∼ CN 𝑾𝝋𝑡, 𝜎
2𝑰 , 𝒙𝑡+1 ∼ CN 𝑾diag 𝝀𝑡 𝝋𝑡 , 𝜎

2𝑰 ,

𝝋𝑡

𝝀𝑡
∼ CN

0
𝝀0

,
1 diag 𝝎

diag ഥ𝝎 𝝂
,

where    𝑊 = 𝒘1 ⋯ 𝒘𝑟 , 𝜆𝑡 = 𝜆𝑡,1 ⋯ 𝜆𝑡,𝑟 , 𝜑𝑡 = 𝜑𝑡,1 ⋯ 𝜑𝑡,𝑟 , etc.



• EM
➢ 𝜑, 𝜆

➢ ↑
𝑾,𝜎2, 𝝎, 𝝂

• … ☺ global solution 

EM …  local solution

➢ EM
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• 𝒙𝑡+1 = diag 𝜆𝑡,𝑖 ҧ𝜆𝑡,𝑖 𝒙𝑡
→ → 𝔼 𝜆𝑡,𝑖

• SNR 𝜆
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∠𝜆

𝜆
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𝑡 = 10s



•

➢

➢ ……

•
➢

➢
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