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Part one: Introduction to basic neural network

𝑶𝑶𝟏𝟏

𝑶𝑶𝟐𝟐

𝑶𝑶𝟑𝟑

𝒘𝒘𝟏𝟏

𝑶𝑶𝟒𝟒 𝑶𝑶𝟓𝟓 Pa

b

𝒘𝒘𝟐𝟐

𝑂𝑂1=𝑤𝑤1𝑎𝑎

𝑂𝑂3=𝑤𝑤2𝑏𝑏 + 𝑂𝑂1

𝑂𝑂2=𝑂𝑂12

𝑂𝑂4=𝑂𝑂3 + 𝑂𝑂2 𝑂𝑂5=sin(𝑂𝑂4)

H

𝑃𝑃 = 𝑂𝑂5 − 𝐻𝐻
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Part one: Introduction to basic neural network

𝑶𝑶𝟏𝟏

𝑶𝑶𝟐𝟐

𝑶𝑶𝟑𝟑

𝒘𝒘𝟏𝟏

𝑶𝑶𝟒𝟒 𝑶𝑶𝟓𝟓 Pa

b

𝒘𝒘𝟐𝟐

H

𝜕𝜕𝑃𝑃
𝜕𝜕𝑂𝑂5

𝜕𝜕𝑂𝑂5
𝜕𝜕𝑂𝑂4

𝜕𝜕𝑂𝑂4
𝜕𝜕𝑂𝑂3

𝜕𝜕𝑂𝑂3
𝜕𝜕𝑤𝑤2

𝜕𝜕𝑂𝑂4
𝜕𝜕𝑂𝑂2

𝜕𝜕𝑂𝑂2
𝜕𝜕𝑂𝑂1

𝜕𝜕𝑂𝑂1
𝜕𝜕𝑤𝑤1

𝜕𝜕𝑃𝑃
𝜕𝜕𝑤𝑤2

= 𝜕𝜕𝑃𝑃
𝜕𝜕𝑂𝑂5

𝜕𝜕𝑂𝑂5
𝜕𝜕𝑂𝑂4

𝜕𝜕𝑂𝑂4
𝜕𝜕𝑂𝑂3

𝜕𝜕𝑂𝑂3
𝜕𝜕𝑤𝑤2

= 𝑤𝑤2cos(𝑂𝑂4)
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Fully connected network
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Part two: The recurrent neural network

𝑺𝑺𝟏𝟏 𝑺𝑺𝟑𝟑𝑺𝑺𝟐𝟐

𝑶𝑶𝟏𝟏

𝑶𝑶𝟑𝟑

𝑶𝑶𝟐𝟐

𝑶𝑶𝟕𝟕𝑶𝑶𝟒𝟒

𝑶𝑶𝟔𝟔𝑶𝑶𝟓𝟓
𝑶𝑶𝟗𝟗

𝑶𝑶𝟖𝟖

𝑹𝑹𝟏𝟏

𝑶𝑶𝟏𝟏𝟏𝟏

𝑶𝑶𝟏𝟏𝟏𝟏

𝑶𝑶𝟏𝟏𝟐𝟐

𝑹𝑹𝟑𝟑𝑹𝑹𝟐𝟐𝑯𝑯𝟏𝟏 𝑯𝑯𝟑𝟑𝑯𝑯𝟐𝟐

𝒘𝒘𝟐𝟐𝒘𝒘𝟏𝟏 𝒘𝒘𝟑𝟑

𝑶𝑶𝟏𝟏 = 𝒘𝒘𝟏𝟏𝒔𝒔𝟏𝟏

𝑶𝑶𝟐𝟐 = 𝐬𝐬𝐬𝐬𝐬𝐬(𝒔𝒔𝟏𝟏)

𝑶𝑶𝟑𝟑 = 𝑶𝑶𝟏𝟏
𝟐𝟐 𝑶𝑶𝟒𝟒 = 𝑶𝑶𝟐𝟐

𝟐𝟐 𝑶𝑶𝟕𝟕 = 𝑶𝑶𝟓𝟓
𝟐𝟐 𝑶𝑶𝟖𝟖 = 𝑶𝑶𝟔𝟔

𝟐𝟐 𝑶𝑶𝟏𝟏𝟏𝟏 = 𝑶𝑶𝟗𝟗
𝟐𝟐 𝑶𝑶𝟏𝟏𝟐𝟐 = 𝑶𝑶𝟏𝟏𝟏𝟏

𝟐𝟐

𝑶𝑶𝟓𝟓 = 𝒘𝒘𝟐𝟐𝒔𝒔𝟐𝟐 + 𝑶𝑶𝟏𝟏 𝑶𝑶𝟗𝟗 = 𝒘𝒘𝟑𝟑𝒔𝒔𝟑𝟑 + 𝑶𝑶𝟓𝟓

𝑶𝑶𝟔𝟔 = 𝐬𝐬𝐬𝐬𝐬𝐬(𝒔𝒔𝟐𝟐) 𝑶𝑶𝟔𝟔 = 𝐬𝐬𝐬𝐬𝐬𝐬(𝒔𝒔𝟑𝟑)
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Part two: The recurrent neural network

𝑺𝑺𝟏𝟏 𝑺𝑺𝟑𝟑𝑺𝑺𝟐𝟐
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𝝏𝝏𝑹𝑹𝟏𝟏
𝝏𝝏𝑶𝑶𝟑𝟑

𝝏𝝏𝑶𝑶𝟑𝟑

𝝏𝝏𝑶𝑶𝟏𝟏

𝝏𝝏𝑹𝑹𝟏𝟏
𝝏𝝏𝑶𝑶𝟒𝟒

𝝏𝝏𝑶𝑶𝟏𝟏

𝝏𝝏𝒘𝒘𝟏𝟏

𝝏𝝏𝑶𝑶𝟒𝟒

𝝏𝝏𝑶𝑶𝟐𝟐

𝝏𝝏𝑶𝑶𝟓𝟓

𝝏𝝏𝑶𝑶𝟏𝟏

𝝏𝝏𝑶𝑶𝟗𝟗

𝝏𝝏𝑶𝑶𝟓𝟓

𝝏𝝏𝑶𝑶𝟕𝟕

𝝏𝝏𝑶𝑶𝟓𝟓

𝝏𝝏𝑶𝑶𝟓𝟓

𝝏𝝏𝒘𝒘𝟐𝟐

𝝏𝝏𝑹𝑹𝟐𝟐
𝝏𝝏𝑶𝑶𝟖𝟖

𝝏𝝏𝑶𝑶𝟖𝟖

𝝏𝝏𝑶𝑶𝟔𝟔

𝝏𝝏𝑹𝑹𝟑𝟑
𝝏𝝏𝑶𝑶𝟏𝟏𝟏𝟏
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Viscoelastic wave equation
Robertson et al. (1994) 
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Part three: Viscoelastic FWI based on RNN

Fm=35Hz
Nshot = 7
Receiver: top
Tmax = 0.3s
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Part four: Viscoelastic FWI

Part four: Viscoelastic FWI based on RNN with 
different objective functions
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Part four: Viscoelastic FWI
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Viscoelastic RNN FWI with different objective functions

Shot records data residual
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Conclusions

Viscoelastic RNN FWI can give promising 
inversion results

RNN is a powerful tool for seismic 
inversion problem 

The use of different misfits help improve 
inversion results
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