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Introduction – present source-independent FWI
Some basic problems in FWI: 

Inaccurate source wavelet
Low-frequency components lack
High calculation cost
Unbiased starting model required
Cross-talk in elastic FWI
…

0 0.5 1 1.5 2 2.5

Distance (km)

0

0.2

0.4

0.6

0.8

1

1.2

Ti
m

e 
(s

)

0 0.5 1 1.5 2 2.5

Distance (km)

0

0.2

0.4

0.6

0.8

1

1.2

Ti
m

e 
(s

)

dobs dref

Ssyn Sref

 Deconvolution-based method (Lee and Kim, 2003):

𝐸𝐸(𝒎𝒎) = 1
2

|| dobs
dref

− Ssyn
Sref

||2 = 1
2

|| wobs∗Gobs
wobs∗Gref

− wsyn∗Gsyn
wsyn∗Gʹref

||2 = 1
2

|| Gobs
Gref

− Gsyn
Gʹref

||2

 Convolution-based method (Cheong et al., 2004):
𝐸𝐸(𝒎𝒎) = 1

2
||dobs ∗ Sref − Ssyn ∗ dref||

= 1
2

||wobs∗Gobs∗wsyn∗Gʹref − wsyn∗Gsyn∗wobs∗Gref|| 2

= 1
2

||wobs∗wsyn∗Gʹref∗Gobs − wsyn∗wobs∗Gref∗Gsyn||2

Drawbacks: More nonlinear, carefully selecting reference traces,  
inducing noises, sensitive to data noises 
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Introduction – present source-independent FWI

𝐸𝐸(𝒎𝒎) = 1
2

||dobs − Ssyn||2= 1
2

||dobs − WGsyn||2

(Frequency domain)

W= Gsyn
Tdobs

∗

Gsyn
TGsyn

∗

 Iterative estimate of source signature method (IES, Song et al., 1995; Pratt, 1999):

dobs Waveletm

Δm

m=m+Δm

dobs Waveletm

Wavelet

m=m+Δm

Δm

Known-source-wavelet (KSW) FWI IES FWI
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Introduction – A robust source-independent FWI

𝐸𝐸(𝒎𝒎) = 1
2

||dobs − Ssyn||2= 1
2

||dobs − WGsyn||2
(Frequency domain)

 Iterative estimate of source signature method (our method):

dobs Waveletm

Wavelet

m=m+Δm

Δm

IES FWI

𝑊𝑊 =
1
𝑛𝑛
�
𝑖𝑖=1

𝑛𝑛
Gsyn(i)dobs(i)∗

Gsyn(i)Gsyn(i)∗

𝑊𝑊 = Gsyn
Tdobs

∗

Gsyn
TGsyn

∗=
∑𝑖𝑖=1
𝑛𝑛 Gsyn(i)dobs(i)∗

∑𝑖𝑖=1
𝑛𝑛 Gsyn(i)Gsyn(i)∗

i is trace number

Old IES FWI

𝑊𝑊 =
1
𝑛𝑛
�
𝑖𝑖=1

𝑛𝑛
Gsyn(i)dobs(i)∗

Gsyn(i)Gsyn(i)∗
New IES FWIor

Suppress noises from data noises, the inaccurate velocity model,
and the imperfect forwarding modeling.
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Numerical example
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Results of KSW, Old IES, New IES
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Extract traces at distance 1.5km and 2.5km 
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Extract traces at distance 1.5km and 2.5km 
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Misfit vs Iteration number
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Estimated wavelets

0 0.1 0.2 0.3 0.4

Time (s)

-5

0

5

Am
pl

itu
de

10 -3

True
Old
New

0 0.1 0.2 0.3 0.4

Time (s)

-5

0

5

Am
pl

itu
de

10 -3

True
Old
New

0 0.1 0.2 0.3 0.4

Time (s)

-5

0

5

Am
pl

itu
de

10 -3

True
Old
New

0 0.1 0.2 0.3 0.4

Time (s)

-5

0

5

Am
pl

itu
de

10 -3

True
Old
New

Model 1 Model 2

Model 3 Model 4



14

Evolution of estimated wavelet for starting model 3
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Noisy data tests
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Results of noisy data using starting model 3
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Extract traces at distance 1.5km and 2.5km 
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Misfit vs Iteration number
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Estimated wavelets
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Tests using different wavelets
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Results of noisy data using starting model 3
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Extract traces at distance 1.5km and 2.5km 
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Misfit vs Iteration number
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Estimated wavelets
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Conclusions
 A robust source-independent FWI method has been developed

 It does not require any prior wavelet information 

 It does not require an accurate starting model, even an 1D starting model is 
feasible

 It is stable for random noises

 A good estimate of the source wavelet can be obtained from a poorly 
converged model based on the new proposed wavelet estimation equation

 It is stable for different types of source wavelets

 The performance of the new source-independent FWI is similar to that of the 
known-source-wavelet FWI
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Discussion

• Coherent noise tests

• Source-independent elastic FWI

• Source-independent time-lapse FWI

• Solving wavelet non-repeatability for time-lapse seismic

• Field data application

• Other applications
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