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Why?

Full-waveform inversion (FWI) is powerful
...dangerous
...expensive
...unreliable

If you don’t know what you’re doing.



Phase-based quality control

Waveform phase is the frequency-domain 
analogue to traveltime – mainly sensitive to 
velocity



Parts	  of	  a	  complex	  signal

What is phase?

Phase

...angle part of a complex signal

...one number per trace, per freq.

...mainly affected by velocity

Patterns exist if examined 
spatially along the array.

eiωt = cos(ωt) + i sin(ωt)
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Parts	  of	  a	  complex	  signal

What is amplitude?

Amplitude

...is affected mainly by:

‣ proximity to source
‣ focussing effects
‣ signal attenuation

...can be decoupled from phase

Aeiωt = A cos(ωt) + iA sin(ωt)
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1D Example

VSP Dataset from the Permian Basin, TX, USA



Checkshot from VSP survey

Receiver 001 at ~  11 m depth
Receiver 151 at ~ 2.3 km depth

Main event of interest for FWI is
    the direct / refracted arrival

. z = 11 m z = 2.3 km .
Tim

e
 (s

)

Receiver #



. z = 11 m z = 2.3 km .

Si
g

na
l

Ph
a

se

Tim
e

 (s
)

Receiver #
Im

a
g

Real Receiver #

+ π

– π



. z = 11 m z = 2.3 km .

Si
g

na
l

Ph
a

se

x

Tim
e

 (s
)

Receiver #
Im

a
g

Real Receiver #

+ π

– π



. z = 11 m z = 2.3 km .

Renormalize
data
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Renormalize field data to simplify 
discussion (equiv. to doing 
phase-only inversion)

Next:

cf. normalized synthetic data 
from approximate model

How do we assess whether the 
synthetic data fit the field data?
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2D Example

Synthetic
Demonstrating spatial features of note
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Synthetic Example

Source X (m)

R
ec

ei
ve

r X
 (m

)

Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000
Source X (m)

R
ec

ei
ve

r X
 (m

)

Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000
Source X (m)

R
ec

ei
ve

r X
 (m

)

Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Smooth model, good 1D gradient Smooth model, bad 1D gradient

Source X (m) Source X (m)

Original Model

Source X (m)

Re
c

e
iv

e
r X

 (m
)

Re
c

e
iv

e
r X

 (m
)

Re
c

e
iv

e
r X

 (m
)

M
idpoint

Offs
et

X Position (m)

D
ep

th
 (m

)
Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)
Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)
Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

+ π– π
Phase Residual



Source X (m)

R
ec

ei
ve

r X
 (m

)

Smooth model, good 1D gradient

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Source X (m)

R
ec

ei
ve

r X
 (m

)

Smooth model, bad 1D gradient

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Source X (m)

Re
c

e
iv

e
r X

 (m
)

Source X (m)

Smooth model, good 1D gradient Smooth model, bad 1D gradient

Re
c

e
iv

e
r X

 (m
)

Not
Skipped

1 skip

1 skip

2 skips

2 skips

Not
Skipped

X Position (m)

D
ep

th
 (m

)

Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Original model

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, good 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

X Position (m)

D
ep

th
 (m

)

Smooth model, bad 1D gradient

0 1000 2000 3000 4000 5000

0

500

1000

1500

2000

2500

3000

3500

4000

+ π– π
Phase Residual



2D Example

Chevron: Gulf of Mexico FWI Blind Test
with Xiang Li
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•Full-waveform inversion (FWI) QC is complex
•FWI may not find the solution on its own
•Phase QC is useful for assessing data fit
•Automatic analysis of misfit in space + time 

may allow improved algorithms

Conclusions



If we can see it, so can a computer.

We should:
...assess cycle skips automatically
...use image analysis of phase misfit
...choose robust misfit function
...exclude bad data, possibly precondition
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1D	  Example:	  Permian	  Basin	  VSP

	  	  	  	  Vecta	  Oil	  and	  Gas

2D	  Example:	  Chevron	  Gulf	  of	  Mexico	  Blind	  Test

	  	  	  	  Chevron	  and	  SEG

Work	  by	  N.	  Shah	  while	  @	  Imperial	  College;	  go	  read	  it.



2D Example

Nechako Basin, south-central BC, Canada
Smithyman and Clowes (2012; 2013)
Smithyman, Clowes and Bordet (in press)



You are 
here
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