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(,7 Motivation

To reduce the costs of both data acquisition and processing, source-encoding strategies have been
used to perform FWI, which achieve better efficiency by the reduction of data dimension.
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Random polarity encoding modifies the phase of the shot Random time delay encoding usually requires zero-
gathers.

padding the input shot gathers along the time axis.

The amplitude encoding scheme is performed by applying

different amplitude weights to the shot gathers or source
wavelets.

One super-shot contains all the shot gathers.
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Acoustic FWI in time domain

The objective function (data misfit function) taking the 12-norm of the misfit vector [J p
is given by 1

1
E(m)=§1p*Dp=5||pcaz—pobs [a (1)

where T denotes the adjoint operator (conjugate transpose).

In encoding FWI, shot gathers are transformed into super-shots by the encoding matrix,

which is defined as C L B2l pNigl ]
b1,2 b2,2 . bNSz-g,Q
B=| 70 @
11Nsup 21N3up Nsig‘Nsup
- b b . b 4 Nsupx Nsig

where Nsup is the number of the super-shots and Nsig is the number of the individual shots (Nsup < Nsig).

The Nsig synthetic data and observed data are blended into Nsup blended data by

sup . B
pcal Nsupxntxnr — Pcal NsigxXntxnr

(3)

sup _ B
pobs NsupxXntxnr — Pobs NsigxntxXnr
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vs* Acoustic FWI using blended data

Then we define the objective function of encoding FWI in a I-2 norm sense by:

1 suU sup||2 1 2
E(m) — 5 ||pcafp T pobsp” — § ”chal - Bpobs” (5)
1
— 5 (pca.l - pobs) BTB Pecal — pobs)
The Hartley encoding matrix is defined as The discrete form of the cosine basis is (Hu et
(Tsitsas et al., 2010): al., 2010) :
b, — cos (27rmn) + cin (27Tmn) b, — 2 cos ( ™ (2mY%nsg +1)(2n + 1))
1 Ngig Tisig ' nsig nsig 4

The sine basis is defined as (Tsitsas et al., The random polarity basis (Krebs et al., 2010) :

2010) :

by = 4/ - sin ((m%?ﬂw%h) by =1lor—1
sig sig

where m = 1,..., Nsig is the shot-index, n = 1,..., Nsup is the super-shot index, and nsig is the periodization index, % is the
remainder operator.



A

veY
U

Model & Geometry

» Seismic survey geometry: 140 sources and 576 receivers.
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Fig 1. (a) The original Marmousi model. (b) The initial model.

We used Marmousi model and simulated 140 shots with 64-m interval.
We recorded 4.2 s of seismic data with 576 receivers.
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We use different bases as encoding functions. For comparison, we blend all the shot gathers into 7,
35 and 70 super-shots.
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Fig .Amplitude encoding matrices: columns from left to right are by Hartley, cosine, sine and random polarity

bases; rows from up to down are for 7, 35 and 70 super-shots, respectively.
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Crosstalk matrices
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Fig. Crosstalk matrices: columns from left to right are by Hartley, cosine, sine and random polarity bases; rows
from up to down are for 7, 35 and 70 super-shots, respectively.
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' Synthetic shots
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encoding cases.

Fig. a) is the first individual shot in the conventional case; b) to e) are the first super-shot in the amplitude-
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The updated velocity models after 25 iterations: a) by conventional FWI; b)
and c) are by Hartley basis with 7 and 70 super-shots; d) and e) are by
cosine basis with 7 and 70 super-shots; f) and g) are by sine basis with 7
and 70 super-shots; h) and i) are by random polarity basis with 7 and 70
super-shots.
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The updated velocity models after 100 iterations: a) by conventional FWI;
b) and c) are by Hartley basis with 7 and 70 super-shots; d) and e) are by
cosine basis with 7 and 70 super-shots; f) and g) are by sine basis with 7
and 70 super-shots; h) and i) are by random polarity basis with 7 and 70
super-shots. 1



A A

vy Data misfit

Dynamic encoding (Krebs et al., 2009) :

Cov

0.18 hartley | | . . .

» @Smey_ Instead of changing the encoding function, we

> z'cﬂimy_ dynamically reduce the number of super-shots
% 0'12 every a few iterations to further reduce the data
s dimension.
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Fig. Comparison of data misfit function versus iteration
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Inversion results using dynamic-encoding concept

b)
0
1000
2000
3000
1 1 1 1 14! 1 1 1 1 1 1 1 L 1 ” 1 1 1 1
o O 1000 2000 3000 4000 5000 6000 7000 8000 9000 a O 1000 2000 3000 4000 5000 6000 7000 8000 9000
0 0
1000 1000
E
N 2000 2000
3000 3000
1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 1000 2000 3000 4000 5000 6000
x (m)

7000 8000 9000
X (m)

Fig. Inversions results using dynamic-encoding concept by different bases: a) Hartley; b) cosine; c) sine
and d) random polarity.
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Amplitude-encoding FWI using dynamic encoding concept
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Fig. Comparison of misfit function versus iteration.
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Fig. Comparison of vertical profiles in the middle of the model.

The number of super-shots is changed every 25 iterations,
the data misfit curves may not be smooth.
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Fig. (a) The original model.  (b) The initial model.
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Results for foothill model
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Fig. Dynamic inversion results: a) Conventional; b) Hartley; c) Cosine;
d) Sine; e) Polarity.
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Fig. Comparison of misfit function versus iteration.
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Amplitude-encoding elastic FWI

In isotropic elastic media, the first-order stress-velocity wave equation can be rewritten as

([ Bv; __ 00y
Por = axf + fi

y 8;?:)‘ 705+ 2p=5;

Oeij 81)7, Ov;

where p is the density, o is the stress, v is the velocity, A and y are Lame coefficients.

O¢€;;

\

The objective function of encoding FWI in a -2 norm sense is defined by:

1 SUu Su 1
E(m) - 5 ”pcaf _pobsp” — § ”lj,p‘fﬂf-}-r o :Bpﬂ'bﬁll2

1
- 5 (pca.f - pobS) B'B Peal — pObS)

In this work, we use the software IFOS2D to do the experiments.
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Marmousi |l elastic model
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Fig. Subsampled Marmousi Il model: a) and b) are true vp and vs; c) and d) are initial vp and vs.
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We fire 40 explosive sources and use 360 two—component receivers to record the shots.

Parameters:
Dx: 10 m
Dt: 1 ms
T. 3.0s
F: 10 hz 18
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Encoding and crosstalk matrices
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Fig. The amplitude encoding and corresponding crosstalk matrices: columns from left to right are
for Hartley, cosine, sine and random polarity bases.
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Fig. Depth profiles at distance 2.2 km of the initial model and inversion results are compared with
the true model for the Marmousi || model: P-wave velocity (left), S-wave velocity (right).
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1. In this work, we present amplitude-encoding acoustic and elastic FWI using different bases as the

encoding functions and compare their performance with conventional FWI.

2. We first use Marmousi model to show that amplitude-encoding acoustic FWI using different bases
can mitigate the crosstalk noise very well and produce totally comparable inverted models and
convergence rate to the conventional case. Then we demonstrate the feasibility of this strategy using

a foothill model.

3. In addition, we adopt the dynamic-encoding concept and reduce the number of super-shots during
the inversion process to further improve the calculation efficiency, producing almost the same

updated velocity models as in the static-encoding cases.

4. We further apply amplitude-encoding strategy to elastic FWI and prove that this strategy also shows

great performance for multi-parameter FWI.
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