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Objective

Determine the effects of limited frequency bandwidth
in the inverse scattering series and examine the

impact of improved bandwidth in achieving seismic
processing goals.
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Inverse Scattering Series

* Assumption: Homogeneous, acoustic
medium (no absorption or dispersion) with
constant density, varying velocity.

Analytical method /numerical evaluation

a1 (Python)

* One interface

az * Assuming plane waves propagating in one-
dimension, normal incidence

* Reference medium with defined velocity Co.

Weglein et al, 1981.
Weglein et al, 2003.

(l/)s)ms — (Gg—vlpo)ms
(G;VZPo)ms = _(Gg-VlG;VlPo)ms
(G0+V3Po)ms _(Go-l-VlG;VZPo)mS — (GO-I-VZG(;l-leo)ms

AGE k2a1(77)
Vo () = k2 ay ()

Vs(@) = k?az ()
o

All frequencies available

o
Low frequencies missing o
(LFM) - - - -
a(r) = a1(r) + a, () + az(r)+...

High frequencies missing
(HFM)

o Error.
analysis

Limited bandwidth

frequency (w; > w,)
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Determining a, analytically for an active source with all

frequencies available

e + o Z >z
Zg i A
1 z' > zg
a Reflector
C1
vz(+)

According to inverse scattering series the recorded data
for the linear inverse problem at Z = Zg is:

DATA = j Gg (z’, Zg, W) V,(z',w)Py(z’, z;, w)dz'

Weglein et al, 1981.
Weglein et al, 2003.

W
1a|z'—zg|

Gg (z’, Zg, w) is the causal Green’s Function
Vi(z',w) = k*ay(z")

Considering Z > Zs, the wave field traveling away from the

2ik

source to the reflector is given:

. (z—zg)
Py(z,w) = e o

The reflected wave field at Z = Zg is:

iﬂ(Za—zS—zg) .

Pr(zs,zg, W) = Re % = DATA

Fourier transforming from Z to Kz

o (k,) = _ﬂR —ikza
Z

Inverse Fourier transforming from Kz to Z

a,(z) = 4RH(z —a) 6
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Determining a, analytically for an active source with Low

frequencies Missing (LFM)

DATA = j Gg (z’, Zg, W) V,(z',w)P,(z', z, w)dz'

The wave field coming from the source at z = zs is given

by: Py(z =z5,w) =1—1]] (L)

2wy
1)

Fourier transforming from Z to Kz

ko) [1 11 (5)] = =i Re ™ [1 - 11|

a; (k,) [1 ~1I (2_‘:‘;))] = o1(k,)estimated = a7 (k,) s

Inverse Fourier transforming from Kz to Z

a+(k,,z 1 1 rzsink,,z/
1( Z; Jest — H(Z) ____f ZO0 dz’

al(z)est . 1
T =H(z—a)

k,o(z—a) sin zr
_f ZO( ) ” dZ/
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I
Analysis for o, with an active source with HFM

For High Frequencies Missing (HFM)

- A -

. v e

0.6 1

a1(Z)est _ 1 rkzo(z—a)sinz , ,
t - fo dz

4R 2 VAl

0.4 1

0.2 1

0.0 - _

i
—20 —110 0 10 20
kzo (Z - a) 8
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Analysis for o, with an active source with HFM

0.4 1

0.2 -

0.0 1

Error For High Freguencies Missing (HFM)

(a1 (kzoz)—a1(kzoZ)est) — H(Z . a) _

4R

—10

kzo (Z _ a)

10

20

| | szo(z—a) sin z/
0

y/

dz’
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Analysis for a, with an active source with LFM

For Low Frequencies Missing (LFM)

10 A

06 -

l a1(k,,z 1 1 +k,,(z—a) sin z/
0.4 1(Kz0Z)est — H(Z _ Cl) ____f zo( ) dz’
4R 2 ’0

VAL
0.2 1

D I:I ]

kzo (Z _ a) 0
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T
Analysis for o, with an active source with LFM

Error For Low Frequencies Missing (LFM)

10 A

0.8 1

ai(k,,z)—aq(k,,z 1 1 +k,,(z—a) sin z/
06 - (a1 (kz0z)—at1(Kz02)est) — __l_;fo zo( ) dz’

4R 2 V4

0.4 1
0.2 1

0.0

kzo(z— a) 11
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Analysis for o,; with an active source with limited bandwidth
frequencies (w, —w,), 3 octaves

For LBF wl to w2 (3 octaves)

10 A

0.8 A

0.6

0.4 - a1(k;z) gt _ 1 Uk”(z_“) sinz’ - jkzl(z_“) sinz' dz’]
0 0

4R T z z

02

0.0 A

=20 =10 0 10 20
kzo (Z - a)
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Analysis for o, with an active source with limited bandwidth
frequencies (w, - w,)

Error LEF wl to w2 (3 octaves)

10 A

0.8 A

0.6 -

(ay(kyz) — ai(k,z).5) 1[ k2= gin 7’ k21(2=0) gin 7'

—zH(z—a)——J - dz’—j —dz’
4R o 0

0.4 - Z 4
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kzo(z — a) 13



UNIVERSITY of HOUSTON College of Natural Sciences and Mathematics

Analysis for a, with an active source with HFM
For High Freguencies Missing (HFM)

— e il .A
W = ="="ww
—0.2 A ‘ \
—0.4 1 0tz (kz02)est _
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Analysis for o, with an active source with HFM
Error For High Frequencies Missing (HFM)

0.4 (aZ(kZOZ);I‘:Z(kZOZ)eSt) — _H(z—a) + % n % fOkzo(Z_a) Si:,Z, dz’
0.2 -
0.0 -

—0.2

—0.4 -

-20 -10 0 10 20
kzo (Z - Cl)
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Analysis for a, with an active source with LFM

For Low Frequencies Missing (LFM)

0.4
0.2
— o — Y
e . ‘ \

—.2
a,(k,,z) 1
—04d - 2\"zo0 est:_H _ L4
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Analysis for a, with an active source with LFM

Error For Low Fregquencies Missing (LFM)

0.0 A

—0.4 1 (az(kzoz)—az(kz0Z)est) — kzo(z—a) sin z/
8R2 0 z!

dz’
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Summary

For an acoustic model medium with constant density and varying velocity, 1-D normal incidence plane wave, and one
interface:

“* o, and a, cannot be fully determined when frequencies are missing, but portions of a, and a, can be determined which
are defined as o, and oL,.-

% The error is defined as the difference between o, and a,., and as the difference between o, and a,.,, respectively; and

for both:
* if only high frequencies are missing, the error is largest near the interface and decreases going away from the
interface,

* if low frequencies are missing, the error is increasing approaching the interface and remains large going deeper from

the interface,
* the same behavior is observed for three octave bandwidth.

% A band limited source restricts solutions to a,., and a,., affecting the accuracy of seismic inversion. Improving low
frequency bandwidth has the greatest benefit. Though still under study, it appears band limit effects for seismic imaging
and internal multiple removal are considerably less and are absent for surface multiple removal.
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