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Abstract: The viscosity of actual underground media can cause amplitude attenuation and phase
distortion of seismic waves. When seismic images are processed assuming elastic media, the imaging
accuracy for the deep reflective layer is often reduced. If this attenuation effect is compensated,
the imaging quality of the seismic data can be significantly improved. Q-compensated Gaussian
beam migration (Q-GBM) is an effective seismic imaging method for viscous media, and it has
the advantages of both wave equation and ray-based Q-compensated imaging methods. This
study develops a Q-GBM method in visco-acoustic media with an irregular surface. Initially, the
basic principles of Gaussian beam in visco-acoustic media are introduced. Then, by correcting the
complex-value time of the Gaussian beam in visco-acoustic media, energy compensation and phase
correction are carried out for the forward continuation wavefield at the seismic source of the irregular
surface and the reverse continuation wavefield at the beam center, which effectively compensates
the absorption and attenuation effects of visco-acoustic media on the seismic wavefield. Further, a
Q-GBM method under the irregular surface is proposed using cross-correlation imaging conditions.
Through migration tests for three numerical models of visco-acoustic media with irregular surfaces,
it is verified that our method is an effective depth domain imaging technique for seismic data in
visco-acoustic media under the condition of irregular surfaces.

Keywords: irregular surface; visco-acoustic media; Q-compensated; Gaussian beam migration;
seismic imaging

1. Introduction

Traditional theories of seismic wave propagation generally assume that the under-
ground medium is isotropic and completely elastic. However, it is widely accepted that
the real internal medium of the Earth has nonnegligible viscosity [1]. When seismic waves
propagate in viscous media, amplitude attenuation and phase distortion will inevitably
occur. In addition, the viscosity of underground media can lead to a decrease in frequency
bandwidth and resolution reduction. With the gradual shift in exploration targets from
shallow-stratum reservoirs to middle- and deep-stratum complex oil and gas reservoirs,
the influences of the viscosity of underground medium on seismic exploration become
increasingly important. When seismic imaging in these areas is processed based on the
elastic medium hypothesis, the imaging accuracy for the deep reflective layer is often
reduced, which is not conducive to the seismic interpretation of deep-stratum data. It is
observed that compensating for such attenuation effects can improve the imaging quality
of seismic data.

Early absorption compensation methods tried directly performing inverse Q filtering
on seismic traces [2]. However, these methods usually compensate seismic records trace by
trace using one-dimensional models without considering the propagation paths of seismic
waves and cannot accurately correct the complex underground structures. In practice,
absorption and attenuation are closely related to their propagation paths. Consequently,
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ideal compensation methods should be based on the propagation paths of seismic waves,
and the corresponding compensation must be performed during the migration process. At
present, migration methods for viscous media are primarily divided into two categories
based on their difference in imaging operators, i.e., Q-compensated migration methods
utilizing the ray theory [3–6] and based on the wave equation theory [7–12]. Attenuation
compensation via wave equation migration has high imaging accuracy for complex struc-
tures but low computational efficiency. In contrast, traditional Q-compensated migration
methods using ray theories (such as the Kirchhoff migration) are simple, efficient, and have
good flexibility, but they suffer from multi-value traveltime, which causes blind spots in
the imaging process of complex structures.

The Gaussian beam migration (GBM) method is an excellent imaging algorithm
developed recently. It has imaging accuracy close to wave equation migration and preserves
the flexible and highly efficient advantages of the Kirchhoff migration method, which can
effectively address the issue of multi-value traveltime [13]. Since Hill [14,15] proposed
the GBM method, researchers have conducted massive studies on the complex-surface,
anisotropy, and multi-component GBM [16–22]. In addition, Wu et al. [23] created a visco-
acoustic Gaussian beam prestack depth migration (GB-PSDM) method by correcting the
complex-value traveltime of the Gaussian beam and then proposed a Q-compensated
multi-component GBM method based on wavefield separation. Shi et al. [24] proposed a
vector viscoelastic GBM method for attenuation compensation, which provides an efficient
method for accurately imaging seismic wavefields in viscous media.

In addition to the viscosity of underground media, the complexity of near-surface
conditions is also a tricky problem. The imaging processing of seismic wavefields under
complex surface conditions in the piedmont zone is always a significant challenge in seismic
exploration. Static correction and wave equation datuming schemes are conventional
methods used to eliminate the influences of complex surfaces on a seismic wavefield. The
conventional static correction method only applies to areas with relatively gentle terrain and
low near-surface velocity, whereas the wave equation datuming method is greatly affected
by the near-surface velocity [25,26]. In contrast, the migration method with complex earth
surface can effectively address traveltime problems and imaging errors caused by the
changes in surface elevation and velocity and thus accurately image complex geological
structures under complex surface conditions [27–30].

In this study, the Q-compensated GBM (Q-GBM) method is applied to seismic wave-
field imaging in visco-acoustic media with complex surfaces, and a Q-compensated GB-
PSDM (QGB-PSDM) method is proposed under irregular surface conditions. Initially, the
fundamental principles of Gaussian beam in visco-acoustic media are introduced, and the
expression of Gaussian beam in a visco-acoustic medium is provided. Then, the absorption-
attenuation effect of visco-acoustic media on the seismic wavefield is compensated by
correcting the complex-value traveltime of the Gaussian beam in visco-acoustic media, and
the forward continuation wavefield of the seismic source and the reverse wavefield at the
beam center are, respectively, compensated. Thus, a QGB-PSDM method is presented for
the irregular surface. Finally, three numerical models of visco-acoustic media under irregu-
lar surface conditions are developed to test and verify the proposed migration method’s
accuracy and effectiveness.

2. Theory
2.1. Basic Principles of Gaussian Beam in Visco-Acoustic Media

The quality factor Q representing the value of viscosity can be regarded as independent
of frequency in seismic exploration. In this case, the seismic wave in visco-acoustic media
can be regarded as the wavefield propagation in the acoustic media with a certain complex
velocity that is represented by the acoustic velocity vr and quality factor Q. Its imaginary
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part represents the attenuation effect of the visco-acoustic medium. The complex velocity
can be expressed as follows [31]:

vc(x) = vr(x)
[

1 +
1

πQ(x)
ln(ω/ωr) +

i
2Q(x)

]
(1)

where x represents the underground position and ωr is the reference frequency. Equation (1)
indicates the inherent dispersion relation in visco-acoustic media. The imaginary part of
complex velocity implies exponential attenuation of seismic waves, while its real part
contains a dispersion term, which guarantees the accuracy of the solution of the wave
equation.

For the first-order term, the attenuation effect does not affect the path of ray propa-
gation, and the viscosity affects the waveform by changing the complex-value traveltime.
The complex-value traveltime can be described as follows:

Ta(x) = T0(x)−
1
π

Tc(x) ln(ω/ωr)−
i
2

Tc(x) (2)

where Ta(x) and T0(x) are the traveltime of a ray in visco-acoustic and acoustic media,
respectively; Tc(x) is the change of traveltime caused by viscosity, which is defined as

Tc(x) =
∫ s

s0

1
vr(x)Q(x)

ds (3)

where ds is the spatial step length along the ray path, and the integral expression represents
the integral along the ray path.

The Gaussian beam is expressed by the complex-value amplitude and complex-value
traveltime. By substituting the complex-value traveltime shown in Equation (2), the
Gaussian beam in the visco-acoustic media can be determined as follows:

Ua = A exp(iωT) (4)

T = τ(x)− 1
π

Tc(x) ln(ω/ωr) +
n2

2
ξ(x)
η(x)

− i
2

Tc(x) (5)

where Ua represents a Gaussian beam in visco-acoustic media; A and T are the complex-
value amplitude and complex-value time of the Gaussian beam in visco-acoustic media,
respectively; n is the vertical distance from a point near the ray to the central ray; ξ(x)
and η(x) are the dynamic parameters calculated by the dynamic ray tracing [32], which
contain the dynamic characteristics of wavefield propagation along the ray and determine
the energy distribution of the Gaussian beam.

2.2. Q-GBM under the Condition of Irregular Surfaces

Q-GBM can compensate for the absorption attenuation effect of visco-acoustic media
by correcting the complex-value traveltime of the Gaussian beam in visco-acoustic media.
For GBM in visco-acoustic media, the visco-acoustic absorption attenuation compensation
can be realized by inverting the last two terms in Equation (5). After compensating the
forward continuation and reverse wavefields, respectively, and under cross-correlation
imaging conditions, the compensated imaging results can be obtained. By combining
the GBM method from the irregular surface proposed by Han et al. [33], the formula for
QGB-PSDM under the condition of an irregular surface can be described as

IQ = C
∫

dxs∑
L

∫
dω
∫

dpsx
∫

dpLxD(L, pL, ω)

×U∗Q(x, xs, ps, ω)U∗Q(x, L, pL, ω)
(6)
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where IQ is the imaging value after compensating the seismic wavefield in visco-acoustic
media with irregular surfaces; C is the corresponding constant; U∗Q(x, xs, ps, ω) is the
compensated Gaussian beam along the ray parameter vector ps = (psx, psz) emitted from
the source xs on the irregular surface; U∗Q(x, L, pL, ω) is the compensated Gaussian beam
along the ray parameter vector pL = (pLx, pLz) emitted from the beam center L on the
irregular surface; D(L, pL, ω) is the local slant stack formula of the seismic record under
irregular surface condition, which can be calculated by

D(L, pL, ω) =
∣∣∣ ω

ωr

∣∣∣1/2∫
dxr cos(ϕL − σr)u(xs, xr, ω)

× exp
[
−
∣∣∣ ω

ωr

∣∣∣ (xr−Lx)
2

2L2
0

]
exp{−iω[pLx(xr − Lx) + pLzh]}

(7)

where ϕL is the exit angle of the Gaussian beam at the beam center on the irregular surface,
σr is the dip angle at the receiving point xr on an irregular surface, u(xs, xr, ω) is the seismic
record in visco-acoustic media under the condition of the irregular surface, and h is the
height difference from receiving points to the beam center.

By substituting the corresponding compensated Gaussian beam expressions into
Equation (6), the QGB-PSDM formula with an irregular surface can be rewritten as follows:

IQ = C
∫

dxs∑
L

∫
dω
∫

dpsx
∫

dpLxD(L, pL, ω)Axs(x, ps)

×AL(x, pL) exp
{
−iω

[
TQ

xs (x, ps) + TQ
L (x, pL)

]} (8)

where TQ
xs (x, ps) and TQ

L (x, pL) are the complex-value time of the compensated Gaussian
beam emitted from the source on the irregular surface and the beam center, respectively.

3. Numerical Tests

Three numerical models of visco-acoustic media under the condition of an irregular
surface were established for migration testing. First, a single-shot migration test was
conducted using a single interface model of the visco-acoustic medium under an irregular
surface. Then, a sag model of a visco-acoustic medium under the condition of an irregular
surface was designed to verify the efficacy of the method. Finally, a complex fault model of
a visco-acoustic medium under the condition of an irregular surface was built to verify the
accuracy of imaging complex structure models. In these models, the seismic datasets are
generated using a 2nd-order in time and 14th-order in space staggered-grid finite-difference
scheme of an irregular surface for acoustic and visco-acoustic media.

3.1. Single-Interface Model of the Visco-Acoustic Medium under the Condition of Irregular Surface

We first designed a single interface model of a visco-acoustic medium under an
irregular surface. The model velocity and Q value are presented in Figure 1. Figure 2
depicts the visco-acoustic single-shot seismic records under the condition of the irregular
surface. The shot is located at the Earth’s surface position corresponding to the horizontal
middle position. The seismic recording time is 2.4 s, and the trace interval is 10 m. Due
to the irregular surface’s influences, the seismic record’s reflection event appears to be
non-hyperbolic. Figure 3a,b exhibit the single-shot imaging results of visco-acoustic seismic
records under an irregular surface via conventional GBM and Q-GBM, respectively. As can
be seen, the Q-GBM under the condition of the irregular surface takes into the absorption
of the stratum and compensates for the attenuation energy of visco-acoustic seismic records
in the migration process; the profile energy after compensation (Figure 3b) is significantly
higher than that without compensation (Figure 3a). The results verify that our method can
effectively compensate for the absorption effect of underground media on seismic waves.
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Figure 1. Single-interface model of the visco-acoustic medium under the condition of irregular
surface. The upper and lower Q values are 30 and 50, respectively.
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Figure 3. Single-shot imaging results of the single-interface model with irregular surface: (a) conven-
tional GBM for visco-acoustic seismic records; (b) Q-GBM for visco-acoustic seismic records.

3.2. Sag Model of the Visco-Acoustic Medium under the Condition of Irregular Surfaces

A sag model of a visco-acoustic medium under the condition of an irregular surface
was designed for the migration test. The velocity model and Q model are shown in Figure 4.
A total of 79 shots of seismic records were simulated with the finite-difference method of
an irregular surface, the distance between two shots was 50 m, and 401 receivers recorded
every shot. Conventional GBM and Q-GBM were, respectively, performed on the visco-
acoustic seismic records under the condition of the irregular surface, and the imaging
results are depicted in Figure 5, where the profile energy after compensation (Figure 5b) is
higher than that without compensation (Figure 5a). The vertical profiles from the above
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imaging results and theoretical optimal image (Figure 6) are plotted to clearly display the
imaging improvements. Figure 7 is the vertical profile drawn from x = 2 km, where the
Q-GBM method under an irregular surface can effectively compensate for the attenuation
of the visco-acoustic seismic records and correct the phase distortion. By comparing the
imaging results of the sag model, it is further verified that the method is accurate and
effective for seismic wavefield imaging in visco-acoustic media under an irregular surface.
In addition, we added random noise to the visco-acoustic seismic records for migration
testing. Figure 8 shows the 40th visco-acoustic single-shot seismic record with random
noise under the condition of the irregular surface, where it has high noise. Figure 9 shows
the imaging result of the noised visco-acoustic seismic data using our Q-GBM method,
where the noise has little effect on imaging, and an accurate imaging result is also obtained.
It is proved that the proposed Q-GBM method has good noise resistance.
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3.3. Complex Fault Model of the Visco-Acoustic Medium under the Condition of Irregular Surfaces

In order to prove the effectiveness of our imaging technique for complex structures in
visco-acoustic media under an irregular surface, a complex fault model of visco-acoustic
media under the condition of an irregular surface condition was developed in this study.
The velocity model and Q model are shown in Figure 10. The finite difference method was
applied to simulate the 119 shots of seismic records. The distance between the two shots
was 50 m, and 601 receivers recorded every shot. Figure 11a displays the GBM results of
acoustic seismic records under the condition of an irregular surface, and Figure 11b,c show
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the imaging profiles of visco-acoustic seismic records under irregular surface conditions
using conventional GBM and Q-GBM, respectively. Compared to the uncompensated
imaging results of visco-acoustic seismic records under an irregular surface (Figure 11b),
the compensated imaging profile (Figure 11c) presents a significantly enhanced amplitude
of the deep reflective layer, and the phase distortion is also corrected. As a result, the
imaging quality is significantly improved, and the breakpoints of the fault structure are
clear. Overall, the imaging effect of visco-acoustic seismic records under the condition of
irregular surface after Q-compensation is comparable to that of acoustic seismic records
under irregular surface conditions. The above migration test of the complex fault model
under an irregular surface demonstrates further that our Q-GBM method is effective for
imaging complex geological structures in visco-acoustic media under the condition of an
irregular surface.
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acoustic media under the condition of irregular surfaces. 
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Figure 11. Imaging results of the complex fault model under the condition of an irregular surface:
(a) GBM for acoustic seismic records; (b) conventional GBM for visco-acoustic seismic records;
(c) Q-GBM for visco-acoustic seismic records.

4. Conclusions

This study develops a QGB-PSDM method for an irregular surface to effectively
compensate for the attenuation effect on the imaging results of the seismic wavefield,
thereby providing an effective imaging technique for seismic data in visco-acoustic media
under the condition of an irregular surface. The dip angle and elevation information
of the irregular surface is considered in the local slant stack, and seismic records are
decomposed into local plane waves with different exit directions directly on the irregular
surface to continue the wavefield. In addition, by correcting the complex-value traveltime
of the Gaussian beam in visco-acoustic media, energy compensation was performed on
the forward continuation wavefield at the seismic source on the irregular surface and
the reverse-continuation wavefield at the beam center, thus realizing the GBM of the
irregular surface after compensation. As determined through migration tests for three
numerical models of visco-acoustic media under the conditions of an irregular surface, the
Q-GBM method for irregular surfaces can effectively compensate for the attenuation of
visco-acoustic seismic records and correct the phase distortion. The amplitude of the deep
reflective layer of the compensated imaging profile was significantly enhanced compared
to that of the uncompensated imaging profile, and the imaging quality was significantly
improved. The migration test results proved that the proposed approach is an effective
and accurate technique suitable for depth domain imaging of a seismic wavefield in visco-
acoustic media under the condition of irregular surfaces.

Author Contributions: Conceptualization, J.H. and Q.L.; methodology, J.H. and B.G.; software, J.H.;
validation, J.H. and Q.L.; formal analysis, J.Y.; investigation, B.G.; resources, J.H.; data curation, J.H.;
writing—original draft preparation, J.H.; writing—review and editing, J.H. and Q.L.; visualization,
J.Y.; supervision, J.H. and B.G.; project administration, J.H. and Q.L.; funding acquisition, Q.L. and
J.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (Grant No.
42174157, 42004093), the CAGS Research Fund (Grant No. JKY202216), and the China Geological
Survey Project (Grant No. DD20230008, DD20233002).



Remote Sens. 2023, 15, 3761 14 of 15

Data Availability Statement: The data underlying this article will be shared on reasonable request
made to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gu, B.L.; Zhang, S.S.; Huang, J.P.; Han, J.G. Q-compensated least-squares reverse time migration in TTI media using the

visco-acoustic TTI wave equation based on the SLS model. J. Appl. Geophys. 2022, 203, 104682. [CrossRef]
2. Wang, Y. A stable and efficient approach of inverse Q filtering. Geophysics 2002, 67, 657–663. [CrossRef]
3. Traynin, P.; Liu, J.; Reilly, J. Amplitude and bandwidth recovery beneath gas zones using Kirchhoff prestack depth Q-migration.

Proc. SEG Tech. Program Expanded Abstr. 2008, 2412–2416. [CrossRef]
4. Xie, Y.; Xin, K.; Sun, J.; Notfors, C.; Biswal, A.K.; Balasubramaniam, M. 3D prestack depth migration with compensation for

frequency dependent absorption and dispersion. Proc. SEG Tech. Program Expanded Abstr. 2009, 2919–2923. [CrossRef]
5. Cavalca, M.; Fletcher, R.; Riedel, M. Q-compensation in complex media-Ray-based and wavefield extrapolation approaches. Proc.

SEG Tech. Program Expanded Abstr. 2013, 2013, 3831–3835. [CrossRef]
6. Xiao, X.; Hao, F.; Egger, C.; Wang, B.; Jiao, F.; Wang, X. Final Laser-Beam Q-Migration. Proc. SEG Tech. Program Expanded Abstr.

2014, 3872–3876. [CrossRef]
7. Mittet, R. A simple design procedure for depth extrapolation operators that compensates for absorption and dispersion. Geophysics

2007, 72, S105–S112. [CrossRef]
8. Zhu, T.; Harris, J.M.; Biondi, B. Q-compensated reverse-time migration. Geophysics 2014, 79, S77–S87. [CrossRef]
9. Dutta, G.; Schuster, G.T. Attenuation compensation for least-squares reverse-time migration using the viscoacoustic-wave

equation. Geophysics 2014, 79, S251–S262. [CrossRef]
10. Zhao, Y.; Mao, N.; Ren, Z. A stable and efficient approach of Q reverse time migration. Geophysics 2018, 83, S557–S567.
11. Yang, J.; Zhu, H. Viscoacoustic least-squares reverse time migration using a time-domain complex-valued wave equation.

Geophysics 2019, 84, S479–S499.
12. Fathalian, A.; Trad, D.O.; Innanen, K.A. Q-compensated reverse time migration in tilted transversely isotropic media. Geophysics

2021, 86, S73–S89.
13. Yang, J.D.; Zhu, H.J.; Huang, J.P.; Li, Z.C. 2D isotropic elastic Gaussian-beam migration for common-shot multicomponent records.

Geophysics 2018, 83, S127–S140.
14. Hill, N.R. Gaussian beam migration. Geophysics 1990, 55, 1416–1428.
15. Hill, N.R. Prestack Gaussian-beam depth migration. Geophysics 2001, 66, 1240–1250.
16. Alkhalifah, T. Gaussian beam depth migration for anisotropic media. Geophysics 1995, 60, 1474–1484.
17. Gray, S.H. Gaussian beam migration of common-shot records. Geophysics 2005, 70, S71–S77.
18. Zhu, T.F.; Gray, S.H.; Wang, D.L. Prestack Gaussian-beam depth migration in anisotropic media. Geophysics 2007, 72, S133–S138.
19. Popov, M.M.; Semtchenok, N.M.; Popov, P.M.; Verdel, A.R. Depth migration by the Gaussian beam summation method. Geophysics

2010, 75, S81–S93.
20. Li, X.L.; Mao, W.J.; Shi, X.C.; Yue, Y.B. Elastic 3D PS converted-wave Gaussian beam migration. Geophysics 2018, 83, S213–S225.
21. Yang, J.D.; Zhu, H.J. A practical data-driven optimization strategy for Gaussian beam migration. Geophysics 2018, 83, S81–S92.
22. Han, J.G.; Lü, Q.T.; Gu, B.L.; Yan, J.Y.; Zhang, H. 2D anisotropic multicomponent Gaussian-beam migration under complex

surface conditions. Geophysics 2020, 85, S89–S102. [CrossRef]
23. Wu, J.; Chen, X.H.; Bai, M.; Liu, G.C. Attenuation compensation in multicomponent Gaussian beam prestack depth migration.

Appl. Geophys. 2015, 12, 157–168. [CrossRef]
24. Shi, X.C.; Mao, W.J.; Li, X.L. Viscoelastic Q-compensated Gaussian beam migration based on vector-wave imaging. Chin. J.

Geophys. 2019, 64, 1480–1491.
25. Al-Ali, M.N.; Verschuur, D.J. An integrated method for resolving the seismic complex near-surface problem. Geophys. Prospect.

2006, 54, 739–750.
26. Liu, W.; Zhao, B.; Zhou, H.; He, Z.; Liu, H.; Du, Z. Wave-equation global datuming based on the double square root operator.

Geophysics 2011, 76, U35–U43.
27. Wiggins, J.W. Kirchhoff integral extrapolation and migration of nonplanar data. Geophysics 1984, 49, 1239–1248.
28. Gray, S.H.; Marfurt, K.J. Migration from topography: Improving the near-surface image. Can. J. Explor. Geophys. 1995, 31, 18–24.
29. Rajasekaran, S.; Mcmechan, G.A. Prestack processing of land data with complex topography. Geophysics 1995, 60, 1875–1886.

[CrossRef]
30. Lan, H.; Zhang, Z.; Chen, J.; Liu, Y. Reverse time migration from irregular surface by flattening surface topography. Tectonophysics

2014, 627, 26–37. [CrossRef]
31. Keers, H.; Vasco, D.W.; Johnson, L.R. Viscoacoustic crosswell imaging using asymptotic waveforms. Geophysics 2001, 66, 861–870.

[CrossRef]

https://doi.org/10.1016/j.jappgeo.2022.104682
https://doi.org/10.1190/1.1468627
https://doi.org/10.1190/1.3059363
https://doi.org/10.1190/1.3255457
https://doi.org/10.1190/segam2013-1130.1
https://doi.org/10.1190/segam2014-1432.1
https://doi.org/10.1190/1.2431637
https://doi.org/10.1190/geo2013-0344.1
https://doi.org/10.1190/geo2013-0414.1
https://doi.org/10.1190/geo2018-0841.1
https://doi.org/10.1007/s11770-015-0487-z
https://doi.org/10.1190/1.1443919
https://doi.org/10.1016/j.tecto.2014.04.015
https://doi.org/10.1190/1.1444975


Remote Sens. 2023, 15, 3761 15 of 15

32. Han, J.G.; Lü, Q.T.; Gu, B.L.; Xing, Z.T. Gaussian beam summation migration of deep reflection seismic data: Numerical examples.
IEEE Geosci. Remote Sens. Lett. 2022, 19, 8030805.

33. Han, J.; Wang, Y.; Yu, C. Multiwave Gaussian beam prestack depth migration of exploration-scale seismic data with complex
near-surface effects. Near Surf. Geophys. 2016, 14, 307–313. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3997/1873-0604.2016018

	Introduction 
	Theory 
	Basic Principles of Gaussian Beam in Visco-Acoustic Media 
	Q-GBM under the Condition of Irregular Surfaces 

	Numerical Tests 
	Single-Interface Model of the Visco-Acoustic Medium under the Condition of Irregular Surface 
	Sag Model of the Visco-Acoustic Medium under the Condition of Irregular Surfaces 
	Complex Fault Model of the Visco-Acoustic Medium under the Condition of Irregular Surfaces 

	Conclusions 
	References

