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Abstract: We propose a method based on the Poynting vector that combines angle-domain 
imaging and image amplitude correction to overcome the shortcomings of reverse-time 
migration that cannot handle different angles during wave propagation. First, the local image 
matrix (LIM) and local illumination matrix are constructed, and the wavefi eld propagation 
directions are decomposed. The angle-domain imaging conditions are established in the 
local imaging matrix to remove low-wavenumber artifacts. Next, the angle-domain common 
image gathers are extracted and the dip angle is calculated, and the amplitude-corrected 
factors in the dip angle domain are calculated. The partial images are corrected by factors 
corresponding to the different angles and then are superimposed to perform the amplitude 
correction of the fi nal image. Angle-domain imaging based on the Poynting vector improves 
the computation efficiency compared with local plane-wave decomposition. Finally, 
numerical simulations based on the SEG/EAGE velocity model are used to validate the 
proposed method.
Keywords: Poynting vector, angle-domain imaging, local image matrix, illumination 
analysis, amplitude correction

Introduction

Reverse-time migration (RTM) was proposed by 
Hemon (1978) and compared with the ray-based 
Kirchhoff migration and one-way wave equation 
migration, the full-wave equation RTM offers high 
fidelity, no dip angle limitations, and well reproduces 
wave propagation in complex media, e.g., scattering, 
reflection, diffraction, and inhomogeneous wave 
propagation. Conventional cross-correlation imaging 

superposes waves from all directions and consequently 
random noise is eliminated but the directional 
information of the waves is lost and low-wavenumber 
noise is introduced. Processing of seismic waves in the 
angle domain reconstructs the angle-domain imaging 
conditions, extracts the imaging gathers, analyzes the 
variation in the amplitude of a seismic reflection with 
angle of incidence or source–geophone distance (Yan 
and Xie, 2012a, 2012b; Wang et al., 2013) and provides 
directional illumination (Xie et al., 2006; Xie et al, 2013) 
and imaging resolution analysis and imaging correction 
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(Xie et al., 2005; Wu and Chen, 2006; Wang et al., 
2013).

When using wave equations to calculate the 
wavefield, the wave solutions do not explicitly contain 
the information of the wave propagation direction. There 
are three different approaches to extract the propagation 
direction.The fi rst method is based on direction vectors, 
such as the Poynting vector (Yoon et al., 2004), the 
polarization vector or the instantaneous wavenumber 
vector (Zhang and McMechan, 2011a; 2011b). Such 
methods are highly efficient and offer better angle 
resolution but yield one propagation direction per 
image point per time step; thus, it is diffi cult to acquire 
the propagation direction of every wavefront when 
overlapping wavefronts exist.The second set of methods 
are based on local plane-wave decomposition and use 
local slant stacking or local Fourier transform (Xie 
and Wu, 2002; Jia and Wu, 2009; Zhang et al., 2010; 
Xu et al., 2011) to decompose the local wavefi eld. The 
angle decomposition is independent of the imaging 
procedures. These methods are stable and can handle 
waves from different directions. However, they are 
computationally costly because local decomposition 
is performed at each spatial point. The third set of 
methods extract the direction of the propagating 
wavefield during imaging. The local subsurface-
offset or time-shift images are computed and then are 
transformed into the angle domain by Fourier or Randon 
transforms (Sava and Fomel, 2003, 2005a, 2005b, 
2005c; Sava and Vasconcelos, 2011). These methods 
are also computationally costly and only decompose the 
angles during imaging; therefore, they are unsuitable 
for illumination analysis. Yoon et al. (2004) used the 
Poynting vector to compute the propagation direction 
of the wavefields and constructed the angle-domain 
imaging conditions by introducing an angle-related fi lter 
to add weight to the waves from different directions and 
suppress low-wavenumber artifacts. Chen and He (2014) 
separated wavefields into propagating up or down and 
left or right and proposed a normalized separation cross-
correlation imaging that minimizes the low-wavenumber 
artifacts and improves image quality.

Migration methods are used to image the subsurface 
geometry and obtain the physical parameters of 
subsurface media. Nevertheless, factors, such as limited 
acquisition aperture and complex velocity structure 
and refl ector dipping angle, typically produce irregular 
illumination of subsurface regions. It is difficult to 
produce correct true-amplitude images of complex 
regions even using accurate propagators. Target-oriented 
seismic directional illumination analysis is an effective 

quantitative tool and used in image correction.Traditional 
illumination analysis is based on ray theory (Schneider 
and Winbow, 1999; Bear et al., 2000; Muerdter and 
Ratcliff, 2001); however, the high-frequency asymptotic 
approximation and the singularity of ray theory do not 
allow to handle scattering, diffraction, and defocusing in 
complex media. Based on the relation between migration 
and the physical characteristics of the subsurface media, 
Gelius et al. (2002) established the point-spread function 
(PSF) in the wavenumber domain for correcting images. 
Lecomte (2008) analyzed the illumination and resolution 
of depth-migration images based on ray theory. Based 
on the one-way wave equation, Wu and Chen (2002, 
2006), Wu et al. (2003), and Xie et al. (2003, 2005, 
2006) proposed illumination analysis in the angle 
domain and used it to correct the acquisition aperture. 
Du et al. (2012) corrected RTM images by analyzing the 
illumination of the source and receiver wavefi elds. Xie 
and Yang (2008) and Cao and Wu (2009) investigated 
the full-wave equation illumination analysis and applied 
it to RTM. Based on inverse theory and the local-angle 
domain decomposition of Green’sfunctions, Wu et al. 
(2006) analyzed the imaging resolution and its relation 
to the limited frequency band of the source, the complex 
overlaying structure, the limited acquisition aperture, 
and the approximate migration operator.Two image 
correction methods are used: image deconvolution by 
the point-spread function (Gelius et al., 2002) and local 
image compensation by angle-domain illumination 
(Gherasim et al., 2012; Yan et al., 2014). Wu and Luo 
(2005) discussed four different amplitude correction 
methods and concluded that dip angle domain correction 
yields the best results. Yan et al. (2014) developed a dip 
angle domain amplitude correction algorithm to retrieve 
the true impedance contrast of the subsurface structure 
by slant stacking.

The local image matrix (LIM) based on the local 
plane-wave decomposition in the frequency domain and 
angle-domain imaging can eliminate low-wavenumber 
artifacts and extract the angle gathers. LIM retrieves 
information related to the angles of incidence and 
reflection. However, LIM in the frequency domain 
is computationally costly. In this study, the Poynting 
vectors are used to calculate the wavefi eld propagation 
angle and analyze the illumination using the full-
wave equation. To greatly reduce the computational 
cost, we use LIM and local illumination matrix in 
the time domain. Common dip-angle images (CDIs) 
are computed from regular RTM images. To improve 
the computational efficiency of illumination analysis, 
the propagation angles are only calculated at several 
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moments corresponding to high wavefield amplitude 
rather at every moment. Numerical simulations using the 
2D SEG model were used to test the proposed method.

Decomposing the wavefi eld 
propagation direction using the 

Poynting vector

Poynting vector was fi rst used to describe the energy 
fl ux density in the electromagnetic fi eld and denote the 
passing energy per unit area per unit time along the 
direction perpendicular to the vector (Poynting, 1884).
Yoon et al. (2004) first introduced the Poynting vector 
to RTM to extract the wave propagation direction. The 
two-dimensional  Poynting  vector is (Yoon et al., 2011)

                ( , ) ,x zp p
t
uP u   (1)

where u is either the source wavefi eld us or the receiver 
wavefield ug, ∂u/∂t is the time differential of the 
wavefi eld, ∆u = (∂u/∂x, ∂u/∂z) is the spatial gradient, x 
and z are the horizontal and vertical axes respectively, 
and px and pz are the horizontal and vertical components 
of the Poynting vector, respectively. Then, the wave 
propagation angle is 

                          arctan( ).x

z

p
p

 (2)

Using equations (1) and (2), the propagation direction 
is calculated at each location and each time step of the 
wavefield. Therefore, we use the Poynting vector to 
decompose the wave propagation direction or angle. 
Intermediate results, such as ∂u/∂t and ∆u, are already 
calculated by staggered finite-difference methods 
and no extra computations are required in the case 
of the Poynting vector. Figure 1a shows a two-layer 
homogeneous medium at the time window of 1.12 s, in 
which the velocities of the layers are 2.0 km/s and 4.0 
km/s. Figures 1b and 1c show the horizontal component 
px and vertical component pz of the Poynting vector 
and the white color denotes the positive direction and 
the black color denotes the negative direction. When 
an incident wave reaches the interface, reflected and 
transmitted waves are simultaneously generated at the 
interface. The wavefi eld and Poynting vector of the white 
square area in Figure 1a at three time steps are extracted 
and enlarged to show the propagation angles calculated 
by equation (2), as shown in Figures 1d−1f. At 1.07 s, the 
fi rst arrival of the incident wave has passed the interface. 
The incident angles below the interface are greater than 
those above the interface. There are large errors in the 
calculations of the incident angles at low-amplitude 
regions but the contributions of the low-amplitude waves 
to the fi nal image are negligible. At 1.094 s, the wavefi eld 
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Fig.1 Wavefi eld snapshot of the two-layer model. 
The wave propagation direction is computed by the Poynting vector. The local snapshots of the wavefi eld overlap with the propagation direction. The 
horizontal black line represents the interface. (a) Snapshot of wavefi eld at t = 1.12 s; (b) horizontal Poynting vector; (c) vertical Poynting vector; (d)−(f) 
local wavefi eld snapshots of the white square in (a) at t = 1.07 s, 1.094 s, and 1.1 s that are overlap with the wave-propagating direction (white arrows) 
computed by using the Poynting vectors.
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propagation angles above the interface are actually the 
summation of the vectors of the incident and reflection 
waves. At 1.1 s, the incident waves have passed through 
the interface and both the incident and refl ection waves 
appear near the interface simultaneously.

Angle-domain images

Local image matrix
The high fi delity of the full-wave propagators allows 

to use RTM to image complex reflectors. The zero-lag 
cross-correlation imaging of  prestack RTM is expressed 
as

         
max

s max0
( ) ( , ) ( , )d ,

T

gt T t tI r u r u r  (3)

where us(t, r) and ug(t, r) are the wavefields of the 
source and receiver at time t and location r = (x, y, z), and 
Tmax is the maximal recording time. Applying equations 
(1) and (2) to the wavefield of source us(t, r) and the 
wavefi eld of receiver ug(t, r), the propagation direction 
θ is determined at each time–space point (t, r), which is 
introduced into the above wavefi elds to obtain the angle-
domain wavefi elds of the source and receiver us(t, θs, r) 
and ug(t, θg, r). Substituting them into equation (3), the 
imaging condition is modifi ed to (Yan and Xie, 2012a)

                    
g s

s g( ) ( , , ),I r I r   (4)

where

max

s g s s g max g0
( , , ) ( , , ) ( , , )d ,

T
t T t tI r u r u r    (5)

is the partial image in the angle domain, and θs and θg are 
the propagation directions of the incident and scattering 
waves, respectively.

If the directions θs and θg are discretized into 24 
sections respectively and each section corresponds to a 
15° angle. Based on equation (5), I(θs, θg, r) corresponds 
to all the (θs, θg) pairs at the imaging location r and 
is denoted as I(θs, θg, r). Each element of the LIM 
represents a partial image and there are 24×24 partial 
images. The fi nal image is obtained by stacking up all the 
partial images. If the local refl ectors are approximated as 
planes, the observation coordinates (θs, θg) are converted 
to the target coordinates (θr, θd) based on Snell’s law (Xie 
and Wu, 2002), where θr is the refl ection angle and θd is 
the dip angle. For local planar refl ectors, the distribution 
of the wave energy in LIM is stripped, and different 
image gathers, such as common refl ection angle gathers, 
common dip-angle gathers, common scattering-angle 
gathers and common illumination gathers, are extracted.

Figures 2b−2e show the LIM of four points in the fi ve-
layer model of Figure 2a. The wave propagation velocity 
in every layer is 3.5 km/s, 3.75 km/s, 4.0 km/s, 4.25 
km/s, and 4.5 km/s, respectively. The model grid size is 
512 × 208, where dx = dz = 12 m. A synthetic data set is 
generated using 92 explosion sources and 472 receivers. 
The sources are placed at 60 m intervals and the space 
between the receivers is 12 m. A fourth-order in space 
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Fig.2 LIMs of selected points in the fi ve-layer model. 
(a) Velocity model and (b)−(e) LIMS of points A−D.
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and second-order in time finite-difference method is 
used to calculate the wavefi eld propagation. The source 
time function is a 15 Hz Ricker wavelet. Figure 2b 
shows the LIM of location A without the refl ector. The 
energy is distributed at θr = ± /2 and produces low-
wavenumber artifacts. Point B is on the horizontal 
refl ector and the dip angle θd is zero. The energy in the 
LIM is distributed along a strip and the intersection with 
the dipping axis is at zero, which exactly denotes the 
geometry of the refl ector, as shown as Figure 2c. Points 
C and D are located on reflectors with different dip 
angles. The energy distribution in the LIM of Figures 
2d and 2e is still stripped but the intersections with the 
dipping axis deviate from the zero dip angle. The shift 
from the intersection to the dipping axis gives the dip 
angle. For example, there is approximately a −25° shift 
from the intersection to the zero dip angle in Figure 2e, 
which agrees well with the actual reflector dip angle. 
The local illumination aperture is also relatively small 
because of the dip angle. It can be seen from Figures 
2c, 2d, and 2e that the energy range along the refl ection 
axis decreases with increasing dip angle and depth; 
therefore, the effective illumination aperture of these 
points also gradually decreases. Figure 3 shows the dip 
angle of the four locations in Figure 2a. The refl ectors at 
locations 1 and 4 are horizontal and all the energy peaks 
concentrate along the center line. The first reflectors 
at locations 2 and 3 are horizontal, and the dip angles 
of the other reflectors increase. The energy peaks shift 
from the center line and the offset distance denotes the 
corresponding dip angle value. For example, the offset 
(labeled as ‘dip’) of the fourth energy peak at location 2 
corresponds to the refl ector dip angle.

shows the ADCIGs calculated by using the model in 
Figure 2a. Figures 4a–4c show the ADCIGs of the true 
velocity model and models with −5% and +5% velocity 
errors, respectively. The ADCIGs are calculated at 
four horizontal locations between 1.2 km and 4.8 km 
at intervals of 1.2 km. The angle range is from −50˚ to 
+50˚. As shown in the figure, the ADCIGs of thetrue 
velocity model are fl at, the gathers curve upward for the 
−5% velocity error and downward for the +5% velocity 
error. The actual angle range of the gathers depends on 
the effective illumination aperture and the refl ector dip 
angle of the image point, which decreases gradually with 
depth.

Fig.3 Dip angle estimation in the fi ve-layer model.
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As previously mentioned, angle-domain common 
image gathers (ADCIGs) can be extracted from the LIM. 
The gather events are flat in the true velocity model 
but they curve down or up in the fast or slow model.
The curvature correlates with the velocity error, which 
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Imaging conditions in the angle domain
Based on the angle transform, equation (4) is 

transformed to

                    
r d

r d( ) ( , , ).I r I r  (6)

The waves from all the incident and scattering angles 
are thus imaged by using I(r) and low-wavenumber 
are introduced. The energy distribution of the artifacts 
is shown in LIM. As shown in Figure 2b, there is no 
reflector at point A and the opening angle between the 

Fig.4 ADCIGs of the fi ve-layer model.
(a) True velocity model; (b) model with −5% velocity error; and (c) model 

with +5% velocity error.
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source and receiver wavefield is close to ; thus, the 
energy distribution mainly comes from the turning wave 
or the wide-angle reflected wave. Low-wavenumber 
artifacts appear in cross-correlation imaging (Díaz 
and Sava, 2015). Therefore, an angle-domain filter is 
introduced in the LIM to prevent the wide-angle wave 
energy from entering the image. The fi lter removes the 
low-wavenumber artifacts effectively. Then, the imaging 
conditions in the angle-domain are expressed by the 
following equation (Yan and Xie, 2012a)

           
r d

r d r d( ) ( , ) ( , , ),I r F I r   (7)

where F(θr, θd) is the angle filter that attenuates the 
energy in wide-angle refl ections.

Considering the 2D SEG velocity model in Figure 5a, 
as an example, we use 350 shots at intervals of 48.77 m 
and each shot is matched to176 left-sided receivers at 
24.38 m spacing. The source function is a 15 Hz Ricker 
wavelet. A second-order in time and fourth-order in 

space finite-difference algorithm with PML boundary 
conditions is used to extrapolate the wavefi eld. The wave 
propagation angle is calculated by using the Poynting 
vector at every grid point and each time step during 
imaging. To decrease the computation time and memory 
use during illumination analysis, only the angle at the 
time that of the highest amplitude wavefi eld is calculated 
at each grid point.

Figures 5b and 5c show regular images and those after 
the application of the angle-domain fi lter F(θr, θd)

              
0

r
r d 0

r

1 60
( , ) .

0 60
F   (8)

Comparing Figures 5b and 5c, strong artifacts in 
the regular RTM mask the true image and the real is 
not readily recognized, especially at the shallow area. 
However, the artifacts are effectively removed by using 
the angle-domain imaging conditions that maintain the 
images at the interface.

Fig.5 Comparison of the migrated images.
(a) 2D SEG salt model; (b) image without angle-domain fi ltering; (c) images with angle-domain fi ltering that eliminates refl ections with angle larger than 60˚.
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Amplitude correction for RTM in the 
angle domain

Local illumination matrix
Filtering in the angle domain removes low-wavenumber 

artifacts to some extent. However, the acquisition 
aperture, complex overburden structures, and reflector 
dip angle produce irregular illumination to the subsurface 
regions, leading to shadows and distorted amplitude 
in migration imaging. Seismic illumination analysis is 
used to optimize the acquisition system, evaluate image 
quality, correct the imaging amplitude, and recover the 
subsurface physical parameters more accurately. If the 
observation system is given, the illumination in the time 
domain from source rs to subsurface target point r along the 
direction θs is (Yang and Xie, 2008)

            
2

s s s s s s( , ; ) ( , , ; ) d .t tD r r u r r  (9)

Similarly, the illumination in the time domain from 
receiver rg to target point r along direction θg is

            
2

g g g g g g( , ; ) ( , , ; ) d .t tD r r u r r   (10)

Using equations (9) and (10), the local illumination 
matrix of the target location r in the time domainis

 

s g s g

s s s g g g

2 2
s s s g g g

     

( , , ; , )

( , ; ) ( , ; )

[ ( , , ; )] d [ ( , , ; )] d ,t t t t

A r r r
D r r D r r

u r r u r r   (11)

where θs and θg are calculated with equation (2). If the 
observation system consists of multiple sources and 
receivers, the local illumination matrix of the entire 
acquisition on system adds the contributions from each 
source and receiver pairs

         
s g

s g s g s g( , , ) ( , , ; , ).A r A r r r
r

 (12)
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Figure 6 shows the local illumination matrix at six 
points in the SEG model. The observation system, 
source wavelet, wavefield extrapolation operator, and 
absorbing boundary are all the same as in Figure 5. The 
illumination range mainly concentrates in the upper left 
corner of every local illumination matrix because of the 
single-sided receivers. The white square in the matrix is 
the range of incident and scattering angles within ±

90˚, which denotes the illumination range of one-way 
propagators. The illumination range in the full-wave 
method is ±180˚ for both incident and scattering waves. 
The figure also shows that the illumination aperture is 
wide at shallow regions and narrows with increasing 
depth. Because the high-velocity salt focuses the seismic 
wave energy, the illumination at the subsalt region is 
distinctly weak, which affects the fi nal imaging quality.
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where I(θd, r) is CDI and Ic(r) is the corrected image. 
The workfl ow for the angle-domain correction is shown 
in Figure 7.

Model calculation
The Green function is not decomposed when using 

the Poynting vector to calculate the angle because it 
has been computed during the wave propagation. This 
is time-consuming and strains the computer memory 
when calculating the angle at all grid points and at 
each time step in the model space. However, Hu et 
al. (2014) pointed out that it is more reliable than the 

Fig.6 Local image matrices at different locations for the SEG model.

ADR and image correction
ADR describes the total illumination of a target 

with specific dip angle in space in the case of a given 
observation system, which can be calculated by the local 
illumination matrix that sums all A(θs, θg, r) satisfying 
the given dip angle condition. The RTM image is 
decomposed into different CDIs that are normalized 
using ADR as the image amplitude correction factor. 
Based on the angle transform, (θs, θg) is transformed to 
(θr, θd) and then ADR transforms to

            d r d r( , ) ( , , )d .r A rADR   (13)

The image correction by ADR is (Yan et al., 2014)
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wave amplitude in estimating the propagation angle, 
and Yang and Xie (2008) reported the similar results. 
Therefore, the wave propagation angle at each grid point 
is practically calculated only at the highest amplitudes of 
the wavefi eld rather than at each time step. In addition, 

image correction uses both CDI I(θd, r) and ADR. The 
RTM image is decomposed and I(θd, r) is calculated by 
local slant stacking. ADR is a slowly varying function in 
the space domain and it is calculated with a coarse mesh 
and interpolated into the image grid (Yan et al., 2014).

Source wavefields us(t, r) Receiver wavefields ug(Tmax–t, r)

Using Poynting vectors to compute the
propagation angles s of source wavefields.

us(t, r) is denoted as us( s, t, r)

Using Poynting vectors to compute 
the propagation angles g of receiver wavefields.
ug(Tmax–t, r) is denoted as ug( g, Tmax–t, r)

Imaging condition
in angle domain

r d

r d r d( ) ( , ) ( , , )I r F I r

RTM image

CDI decomposition: I( d, r)
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s g
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Fig.7 The workfl ow of RTM with angle-domain correction.

Figure 8 shows the four CDIs shown in Figure 5c. 
Figure 9 shows the corresponding normalized ADRs. 

Comparing the CDIs and ADRs, it can be seen that the 
amplitude of CDIs is consistent with the intensity of 

Fig.8 CDIs; the dip angles are (a) −15°, (b)15°, (c) −45°, and (d) 45°.
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Fig.9  ADRs; the dip angles are (a) −15°, (b) 15°, (c)−45°, and (d) 45°.
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Fig.10 Corrected CDIs; the dip angles are (a) −15°, (b)15°, (c)−45°, and (d) 45°.

ADRs. The corrected CDIs are shown in Figure 10. All 
the corrected CDIs form the fi nal corrected image. 

Figure 11 shows the image before and after correction, 
where the image amplitude of the different reflectors 
becomes more balanced after the correction, especially 
the imaging quality of the subsalt regions with steep 
structures has clearly improved. Figure 12 shows 
the theoretical reflectivity (red lines) and the image 
amplitude (blue lines) before and after the correction. 
The image amplitudes are consistent with the theoretical 
reflectivity in shallow regions regardless of correction. 
However, in deep areas, especially in subsalt regions, 
the amplitude of regular RTM images is very weak and 
differs from the theoretical reflectivity, whereas the 
amplitude after the correction matches very well with 
the theoretical values. Fig.11 RTM image (a) before correction and (b) after 

correction with ADRs.
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Discussion

Hu et al. (2014) summarized and compared the 
precision of the different methods for computing the 
wave propagation direction. To improve the computation 
stability by the Poynting vector, Yoon et al. (2011) 
adopted a Gaussian-weighted function in the time 
domain to calculate the Poynting vector. Thomas and 
Graham. (2011) proposed to smooth the Poynting vector 
in the space or time domain. For the SEG salt model, 
Figure 13 shows the wavefield propagation directions 

calculated by the local plane-wave decomposition and 
Poynting vector methods, respectively. Figure 13a shows 
the velocity model for overlapping wavefi elds, where the 
source is denoted by the asterisk. The wave propagation 
directions of the four wavefront locations, which are 
calculated by the local plane-wave decomposition and 
Poynting vector methods, are shown in Figures 13b−
13e. The orientations of the energy peaks in the polar 
coordinates point to the propagation directions calculated 
by the local plane-wave decomposition method, and the 
red arrows denote the propagation direction calculated 
by the Poynting vectors. The directions estimated by 
both methods are almost the same if there is only one 
wavefront, as shown in Figure 13b−d for the three 
different wavefronts. When there are more than one 
wavefront arriving simultaneously, for instance in 
Figure 13e with two energy peaks, the local plane-wave 
decomposition method points to the direction of each 
wavefront. However, the method of Poynting vector 
calculates the sum of vectors of the two wavefronts and 
can only estimate the propagation direction denoted by 
the red arrow in Figure 13e.

Although the Poynting vector method cannot separate 
the propagation directions when multiple wavefronts 
overlap, it decreases the number of calculations for 
the angle decomposition and has enormous potential. 
Considering the model in Figure 13a, as an example and 
at the same computing conditions, the methods of local 
plane-wave decomposition and Poynting vectors are 
used to calculate the propagation directions of the single-
shot wavefield generated. Forward modeling is used to 
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(blue lines) (a) before and (b) after correction with ADRs.
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515

Liu et al.

compare the angle calculation time and the wavefield 
data are transformed into the frequency domain before 
using the local plane-wave decomposition method. The 

calculation time is 16269.09 s for the local plane-wave 
decomposition and 238.091 s forthe Poynting vector 
(Table 1).

Table 1 Performance of the local plane-wave decomposition and Poynting vector 
Calculation method If FFT needed Extra memory Computation time (s)
Local plane-wave 

decomposition
Need FFT (9×9 local 
window is adopted)

No additional 
memory 16269.09

Poynting vector FFT not needed 8.27 G 238.091

Conclusions

The Poynting vector is used to calculate the wave 
propagation directions. The LIM is used to analyze the 
wave propagation and the angle problem during imaging. 
Angle fi ltering suppresses the low wave-number artifacts 
effectively. The local illumination matrix based on the 
Poynting vector is used to calculate ADRs. The RTM 
images are decomposed to common dip partial images 
by the slant stacking method and the common dip 
partial images are compensated by the corresponding 
ADRs.The RTM image amplitude is corrected in the 
dip angle domain. Compared with the local plane-wave 
decomposition based on slant stacking or windowed 
FFT, the Poynting vector method offers improved 
computational effi ciency. Although there are problems, 
such as stability and accuracy in estimating the angle, the 
Poynting vector method can yields reasonably accurate 
results.
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