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GENERALIZED INTERNAL MULTIPLE 
IMAGING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to co-pending US. 
provisional application entitled “GENERALIZED INTER 
NAL MULTIPLE IMAGING” having Ser. No. 61/827,869, 
?led May 28, 2013, the entirety of which is hereby incorpo 
rated by reference. 

BACKGROUND 

[0002] Seismic imaging is widely used in exploration by 
the oil and gas industry. Conventional imaging techniques can 
image single scattering energy. For example, reverse time 
migration (RTM) propagates data through a velocity model to 
provide imaging information. Complex propagation paths 
can produce internal multiples that are seen as noise in the 
imaged data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] Many aspects of the present disclosure can be better 
understood with reference to the following drawings. The 
components in the drawings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present disclosure. Moreover, in the draw 
ings, like reference numerals designate corresponding parts 
throughout the several views. 
[0004] FIG. 1 illustrates examples of de?nitions of Feyn 
man diagrams used in accordance with various embodiments 
of the present disclosure. 
[0005] FIG. 2 is ?owchart illustrating an example of gen 
eralized internal multiple imaging (GIMI) in accordance with 
various embodiments of the present disclosure. 
[0006] FIGS. 3 and 6 are examples of velocity models used 
for testing of the GIMI in accordance with various embodi 
ments of the present disclosure. 
[0007] FIGS. 4A-4C, 5A-5C, and 7A-7C are GIMI images 
produced from the velocity models of FIGS. 3 and 6 in accor 
dance with various embodiments of the present disclosure. 
[0008] FIG. 8 is a schematic block diagram of a computing 
device in accordance with various embodiments of the 
present disclosure. 

DETAILED DESCRIPTION 

[0009] Disclosed herein are various embodiments related 
to generalized internal multiple imaging (GIMI). Reference 
will now be made in detail to the description of the embodi 
ments as illustrated in the drawings, wherein like reference 
numbers indicate like parts throughout the several views. 
[0010] Internal multiples are surface recordings which 
were scattered more than once by subsurface scatterers. Con 
ventional imaging techniques can image single scattering 
energy by accessing a smooth model of subsurface velocity. 
In order for reverse time migration (RTM) to image the inter 
nal multiples, a sharp velocity contrast in the velocity model 
is needed. In conventional seismic imaging, internal mul 
tiples can deteriorate the image if they are not taken care of by 
the imaging process. However, the internal multiples may be 
the only source of information about a re?ector. Therefore it 
can be important to use the internal multiples for imaging as 
they can provide valuable information about the subsurface. 
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[0011] In an embodiment herein, a generalized internal 
multiple imaging (GIMI) procedure is disclosed for imaging 
the internal multiples using only a background Green’s func 
tion (which does not involve any scattering). In this case, a 
sharp velocity contrast in the velocity model is not needed for 
the analysis. Furthermore, the GIMI procedure will allow 
imaging of the internal multiples of a speci?c order separately 
or of many orders together. To better illustrate the physics 
behind the mathematics, Feynman-like diagrams will be used 
to describe the seismic interferometry. 
[0012] When both source and receiver points are on the 
surface, the Lippmann-Schwinger equation is given by: 

where G0 is the background Green’s function, G is the total 
Green’s function and co is the angular frequency. All the 
Green’s functions in this disclosure are in frequency domain. 
61) (x) is the slowness (reciprocal of medium velocity) pertur 
bation. The surface-to-volume version of the Lippmann 
Schwinger equation is given as: 

[0013] The total ?eld, based on the cross-correlation inter 
ferometric theory, also satis?es the following relationship: 

[0014] With a Born scattering series, cross-correlation with 
a background Green’s function quickly becomes very cum 
bersome. To simplify the analysis, Feynman diagrams will be 
used to represent the equations. Feynman diagrams have 
proved to be an invaluable tool to analyze the terms of per 
turbation expansion for scattering processes in Quantum 
Field Theory (QFT). Similar diagrams will be used for the 
terms of the Born series for scattering processes in seismic 
imaging. Referring to FIG. 1, TABLE 1 shows de?nitions of 
Feynman diagrams used in this disclosure. 
[0015] Using the Feynman diagrams of FIG. 1, equation (1) 
can be represented as: 

(4) 

where a hollow circle (0) denotes a point on the surface, a 
solid circle (O) denotes a point inside the volume, a wiggly 
line (f&.~'"\.t-‘“\!) represents the background Green’s function 
and a solid line (—) represents the total Green’s function. 
Similarly equations (2) and (3) can be represented respec 
tively as: 

(5) 

(6) 

where the dotted straight line ( --------- --) represents the com 
plex conjugate of the total Green’ s function. In equations (4), 
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(5) and (6) endpoints and vertices are labeled to illustrate their 
meaning in the context of equations (1), (2) and (3) and will 
not be labeled in this fashion onwards. Labels on vertices will 
have a different meaning which will be de?ned with the rules 
in FIG. 1 for drawing Feynman diagrams. The wave?eld is 
assumed to be acoustic. 

[0016] The lines in the Feynman diagrams do not have 
directions marked by arrows because Green’s functions are 
symmetric. Thus it does not make a difference which direc 
tion is considered. For convenience, source points are con 
sidered to be on the left and receiver points on right (the 
surface points as hollow circles), and both will be drawn at the 
same level. Separation of vertices and endpoints just depicts 
different dummy variables for integration. Also note that for 
surface seismic, the external lines will always end on the 
surface and loop diagrams do not have any external lines. 
Equation (6) shows that a surface vertex can be removed 
when it represents a cross-correlation. This enables us to 
reduce our diagrams to those which do not contain any sur 
face vertices. Such diagrams will be referred to as being in 
irreducible form. 

[0017] Single scatterings can be imaged in various ways. 
One example is Kirchhoff migration. The Reverse Time 
Migration (RTM) also images single scattering and if the 
velocity model is such that it does not produce any internal 
scatterings in the forward propagation step, the single scat 
tering is the main contribution to the image. 

[0018] Although direct arrivals can be of use in certain 
situations, in conventional RTM direct arrivals are removed 
and only the scattered part is considered, which is the second 
term on the right hand side (r.h.s.) of equation (4). The imag 
ing process can be de?ned as closing the loop in a surface 
to-surface diagram by cross-correlation at both ends using 
surface-to-volume background Green’s functions, where the 
point where they end in the volume is the image point (® ). 
Summation over frequency of the ?nal result is implied. If 
there was a scatterer at the image point in the subsurface the 
total phase aron the loop would be zero and the zero-lag 
cross-correlation will give non-zero amplitude at that point. 
The RTM can be represented as: 

® indicates text missing or illegible when filed 

(7) 

The ?rst term on the r.h.s. of equation (7) represents the 
imaging of single scattering or: 

(3) 

[0019] To consider higher order scattering, the second term 
on the r.h.s. of equation (7) is examined. In the second term of 
equation (7), vertices involving cross-correlation at the sur 
face can be further reduced by using equation (6) as follows: 
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(9) 

O~A+A+A+A 
Checking the total phase of each of the four terms in irreduc 
ible form, the fourth term on the r.h.s. of equation (9) will not 
give a zero phase at any image point. On the other hand, the 
?rst term on the r.h.s. of equation (9) will have a zero phase 
when the image point (® ) corresponds to either of the two 
vertices (O), which represent the scatters. The second term on 
the r.h.s. of equation (9) gives a zero phase when the image 
point corresponds to the ?rst (or left) vertex and the third term 
on the r.h.s. of equation (9) gives a zero phase when the image 
point corresponds to the second (or right) vertex. Any of the 
?rst three terms of equation (9) may also give a zero phase at 
positions other than the vertices but only one term will con 
tribute in that case which will be weaker in amplitude than the 
actual scatterer position which gets contributions from two 
terms. Such noise can come from other higher order terms in 
equation (7) (which have not been considered), and may be 
referred to as crosstalk. Also note that since volume vertices 
represent integration over the volume, it may be that these two 
variables have same position. In that case, equation (9) will be 
kinematically equivalent to single scattering imaging but, 
because of multiplication with the square of perturbation 
term, its amplitude will be lower. 

[0020] The r.h.s. of equation (7) shows the ?rst two terms of 
the in?nite Born series. For the series to converge, the terms 
decrease in magnitude as the order gets higher. In the dia 
grams, each subsurface vertex (Q) involves a multiplication 
by the perturbation term. Therefore, if the perturbation term is 
suf?ciently small, the series will converge. This means that 
although RTM images includes the second term of equation 
(7), its amplitude will be much weaker than the ?rst term. 

[0021] The discussion above suggests that, in order to 
image the double scattering in the subsurface, the double 
scattering term should be isolated or should appear as the 
leading order term in a series. To accomplish this, the follow 
ing three stage procedure is suggested. 

[0022] 1. Back propagate the scattered ?eld recorded on 
the surface to the imaging point in the volume. 

[0023] 2. Cross-correlate the result of the back propaga 
tion with the recorded data. 

[0024] 3. Cross-correlate the result of the second stage 
with the surface-to-volume background Green’s func 
tion (at the image point in the subsurface). 

In diagram form, this can be represented as: 

[0025] Equation (10) shows the leading order term after 
using equation (5) for the total Green’s functions. Note that 
this leading order term of equation (10) has two subsurface 
vertices. To see that the scatterers will be imaged, the leading 
order term is rewritten in its irreducible form. Since there are 

(10) 
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three surface vertices and each reduction according to equa 
tion (6) will give two terms, we will have 8 (or 23) irreducible 
terms for the leading order. 

(11) 

W~A+A+A+A+A+ 
A+A+A 

As before, when the image point corresponds to the left 
vertex, the third, fourth, ?fth and sixth terms on the r.h.s. of 
equation (1 I) contribute to the image. When the image point 
is on the right vertex, the ?rst, third, sixth and eight terms on 
the r.h.s. of equation (1 I) contribute. The second and seventh 
terms do not give a zero phase for any position of the image 
point. 
[0026] For the velocity model in the examples, crosstalk 
noise may also be reduced if the negative times are ignored 
after the ?rst stage of the procedure (i.e., back propagation of 
the data). Note that four of the eight irreducible diagrams of 
equation (1 l) are complex conjugates of each other. There 
fore, a background zero phase similar to the low wavelength 
noise in conventional RTM can be present. Application of a 
Laplacian ?lter at the end of imaging can remove such noise. 

[0027] This analysis can be extended to a general pattern 
for imaging higher order internal multiples. Note that, instead 
of the three stage procedure described above, the diagram on 
the left hand side (I.h.s.) of equation (1 0) canbe interpreted as 
the ?ow chart illustrated in FIG. 2 for the GIMI procedure 
based upon the order of scattering to be evaluated. 

[0028] Beginning with 203, the data is back propagated 
to the imaging point. 

[0029] Next in 206, the data is cross-correlated with 
itself N—l times, where N is the order of scattering. 

[003 0] Then in 209, the result is cross-correlated with the 
background Green’s function (from surface to image 
point). 

Physically this means: 

[0031] Back propagate the receiver (or source) to the 
imaging point. 

[0032] Cross-correlate the data with itself N—l times. 
[0033] Back propagate the source (or receiver) gathers. 

Therefore, to image Nth order internal multiples, the data is 
cross-correlated N times with itself and the imaging condition 
is then applied. 
[0034] For example, the third order internal multiple would 
be imaged like: 
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The I.h.s. of equation (12) involves three volume vertices 
(third order scattering) and four surface vertices. The four 
surface vertices will in give 24 terms in irreducible form. In 
general, for Nth order scattering, there are N+l surface ver 
tices and therefore 2N+1 terms in the irreducible form for the 
leading order term. Again, it is possible to determine which 
terms in the irreducible form contribute to which imaging 
points. As there are a larger number of terms in irreducible 
form, more crosstalk will be present due to the zero phase at 
wrong imaging points. Although its amplitude relative to the 
correct image points (which receive contributions from more 
than one term) will be lower, the noise will appear in more 
places. 
[0035] From the diagrams on the I.h.s. of equations (10) 
and (12), it can be seen that the order of the GIMI procedure 
to image internal multiples is not unique. Examples of four 
possible ways to image the double scattering include: 

[0036] 1. Back propagate the surface data to the image 
point, cross-correlate the result with data again and 
cross-correlate the result with back ground Green’s 
function from surface to the image point. 

[0037] 2. Back propagate the surface data to the image 
point, forward propagate the result from image point to 
surface and cross-correlate the result with surface data 
again. 

[0038] 3. Back propagate the surface data to the image 
point, and auto-correlate the result. 

[0039] 4. Cross-correlate the background Green’s func 
tions from surface to image point with itself and cross 
correlate the result with the surface data. 

In general for N (with N22) order scattering, there are N+2 
ways to image that order of internal multiples. For N:l there 
are only two ways. 

[0040] In addition, by adding each of the imaging terms 
before closing the loop for imaging, different orders of inter 
nal scattering may be imaged together. The imaging being 
processed may be rendered and presented in an appropriate 
format for a users’ evaluation. For example, the rendered 
imaging can be graphically displayed on a display device or 
provided in another imaging format (e.g., printed). The pro 
cessed imaging may also be stored in memory for later access 
by the user. 

[0041] The background Green’s function can be obtained 
by calculating the travel times using an eikonal equation. 
Other methods for travel time computation may also be used, 
which may be based upon the ?rst arrivals. In this way, the 
procedure may be applied to other types of medium which 
admit wave solutions in form of Green’s functions. This is 
true for anisotropic media. The GIMI procedure would be 
able to image multiple internal scatterings without the need 
for wave ?eld extrapolation, rather travel time computation 
(e.g., using the eikinal equation) can be used, which is com 
putationally inexpensive. 
[0042] In equations (10) and (11), crosstalk terms exist 
resulting in artifacts in the image of ?rst-order multiples. The 
crosstalk is also present in the single-scattering image as well. 
To suppress such noise, a dot product (zero-lag cross-corre 
lation) of the modeled data is ?t to recorded surface data 
using, e. g., a least-square formulation of the imaging process. 
The initial image can be used to model the scatterers. For 
single scattering, the initial image I is multiplied by the back 
propagated wave ?eld and convolved again with the back 
ground Greens function to the surface, as follows 
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In equation (13), the irreducible form is the same as in equa 
tion (11) except for the multiplication with I. If I represents 
the second order internal multiple image in equation (11), 
then equation (13) is a product of equations (11) and (13). 
This is just a squaring of the image. 
[0043] The GIMI process was tested on a simple model 
shown in FIG. 3. In the velocity model of FIG. 3, the vertical 
re?ector just before 3 km horizontal location was not illumi 
nated by the single-scattering recorded energy on the surface. 
It, however, was illuminated by a double bounce using the 
horizontal re?ector at depth 0. 6 km. Indeed, in the single 
scattering image of FIG. 4A, it can be seen that the vertical 
re?ector is not visible. However, when the second-order term 
is imaged, it can be seen in the second order Born scattering 
term in FIG. 4B that the re?ector is clearly visible. The 
summed image in FIG. 4C clearly shows all the re?ectors. 
The images in FIGS. 4A-4C include crosstalk noise. To sup 
press the cross-talk noise, the dot product approach described 
earlier above was used. FIGS. 5A-5C show the images cor 
responding to FIGS. 4A-4C after crosstalk suppression has 
been applied. The amount of noise has been visibly reduced. 
[0044] The GIMI process was also tested on a more com 
plicated model, given by a portion from the Marmousi veloc 
ity model shown in FIG. 6. FIGS. 7A-7C show the images 
obtained after crosstalk suppression. FIG. 7A shows the 
single scattering image and FIG. 7B shows the second order 
Born scattering term. FIG. 7C shows the summed image with 
the image points which took part in double bounce. These are 
not the only points involved in multiple scattering, but are the 
most prominent ones as the velocity contrast was high. 

[0045] With reference to FIG. 8, shown is a schematic block 
diagram of a computing device 400 according to various 
embodiments of the present disclosure. The computing 
device 400 includes at least one processor circuit, for 
example, having a processor 403 and a memory 406, both of 
which are coupled to a local interface 409. To this end, the 
computing device 400 may comprise, for example, at least 
one server computer or like device. The local interface 409 
may comprise, for example, a data bus with an accompanying 
address/control bus or other bus structure as can be appreci 
ated. A display device coupled to the computing device 400 
allows rendered information to be displayed. 

[0046] Stored in the memory 406 are both data and several 
components that are executable by the processor 403. In 
particular, stored in the memory 406 and executable by the 
processor 403 may be a GIMI application 415, an operating 
system 418, and/ or other applications 421. Also stored in the 
memory 406 may be a data store 412 and other data. 
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[0047] It is understood that there may be other applications 
that are stored in the memory 406 and are executable by the 
processor 403 as can be appreciated. Where any component 
discussed herein is implemented in the form of software, any 
one of a number of programming languages may be employed 
such as, for example, C, C++, C#, Objective C, Java®, Java 
Script , Perl, PHP, Visual Basic®, Python®, Ruby, Delphi®, 
Flash®, or other programming languages. 
[0048] A number of software components are stored in the 
memory 406 and are executable by the processor 403. In this 
respect, the term “executable” means a program ?le that is in 
a form that can ultimately be run by the processor 403. 
Examples of executable programs may be, for example, a 
compiled program that can be translated into machine code in 
a format that can be loaded into a random access portion of the 
memory 406 and run by the processor 403, source code that 
may be expressed in proper format such as object code that is 
capable of being loaded into a random access portion of the 
memory 406 and executed by the processor 403, or source 
code that may be interpreted by another executable program 
to generate instructions in a random access portion of the 
memory 406 to be executed by the processor 403, etc. An 
executable program may be stored in any portion or compo 
nent of the memory 406 including, for example, random 
access memory (RAM), read-only memory (ROM), hard 
drive, solid-state drive, USB ?ash drive, memory card, optical 
disc such as compact disc (CD) or digital versatile disc 
(DVD), ?oppy disk, magnetic tape, or other memory compo 
nents. 

[0049] The memory 406 is de?ned herein as including both 
volatile and nonvolatile memory and data storage compo 
nents. Volatile components are those that do not retain data 
values upon loss of power. Nonvolatile components are those 
that retain data upon a loss of power. Thus, the memory 406 
may comprise, for example, random access memory (RAM), 
read-only memory (ROM), hard disk drives, solid-state 
drives, USB ?ash drives, memory cards accessed via a 
memory card reader, ?oppy disks accessed via an associated 
?oppy disk drive, optical discs accessed via an optical disc 
drive, magnetic tapes accessed via an appropriate tape drive, 
and/or other memory components, or a combination of any 
two or more of these memory components. In addition, the 
RAM may comprise, for example, static random access 
memory (SRAM), dynamic random access memory 
(DRAM), or magnetic random access memory (MRAM) and 
other such devices. The ROM may comprise, for example, a 
programmable read-only memory (PROM), an erasable pro 
grammable read-only memory (EPROM), an electrically 
erasable programmable read-only memory (EEPROM), or 
other like memory device. 

[0050] Also, the processor 403 may represent multiple pro 
cessors 403 and the memory 406 may represent multiple 
memories 406 that operate in parallel processing circuits, 
respectively. In such a case, the local interface 409 may be an 
appropriate network that facilitates communication between 
any two of the multiple processors 403, between any proces 
sor 403 and any of the memories 406, or between any two of 
the memories 406, etc. The local interface 409 may comprise 
additional systems designed to coordinate this communica 
tion, including, for example, performing load balancing. The 
processor 403 may be of electrical or of some other available 
construction. 

[0051] Although the GIMI application 415, application(s) 
421, and other various systems described herein may be 
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embodied in software or code executed by general purpose 
hardware as discussed above, as an alternative the same may 
also be embodied in dedicated hardware or a combination of 
software/ general purpose hardware and dedicated hardware. 
If embodied in dedicated hardware, each can be implemented 
as a circuit or state machine that employs any one of or a 

combination of a number of technolo gies. These technologies 
may include, but are not limited to, discrete logic circuits 
having logic gates for implementing various logic functions 
upon an application of one or more data signals, application 
speci?c integrated circuits having appropriate logic gates, or 
other components, etc. Such technologies are generally well 
known by those skilled in the art and, consequently, are not 
described in detail herein. 

[0052] Although the ?owchart of FIG. 2 shows a speci?c 
order of execution, it is understood that the order of execution 
may differ from that which is depicted. For example, the order 
of execution of two or more blocks may be scrambled relative 
to the order shown. Also, two or more blocks shown in suc 
ces sion in FIG. 2 may be executed concurrently or with partial 
concurrence. Further, in some embodiments, one or more of 
the blocks shown in FIG. 2 may be skipped or omitted (in 
favor, e. g., measured travel times). In addition, any number of 
counters, state variables, warning semaphores, or messages 
might be added to the logical ?ow described herein, for pur 
poses of enhanced utility, accounting, performance measure 
ment, or providing troubleshooting aids, etc. It is understood 
that all such variations are within the scope of the present 
disclosure. 

[0053] Also, any logic or application described herein, 
including the GIMI application 415 and/or application(s) 
421, that comprises software or code can be embodied in any 
non-transitory computer-readable medium for use by or in 
connection with an instruction execution system such as, for 
example, a processor 403 in a computer system or other 
system. In this sense, the logic may comprise, for example, 
statements including instructions and declarations that can be 
fetched from the computer-readable medium and executed by 
the instruction execution system. In the context of the present 
disclosure, a “computer-readable medium” can be any 
medium that can contain, store, or maintain the logic or appli 
cation described herein for use by or in connection with the 
instruction execution system. The computer-readable 
medium can comprise any one of many physical media such 
as, for example, magnetic, optical, or semiconductor media. 
More speci?c examples of a suitable computer-readable 
medium would include, but are not limited to, magnetic tapes, 
magnetic ?oppy diskettes, magnetic hard drives, memory 
cards, solid-state drives, USB ?ash drives, or optical discs. 
Also, the computer-readable medium may be a random 
access memory (RAM) including, for example, static random 
access memory (SRAM) and dynamic random access 
memory (DRAM), or magnetic random access memory 
(MRAM). In addition, the computer-readable medium may 
be a read-only memory (ROM), a programmable read-only 
memory (PROM), an erasable programmable read-only 
memory (EPROM), an electrically erasable programmable 
read-only memory (EEPROM), or other type of memory 
device. 

[0054] It should be emphasized that the above-described 
embodiments of the present disclosure are merely possible 
examples of implementations set forth for a clear understand 
ing of the principles of the disclosure. Many variations and 
modi?cations may be made to the above-described embodi 
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ment(s) without departing substantially from the spirit and 
principles of the disclosure. All such modi?cations and varia 
tions are intended to be included herein within the scope of 
this disclosure and protected by the following claims. 
[0055] It should be noted that ratios, concentrations, 
amounts, and other numerical data may be expressed herein 
in a range format. It is to be understood that such a range 
format is used for convenience and brevity, and thus, should 
be interpreted in a ?exible manner to include not only the 
numerical values explicitly recited as the limits of the range, 
but also to include all the individual numerical values or 
sub-ranges encompassed within that range as if each numeri 
cal value and sub-range is explicitly recited. To illustrate, a 
concentration range of “about 0. 1% to about 5%” should be 
interpreted to include not only the explicitly recited concen 
tration of about 0. 1 wt % to about 5 wt %, but also include 
individual concentrations (e. g., 1%, 2%, 3%, and 4%) and the 
sub-ranges (e.g., 0. 5%, l. 1%, 2. 2%, 3. 3%, and 4. 4%) 
within the indicated range. The term “about” can include 
traditional rounding according to signi?cant ?gures of 
numerical values. In addition, the phrase “about ‘x’ to y 
includes “about ‘x’ to about ‘y”’. 

Therefore, at least the following is claimed: 
1. A method, comprising: 
generating, by a computing device, a higher order internal 

multiple image using a background Green’s function; 
and 

rendering, by the computing device, the higher order inter 
nal multiple image for presentation by a device. 

2. The method of claim 1, wherein generating the higher 
order internal multiple image comprises: 

back propagating data to an imaging point; 
cross-correlating the data with itself; and 
cross-correlating the result with the background Green’s 

function. 
3. The method of claim 2, wherein the data is cross-corre 

lated with itself a plurality of times. 
4. The method of claim 3, wherein the plurality of cross 

correlations are based upon the order of scattering. 
5. The method of claim 4, wherein the data is cross-corre 

lated with itself N—l times, where N is the order of scattering. 
6. The method of claim 1, wherein the higher order internal 

multiple image is generated without modeling scatterers. 
7. The method of claim 1, wherein the background Green’ s 

function is obtained using an eikonal equation. 
8. A system, comprising: 
a computing device; and 
a generalized internal multiple imaging application execut 

able in the computing device, the generalized internal 
multiple imaging application comprising: 
logic that generates a higher order internal multiple 

image using a background Green’s function; and 
logic that renders the higher order internal multiple 

image for display on a display device. 
9. The system of claim 8, wherein the logic that generates 

the higher order internal multiple image comprises: 
logic that back propagates data to an imaging point; 
logic that cross-correlates the data with itself; and 
logic that cross-correlates the result with the background 

Green’s function. 

10. The system of claim 9, wherein the data is cross 
correlated with itself a plurality of times. 
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11. The system of claim 10, wherein the plurality of cross 
correlations are based upon the order of scattering. 

12. The system of claim 9, Wherein a dot product is used to 
suppress cross-talk noise in the higher order internal multiple 
image. 

13. The system of claim 8, Wherein the higher order inter 
nal multiple image is generated Without modeling scatterers. 

14. A non-transitory computer readable medium having a 
program that, When executed by processing circuitry includ 
ing a processor, causes the processing circuitry to: 

generate a higher order internal multiple image using a 
background Green’s function; and 

render the higher order internal multiple image for display 
on a display device. 

15. The non-transitory computer readable medium of claim 
14, Wherein generating the higher order internal multiple 
image comprises: 
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back propagating data to an imaging point; 
cross-correlating the data With itself; and 
cross-correlating the result With the background Green’s 

function. 
1 6. The non-transitory computer readable medium of claim 

15, Wherein the data is cross-correlated With itself a plurality 
of times. 

17. The non-transitory computer readable medium of claim 
16, Wherein the plurality of cross-correlations are based upon 
the order of scattering. 

18. The non-transitory computer readable medium of claim 
14, Wherein the higher order internal multiple image is gen 
erated Without modeling scatterers. 

19. The non-transitory computer readable medium of claim 
15, Wherein zero-lag cross-correlation is used to suppress 
cross-talk noise in the higher order internal multiple image. 

20. The non-transitory computer readable medium of claim 
14, Wherein the background Green’s function is obtained 
using an eikonal equation. 

* * * * * 


