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Abstract. The commonly applied methods for seismieeision are based on some
drastic assumptions garding the knavn background or macrcelocity model and
the data acquisition, that limit their applicability in geologies of realistic codityple
or to realistic, noisy and incomplete, data sftse background is usually assumed
smooth, often to such a glee that the awefield can be described by simple ray
theory without caustics or multipathing; the data are assumed to be complete and
noise-free. Correspondinglyhe algorithms for ray-based Gregrfunctions are,
until now, mostly dereloped for smooth mediaTo be ele to image in realistic
backgrounds and with realistic data sets, the assumptigagohise wealened. This
must be done on twfronts: the imaging formula and the Gresefiinctions. Anew,
generalized, imaging formula has beewegped that taks into account that real
data are incomplete, noisy andvba Imited frequeng band. Anew approach for
Greens functions allavs the backgrounds in theversion to be non-smooth, and
accounts for reflected and transmitted ray fields klyemzing the ray tracing
recursvely. Combined, the tw goproaches allw a g/stematical taget-oriented
inversion, in which upper parts of the Earth model are assumeainkaad fixed,
and the attention is concentrated on important detailsvbelthe nev imaging
formula, together with the realistic Gregfinctions, has been successfully applied
on the imaging of a complicated horst structure from the North sea.
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1 Introduction

A seismic irversion in a realistic background remains a challengm dor 2D
problems, because of the absence gfapriori symmetry An advanced inersion
formula, reducing iversion to a sort of migration, has been suggested lyjkiBe
(I2], [3]), and applied with relate siccess ([7], and othersNevertheless, this
formula has a limited applicability in areas with a realistic cowifleor for
realistic seismic data acquisition¥he inversion is based on the generalized Radon
transform, which supposes that for &egi background and a gen source/receier
acquisition, there»asts a one-to-one correspondence between a record sample and
the parameters of an isochron crossing a background pbBin in a layered
background this suppositiorails due to ristence of up- and @mgoing rays,
crossing the background poinBesides, the iwersion formula is not alid for



incomplete data (for instance, reflection data from a naggerture acquisition),
also it is hard to adapt the formula for data fromva $eurce/receier pairs, noisy
data, narrev frequeng band signal, etc.Also, its \alidity depends strictly on the
validity of ray theory which, despite the computational speed of ray tracing, is rather
limited. Thatis why it is preferable to deal with anvarsion based on a general
wave field evaluation, rather thanxglicitly on ray theory The irversion formula
suggested by Ryzhik and Troyan ([12], [13], [14]) allevs to perform "vavefield +
Born" -, or "wavefield + linearized response”-viersion. A detailed dexation is
included in the appendix.

Based on this more generalizedersion scheme, this paper presents an attempt to
image a complicated horst structure in the North SBae background, or the
macro-\elocity model, is allwed to be non-smooth in this numericaperiment.

The Greers functions are pnided by the recurge ®ismic ray modeling scheme
(9], [210], [11]), which is summarized b&lo To show the viability of the proposed
imaging scheme, thevarsion of a synthetic data set is presented in this paper; real
data are iverted by the same scheme in [10].

2 Inversion

Let us try to summarize wtso degant a concept on the interpretation of dynamical
seismic data as the generalized Radon transfails) fvhen it is applied to vareal

data. Mathematicallythis is caused first of all by the backgroundzreens
function, appearing in the Lippmann-Schwinger equatidn. deal with data in
terms of the first Born approximation lifear’/ single-scattering’single-
diffracting’), we hae o gart from the backgrouns'Greens function beingdr from

the ray-theoretical one, otherwise wevéap include may, or even an infinite
number of terms in the Born series (e.g. a perturbatioe kkll layer can be
represented only by an infinite number of termge want to maintain the concept

of an irversion of the generalized Radon transform, then tk Bcobian of the
mapping from local parameters describing an isochron to a generic soureefrecei
location shouldxst. Apartfrom that, there should be a one-to-one correspondence
between the paisample of a source-rewei pair record’ - location + orientation of
isochron’ (for a 3D problem these are 3 parameters of a plane, tangent to an
isochron). Theseequirements ha quite drastic consequences for th&ension.
Namely they imply that:

a) the reference medium should la@ly simple: a signal propagion just in terms

of rays (@ery sample has itsven 'travel time’; every unit wolume element of the
medium preides a piece of information that, for asgn source-receier pair record,

is associated just with the pair of rayurce - medium point - reeei’), no
caustics, no shadozones, locally plane isochrons, etc. (which is radidveven for a
stratified reference medium or a medium with a constalucity gradient). Note

that the representation of a (generally edgfvisochron by a plane is only locally
valid, in a vicinity of the touching point of the tangent plane to the isochron (e.g. for
a anall object in adr field zone of a near to homogeneous reference medium);

b) the efect of the reference medium perturbation should be linedich



corresponds to a weak and single scatterirfgadition;

c) for a gven source the spatial parameters of the nemeshould run @er the full

sphere surrounding the ¢gt of the imaging.This may be realizable in technical
devices (e.g. tomograph)ubit is unfeasible for lots of remote sensing, gesptal,

and technical problems, that naturallyfsuffrom a finite apertureAny attempt to
complete the data by an interpolatiottfapolation in data space indirectly induces

an a priori representation of reconstructed medium parameters (e.g. a smoothing of
data is associated with a corresponding smoothing of wnkmoedia parameters -

hard to analyze).

Mathematical problems arise already when the ray-theoretical representagioly is f
good, lut apart from that, we ke ©:

1. introduce a non-smooth reference model (e.g. layered medium);

2. use a sounding signal of a finite frequemand, i.e. a signal of finite time
duration, not a delta impulse;

3. deal with data from acquisitionvislving a fev sources: it is hard tovaid
overlapping of data;

4. interprete data from a realistixperiment design.

Besides, as a rule real data are incomplets dreenot gven in continuous-, ht in

digital form, and the set of rewer positions is finite, sparse oven random. Also

the data are noisydue to \ariety of knavn and unknen sources; this mals
regularization dificult. But, of course, the main problems are generated ayew
phenomena, which depend upon medium supposed to benkagriori and upon

the ratios dominant vavelength/perturbation size/source-object-reeetistances’.

Very often such phenomena can not be described properly in terms of the ray theory;
the latter is the base to treat dynamical data in terms gfraisewer isochrons.

Therefore we follw another way, which is not so strongly associated with the
kinematics of first arvials. We gdart from realistic assumptions about the data,
taking into account their strong incompleteness, i.e., their inadgdoiaetermine

the unknavn medium parameterd-or example, for seismicxploration the data are
represented by unstaak digitized finite-band noisy seismograms, recorded by a
sparse and probably random net of sources andveeseiThe stratgy of our
approach is tied to dealing with suchgsents of data, which can be decoded
properly It means that these gments should be described by a linearized dodw
model with an accurgdnduced by thealue of data noise, - the latter is caused by
the plysical rayistration channeind unidentified sourced.he proper input for the
inversion are data residuals: obssuhvdata reduced with theawefield evaluated for
unperturbed backgroundNote here, that such a reduced data set can be easily
obtained directly in a problem of reconstruction of inclusions in a laterally uniform
background or in a problem of seismic monitoring: these are jdstatifial data.

The irverse problem is posed as an optimization one: to find the perturbation of a
background, that pwides the best fitting of corresponding synthetic (linear)
responses with input data for all source-reaepairs. Thelinear response, caused

by a wlume unit perturbation consists ofvakiation of the wave field in a



background generated by a source (incomiagefield); application of an operator
of interaction - the result can be interpreted as a secondary sotaloatien of the
wave field (inthe background), generated by the secondary source (outgaireg w
field). Theoperator of interaction consists of & ¢fret-dervative o a waveoperator
with respect to medium parameters; e.g. for the acoustre@guation this operator

is the well-knavn second time dertive, other eamples of Frehet
deriatives/operators of interaction for an arbitrary background arengin [12].
The actual imersion formula is the result of a simplified solution of the optimization
problem, and pnaddes the local iwersion, just as Bgkin's formula does: to get the
result of irversion in a gien volume, we need to collect just linear responses of data,
induced by unit perturbation in thi®hame only It allows to parallelize the urerse
problem \ery eficiently. The formula can be interpreted as falf to reconstruct
the \alue of perturbation in agn volume, it is necessary twaluate a correlation
coeficient between data residuals for all (vel®) source-receer pairs and all
linear responses induced by a unit perturbation in thengiolume element.This
correlation codicient contains aaictor being a ratio of anverage amplitude of data
residuals andwerage amplitude of linear responses.

A short summary of our approach is follmg (a detailed devation is given in the
appendix):

1. No need to deal with ray/isochron representation: thersion is &pressed in
terms of in- and outgoingavefields in a reference medium, no mattewtibey are
evduated (e.g. by finite diérences). Thisllows an essential reduction of errors,
that is to be accounted for by a proper fardvmodel, being a base fowansion.
When the approximation ray + Born is adequate to real phenomena, oardorw
model is the same as the ventional one, rcept that we takinto account directly
the efect of raistration channel (to be realized a channel shoule tz fnite
frequeng band).

2. The algebraization/discretization of the problem is straightfaw- it
corresponds to finite number of records with digital data.

3. The problem is then reduced to an optimization one, thaisatio treat ill-posed
problems properly

It is evident that strong perturbations generally can notdpeessed in terms of the
Born/generalized Born finite seriefor example, if the perturbation of a stratified
reference medium is represented by a thick lajeleads to a phase shift with
respect to the propaton in the reference mediunThis shift can not be described
properly by the first term of the Born series, nor by finite number of terms.
However, there are data gments that can be represented well as linear response.
For example, when anwerburden is knan and our problem is to reconstruct an
unknowvn interface of a bedrockAlthough the linear response is natlid for the
transmitted data, it is then still a good approximation for the shizetofeflected
data. Inour numerical ®periments we supposed that these data can be simulated
with the Born-difractors located in a vicinity of the intade [4]. The solution of a
more general 3D nonlineanierse problem ws shan in [14].



3 Recursive construction of Green’s functions

Like the one presented in this papeost irversion schemes heity rely on the
possibility of a computationallyakt forvard modeling of the awvepropagtion, or

the aailability of Greens functions for the \ave equation, in a presumed kmo

Earth model (i.e. reference- or background model, see appendix equations [A4] and
[A5]). Although the proposed irersion procedure isalid for ary type of forward
modeling, ray theory still prades by &r the &stest algorithmsThe ray-theoretical
representation of the Greenfunction isG(x, y, @) = > A(X, y)expiaTi(X, V),

K
where T, (X, y) is the traveltime between tw locationsx and y, A(X, y) the
corresponding (possibly complealued) amplitude and the summatiomero k
accounts for multipathingln recent years, schemesvlaaeen degeloped for ray-
based isochron- oravdront tracing in smooth media without reflecting inteds

(5], [6], [15], [16], [17]). They construct the Grees'function for one fird pointy

(for instance a source or reeai point) and for x running wer the model, by
propagiting a set of rays frony and resample the rays at each computed ne
isochron, in order to achie a uwiform coverage of the model by raydn such a

way recever captures are easily detected and each time #ednont passes a
recever point the ray quantities necessary for a localation of the vave field

(arrival time, amplitude, phase shift) can be easily assessed by a simple interpolation
from neighboring raysBy allowing the wavefront to fold over itself at caustics, the
algorithms properly tak multivaluedness into accountThe two-point raytracing
problem is thereby eliminated, and the whole model is filled with (possibly
multivalued) ray arwals.

The Born approximation for scattering by an obstacleal& wnder the condition

that the magnitude of the scatteredve measured in some norm, is much smaller
than that of the incoming- or referenceawe This implies that it is a weak-
scattering- and lo-frequengy approximation (refer to appendix equation [A10]),
contrary to the ray-based Gregrunctions, which are high-frequent approximate.

A successful application of Greanfunctions in Born iversion therefore depends

on hav small the scatterer is, in otherowds, the allwed dgree of compleity of

the background; the more realistic the background, the smaller is thewmkno
scatterer and the better is the imagay-based Greesfunctions in smooth media
impose seere restrictions in this respect, for ariety of reasonsWhen a smooth
background is to be impved in order to approach a non-smooth reality (according
to criteria not discussed in this paper), the ray fields become more and more
multivalued. Asa result, this implies that the computation time, for the Gseen’
functions as well as for the imaging, increases accordinggo, along the caustics

the ray-amplitude is infinite, so that the image quality is distorted (often only thanks
to numerical inaccuracies a complete breakstdos prevented). Neat, for a
sufficient accurag the intgration step-size along the rays has to decrease,
increasing agin the CPU.Finally, ray theory is not alid ary more in smooth, ot
rapidly varying media, and does not represent more the actual (finite-frequeyc

wave field. Theeffects of such fields on the image quality isvghan the section 4.



All these considerations muéte the introduction of discontinuities in the
background and modify the smooth medisin@reens functions algorithms to
include reflections and transmissior@ne disadantage of non-smoothness is that,
unless difractions are tadn into account (which isxpensve), it can introduce
shadav zones in the Grees'functions. Havever, we think that, as long as the
Greens functions from all data points together yide a suficient coverage of the
target reion, imaging with shadw zones, i.e. zero amplitudes, is to be preferred to
imaging with caustics, i.e. infinite amplitude&part from difractions, the ray- and
wave field is already considerably more complicated in presence of discontinuities
than in smooth models, due to multiple reflections, which theesetvay be
multivalued a@in, not only because of smooth modatiations, lnt also because of
possible curature of the discontinuitiesThe oganization and storage of all these
different phases can cause formidabléatifties.

Table 1. Synthetic elocity model Table 2. Brage elocity model
Layer \&locity (km/s) Layer Name Velocity (km/s)
1 15 1 water 1.478
2 22 2 upper sediments 1.900
3 29 3 Tertiary | 2.020
4 24 4 Tertiary Il 1.815
5 29 5 Cretacious 2.680
6 34 6 Balder 2.350
7 42 7 Shetland 2.950
8 Draupne 2.900
9 Fensfjord 3.464
10 Brent 3.100
11 fault zone 2.800
12 Shetland 3.100
13 Statfjord 3.500

distance (km)
o 1 2 3 4 5 6 7 8 9 10

Fig. 1. Synthetic elocity model. The labels correspond to layersif@ied in Bble 1. The gray scale
represents elocities. The box bounds the dat rgion. The dots along the sade denote the

shot/receier locations.



distance (km)
o 1 2 3 4 5 6 7 8 9 10

2
-1 .
depth (k ; S @ W N>/
3% By >
— — — N~
1 <
7

\

4 6

5

Fig. 2. Recursie raytracing of one ray cell in the synthetic modetarEmissions and first order
reflections are shen.
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Fig. 3. Synthtic section for a shot at 1.0km in the synthetic model, computed by vecasgracing.

Only first order reflections are shin. The labels refer to the layer in which the reflection occurred. The
arrivals labeled 5 and 6 are used for the images in Figures 4 tavéety 10 Hz Gabor

A recursve reatment ([9], [10], [11]) soks these problems bywveesing the order

of the computations; instead of operating withvefronts and isochrons, it avks

with only one ray cell at a time, defined byotwWin 2D) and three (in 3D)
neighboring rays and twsuccessie isochrons. Thigay cell is originated at a
source point or at an initial sade, and propaged all the &y through the medium
until it meets some termination criteriot interfaces, the ray cell splits into a
reflected and a transmitted cell, that both continue their way, independently
from each other Both cells possibly hit e interfaces, each time generatingwmne
offsprings, that beha& dmilarly to the original cell. The tree structure of ray
segments, that thus appears, is wanently handled by recursionThe storage
requirement for the tree is gl@ible, because it depends only &ghmically on the
number of subdisions in the &mily of one initial cell. One particular adantage of
recursion is that all rel@nt phases on a seismic section are generated automatically
without human interaction, together with all information necessary to analyze or



select them; this adwtage has beerx@oited in phase identification inextical
seismic profiling [10]. A detailed description andvauation of the recursion
algorithm is gven in [10], both in 2D and 3DAIso in [10], an approach to include
edge difractions in the recursion is presentedfrditions fill in shadw zones, it
may be gpensve.

4 Numerical tests

The numerical tests ki@ been performed on wvmodels, a synthetic model, to
illustrate the statements in the yirs sections, and a real model, the Brage oil field
from the Northern part of the North Sea, which is in production by Norsk Hydro.
both cases synthetic data are used, in the synthetic modaqurdy raytracing, in
order to isolate possible imaging adefs, in the Brage model piided by a finite-
difference solution of the aveequation, in order to test the viability of the imaging
formula, without interference of typical problems of real datee (fikise, multiples,

3D effects, elastic éécts, or inaccurate information on theadurden). ReaBrage
data are iverted with the same imaging technique and with non-smooth meslium’
Greens functions algorithms in [10].

The synthetic model is stvm in Figure 1 and itselocities (constant per layer) are
takulated in Bble 1. Special attention is gen to the 'channel’ structures, labeled
'6’ is Figure 1. Figure 2 illustrates the recwsi raytracing of one cell in the

distance (km)
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Fig. 4. Isochrons of the Greenfunction in a constant background (ao Rays are not shm. The
reconstructed image in the get region is shavn belav (gray scale: perturbation of squarednsiess on

original model, thin lines: original intextes).
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Fig. 6. Isochrons of the Greenmfunction in a rapidly arying background (alke) and image belonging to
it (below).
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Fig. 7. Isochrons of the Greenfunction in a non-smooth background (e¢)oand image belonging to it
(belaw).

synthetic model.For a complete cwerage of the model, and to obtain the shot
record in Figure 3, ray cells are initiated in al directions from the source pnint.
Figure 2, one sees Wwpdready from one initial cell, a quite complicated tree of ray
segments, reflected and transmitted, emanafésnks to the recunst aganization,

it is possible to accumulate the ray history along the ray and to distinguish the
phases in Figure 3 by the layer in whichytiveere reflected.46 locations act as
sources and reaedrs in the synthetic model, from where Greefoinctions into the
model are calculated32 recever locations symmetrically around each source point
are irvolved in the imaging.Figures 4 to 7 shwe the imaging with the formula
[A19] (appendix), for a sequence of reference models that are increasingly xomple
and close to the actual modéh Figures 4 to 6, the reference models are smdbth.

is clearly visible hw the Greers functions become more and more nwaltied,
developing caustics and finally distorting the image quality (Figure Fyure 7
shaws the imaging with a non-smooth reference figthadav zones appeabut the
Greens functions are much less mubiued andherefore realistic, and the image is
correspondingly better (and cheaper to compute).

An interpreted depth section of the Brage model isnshin Figure 8 and its
velocities are tablated in Bble 2. It contains lots of difacting edges, so that the
ray field is disconnected andrebits shadw zones (Figure 9, for one initial cell,
and Figure 10 a shot recordYet, a comparison with finite-dérences, which is
supposed to pride the complete awefield (at the gpense of a much higher CPU)
shavs agreement to a high glee in arwa times, amplitudes and phase shifts
(Figure 10 aginst 11). The data acquisition used for the imaging isutated in
Table 3. The non-smooth reference model has been chosen equal telticéyv



Table 3. Data acquisition in Brage

Number of shots 400
Number of recejers/shot 120
First shot location (km) -10.0
Shot location increment (km)  +0.0375
First recever off set (km) +0.1375
Recever offset increment (km)  +0.025
Shot/recaier depth (km) +0.008
Sampling rate (s) +0.002

distance (km)

-4 -35-3-25-2-15-1-050 05 1 15

1

depth (km) 1.5
2
25

Fig. 8. The Brage elocity model. The labels correspond to the stratigraphic unitgatall in Bble 2.
The gray scale representacities. The black dots denotefditting edges.
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Fig. 9. Recursve raytracing of one ray cell in the Brage modehrismissions and first order reflections.
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Fig. 10. Synthetic section for a shot in the Brage model at -3.9km, computed by vecaysiacing. The
labels refer to reflections on the bottom of layers in Figurea®dét: 30 Hz Gabor
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Fig. 11. Finite-difference section for a shot in the Brage model at -3.9km. The labels areftai

Figure 10. The awils labeled 12 are used in theérsion to obtain the image of Figure 13aWdet: 30
Hz zero-phase Riek



distance (km)

Fig. 12. Non-smooth reference model fowvension. The taget is bounded by the rectangular box. The
g\?:eg/kscale representslocities. The thin lines denote the isochrons of the Gdenction for a source at
-3.9 km.

distance (km)

21-3.75 -35 -325 -3 -275 -25 -225 -2

depth (km) 2.35

2.6

Fig. 13. Image of the horst interioThe gre scale denotes the reconstructed perturbation of the squared
slowness on the reference modeleagi in FHgure 12. The thin lines represent the geometry of the Brage-

model, in which the (finite-diérence) synthetic datavebeen generated (see Figure 11).

model from the interpreted depth section (Figure 8),aasa$ the werburden is
concerned (indicated by indices 1 to 6), and chosen equal to a constant
representadie veocity in the laver part of the modelThe taget zone is bounded by

the rectangular box in Figure 12 and contains the most important, inparioof the

horst. Alsoshavn are the isochrons of the Greerfunctions for an xemplary
source point at -3.9km.The image devied from the finite-diference data is
displayed in Figure 13.The geometry of the intex€es is ®ry accurately
reconstructed. Dynamicahformation is &ailable as well, in the form of a
reflectvity measure; the righ&atilt has a sharp contrast, tlailt on the left almost

no contrast.
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Appendix - Imaging formula



Scattering phenomena for the scalaveequation
Po(x, 1) _
R

can be analyzed by separating the squareunsissu?(x) in a reference field and a
perturbation on it:

(X, t) = U3(X) S(x, 1) [A1]

U?(x) = Ug(x) + eui(x) , [A2]
and epanding the avefield ¢(x, t) in a Born series
#(x, 1) = Zos"aﬁn(xy t). [A3]
n=f

Inserting [A2] and [A3] in [A1] and collecting the® terms gves the wave
propagtion in the reference model:

2
Ago(X, t) — U3(X) % =5(x, 1), [A4]
which is formally soled by the Greer’functionG(x, v, t, 7):
¢O(Xv t) = J I G(X1 Y, t! T)S(y, T) dydT . [A5]

In [A5], M denotes the spatial support of the gngend; the time ingration etends
from — oo to + oo, but in practice wer the length of a seismic tracén [Al], [A4],
and [A5], S(x, t) denotes the source densityor a point source, located &,

S(x, 1) = 6(x = xg)s(t) [A6]
and
do(X, X 1) = J’ G(X, Xs, t, 7)s(z) dr . [A7]

Collecting thes! terms results in the equation for the first-order scattering:

2 2
Boa(, ) = B0 T = g TOOOLD (A

which is agin formally soled by the Greer’function

+ 00 02 ,
xx 0= [ [ 6x it ) P9 dy e (9]

The frequeng domain expression for [A9] reads

61(X, @) = - &? J G(X, Y, @)ui(y)po(x, @) dy . [AL10]

For a reference waveexcited by a point source (see [A7])



+ 00

62 ’ Sy
ulx %)= [ GO vt N AL

S dyde. (ALY

The image is dered from the least-square misfit between the first-order scattered

wave and the obsemd waves®™:

+ 00

F[uz] = % E I (¢O(er Xss t) + ¢1(Xri Xss t)[uz] - ¢ob5(xr’ Xs» t))z dt .[A12]

In [A12], the summation isv@r al sourcesxg and recaiers X, available in the data
acquisition. Hereand in what follovs, we pute = 1. F[u?] is a functional, that
assigns a real number to each squaredrsss distribtion u?(x); the dependence
on u? is denoted by square bratk. Itsgradient with respect to?, O..F[u?], is a
function of a spatial locatioy. In the first Born approximation, the scattereavey
¢, depends linearly on?, and F[u?] has one minimum, which folles from

OpF[u?(y) =0. [A13]
An expression fof]:F[u?] is cbtained by diferentiating [A12]:

DUZF[UZ](y) = E I (¢O(Xr’ Xss t) + ¢1(er Xss t)[uz] [Al4]

- ¢0bS(Xr’ Xss t))[lu2¢l(xr! Xss t)[uz](y) dt .

In [A14], Oyeé1(X,, Xs t)[U?](y) is a function denoting the gradient of the scattered
wave with respect to the squared witess perturbationlt can be gpressed with
help of [A11]:

I(er Xsr Y, t) = Du2¢1(xl’= Xs t)[uz](y) =
e 0° [A15]
= J' G(X;, Y, t, 7) 3.2 oo(y, Xs, 7) dr .
- 00 T
The solution to [A13] can be found bymanding,.F[u?] around the reference

field u3:

O FIUI(Y) = O FIugl(y) + K[DuzﬂuzF[Ul(z)](y, 2)(uX(2) - u3(2) dz. [a16)

The Hessian operator &u?] is represented by the ingeal kernel
+ 00

OweOeF[udl(y, 2) = é J' (X, Xs, Vs O1(X;, Xg, 2, 1) 0t . [A17]

Folowing [1], we approximate the Hessian by replacing it by its diagonal:



+ 00

OweOeFludl(y, 2) DE J’ L(X,, Xs, Vs )1(X,, Xg, Z, 1)8(y — 2) dt

The image follavs then from[A13] and [A16]:
uE(y) = u*(y) - ug(y) =

+ 00

E I (¢0(er Xss t) - ¢ob5(xr, Xss t))l (er Xs: Ys t) dt

+ 00

2 [ 1 xs y, )7 dt

r,s
- 00

. [A18]

[A19]

The enumerator of [A19] is proportional to the data misfit aadishes for a
background equal to the real mod@he denominator is referred to as information
sensitvity and quantifies the possibility to reconstruct the imageng ertain data
acquisition. Theimplementation of [A19] requires Green'functions to be

calculated for all source and reamilocations tavards the taget region.



