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and in the context of this disclosure, as shown in

Figure 1, sensors such_as 100, 101, 102,..., 10i (where
i+l is the number of sensors deployed) may be laid

15 directly on the sea floor 12 beneath a body of water
13. The sensors, lOi, are mechanically electrically or
optically interconnected by signal communication
channels in a bottom cable 16. The cable and its
included communication channels are further coupled to

20 data-recording and processiﬁg equipment mounted aboard
a seismic service ship such as 18, as is well known in
the art.

A sound source 20, which may be operated fro a

shooting ship 22, generates an acoustic wavefield 24 in

25 the water at a succession of designated stations over
the survey area. The source-station spacing is usually
25 to 50 meters, comparable to the spacing of the



- 2- seism c sensors 10[err] nounted on or in the bottom cable 16.
The wavefield propagates radially in all directions to insonify
sub-bottom earth ‘layers (not shown in Figure 1) whence the wavefield is
reflected back towards the 5 sea floor 12 where it is detected by fhe
sensors 10[err]. The sensors convert .the nechanical earth notions or
wat er pressure variations, due to the refi éct ed seisnic wavefield, to
anpl i t ude- nodul at ed el ectrical signals. The signals are recorded for
archi val st or ageedstiicl Gepsorspd.0; prountiefy opr ¥edde§hien betitenb srabd elat a-
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10 perhaps, partially processed in ship-borne data-
recording equipment following discretization, all
functions which are well known to the art. The recorded
seismic data are processed to provide a representation
of the topography of selected sub-sea strata using any
15 well known data-processing sequence.

Sensors used in marine seismic exploration are
usually pressure-sensitive hydrophones. For certain
projects, particularly those using ocean-bottom cables,
geophones that are responsive to particle velocity may

20 be used in combination with the hydrophones in the form
of dual-mode sensors.

For purposes of this disclosure, the term dual-mode
means sensors such as 26 and 28, Figure 2, which are of
different genera but which are used jointly to register

25 a common seismic wavefield. They may either be mounted
together in a single case, such as 29, or they may be
separate packages that are laid closely next to each
other on the water bottom. In some instances,
accelerometers may be substituted in place of or in

30 combination with the hydrophones. Accelerometers are
responsive to changes in particle velocity with respect
to time.

Reference will be made to seismic signatures. For
purposes of this disclosure, a seismic signature is

35 defined as the variation in phase and amplitude,
expressed in the time domain, of the signal level of a
quantity under consideration such as water pressure or
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10 trace density is a measure of signal amplitude.

Seismic signals are usually contaminated by noise
which may be random or coherent. Noise is defined as
any unwanted signal such as the random noise of a ship’s
screw, marine-life conversations, wind noise or crashing

15 of waves. Random noise of that ﬁype may be reduced by
temporal or spatial filtering.

The acoustic wavefields are not only reflected
from subsurface earth strata but may also be reflected
multiple times between the sea floor 12 and the sea

20 surface 14 such as ray path 30, Figure 2 much like the
multiple reflections as seen in the mirrors on opposite
walls of a barber shop. Both the sea floor and the sea
surface are efficient reflectors having a coefficient of
reflection that wmay approach unity. Reflections from

25 the water surface, also referred to as ghost
reflections, may have a very high amplitude and often
reside in the same part of the seismic spectrum as
desired primary reflections. Multiple reflections of
whatever type constitute a severe type of coherent noise

30 that is not necessarily amenable to attenuation by
temporal or spatial filtering. Interbed multiples from
deep-seated strata, such as 32 of Figure 3, may further
complicate matters.

"This disclosure is concerned with measuring the

35 ocean bottom reflectivity coefficient for the purpose of
attenuating so-called first-order peg-leg multiples.
According to R. E. Sheriff’s 'Encyclopedic Dictionary of
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field which somehow must be removed from seismic data.

15 Multiple contamination is most troublesome in the
presence of relatively flat-lying earth layers.
Multiples cannot exist if the bedding planes of the
respective strata exhibit significant dip on the order
of 15° to 20° or more. ) '

20 US patent 5,365,492, issued November 15, 1994, to
William H. Dragoset and assigned to the assignee of this
invention, teaches a method for canceling ghost
reflections. In that method, a geophone and a
hydrophone are co-located so as to see both the pressure

25 sgignature and the velocity signature characteristic of a
particular seismic transient. The pressure signature is
adaptively filtered and subtracted from the velocity
signature to isclate a nearly pure noise signature. The

' noise signature is added back to the velocity signature

30 with opposite sign to clear away the embedded random
noise, leaving a refined velocity signature. The
refined velocity signature is scaled and summed with the
pressure signature from the hydrophone to cancel the
coherent noise of the ghost reflection. The step of

35 scaling requires an accurate knowledge of the water-
bottom reflectivity, a quantlty that is merely estimated
in that reference. '



Expl orati on Geophysics, 1991 edition, a peg-leg ~ multiple is defined as
a nuktiple reflection involving - successive reflection between different
i nterfaces so that its travel path is non-synmmetric. Figure 3 shows 5
vari ous exanples of possible nmultiple trajectories. The first, second
and fourth trajectories are representati 4e. of first-order peg-leg

mul tiples, involving surface (ghost) reflections, and which are
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| pressure and velocity 51gnals to determine only up-going
energy. The up-going energy is transformed to the
frequency domain and multiplied by an inverse Backus
, operator (1+RZ)2. For a selected frequency, the total
20 energy is minimized for incremental values of the water-
bottom reflectivity coefficient, R, using an iterative

optimization computer routine assuming a water depth Z.

It is the intent of this disclosure to provide a
convenient method for determining the water bottom

25 reflection coefficient and the water depth using the
data derived from dual sensors.

This is a method for measuring the reflectivity
coefficient, R,, of an earth layer that defines the
bottom of a water layer. The method uses routine

30 seismic data from each of a plurality of seismic sensor
stations. Each sensor station is equipped with a dual-
mode seismic sensor for detecting velocity and pressure
signatures which are formatted in the time-space domain.
The velocity and pressure signatures are resolved into

35 ‘up-going and down-going wavetrains. The up-going and
down-going wavetrains are transformed to the
frequency/wave-number domain and iteratively cross



35 scaling requires an accurate know edge of the water- bot t om
reflectivity, a quantity that is nerely estinmated In that reference.
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the products are iteratively cross-correlated,

10 discretely perturbing R, after each iteration. The
final value for R,, upon convergence to a minimum; is
the reflectivity coefficient at the selected sensor
station. '

The novel features which are believed to be

15 characteristic of the invention, both as to organization
and methods of operation, together with the objects and
advantages thereof, will be better understood from the
following detailed description and the drawings wherein
the invention is illustrated by way of example for the

20 purpose of illustration and description only and are not
intended as a definition of the limits of the invention:

FIGURE 1 is a schematic view of the manner of
deployment of ocean bottom cables and dual mode sensors;

FIGURE 2 shows the trajectories of a ghost

25 reflection and a primary reflection with respect to a
dual mode sénsor;

FIGURE 3 illustrates several different first-order
peg-leg multiple trajectories.

Figures 1-3 were discussed earlier but occasional

30 reference hereinafter may be made thereto.

The theory of multiple reflections and various
methods for attenuating same is thoroughly discussed in
the '472 patent. It was shown in that patent that
first-order peg-leg multiples may be successfully

35 eliminated by application of the inverse Backus operator
to the frequency-domain sum of the velocity and pressure



‘optimzation conputer routine assuning a water depth Z It is the
intent of this disclosure to provide a conveni ent nethod for

determ ning the water bottom 25 reflection coefficient and the water. depth
usi ng the data derived from dual sensors. This is a nethod for
measuring the reflectivity coefficient,-Rb, of an earth layer that

. defines the bottom of a water |ayer. The nethod uses routine 30 seisnic

data from each of . FAY ei sni M 4 | ! or
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vel ocity and presteps: signatures which are formatted in the tinme-space
domai n. The velocity and prggfuLeysigpatures are resolved into 35

up- goi ng and down- goi ng wavetrains, The up-going and down- goi ng
wavetrains are transformed to tf842%) =f FEGud§®Wwave- nunber domain and

iteratively cgoss - . 81(Z) = S(Z) x (1+R,Z,)?%. -6- _ _
correlated. The tine la ,thg{,na imzes the ¢cros rrelatioon function

S- co
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and domn-goifg tégféégéasbaﬂgﬁﬁﬁﬂﬂogs then iteratively computed,
discretely perturbing R, after each iteration. The
value of R, at minimum power is the local water bottom
reflection coefficient. A drawback to that method is
the need for getting the water depth from some
15 independent source. Concomitantly, the computations are
not very efficient.

In US patent Application 08/651,994, previously
cited, and of which this application is a continuation-
in-part, it was shown that the water depth can be

20 derived by resolving the velocity and pressure
signatures (V and P) received by a dual-mode sensor by
summing V and P to isolate the up-going signal U =(V+P),
and differencing V and P to sequester the down-going
signal D=(V-P). U and D are transformed from the t-x

25 domain to the f-k domain to provide. the complex
amplitude spectra UP(Z) and DN(Z) respectively. A time-
delay operator 7 is applied to UP(Z) which is then
cross-correlated with DN(Z), discretely perturbing 7
after each iteration. The lag time 7 that maximizes the

30 cross-correlation function is the two-way travel time in
the water layer. The Z transform of 7, Z,=e'" may now
be introduced into the inverse Backus operator (1+R,Z,)2.

That method for measuring the water depth for use
with-the inverse Backus operator depends upon reception

35 of the ghost reflection as shown by the ray paths of
Figure 2 and upon knowledge of the water-surface
reflectivity coefficient, which is near unity and,
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the inverse Bac er af frequency-

dirA pEEseP cthat only the peg-leg reverberations

described by the Backus operator Bop=1/(1+R,Z,)? remain.
The peg-leg sequence can be eliminated if the up-going
gsignature is multiplied by the inverse Backus operator

(1+RyZ,)%. In the ’'472 patent, the criterion to find the

correct value for R,, the other variable in the Backus
operator, was to minimize the total power in the up-
going signature after multiplication by the inverse
Backus operator. Establishment of the minimal-power
convergencé limit is based on the premise that the
contribution of the multiple reflections to the total
spectral power is inversely proportional to Multiple
attenuation by the Backus operator. This invention

offers a simpler, more direct approach to evaluating R,.

It will be recalled that the Z transform of the
two-way travel time in the water layer, Z,, was
determined with the aid of the up-going and down-going
complex amplitude spectra UP(Z) and DN(Z). It can be
shown that, given the correct value for R, and knowing
Z, as previously determined, the first-order peg-leg
multiples are eliminated on both the up-going and down-

 going wavefields. That can be recognized by a minimum

35

in the zero-lag cross correlation between the up-going
and the down-going energy after multiplication of the
respective quantities UP(Z) and DN(Z) by the inverse
Backus operator, (1+R,Z,)2.

_ Thus, this invention offers a simple process for
evaluating the Backus-operator variables, namely, the
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signatures V and P, respectively in accordance with the st eps:

‘SUM = V + P, S(zZ) = FFT (SUM, 5 S1(2)
= S(Z) x (1+R[err]Zerr])[err]. Rb is initialized to sone val ue between
-0.8 and +0. 8. Z[err] is initialized by introduction of the water |ayer
-t hickness, a quantity that is sonehow ebt9%ai-ned i ndependently. The total
power of quantity S1(Z) over a 10 selected bandwidth is then iteratively
c?ngtlt ed], di sm@b@-ﬁoq@dmﬂ@ﬂ@dﬁﬁﬁfﬁpmwﬂidimm imp.aln'ﬂnez_he z val ue
0 err] at mnigumpaower is the_loc er 0 7 eGt i.on
coefficient. A dr SFBEEEFE tifa?gnﬁb%ogwlo\é\% Y w?%égrﬁe'fggqrortgga&%. o e 7
wat er depth from sotelds £riomdeparidarel ysgatheredCoeisnianddya baevested by
conput ati ons are faf Lelent, o1 S patent Application
08/ 651, 994, previ 85’& ){/5%% %%L?Gtu%& naﬁirﬁ]osfelv%?lc%. %%rllésg%%pl ication is a
continuation- 5 in-p&he bestwapdsh@ih aneratinn kg degleperrtatned by the
derived by resol vipgnRery Sh@Lroh Bt RISttt signatures (V and P)
recei ved by a dual -nbde sensor b suming V. and P to isolate the

Up-goi ng si gnal U =(VsP), COMPHRATEON: SFcREFRECYINIT YR CORERIGIENR { he
down- goi ng si goal abks( ¥uOT REcorbdd are transforned fromthe t-x 25

domain to the f-k domain_tQ_provide the conplex anpl i tude spectra UP(2)
and DN(Z) respectivel y.FOK NEE-TRACESdeI ay operator [err] is applied to

UP(Z) which igothen  READOPS-SIGNAIUREdNMTIMEDMIADOW 68 £t €2 yo pSECUr bi ng
cr oss-correl at1 on funcPERY Ve SERATHEAY trapE i o B & fhoeRee,
| ayer. The Z transfor@Pok [(&+«F), Z[err]=e[err] may now
' DN = (V-P)
UP(Z) FT (UP) (FOURIER TRANSFORM)
15 DN(Z) FT (DN) (FOURIER TRANSFORM)
DO 7=-w, 0.0, 0.10 (MS)
Yux = & [UP(Z),,] x [DN(Z),] (CROSS CORRELATE
TRANSFORMS)

END ‘DO
20 SELECT VALUE FOR 7 WHICH MAXIMIZES ¥,
AVERAGE VALUES OF 7 FOR EACH RECEIVER; DISPLAY
AVERAGE.
Z, o e ior
R,=r (INITIALIZE R,)
25 DO r=-1, +1, 0.05
UP1(Z,) = UP(Z,) x (1+R,Z,)?
DN1(Z,) = DN(Z,) x (1+R,Z,)2
Yy = I [UPL(Z,),] x [DN1(Z),]
SELECT VALUE FOR R, WHICH MINIMIZES THE ZERO
30 LAG CROSS CORRELATION FUNCTION ¥
END DO
DISPLAY R,
NEXT TRACE
NEXT ' SHOT RECORD
35 AVERAGE R, VALUES FOR EACH RECEIVER
END.



be introduced into the inverse Backus operator (1+R[érr]Z[err})[err].

That, nethod for neasuring the water depth for use with the inverse
Backus operator depends upon reception 35 of the ghost reflection as shown
by the ray paths of Figure 2 and upon know edge of the water-surface
reflectivity coefficient, which is near ypily and,

- 8- within the sanme environnental region, substantially a

constant. Thus, one .t he two, Backys variables ca . eval uated from
the seisnic-data har%%? ?‘ngFFlﬁFtﬁﬁtgeen AEEST g’?%egﬁtﬁ’dgpecr?d: % oreign
measurenents. degree ofisspasifhonhyi byt rey' 994 eRampde Amil incxt ibgn,way
summat i on of the and t Y, I sikgnatslr.as i ﬁ%$§ EB?

up- goi ng energyogﬁiﬁﬁfgégéggrin?ﬁgtg%gﬁk%é' Eggrgggﬁng%§“§§ﬂ )
sufficiently | drgedephopedt fnew, bupys andakhsedsfiewmaghite trangmidited apped
reverberat’ of Nofes OeChefedl! cafind J(?)li‘&?}?(@%iﬁ%ﬂ%n&%qg QG SLRLRT R d A5

descri bed by the Backus operator ﬁ? - err]Z[err])H?rr remal n.

The peg-1eg sedi@F@ewirfdbe EPPALnEKEdLPH LRHethS §&tngill dSHRR ure is
mil7t2 i pl It edt byt L&Evi@t‘iiﬁrﬁﬁrﬁtaﬁkféﬁsgﬁtéa ehe[s exampﬂ.b’s?bﬁ.ﬁzlrdt'lﬁ%ﬁﬂdi)é{b. aiu{dh- ! tnht he
' - patent, e criterjon i n e correc .ue for : e ot her
variable in théﬂﬁh€$u¥lif fﬁg%rﬂ?ﬁp}nwﬁéetﬁcﬁPﬁiﬁﬁié e HHEALIMver in the

up- going signature after rultiplication by the inverse Backus
operator. Establishnent of the m nimal - power




convergence limt is based on the prem se that the 20 contribution of the

spectral power is inversely
proporti attenuati on by the Backus operator. This
[ nvent| T““ mmml npler, nore direct approach to eval uating Rb.
It e shat the z transfor f_ the 25 two-way travel tine in
the mater Iayer, Z[err], was determined with the aid of the up-going
and down- goi ng conpl ex anplitude spectra UP(Z) and DN(Z). It can be
shown that, given the correct value for Rbo and know ng Z[err] as
previously determ ned, the first-order peg-leg 30 nmultiples are elimnated
on both the up-going and down- goi ng “@ﬁ§£¥§lds' That can be recogni zed
by a m ni mum in the zero-lag cross correlatron between the up-going

and the down-going energy after nultiplication of the respective

antities UPGZ) and Z r C
a1 ) e 9 etk gt spons el
process for qlrﬁ}lﬁ:héibBa@liu%ﬁé‘rr&tfbrlé\Yz%ﬁ diats defingy thee

- 9- wat r-lwétfaﬂ rS¥ | £Ghd tdat n&,@@fflﬂ@fﬁtob&ﬁahaﬂs th8aé€ at a

transforn1Z[err] the two-way water-1a travel tinme solely

fron1rout|neI%—gQﬁH§QQ}§¥nQ§n %ﬁﬁ%Frﬁﬁ eftalyions, ?ﬁesﬁééméF dual - node
sei snic sensoms. wadvefields PromeptimgevDihbpesaidonaterbkayeexphdi ned by

the. 6 reflected from earth layers therebeneath, comprising:

7 a) at a selected dual-mode sensor station,

8 detecting the velocity signature, V, and the pressure

9 signature, P, of a reflected seismic wavefield and

10 formatting same as time-scale seismic traces;

11 b) resolving the pressure and velocity signatures
12 into up-going and down-going wavetrains U and D

13 respectively;

14 - c¢) transforming U and D from the time domain to the
15 frequency domain to provide respective complex amplitude
16 spectra UP(Z) and DN(Z) derived from resolution of the
17 velocity and pressure signatures;

18 d) iteratively cross-correlating the UP(Z) spectrum
19 with the DN(Z) spectrum and selecting as a delay-time
20 operator, Z,, the lag time that maximizes the cross-

21 correlation function;

22 e) introducing the delay time operator Z, into a
23 Backus operator, (1+R,Z,)?;

24 f) forming the products UP1(Z) = UP(Z) x (1+R,%,)?
25 and DN1(Z) = DN(zZ) x (1+R,2,)? after first initializing
26 R, with a value embraced by the inequality -1 < R, < +1;
27 g) iteratively cross-correlating UP1(Z) with
28 DN1(Z), discretely perturbing the R, component of the
29 Backus operator after each iteration, until the cross-
30 correlation function converges to a minimum; and



COEFFI C SHOT RECORDS ' FOR ALL TRACES 10 .

READ P W NDOW 0. 8<t <2. 0 SEC READ V S| GNATURE I N

TI VE WNDQ/\fo 8<t<2.0 SEC UP = (V+P) DN = (V-P) |

UP(Z) = FT (UP) (FOURI ER TRANSFORM) 15 12 - DN(Z) = FT (DN) (FOURI ER

TRANSFCRM - DO [err]—-[err] 0. 0 0.10 (M) [err]
[err] [UPgZ)[err]] ¥ ip¥nl)dotrvddgedddSIALSIRE A the final value of

{AE\*XAPEAFSEQS )3z, R as thE laeﬁiA&teﬁLBEEEaE f&%&&%ﬂéﬁ%@ at

DI SPLAY 3AVEBRAEEselected dual[-erade [sendor[shafiion. Rl err]=r
(I'NITIALI ZE Rlerr]) 25 DO r=-1, +1, 0.05 UPl(Z[err])
= UP(Z[err]) x (1+Rerr]Zz er err] DN1(Z[err])

DN(Z[err]) x1(1+Rfer@2]-z[ & d ‘as defined by clajm]l- ?@mp¥1ﬁgpg
(z['err])[errp] x [ DNie ‘Erln]gi[ﬁ'erﬂs] a) through h) fo:.SEér seibdEs FOR RO
VH CH M NI M ZES THE ZE S CORRELATI ON
FUNCTI ON [erp] all dual-mods sensor statiqyssp) Ay R[err] . NEXT
TRACE NEXT SHOT RECORD 35 AVERAGE Rb VALUES FOR EACH RECEI VER END.

1 3. The method as defined by claim 1, comprising:

comput er sub- ro f m gram : COVPUTATI ON OF REFLECTI VI TY

2 windowing the velocity and pressure signatures
3 prior to the step of resolving.

1 4. The method as defined by claim 1, comprising:
averaging the values for R, from a plurality of
3 sensors within a preselected radius of each other.



- 10 - This invention has been descri bed with a certain " degree
of specifficity by way of exanple but not  by:way of -+H-m-tatt-eon—Fer—
exanpl e, the dual -nbode sensors nay be deployed from. uoys and the da

may be transmitted 5 over ethereal comunication chan ﬁ m mm i ng
hIS

hard-wi red. Those skilled in the art will devise obvi

t he exanpl es given herein but which wikh fall within

i nvent i on. CLAI VB

A nethod for measuring the reflectivity 2 coefficient, Rb, of an earth

| ayer that defines the 3 bottom of a‘water |ayer, from observations, nade
at a 4 plurality of seismc sensor stQﬂégﬁﬁkc@f seismc

The two-way water-layer travel time, 7, is derived
from dual-mode seismic sensor data by cross-correlating
the Fourier transforms of the sum and difference of the
velocity and pressure signatures. The Z-transform of 7

5 evaluates one of the two Backus variables, Z,.. The sec-
ond variable is R,, the water bottom reflectivity coef-
ficient. The frequency-domain transforms of the above
summed and differenced signatures are each multiplied by
the Backus operator (1+RyZ,)? after initializing R, and

10 the products are iteratively cross-correlated until the
correlation function converges to a minimum. R, is per-
turbed after each iteration. The value of R, upon con-
vergence is the local water bottom reflectivity coeffi-
cient.

FIGURE 1



5 wavefields propagating within said water layer and 6 reflected from
earth; Layers therebeneath, conprising::«7:-+ . a) at a selected dual - nbde
sensor station, 8 detecting the velocity signature, V, and the pressure 9
signature, P, of a reflected seismc wavefield and 10 formatting sane as
time-scale seismc traces; 11 : by mesol ving the-pressure and velocity
signatures 12 into up-going and down-going wavetrains U and D 13 :
respectively; 14 c) transformng U and D fromthe tinme dgain to the
15 frequency in 12(‘? provi de respective conpl eqanplitude 6, spedt L

UP(Z) and DN from resol ution of the 1% velocity apdip -.-Ssm-
si gnat ur es; R orraldtine tho UnfpEId oL

19 with the

g3t d?sel |2|.g as a del pg-tine 2 Zoperator——_—-

Z[err], the lag ti t S the Cross- 1———correl at ifon—fonctiom —
22 e) i\ntrpddci U op /r Z[err] into § 23 Backus
IE |

operator, (1+ ] for he pr pducts UPI(Z) =

UP(Z) x (1+Rexr] Aer % 0 d (70, -
(1+R[err] Z[err])[er after fir iANi t rr] 'th a vatuve——
enbraced by t equa v 1 _' Srr] /s 1 __idterativel

SN AN 5 NN \, . S
cross-correly ‘9 % NINT ‘ /\/\ ‘V ‘i MR //\ OX

conponent of‘tﬁ‘ T BAKOE TSP é?afbr ST dh |tera(| 6h, “nf 1 7 Tife

cross- 30 correlation function converj__“s t ?r_u mum  and
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31 ¢ " h) upon convergence, designafing the final value of 32 Rerr] as
the local water-bottomreflection coeffircient at 33 the selected dual - node

sensor ‘station. 1 2. The nethod as defined | I —CRRprHSi NQ:
2 ‘repeating steps a) through h) for all sensor E&m&vﬁ tHitjde
sensor stations. 1 3. The nethod as defined Qy claim 1,

conprising: 2 mﬁndomﬁng the vel oti ¥y and presdurle ?lgpgéq ﬁi rior
to the step of resol ving. 1 4. The nethod gs [defi ne 2 Ili%]l,
conprising: 2 averagi ng the val éTFb froh aptrorat+ty—e+ 3
sensors within a presel ected radi us of each ot her.

10

METHODS FOR MEASURING SEA FLOOR REFLECTIVITY

The two-way water-layer travel time, 7, is derived
from dual-mode seismic sensor data by cross-correlating
the Fourier transforms of the sum and difference of the
velocity and pressure signatures. The Z-transform of 7
evaluates one of the two Backus variables, Z,. The sec-
ond variable is R,, the water bottom reflectivity coef-
ficient. The frequency-domain transforms of the above
summed and differenced signatures are each multiplied by
the Backus operator (1+R,Z,)? after initializing R, and
the products are iteratively cross-correlated until the
correlation function converges to a minimum. R, is per-
turbed after each iteration. The value of R, upon con-
vergence is the local water bottom reflectivity coeffi-

cient.

FIGURE 1




