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~convolution method based on the adaptive linea~ fi.!tqj n&..techniqu<,! has been developed for processing mu ltitrace 
time-varyi ng seismic data. In thi s adapti ve aTgori thm the combi ned filter coefficients are being cont inuously updated as the 
seismic tra~ is being processed. The convergence factor of the adaptive algorithm obtained from th _ combi ned trace in for­
mation is <twajor controlling parameter th at regul ates both speed and stab ility of the adap tive process. This constant con­
vergence factor has been used to process the multitrace information. The developed method has been tested on a fie ld sam­
ple o f marine seismic data from the western continent al margin of Indi a. Results reveal that the methodology is e ffecti ve in 
comparison to the conventional method of predictive deconvolution in removi ng the water bottom mUI::J .?. 0 ~r. 

Various types of multichannel filters have been de- the western continental margin of India have been 
signed for suppress ion of coherent noise, stacking used and shown the advantage of the proposed 
problems and velocity analysis l

.
3

. The fast method scheme in comparison with the conventional predic-
which recurs ively calculates' the required pred icti on ti ve deconvolution which is routine ly app lied in ~~ 
filter is called the L WR (Levinson-Wiener-Robinson) mic dat~pro~ss ing . .. 
algorithm. The L WR algorithm is valid typ ically for a r-l' 
time-invariant input sequence but finds applications Materials and Methods 
in other cases like non-stationary and complex valued Given an input s igna l X I' (t) P = 1,2, .. . m, where m 
data4

.
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. For the time-varying input sequence, various 
authors have proposed alternative methods to the 
L WR algorithm. One such approach of treating the 
time-varying seismic sequence is to divide the input 
into sec tion s and performing a combined deconvolu­
tion6

.
9

. The other approach of treating the time­
varying sequence is known as adaptive filtering and is 
based on the method of steepest descent in which the 
coefficients are updated as each data point is decon­
volvedlO. However, their treatment is for single­
channe l sys tems whereas present day seismic reflec­
tion data. In this study, the adaptive procedure lo has 
been extended to process multi trace seismic data. One 
of the main controlling parameters in the adaptive 
deconvolution is the convergence factor. The rate of 
convergence has been suitably accounted for from the 
combined trace information: The method has been 
tested on marine seismic data that contain time­
varying water bottom reverberations, which account 
for the majority of the recorded signal energy. Short 
period multiples are discriminated on the bas is of ap­
proximate periodicity. For suppression of the multi­
ples, a sample of s ix marine seismic data traces from 

is the number of traces and a desired s ignal which is a 
time advanced vers ion of the input s igna l i.e . 

X" (t + y ) with y as the predicti on di stance, one can 

predict X" (t + y ) based on the input X I' (t). If the 

predicted filtered output is not equal to the desired 
signal then there is some pred ict ion error and thi s is 

. b II given y 

e(t) = [X,, (f+y)-X,,(t+y) ] 

The estimated trace can be represented as 
~ T 

X ,,(t +y) = X" (t )F,,(t) 

where eq . F" (t) are the filter coefficients. 

Substituting Eq. (2) in Eq. (I) we get 

eel) = [X,, (t +y)-X~(t)FII(t)] 

The mean square error (MSE) is given by 

T T 
+ FII (t)X,,(t)XII (t)F,,(t)] 

. . . ( I ) 

.. . (2) 

(3) 

.. . (4) 
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If the initial filter of MSE surface were [F
I
, (0), £(0) ] 

then the next filter coefficients are updated by 

Fp (I) = FI' (0) - V' F [£(0)] ... (5) 

where V' F [£(0)] is the gradient which is given by 

a£ 
V' F [£(0)] =-

aFI' 
Using Eq. (4) the gradient in (6) becomes 

V' A£(O)] = E[-2X
I
,(I+y)X;'(t) 

+ 2.Fp(t) X p(t)X: (t)] 

Substituting Eq. (7) in Eq . (5) we get 

FI,CI) = FI'(O) + 211' [Xp(t+y)X;'(t) 

- FI'(t)X p(t)X;' (t)] 

... (6) 

... (7) 

... (8) 

where 11 ' is a constant and 211 = 11 is the conver­

gence factor of the algorithm. Thus the above equa­
tion can be generalized as 

Fp(t+l) = Fp(t) + I1[X p(t +y) 

- Fp(I)X p(t) ] X;' (t) 
... (9) 

For simplicity let us consider a case of processing two 
traces simultaneously . Then the equations reduce to 

FI (t+ I) = FI (t) + 11 [XI (t+y) - FI (t)X I (t)] Xr (t) 

... ( 10) 
and 

F2 (t+I)=F2 (1)+I1[X 2 (t+y) -F2 (t)X 2 (1)] X J(t) 

... (II) 
Eqs (10) and (II) can be combined and can be written 
in matrix form. In compact form this equation can be 
generalized and written as 

Fp(t+I)=Fp(t)+I1A[Xp(I+Y) - AFp(t)] 

( 12) 
where Fp (t + I) and X I' (t + y) are column vectors 

where p= I ,2 .. . m and 

X I (t)OO .. O 

OX 2 (t)O .. O 
A= 

OO .. OX III (t) 

is the diagonal matrix . 

The convergence of Eq (12) is guaranteed provided 

0< 11 < 21 Amax where Amax is the maximum eigen 

value. The convergence factor or the proportionality 
constant is of great importance in the adaptive algo­
rithm. To obtain the best convergence factor for the 
multi trace data we first begin with the computation 
of the auto and cross-correlation of the trace informa­
tion i.e the block Toeplitz matrix8

. This matrix is sta­
bilized by a process of normalization and adding pre­
whitening parameter. Once a stable matrix is obtained 
the maximum eigen value of the system is obtained 
which is used in obtaining the combined convergence 
factor of the adaptive algorithm. The combined con­

vergence factor has been taken as 11 = 21 Amax 

where Amax is the maximum eigen value of the auto 

and cross-correlation matrix obtained from the multi 
trace information . 

The concept of forward-time adaptation and re­
verse-time adaptation 1o

.
12

, has been used in this study 
to obtain the filter coefficients for the multi trace in­
formation. The corresponding equations for the filter 
coefficients are obtained as 

Fp (t + I) = Fp (I) + 11 A [X I' (t +y) - AF
I
, (t )] 

( 13) 
for the forward-time adaptation, and 

Fp(t-I)=Fp(t)+I1A[Xp(t+y) - AFp(t)] 

( 14) 
for the reverse-time adaptation, where y is the predic­
tion distance. 

The final deconvolved traces are obtained by 
stacking the forward and reverse-time adaptation, 
which is given by 

.. . (15) 

The term in the square brackets of Eq . (13) and Eq . 
(14) gives the forward-time adaptive deconvolved 

trace Y
lif 

(t) reverse-time adaptive deconvolved 

trace Ypr (t) respectively and Eq. (15) yields 

Yp (t) the final adaptive deconvolved trace. 

Application to Field Data and Results 
The adaptive deconvolution method developed to 

process the multitrace seismic data has been applied 
to a field marine reflection seismic profile from the 
western continental margin of India". The marine 
seismic data contains a lot of noises of which the 
water bottom multiples is a major concern as they 
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Fig. I- Plot showing traces of six channel marine seismic data 
(A) unprocessed (B) data without the direct arrivals and water 
reverberations ( WB = water bottom, WBM = water bottom mul­
tiple) 

usuall y mask the valuable signals . In this study, a 
sam~ . ...; of 6 unprocessed marine seismic traces of 10 
sec record length each (Fig. I A) has been taken. The 
direct arrival s and wate r bottom reverberation~on the 
first part of the traces have been removed by muting 
(Fig. IB). The correlation stati stics of a se ismic trace 
is known to vary with time along the trace, hence any 
kind of periodicities observed in the datu are refl ected 
in the autocorrelogram. In marine environment the 
water bottom gives ri se to strong multiples and in or­
der to know the prediction length the autocorrelation 
function is computed. The autocorrelation function 
has been computed for a se ismic trace and the results 
are plotted in Fig. 2 which shows that the periodici­
ties of the multiples is around 2 sec. Thi s, he lps us to 
choose the prediction di stance in order to suppress 
the water bottom multiples. T he operator length has 
been taken as 6 sec (or 1500 samples) with the pro­
portionality constant (the convergence factor) of 
3.9740608E-03. Thi s convergence factor is obtained 
from the auto and cross correlation matri x of the in­
put trace information . 

Using Eqs ( 13) and ( 14) for the time-forward and 
time-reverse adaptation respecti ve ly, the fin al decon­
volved traces, (which is a stack of both time-forward 
and time·reverse deconvolved traces) have been ob­
tained (Fig. 3A) . From the fi gure, it is c lear that the 
water bottom multiples have been successfully re­
moved by the proposed sc heme . To apprec iate the 
advantage of the proposed scheme. the results have 
been compared with the convention.ll predictive de­
convolution scheme l4

. The conventional predicti ve 
deconvolution forms a routi ne step in the process ing 
of marine seismic data. The predictive deconvolution 
has been applied on the sample data and the results 
are plotted in Fig. 3B, which shows that the conven­
tional method fails to suppress the coherent noi se ob­
served in the field seismic data in comparison to the 
proposed methodology . 

Discussion 
Standard data process ing techniques often fail to 

attenuate the long period mu lt iples. However, thi s 
problem has been overcome by adapti ve deconvolu­
tion technique lO for a s ingle channel data. Since most 
of the data are multidimensional in nature the proc­
essing of such data requires multichanne l deconvolu­
tion . Hence thi s adaptive deconvolution technique has 
been extended to incorporate multitrace data for sup-

c 
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Fig. 2-Autocorrelati on fu nct ion of the input seismi c trace. 

Adaptive Deconvolution 
(A) 

+-~---
~ ..... 
.' 

.Jl 
l' 

, 

fot,\~,-

~.~. 

~\~I ." , 

1.60 2.44 3.28 4 .12 4.96 5.80 6.64 7.48 8 .32 9.16 10.00 

Time (Sec) 

Predictive Deconvolution 
(B) 

I r 

t-- .. --

Ill. 
P' 

IT 

,,... .... ~ -¥' 

~~ ~I 

1.60 2.60 3.60 4.60 5.60 6.60 7.60 8 .60 9.60 

Time (Sec) 

Fig. 3-Deconvolu tion appli cd on the sa mp lc data (A) showing 
the e ffec t o f adaptive decon volu ti on ( \3 ) showing (he cffect of (he 
convent ional pred ictive deconvo lu( ion. 

press ing the water bottom multiples . Us ing a sample 
of fi e ld recorded marine seismic traces from the 
wes tern continental margin of Indi a the above pro­
posed methodology has been tes ted for remov ing the 
water bottom multiples. Results obta ined show that 
the water bottom multiples from the seimic traces 
have been removed which otherwi se could not have 
been removed by the conventi onal method of predic­
ti ve deconvolution. Most deconvoluti on techni ques 
are used to remove the effect of noise in case of little 
or no dip, whereas in the case of dipping refl ectors 
the removal of noise by thi s method becomes ineffec­
tive as the noi se stati stics in such cases is very di ffe r­
ent. 

In developing any deconvoluti on approach the sta­
bility analys is is a major concern . In thi s study, a 
fix ed convergence factor from the multi trace infor­
mation has been used. Thi s is one of the important 
parameters, which regul ates the speed as we ll as the 
stability of the algorithm. However, for time-vary ing 
inputs a time-varying convergence fac tor that is fast 
and minimizes misadjustments can be used 's. Analy­
sis on the stability of the solution can be carried out 
by adding pre-whitening paramete r and see how the 
soluti on develops. Keeping in mind the trade off be­
tween stability and accuracy suitable deconvo lu tion 
techniques need to be developed. Thus use of a time­
varying convergence factor has a great future appli­
cation . 

The proposed adaptive deconvo luti on as we ll as the 
predicti ve deconvolution has been built on the as­
sumption of a white noise refl ecti on sequence. On the 
contrary the present day data are associated wi th col­
oured or scaling noises. For thi s the concept of sca l­
ing noises has been introduced in geophys ics PC:" 
ticul arl y to seismics I6

. '7 and potentia l fi elds I8
.
20

. Re­
mova l of noises from the time-varying marine seismic 
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data is now being looked from the fractals point of 
view and there is immense. scope for future research . 
Thus, scaling deconvolution, techniques need to be 
developed for handling complex marine seismic data. 
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