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It has been found that the present inven-
tion enables (a) the removal of ghosts using a
two-channel system based on the data’s actual

_ correlation statistics, which include actual re-

oS Seangrdi @
nbodiment

e réf&&j_oe

che accdmparying Idsavengsl inl Which:

FIGURE 2 1llustrates an analog processing
system in accordance with the present inven-
tion.

Referring now to FIGURE 1, a seismic ex-
ploring system has been shown in which
seismometers 11-—14 and others are included
in a spread 10 located along the earth’s sur-
face. They are located along a radial line which
intersects the axis of a shot hole 15. The
shot hole is relatively shallow as compared
with the depth of subsurface reflecting inter-
faces 16 and 17.

It has been found that highly improved
seismograms can be produced by stacking the
data present on two or more individual seismo-
grams where such individual seismograms
(each having traces corresponding to the
seismometers in spread 10) are produced with
a variation between them in the shot depth
or in the distance from the shot hole 135 to
the spread 10: such a process may be referred
to. as “uphole stacking”. In this operation,
the spread 10 is maintained at a fixed location
relative to the shot hole 15 while separate
shots are successively detonated at different
depths in the borechole 15 ® produce two
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as hferr]([err]) and hlerr](r) for shots 31 and 50 t he direct
down-going energy or the primary 32, respectively, and ghost wavelets or
filter- energy. However, -since the seismc energy ing functions,
including reflection coefficients ~ travels in all directions-from the

shot, at for ghosts, the energy going initially up from20 |east one

i nportant ray path is the path 21 the shot, then reflected down from
interfaces ‘and the surface reflection path 22. Energy -above the shot
will be noted as g[err]([err]) and glerr]([err]). 55 traveling this
path is generally known as the [err] is to be taken in the usual sense as
a variable _surface nultiple. Wen the energy traveling time interval).
past paths 21 and 22 is ultimately received In the absence of filtering
effects h and g, 25 in the detecting spread 10, the primary re- the
primary energy fromthe deeper and shal - flection is conmbined with t he
ghost of surface |ower shots 31 and 32 woul d be s(t) and 60 ‘multiple
to obscure and render difficult the s(t-[err]), respectively, and the g§=
ghost energy - ‘interpretation of the sei smogram |t is such reflected
from a surfacé above woul d be unwant ed noise that is to be elimnated
by s(t-[err]) .and s(t-[err] where r2. and 30 the use of an uphole stack.
The present in- . 2[err] are respectively.the tines for the upgoing

vention is directed to carrying out the .uphole inpulses fromthe deeper

and shal l ower shots™ 65 = stacking process in’'such a mahner as to to
| eave the respective shot |ocations, reflect optim ze the signal
enhancenent and noise fromthe surface, and return to the respec-

el imnation. tive shot |ocations as

down- goi ng energy.
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without filtering effects h and g, x[err](t) =

g Es(t=-2ferr]) - (1)

‘i[err](t) = s(t-[err])+s( t-[err]-2[err]) (2)

wher e: [err] = [err] This may be expressed in the form
err| If the filtering effects h and g ar

I ncl uded, Equations (1) and (2) becone: x[err](t) ="
s(t)*Herr]+s{t-2[gerr])*g[err] 1,185063 ' 5 ¥

x[errT(T) = s(t-Terr]) Rl err]+s(t-[err]- 2[err]) glerr] .
(6) _ Then wifhgus filkesing bffects dpmégent ed. as: x[err](t) =

L adbestl W

x[ &r =) = S £r r : a

(8)  where: _'(t-) .\?{ters’r&] 55h[err]+8[err] (%([err] h[err] and
Yierr] = 0 wxeh Foftrira)+s(t—Ary—279) yl[err] = 0 (&hen [err]r<0 and
V\herev;hgr%, syl de_eTnot es convol ution. Hence the recorded trace at
any tine t con-** is'rénoved fromthe trace- in (as will be seen sists

of initial enerbpymiyctprepesndd inghstn: plus |ater) at |east nmean square error
sense, any some gonbi nation of s(t- r) for previous tinmes dependence
on the past of -x[errfft)y or x[€trT(T) BR 5 (r) earlier.

.¥sing the correlatiorf of and between x[lerr](t) Sei sm ¢ interpret'ers

are interestec, @l ediet—x[err]@) from the past
(re-. 15 excl usi 9|e| y qnly in taat ?)"alrt of a trace that lative to tine
#® of both x[err](t)-,and err](t)sand , is not dependent on previous
time, or in subtracting that2grediiction from the trace to ot her
wor.ds, is not predi ct:able n the basis :gi ve a function which at any tinme t
coul d be 10 qmp_r_eviLous events. y thiis invention,. ta?re expressed as:
[err] where: “flerr] o= 0 whern{eyr]O; '
: ' Aty Ary,
 If the filtering effects h and g are included, Equations (1) and (2) become:
X3(t) = s(t)*hy(7)+8(t—271)*gy(7) : . )
x5(t) = s(t—B7ya)*hy(7)+5(t—AT13—272)*8(7) - (6)
"This may be represented. as: o
x(t) = s(O*y:(r) | o : )
Xo(t) = s(t—A7)*ys(7) ' - {8)
whete:  ¥y(x) = By(n)+¥(+—272)*8( )3 - |
7 = (2w T
and yi(r) = 0 when 7<0, I

yo(t) = 0 when.r<<0.

and where the symbol * denotes convolution.

Hence the recorded trace at any time t con- is removed from the trace-in-(as-will be seen
sists of initial energy representing s(t) plus later) at least’ mean square -ebror sense, any
some combination of s(t—7) for previous times dependence on the past of x,(t) or x,(t) by
5 (v) earlier. ] using the correlation -of -and- between x,(t)

g,, Seismic interpreters are interested almost and x,(t) to predict x,(t) froth the past (re- 15
k4 exclusively only in that part of a trace that Ilative to time t) of both x,(t) and x,(t) and
is not dependent on previous time, or in subtracting that prediction from the trace to

3 other words, is not predictable on the basis give a function which at any timé t could be
< 10 of previous events. By this invention, there expressed as: _
ei(t) = 2 (OBE—HE]—x (7)) o .®
where: fi(x) = 0 when +<0; o T e e

and " £,(x) = 0 when %<0,
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6 Here e(t) represents that part of x[err](t) that that is not
predictable (the prediction error) is not predictable on the basis of —r—
the past of on the basis of the past of either x[err](t) or x[err] or
x[err] hence could be called a "two ‘channel prediction error ".

Mnimzing the X err](t). Then, if the function x[err](t) js an estinate -
5 prediction error corresponds to renoving from or predic {#on of
x[err](t) based on the past of 15 x[les,trs};(t) as rruch of it 3s is as

function of (cor € [ T X _g%gare
sanpl ed . rel ‘ ' 1 Iy
spaced tinme poi orrgpr&nce ocould beﬁm%wﬁ‘ err %anare e
found as seat ecchamelxpredietip nanudr&[nmﬁn}mmehee :tg(t),ﬂ‘hm, ihedurictivalex(t) is anfestinhawvse._,(-
The two channél spredicgen EE ‘g (t b 1 157
past of x[err] X[ﬁ%}?‘ iy %I(ﬁ’{/ed; f %ﬂx ‘hat

as the predictionThagiers f1(t) and 1t) arc found @O sented do s:t,rva Hine Bl 1S
that part of X[ efoliowg.tThe two channels x,(t) and\x.(t) ae:r r4nd using N points in thecpnst of zt od x.

ot her wi se, 10 first’ employed based oy the assumption as the pqe?ncnon basis, 20

(11) the d'%‘"edl"mtp“t o) is that part ‘ifnx‘@hl s case, the prediction error

trace is: x x f+fo-t-x of T " [err] v
(12) © 1%t T Rat-nta TR0l TR an square %
basi s, then [err] =0 for n>0, ﬂ%:“‘“’ﬁ"m‘““‘& a(u;fe |
(13) : an& sta[tdrot}erwzse 0 for n>0; '
(14) wher e: nd| cat es a tine average. - Thi s %
will be true since any I’IQ_D ;n;_naver aged product bet ween an

the ouput and either of *the 1 npu s past val ues woul d indicate that there
remai ned sone predictability between e[err] and either x[err] or x[err]
If the quantities,. In this case, the predjction,efror trice is:

(16) - N

e = XXt = Toye—Xpeafia—Speafin o (12)

If e(t) is minimized on a mean square basis,

then ex;+.n = 0 for n>0, - | _ ' a3)
and eyt n = 0 for n>0; _ S (14)
where: () indicates a time average.

This will be true since any non-zeto time a eraged product between
the ouput and either of the input’s past values would indicate that there
remained some predlctabihty bétween e and either x,¢ OF Xgt- .

If the quantiries,
e = b o .
T
LoRmmewe @y
the following relationships are true:

eXyt-m = ?xx.tx.m-m—xx.b—nxx.t-mfr.n_xa.t—,nﬁ,kmf:;n.- = 0. (19)



[err]
[err]

_ ‘ﬁje__f_oJ_Loan@rel.aLi_.onshi ps are true: 1
[err] (20) N

[err] (21) It will be seen that singe there

i..’shoul d be no correl ati on between the A

(17)
(18)

A error.trace e[err] and the prediction x[err](t), i.e., e[err]
= 0, whe follow ng nggsBonship will be true: 7

A N [err] ' (22) and
N

N ferrl _ | (29
Fre® Equat i of"(22)~ 'Y}”b“(ﬂ‘)l_f#“@e naﬁdefﬁé‘f o 'l toh t he rg?atlons set out in
Equation (22). that Plerr] is an auto correlation coeff|C|ent in
‘Plerr] is a cress—co¥ el ation-fact or Cross, ternms of the
power in the &Etpmt= Py ér*n" ¢E¥@‘t \é&r‘i‘ Tﬂoe error(zé% gnal et and the 5
trace e[err] (after filtration and sumation).. More second trace x[err]
and is |ikew se Rvﬁltbﬁﬂénthat]@ﬂéetthcuﬂmulﬂy na ¢orrelgtion fpetwesmales correl ati on

between quantity, the error signal e[ err] and txﬁ "‘F"g The quantity
Plerr] Equ%?‘o‘ﬁ’gﬁtvgg% °2'$ X0 [FEn ﬁeo’é‘)F © a scal ar quantity
produced in a ssed |n rratrl x form 15
Yerr] 1, 185, 063
8 - : Pn = Fst et(xlt"'xn) = eyt = 2:‘i‘n(o) ¢11(n)f1n_¢s1(n)fsn = &% (22)
b - and

" Pig = egXgy = z'ﬁxa(o)"“ﬁia(ﬁ)f1n“¢sa(n)fsn = Pis (23) -

. Q'...g

From Equation (22) it will be. understood .

that Py, is an auto correlation coefficient in
terms of the power in the output or error
trace e, (after filtration and summation). More
particularly, it is the cross correlation between
the etror signal e, and x,,. The quantity P,,
is a scalar quantity produced in accordance

with the relations set out in Equation (22).
P,. is a cross correlation factor, ie., the cross
power between the error signal e, and the
second trace ng and is likewise a scalar
_quantity,

Equations (22) and (23) can then be ex-
- pressed in. matrix form g

- - — - -

- - : - I : - - - -
$@bu® | [$ubu® | -+ (o | || [ ] —Pyy
[ #6080 | [ 80D | | Sl HLell |-
(30086 | [4:@4a@ | - - - [bua—0bm@—0 ] | | [ £ | 0

‘/’;1(1)'#“(1): _9?1;(0)‘_#9(0)____ : __L‘I?u(n_—l)fna(n,—l) : B fo1 i Y R

. $1a(m)bso(n) ‘l’il(n‘—l)‘ﬁxs(n_—l) . . 4’11(0)4":1(0) 1 | ftl_l_
'fsl_(n)'_ﬁn(ﬁ)_. -¢21(n—_1)4’§z(1_1‘—1) $12(0)$25(0) I I ._ fon' | |

R & L
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15

29



is the value of the auto correlation function of trace
[err](n) is a simlar val ue based on
[err](n) and [err](n)are the values of the
of traces

wher e: [err](n)
x[err] for [err] = n;
trace x[err];
respective cross correlation functions
x[err] and x[err] for [err] = n; -1, O, [err] correspond
respectively to the weights applied to i&e seccessi ve
menbers of the two sets of seismc traces; and

Plerr] and P[erB] are uniquely |dent|f|ed1hMmBhe sol ution of the equatign.

Si nce the nunbéer, of unknowns in tcl_ua- procedure, suchr as—tt y
Ral ph 10 Whetsh (24w dishe valge o ébse@e@nvlmnﬁmﬂyepfmexlmrg@ A5 in an

article entitled "Recursies a similar % ﬁ:e§Q| ution is possible. The
solu- Solution to the ?tl-Channe terf’ng 5 tion may be W,
determned for the unk#ﬁr@gndd?i@bie@mvﬂluesphhﬂmpmedmfcoﬁaﬁmhmm Resear ch,
by a brute force method. PrREWAHSAA L MEGevd@, Vol. 70, No. 8, to yield the.
mul ti-channel t he Of)S caly, be e ﬁlwe%iﬁ £di ction
error filters ferr] an_ggkbf:gilliédmpi ?oé?s? : gfmeégu)é%gng&ew sent ations
of the unknowns. More out gt . power e[err] and the correlation coeffi-

gy

el

I | uat f t P bet
Z'[gfr]ymevinﬁax'[gPri’?{‘)ﬁe’nﬂ’l=ea%ﬁ’q“3¥*dmjﬁfb“‘hm EESHBERIPME { or egoi ng, a

net hod of generatig .

A. Using sanpl edy aﬁ) QBJE:& &E‘m Hﬂbﬁ%},ﬁf g s in_an article enntled “ Recursive
x[err](t) and X[ efuitofs )a hition Bi figsibid erte]sbman ﬁﬁ" rid theSMERLARED - Filtering

2. Cenerate mymncmhy foeivigteimined fore thecwdmiwvat | Peblah » tlinj&mmdrof Glophyisiod Research,
coefficients [er KL‘(PQF IL‘@r‘Fﬂ% P‘% % aNel %‘ & No. E yield the mulﬂ-channel

3. Cenerate physglggiq ,EH Gﬁrtdtﬁﬁk%f&@ e 31 %Eﬁé%hn Hea
above to obtain y, febabiatign cai MﬁSclent P;. between e1(t) and x,(t). 4
Cenerate a function represent at | ve of [err]
(25) B. Usi Bged 0@ hiROfoleSd3N b GhkADA of generating the redxcuon 1.
Use mul tipli ers, del ay srerfawtiondmudlvesnt egr at ors t o nmeasure estl mat es

of [err](n), [err](n) [err](n), and[err](n) 2.

Generate functions repnesghiiAln o the matrix '
equations for delay Ii r‘?e ?I I teris‘] f[err] anﬁiﬁng&gﬁ 3.
Apply the delay |ine filtkrSapler() anlrt)fdbwining xasndho vespettivelf:l GURE 2.

I nasmuch as any ghosts, r2evach@ie iphiidal Ofinctibil OMpresekdRive lof IS bbtdeiadidan - about
their exist- 20 shot wavel sbefiiciemsréiiin), hgu@d.r$,dd)and éf@m).woul d ence or

rel ative scaling between $hQegerate physiaIctiods gﬁggggmq ast -events
I n In the anal og system $mm&£nm?%uesﬂi§[err] or x[e‘irgr] and
this dependence is removed QRnerde ol'iHoneprissudifd YN by a motor 41 at a 35
a | east nean square error basis by the process uniformspeed so that trace
x[err](t) cyclically will et descililueda* farksi-nif&alicdt as any r@$ative scal-
be produced. By way of gex l&l?ﬁt uIt- 25 ing of ghosts and/or
primaries between the an i gn on qou’t put channel 42 may be repre-

two shots x[err](t) and xI. erUs:}Pﬁ:t:l ipHess, delup lihesiahd integratom to M@RirddsiinifesOf t he
seismi ¢ waves detected by c®@) Pelthitf.ém odefi).ons hence reflected in the
sei smoneter 11, FIGURE 12. @DefkrdrefuféddfiCreprédentative of i bdlutio® e dkb gl f or -f[err]
and f[err], then it is on tquats B8 dedy linh@tenfifornd Kcor d 44 dependent

clear that any such ghost3rnghﬂma&ylmemm-r)aum(%)‘%ﬂo%lﬁmﬂ}ﬁeﬂ by
detonation of an 30 shot wavelets are effectlvely ‘renoved by the

expl osi ve charge 31. Sfrurtaneousty,—a st gmat present—Tnventi+on W t hout

requiring a pri or inasmtiehd Lx(yt }hoﬁppt@@{:bgra% &haRbkdgé a;mhﬁ:loﬁagmlthe'lrscmst- ' a

20 shot wavelets remajning in the data would ence or relative scaling between shots. i

er.ror functlon i nvol ves: =
procedure, such as that ou Ra )

*

or

constitute a dependence on past events in
X, Or X;, and this dependence is removed on

- a least mean square error basis by the process

25

30

described, and inasmuch as any relative scal-
ing of ghosts and/or primaries between the
two shots x,(t) and x,(t) is implicit in the
correlation functions hence reflected in the
matrix equations for f;, and f, then it is
clear that any such ghost reverberations and
shot wawlets are effectively removed by the
present invention without requiring a priori

In the analog systém shown in FIGURE 2,

a drum 40 is driven by a motor 41 at a
uniform speed so that trace x,(t) cyclically will
be produced. By way of example, the result-
ant signal on output channel 42 may be repre-
sentative of the seismic waves detected by
seismometer 11, FIGURE 1, and recorded
on trace 43 of the upper record 44 dependent
upon waves produced by detonation of an
explosive charge 31. Simultaneously, a signal
%y(t) appears on channel 45. This signal is

35

40



9 1, 185, 063

9 representative of the waveforns simlarly de- nel 45 directly

ﬁ%o the fourth multiplier. It 55 tected by seisnoneter. 11 and.

Tecorded on wll be understood that the functions K [err] channe
46 of the record 47 in response to K [err] and K[err] show in Figure 2
e- waves produced by detonation of an explosive spectiviety-
represent t he outputs of units g& char ge 32.

65 and. rticular . dela F’pqs in the The 'hg)anne| 42 is

connecfeﬁdseht@nva offtitlet wapdférm sxmdﬂ'lya;é- Ulﬁ¢1t455&u'ectﬁ'1to the faithcadltiplispdiedshg t her e-
tected by seifpdpnigier] 11 Gném%@fmsn aWiliebedufiessrood, that ﬂlS&“W%@s@tﬁn@b In this

o R R R ABL R

out put Cifhelﬁhhﬁel 1 Is ebun&fdd itGa malﬁpt&ct Géia yoyhitviay 61, bs71hmr esparidivg tofe-t 6@ aut o

correl &9 ﬁltslnmf delay un;t pw Wiﬂti&:ﬁsl’% @ba‘&?lc r 53. Switch
obt ai “ éi““ﬂgiﬁé [ (“8  anto ?&ﬁl’hJ’ ohs coupl ed by
way 1of ofla srv S8y Shid e aChaoktlaf QElyCh@) IOthef UNCti Ons 65

t he dr i52ds @oupldd u:m wa&Ooft 0 liokaps 64 ttbre deluyr ﬁn‘ithSl Tiedcrésh eoralation fomrions| 45§ on

functi df‘t"h -40 to close the swi ra@stﬂ’aapto pIme gt [err] as may
sl e 5 B B et 31 e e o) %
Mr od8cinalsi exlﬁ)lt'DheC&I toatﬂtemttgunct WillerOdo illNYBAE eSuJerf:iﬁk gosen to the
filter radreifeis tognnected tot gnitghlegregibterx | @orr m andTdwe cmtelatidn fokictibdyeiti 70 eg-

Furt he&“j{i‘%&ﬁﬂefﬁé‘gﬁl edelggémbﬁltm}l d that the Slgnal xxEt feé3 is connected
0‘0 as " uncm % ctrons, it 70
i Ng Wniptodiead akd) madd) mltauagutt axe me that the
signal o 5‘flerrre%&’netrr)lg jugit §§ or ed bet we e nigsall ye vy wfe e of at h:el-dﬂsrm 40, the

on drum ﬁf i | §‘a§‘t \“’(1,‘0850 gimilarly, heads 86, |l ete auto
correl §iTH, Rﬁ Eﬁ?g&j’%e A 5% lgt 'pi ck-up head
83 25 by wap opmdmesi ﬁruﬂl @ml fatthts et pmtemﬁen&e;g the signal
x[err] (wtu)se a:nt#utappd;onmstect e a| agisteing adrusted to bof equile (feeg |amt egweng 80ni t 55.

si gnal %e'yﬂts":gﬂ? Ico l‘r‘dtbé} Y 5§k, Of 75ismic data) o ?r 'y, .the out put
ChannelTh 13 3 ') txo 5 Thgﬁuﬁk‘ﬁéi 13’rep mmei

nect3ed finbrioa $11 drr s@m Ngbailable A xgf t) a’x’é/tﬂdﬂllaiaphed to a.sufdin@don Ui

repr esematmt@ms se@t’oytthrer Q? gnal x er r9 yray of attenuators 91-6H, reilﬂqelvclxrt 88t of

2;i gl{ng;@ it is
mul ti pjpixer 70. %&a € con ecte to %igﬁp way of € amF 10 :g‘{ ﬁﬁ Hht erval s
[err], inputof a dﬁy 0" an I ntegrator 6a "each of

t hes® 70i 1maoupledi ni_r;ewayaészwn&e I72'I go an Snmlarly, i3 QsipRal Ofjte)D 8t reéosded @ANECt ed to a

regi st ertqg vﬁtgtsg Of;thf- infogratoroigu g gnd lawsed %;yvmcmeoh;;ds 90

devi ce °§ orage rf&ﬁ%%ge azf 5 Y ‘%ﬁss Ndata) to the
tteriuiat >

del ay 7 e dnve fo:lihe drum‘(ul?y w}@ ; eghléofsoqr Thd Gueghlcum 40. i n

del a8 wrvst Sorfolhtiond functibd 6.9 Metwiat thSEtof GlmiAAbf . umt 104 is applied 'Bblmiay in the

regi st &yo ges X ﬁ)aa@uxzﬁ) ecmﬂehlatat OTNbaﬂml 85 del syeBl-at®Pons of the

Al e e BT ol 251

X[ err] bige 8 el f)&ﬁl b Su thbleﬁicaTges 111, 112, 113, . .Migh linits as
set 4y ahd would (0 .derived by a reversal of Me@itoﬁt%éﬂﬁ&ﬂ@h&p&itegﬁ

respecttlrmreq iciegts; for P in a mutable rgermsz xi(Q. Efs@rggager phiegs operey 409 rd nul ti -
The outyll ,’ciit ﬂgﬂmr% r‘nt‘n% ta‘b“m ahict perllL b braf0- The channel
45 is q,grwacbeakvél@ed & m: Yus WaMt)OTThe &Bﬂ ron95m&5§fi Qs B3MAL | ON

i NpLAO ad Uz ddwclmheutebfashe Laatot comtdlationhds rend stpred roerdrunum by @&y of chan- 35 - 70 is

couple b op ° tioR nel Fn?lr 1st u<§ gﬁéhe% ~ed®] (t) is
ecor dgg; gg,mti;hg(ggfshown) qﬁ‘gg X _ PRE%Srator is  drum

1 and delsy @@I(hdt Ghohy) dile o@p : connect ed to a register

or storage elenment 96, 97 .. .99, The Iatter srgnal s are then
45. Switch 72 is couphes :bw‘-[%;yt-ef‘f;Hmf,ag’éan)]appl_r ed by way of attenuators
101, 102, and = . - 74 to the drive for the drum 40. Thus, the 103 to

a summ;s'%‘l@rvorumt:t;}qrmﬂ?gm wium tthe as a sanﬂ,pled éqta)sstmcmd ehabrﬂn??gfwmtron [err]
bet Wb ) d‘ﬁ’l maY e¢olthe  two traces
£
Fore) e TS P Ao 3 si.am AT o (e
ey

summat ibg I’thuﬁbﬂ (285 .ThO Somputer-controller isUret & 1 8 dﬂfﬂﬁeﬁt&t ood that the
A conpuwf dhe-wrengenadlly evell khown mobplawd 261 wrhtrsnrwlog, digital and combineds 1200r r el ati on
function [err]is the time re- put to units 55, 65, and 75, is operatively
.verse of the cross correlation function [err] - connected by |inkages 111,
112, 113, .. .114 45 and woul d be derived by a reversal of ‘the to
the attenuators 91-94, which operate on ~ time coefficients for
[err] in a suitable con- the trace x[err](t). The conputer also is opera-
100 trol structure, such as a conputer controIIer tively

T Y T T e T a A - PR T



[err] The conputer-controller 110, (which in the as a

sanpl ed data system and periodic con- 115 110 system shown in Fig. 2

is of analog formbut troller. Mre particularly, it may be of the

which, in other systens, may be of digital type shown in Handbook of ?
Aut omation, Com - form is described in its essential character
putation, and Control, Volune 1, by G abbe : by Equgﬁi on (24). The
conputer-controller is et al., John Wley & Sons, 1958, at apter

of the type genénOaIIy wel | knowh in the anXss;0836, wherein anal og, _di gi tal 10
and conbined 120 - 1857063

10 10 syst eiifﬁte‘%fr proce: It dntor b [upderstood that ep F@r‘be
inder stood i Waﬁﬁs%lfg b *}:@%? i Yl T

page to be stackeptoRBY dpSuchRystedis lioledoh the Ngtes of raw 5 darﬁyobﬁm&t E 4 h\_/
f Il teri ng wher & t ¢perationedfi the trmme 80 rand/\,m oith ane  Bdeor @1—s2¢ecb |se1stmme1er array of -the 70

"process"” of such® t.aét tor for va@Ei chagnefsiip-  fype;ihigsen | fFIF* ycbe diavag-
obi o ned 1o ‘o BRI AE P SO T i‘ff L
equi - spaced sei snﬁzmg%emafF ekeBy tof Rljust foﬁ@m kﬁwzhu@ rsefs of
the channel s i i@ th1=y1 @ugwa\mtherﬁnﬂotldRE cycle pf b@ be pratessed as electmilvs@zials n7s

th sent filt cros W Apifoe fax gerad 9
ot ﬁefr =>en pel“ OefoP eﬁﬂ;?)frgg at%muitirs i %e ;ﬁl@% Aoy stor %@ﬁ:ﬁ"ggﬁfl f:l:?l g;\frg

phonogr aphi cal | y 26éegisosfusht la bove Handobld’l gan OmGlti-thate s Zrelate® by Bdhsoh Qof ald) UST W
formas well k%moti)%gtdwense blc cxr‘!ﬁhefmiowcttoha: atc@emmapmdsofat:smhgsa‘e?dso :
of each cycl e of pths a
eval uati on of thef ﬁl{h@%ﬁﬁ %,og h_Qﬁ orpp ShOt ‘aﬁ mf“f y rorsﬁa%a% a ;
stored on mag- mexiumtgivemme ve. at enuat ors \mhéhwémﬁoﬁntjsm&haékmbemghmmbta -
in anal og form®r é‘bt” h%d“?&n@gi: h°W°VFf®rth3éxtEm’ptseapphﬁsl tg amsessing daty n‘dm@dtfenh a¥s
page a suitable g@fg uﬁ&éﬂe& CT ‘To?gﬂ E@k‘;"%‘f‘“@qm ng\;ta gvea ove
Handbook, wher ei Npravidehgut Mga&%ﬁlﬁﬁe@ &6 BVpHn A OUkicO bvatds' deé d Pt or

is driven in a_bapwendedibingy b pmgrarhmédosuccemwyt | Mitine meﬂncomﬁnﬁpma n nder-

sei smic waves 2B ProdugcAsg sigr @ﬁ E?PfeﬁeﬁatPPGerzaCmﬂCdepw %@bmerged shots 90

successi vel y prod&g%ﬁ,?ﬁg y hone

ck d
represent| ng one ﬁinefasemjuaudn @4)$&ﬁ&3pﬁ p@-a inQiEcome:e &h vehfion e
in the soluti 020 ofentiipos ofj then stf cBeﬂ)tra‘cc)resmi;g- mad feomt aamedﬂn naaeésnbasnra

ment of a give a%l{.e%%%rsummmg in accordance with - 95
described primari ¥, 44GURE!3, 8 |dbedd? m{eFvQIQQ:Q z%ﬁﬁ@ een ?en;
applied to processueﬁgalaslmoahaalaisumasv fasidttweenS Sseismic ﬁ?d&a a@ue efmeﬂi‘essaﬁ EL}GURE

2 may be | and eﬁles¢ﬂ9<7£ a@;d(??l matelttm ordiﬂanbmny tddeshqt mm;m may be Mkedrbelsgquenu- _

el i m nated exc@ re ei°Y camfr °f(§e°

obt ai ned prov dg eftﬁléy a ?jﬁmge

acoustic waves dedmeahﬂd 8$i.nIn pracﬂﬂ:bLtﬂfe hinfbe f rm.y :E:entiaﬁ@&rﬁ tNee y
marine seisnic exgdmspatemployedifor eich waeldie, BS omwn Nymew ethqmira@mc\m phyy bé cal

represent at i on4? %r ;ﬁ@@?&l %el’m“grtﬁ% sﬁ% &@ﬁ%ﬁé@ é‘a‘)ﬂve art $e(9$:_1t Heﬁ

NECESSary Cross amgh skl €A i e hbhed BSacoit C oo byahon Flis_most
hydr ophone f usadlyi relared topihysapecady olfelprlﬁws-t aéxpﬂllitﬁms@f adcdh@ncafb thhrougl{ fitYin- |
will be appar ent dlsml ¢ouhiyter, #rvall be

physi cal repre# ﬁ n be a°°°m i Jils
of the stacked trg 1er@@ﬁ§f§i rpgmde :rﬁe gﬁ f‘)m't V\f) alc’fvemnflﬁs?bﬁ s ¢
array. 30 filt erwfrtgneaiaﬂyeé epPASsan Gy tions) oﬁﬁdodsfdhmce AMudithble dibitalvicdohpufet! Fdr fgerrerahﬁg
appar ent t hat Whl st’h@ a@sie(t) E at | on 225) the filter welghts may be the IBM 7074

C:

description ha bg SR - g‘g‘ 2 I% gnculeid neip JpRERL 115

NCT
intervals be- stag hrmGUm ﬁesuamg&e ﬂbﬁ hﬁfihe T 7074 toiaﬁeﬁﬁﬁquanon
pl aybl ack heads 8®naaidve89nmd0®ehmmnble§mm @4 races obt ai ned for the same

array headg, 9F & S Uﬁ# narkib¢ § apalwd tes et IBM cornd on ‘
may be stacked ?)y ef sp'}éu 1o r%%@ Nl gnd ifﬁsc rﬁ}o -
ally processing StdQﬁ@%hté‘d( Qh@@-isrd%cl&fzd 'iIBF 4 store its 55 ufh'l'}re

are represented trisﬁue:btammgtthelastotoorrebaomntdeﬁaﬂimﬁoo&ﬂpaierishlﬁa:ﬁmlbbi uag”ld

channel s on dr th
chamel on o EEp e e S TR e o

to be taken as |I&ohtahtroatfuﬂéﬁon coeffidien€ Naed b ﬁd&éﬂi) PR ezeﬁi; Cthe lpro
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