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been ref errea:i tpdes seahﬁuﬁ:msé mndayélﬁ eTEetmk@d 108 1ddxugrto43mM1chd 90

noted, twel ve- tnl%li}ie:ﬂdlrlt@ms\ﬁema %ﬂ@bﬂfm@rﬂa@% rfem“fielll @nwrﬁzﬁg ‘[ﬁ E}?I y
W|ththe shifti o ti nlts
83 and 84. 25 ﬁé&‘%ﬁfm @ﬁ‘?ﬁlé@ l‘g:i : ﬂ@ 3,3?7 g S (e st“"wmkage
103 | eadi ng 30 cdanum @it showeh) lgding frompheedaliyanmabkedmmty ferothe p me oii f95 om

detec- record > d . ‘1°nb ecéivel "miy
Bﬁes&ﬁﬁﬁh?qﬁ% "B T N S

treated. The cq
woul d be enpl oy erS$ICHEH ou It Qiﬂtthe@dléﬁ%ﬂ e 1f eﬁeygﬂts esi s of

the time don3i.risto be u:aihnstoedrtbht mdmegl-z-&t, d#he fId pxedu;mg nhet t:uemlmbdlfunoomm 100

filters. I—|0\/vevé‘F“tl 8% I‘t%;yerF‘H vﬂﬁd 49 th
| eading fromt gle L§:§£ﬁ Eﬁgf orini e
line drum 34 t Qad se ahﬂ SIRRE Hﬁtnl S?ﬁa ﬂon

several drumne., drum iﬁhl@uoiep the;u:mln funth«t Suft'/lﬁg-ﬁfit ﬁrhy afime mtemal/d:bmems

The |inkage 104bepregttdaves mF ermore, Wi ts9ual fie ¥ £T18f1 Fd2t o t he
re- unit 100 tff E%g Bﬁﬁ‘l‘ eﬁﬁ"f@’a&éﬁoﬂrﬂdlﬁﬁn °§?9‘ﬁ§°é?;e& ALY IRy of

channel s 76a- 8Qayisteks in digital Bohpynitbiag I@st@'fs tibga Hitst Eyele, MELGAIE Sppeating oh Shet 0 be

%’%

under st ood t4?atrathdrghad onigrem@I-34, 47, twduknm a;nhé9 e!@rrwipatd andt the 110
functi ons 46 10d(2;£h° ge %t& 8f1&igt &G&sé“cb‘@é ‘B‘i;gétf’dtet&ag 3"‘;‘;’
the signals frqiffEfh ﬁwénmn a%ues STAF 0 Ha Cards Qi Selatibal | b ved.

Some of the _arrhelgeeakice 4drsmm1 9, Isignals onfwaﬁzteh g9 zdof
Figure 1 may*fbemndarrx wedvlw mntrolanﬁdi e Woe StOtPeﬂmblyplltrdsahd ﬁrttegc#tqdnn tbecunit 135me

s e R
by operation of b%ﬁ B iglo ikl S adh RGeSt b ;

shifting unit G&is! yate'frécﬁiﬂedl #at pRédetedm: - 1tbbdrums byt & ﬁmpixeﬁﬁait I DitRg theON.
Furt her nor e, ﬁ/mlotleoathe pesiyigm |of tthy ﬂms t3\loa-3‘&va ettomhmle, e'heqqnd:m%ntr@ fe cross- 120

k R

anal og_syst em r}ssea;)%l;tlve systsexljn@%EFF Bﬁh et ® alr%rg-o eautocorre a 0‘% ?mteog
Thereafter, thesahiNo 3030,40 G Ratmi LAt 't N Sk 3 bbby A1
36 and 36' are C§frbad Cordchions @2y edum&twedmro crementléelgi&tcﬁfeﬁthelantﬁé gelatyahnge

conput er st o¥0acthe dlmeratl prier fto_ thetcomslaz| eThettime ingi mtnsmetppemm rapge 125
45 rather tha ‘°§l “;f“m’s wherein °§ ft;emn fiet: tiz 11 d ablnd g9
are nul tiplied ?h%‘&eﬂ’ﬁt‘“‘éiﬁc?wﬁhﬁf°ma%%‘}a' Epeidfing! ton Sk Sbghenlifi b, S
by product is prtm:dﬁgzﬁ a8uetfl corracticidi dre debcribadtin t»heth desxredetonat i on -of the

expl osi ve chélr g@eop@sicsniigl. XVe Aptiln1988, pagee22?i e Ingenesalabe signilshanaelpleading fiono 130

be taken illustrative of well-known techni ques. duce.one point on the
crosscorrel ati on func- The generation of the seism c waves nmay be tion
46. Simlarly, signals on the lines 89 and 50 wunder the supervisory
control of a unlt 100 90 are rrultlplled and |ntegrated |n the unlt 115

e o " . Y " o o, o ~ 1

%
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65 GCeophysics, Vol. XV, April 1950, page 227 I n general the signal

channels leading from 130 5 1 495, 263 5
the drum 34 will be spaced in increnents of r. Having briefly described
t he anal og system The conputer 60 will evaluate, for each of
the of Figure 1 and having outlined the objectives del ay intervals,
the weight for one of the for the use of this system it may be hejpf ul
20 signals to be included in the input to the sum at this poi to

descri be .mat herrati.cal ly the '719'@1,3""6 mng unit 75. The si gnats on
channel _28..is_ —aperat Lons involvi rq‘h %’rg use-of the crosscor::
al so appl |t1e:curﬁxm36mltm spgced i ihcrdfGnw ofte| ayHﬁim@rmieﬂyr@kcﬁbddahe fnalog tyislenn and t he
aut ocor.r el The ramputer j§fcwill evaluate f°f eaCh 0ft;’r)r‘ﬂ |of . Mvrnstouthreﬂétte{:’brectm r’l ty. The
fﬁ e hel %
ti%

: tem, it
51 01eS - LR SR i SR R0 chanme
ﬁmel I3 f ea&edo,ysr S is set
on

61-67 W1 I 7ppﬂﬂ%lg

forth. 251so applxed to smnmmgtuhivﬁ @ddlaéd afanampri the arsunmalaugn fad-t

Ther eaf t erwill | alﬁ?ﬁlfgm!}t g%chmtl : thls? deI ayed in
tine by i1 % % ﬁrj;pl : r"%é s‘j}lj | 1%er will
[err] s t7 a ECinWinle! by liiterd yial SHhpik e will .

si gnal on 7 sadet ere avilp rbeshbuncml fsungtml breelamﬁ)ed Verification
sent at i ve sigpalton %%P ?ffgy 3 Sub- n of the water

| ayer is .tj"“;fﬁg_ ?g’;{;’;aenergy 39, Sut ang g %‘ f“at’Pon

ener gy i lthus ﬂ»‘e'\&cdﬂ{ i$hed. YTHe®, ?el?l s(g'ﬂﬂ QEﬂe&er téf bot- 15

thus be aaclen ea:shedxtpuﬂ'blmmele’&ullehdtﬁmsr ahd wraerf krnfateeddaﬂnngncmy,rm bet ween

t he wat er gy 81 and 82. t hen appear %FP“&QFWEWdﬁheI 75a |l eading to
tom ansk water surtttae:es(t)l\llatzbtenmrrh(e)atly(;—znﬁh(t)*h(t) . uni@is 81 and 82.
effect can be characteri zéd Iast—KT)*h(e)*h(y*B®) - . . . *h(t) - - f(t) = s(t) +
[err] (1) . _ _ ,:
(k+l)[err]... *on('t) f(t) = 3 (k+.) s(t—kT) *h X(t). o () =
[err] (2) k=0 k=0

wher e: ‘where: ' : In Equation (1) the Hijdd atrimOsft) (of Jhet he first
term s(t) Of ftg-,e- recorded seismogram; te -seriep crensesehesd the edesired signal :

Ct. t th - —

it (8 seri b CoRBBARSIEhEREL] o or:géggr%‘m;t“gm;m T ot vy L)

primary refl eaihaawidd Tl i e et he 1 ever -
= two-way trasptahse; n wat er Iayer ly,DEh(ai)tW@&‘lkﬂoﬁh,hhen thdquwécmxass

descr | hed her = mppvolution; and &(V) pquid)be 2pplied directlyipot t om refl ecti on
re- E f or eq'l{gh gﬁﬁﬂ”‘?lwg V‘g\/éﬁs%ferkat i on tail. COear-

sponse, ' % h(t) were known, t hen the i nverse
filter & = v —2h(—T) Bﬁvanr (15D and §t) coul d
be appl@edvrhdier ectly as 45 _ fo &rvd) (+ )iee+mjt) congl ved with
tself k . %O = it impule funcrion 1 8BSt given by Bquation (1), the fiker Y 8 90 o)

8( t ) _ 2 h& Jig K { w%ﬂ-} pé 1 (31' glven y qua on , the ter ( 3)
60 wher e: YICldSn:(t) tr:;ac:l{:é() ®o &uat?oI)(l) > f(t) = Y(t) =
f(t+T Y(©)=2h(t)—h(t—B 1 Ht—=T) uni i npul se
ffmctl)on : &(0) * f1) = s(t) (%) (OF B i For
f(t) gi ssennpsvmeqeeqrawa e 6 f . g, f5ly the prediced trce by Tty of wt i on o
g(t) W th dofded wak fbiedirstNalqating the Filter trace (1) to yield ttd &e&i&wﬁ tXACtdoy:
Y(t)=2h(t ) ttrai[sformh q) .mT f(t+T), or evaluat-( 7) g%t ) * f(t) =
S( t ) mg t e predxsft#g'n operator for predn:tron dis- = f(t) — ft—T) * Yt—T) 8)

Thi: to, m: uation :

Next, del ayf hel Bradr Sreneaden:, T Sfrgdicton eror oupts” i 5 ' hyerse nay be

estimat®d fronXvyhe Z2e- onds and ghbtrastft) t fsppree-tTie* qr(i-gr)qt y field

eordedtra‘t’!@ﬂﬁ é‘&rrst evaluatrngthefrlter trace f(t) t%reldthe

; . . \

prediction err gﬁ. correldton rEtmn oy uat1o %ﬁé %W T %‘Pn;%é*s taggc),c.’x{: t?% f(t+T),

or evaluat- - aseIected data ght@gf ?ecﬂ'ﬁr%d ﬁiel' oﬁ ICTT off di s-

= f(t)7i f (t - T)trate f§ff for 1 )pluralifySof time de- , ance Thrs | eads to mat ri x

) — Y =

ENET e o R A

- Yis the filter tevals between the selected data ve@@:‘ﬁﬁ e li‘;tgrckoe{e@&vetrérm is j ust

g(t) ofso gate of the recorded ¥adeSf(t) b autlhe ﬁ%r@rﬁﬂt@ﬂhe ﬁdddﬂ-ﬁiedrﬁﬂuaﬁb\/ Q6o

Equation (3). THe ief;i‘é F?aleFriBte fothe qe-i ofstimste ofr the g@sfer function rd;ﬁn% pri- a
in- 1 Vi -

sel ected data g &61 t He drlave P 4B flf‘df’égﬁlai@t“% rﬁ?%‘ftrhgmf’“f ef’éfé 75

trace f(t) for apuralrty of time de- L]

. intervals and [err](t) -Y(t-2T) (10)

Zis the cross correlation function for t he sane

plurality of time delay in- 1is also the exact inverse filter to renove re-

terval s between the sel ected data verberations. 80 gate

of the recorded trace f(t) and The filter represents the

o, A NN - - T 1 v . Y M
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6 the point of generation to the water bottom sistors 68-74 and the
gains of the anplifiers and return to the detector location and is then
nmay be-controtied by garm control vol tages subtracted fromthe original
signal yielding a generated in the conput er 60. Such gain con-

reverberation-free trace. trol voltageifromthe
conput er 60 produced ' Ut from
treatment of g he crosscorrel ation and DP195,263 Anal og System,Cont i glued.

aut ocorrel at :
operation il uthe paneef Senerﬂogm the. "@%tbpm tﬁeorv\éﬁ—gﬁt@ddfe maingefthesamplifichannel s

61- 1 invo en ey pey °°ntr°l 34 in
whi ch the anpl %;éﬂ%ggﬁ;aﬁ ﬁﬁﬁ; E%‘E *r%icaro%l f?n frﬁg’g Jﬁs 600 fo "t he

st orage Conput er 60. from u'eannent ofBﬁxe coHeelfivor and

sel ecti vel y Jat t enuatdedod ystmr(t?ogtiw Onay 1this jbe Qseﬁnyde of
oper a- fol | &5‘2’%1’ ‘:ﬁ}w‘é‘;ﬁgﬁg e¢ ﬁﬂﬁ'ﬁd"ﬂgﬁs °ftsngﬂ’F %ﬁg’anb‘éﬁsﬁtl_be
under st ood by g e_,qr,ﬂwﬂchttge amph mlb\ servo systemin conputer 60 may
the rel at|onshfrqmseaexpjrmspﬂdplpanﬁqmﬂklsmﬂge( 5) be € esd to adjust #nits

68- 74, such %s 3% rpnv byam é auﬂ@e@v mlreaﬁp de of opr-rn-the
magnetic del ayf A E A %ﬁ@ eﬁ ter
Ylerr], will rgSidpoye 1ust ts 6 74 %? mclhbdi’edath hutée @ g- I\/B.g-
in the cr osscoinrtad mhgneﬁn delay) Hael filir désa byer ndd X, when uestd by mtea Lwﬂheesult
Filtering", 1§ nH@e ¢t@b in a pmreqntgedt gmznrtwcrs:escaﬁﬁa 'é)Pl 6 ting
Vol . XX, Octo Jgga%e“f’%g B "“’I n"w fﬁ, w% ﬂﬁval ues

or weights to the la pph&i SN@t s given
t he signals apzp'h icantrolted i hﬁplﬁudm’w ragfanable e eunitom rByl oﬁ ExaR IEQuawbe By ®

vari abl e re20 e ipachpig @1‘??14 ’i E?ﬁn SCEB'P% opgiast ghce i n
each signal | |ﬂ'é°h ?&I”Fa@rbﬁef'cﬂ?s\’)gﬁz@°rd’ﬁmberf° f"%ﬁ‘F"’a seven- poi nt
operator or anplifier my be substltutedfor varlable re- filter
Y[err] may wittgn: 0 X1 & T4y T X5

R@ o 2% Ry ® 1 1h ] [%» X3
x4 X X(-—l) X0 Y(-%) X2 xsZ( X4 X(-® | |Y->%-1]) |ZG-2) X1
X2

% g, fow aiCe gl KA L) G,
X(-4) X{ x8)3)X( - K- KO-1XX0 x1 X2 X41 Yo X2|=|z0 12yl

Z1 X(-5) X(-gf‘}S X(X- 3) X(-2 )x X1 Y2
72 X(-6) X9 x( XA (7P ¥ 15« 2) k(-1 )XZ xp Y1 2 Y3
23 wherelxcs & ¥odon e xen ko X4 Kb X0 2, A2 X3,
X4, X5, an nunerical val ues of {the autodorfel atign

function 4 Xétt—G)a t|Xfe-5HeX%ry4)[?§£r—r3] X X(71)-2X0.3) - Y3 L 1}?:3 -6, 1, 2,
3, 4, 5, afid 6, respectively; - Z0, Z(-1), Z(- ) ~Z(-3)7 ZI, and Z3
are the nunghdrsal val ues of the crosscorrelation function 46 at tine

delays [err] = O, -1 -2,°-3, 1, 2, and 3, respectivel As to the
remai ni ng el erftX(—d (hé’) B) %( ), §—5)’Y$ng§) Nngﬂ%‘ K?,land\)g rFHeYS are
the filtePustg f5 i W52 % 6% 64,

and 67, respectlvel A ’ >ZI'n dpu’ to solve Equation (12) for the and
the sol ution %9, tZﬁeﬂl), mﬁuza{%czli &2, wd 7B abthe waheried velfiestofi ¢hef qrgssconrelagiont Nt s at
the del ay i nt er functign 44 ¥ ime Iehy 1 P4 eb oiTh b2 S BIFETEY-on nat he- val s
[err] = (-3), (-2), (-1), 0, 1, 2, and 3, matically is indicated in
Equation (13).Asto3k remmmﬁgrm%mthe watfik YEqQDAY{-), Y(13),Y0, srum;eﬁdmjare the 7
1, 195, 263 filfer weights of the elements in lines 61, 62, 63, 64, 65, 66, atjd 67, respectively.

In order to' solve Equanon (12) for the and the solution is then formulated. for each
45 values of the filter points at the delay inter- of the seven filter points. The operation mathe-
vals 7 = (—3), (—2), (—1), 0, 1, 2, and 3, matically is indicated in Equation (13). 50
the X matrix of Equation (12) is mverted




Y( - 3) Z(- 3)

& 28
YO = X | z0 (13)
Y1 zi Y2

Z 2 Y3 {5 Z3
The inversion of Equatlon (12) to Equa- ed, including the production of a
visibl,e or « tiaqn (13) may beg jyssigrtaken in accordance wiggle trace
selsnﬂeg-F&m—wH—&Hy—&He—e#—%e*eFak—weH——kﬁeMﬁ%ehﬁrqﬁesr-— The
operation nay be carried out in the 5 of which the Crout reduction
technquue is ex- systemof Fi gure 3 in acordance with well- 50
.enmplaty: This ‘t‘eg,tmzi)q e is deqcribed|anpd ap-[ ?};_ systens and net hods of
pli o

oper at ng t he d i n Metlhods o plie thenfati cs, by sane but

gui ded by the rea[u+2)e nts of the | F. B. H k@edrand, Prentice-Hall, Inc.
(1958), et hod gt rth herdin. Digital fi|t 'i g, in Appendi X, . pages
‘503- 507, The bfu Porlce gengral, i& well kpot sfyndicated in "Prin- 10

met had of invefswon wijl he descrxbezl.bel ow | eoples
by Robi nson angd 55 in corjnectiop with Fj gure 4.
Treitel, Geophysits, Mol. XXIX, No. B, June,| %l the
quantities may| bgyevaljuated 1964, pages 395}494. Th
for each delay|interval of intlerest.|Mre 113 of Fi
pr ogr ammed pXBticul arly, dignalsjare profuédd, ohe for each to carry
out the operatiron i ndi"cated-i " Equa-~ 15 delay interval, and are applied to
unlts 68- tion (5). 74, Figure
1, camt (gfvem%o of pation, 2y toFasane o n;gml!es e produstion efge f’P‘P‘Fé’Fl ng operation
11 us- B ) e e ﬁ&iﬂl%&u@ B obthatin iy ReCcaififlicue uf it €d in Figure
1 mays befemmIﬁe/edutmﬁbntechmwemens#ﬂmtofm,gurél\haﬁac@dadﬁlﬁm watkesyal [err] =
| ar ge semslarmf'l'ldat@nramsximmnilmdlap oiknawnfspstemg ragd method§ oD ORragiocthad i s enpl oyed
in the g““ﬁd’ﬁrf&ﬁ] ren m%é s%\“ed |t“$?d ?’oﬁi’p%‘l&?ﬂ _m%nf’%f on will 20
the or oxspalik el FSOR B9 A Bhlee s D] foag o

65 10 efthbEbH tmnfwmmtaldwlb@@ beltwhe cﬁamasﬂ DgltﬂfoEBﬁhg?be RobinsdnOind &R ds on drum
34 wi | | ieonpegivon|with Fighre0® By such mgasd, o hSig 53 (Viele KXEX FNqy 3 Jone] second

own Y, quantities may be evaluated g%-964 pages-39 1
record ﬁrﬁgkclli delay interval of interest. More 113 of Flm may I}eTgl'? Iq)léfpf;%&gg{ua e further the

oper at i Qtcularly, signals are produced, one for each to carry out the operation mdlcated in Eq- the conputer
of Filguidelaylintefval, wstll dre &gpliédoto units 68— noangl tal Operation-Figure 68.

expl ai n%tﬁi&urﬁeh tq mwlnhceqmphuy#s of the an ?the@mlogzlﬂtermg quemalt ilans generally

i nvol ve 38 g QI ‘%&4 m:{;ﬁdbn i ﬁ?;; Jeflwirs Pgure 70
twent y- ﬁwi&@ﬁ Rt SO Biodn, cht ﬁ%ﬂg&a? e %Iintrh“m% of Figure
1 mayzOt gileQrdsdo@relation ﬁxhdub:enasanhahemga-a&emftmdas twent y- flve or nor&s form

of yital. Filtering"
By such neans,
unknown Y[err]

s, the control unit
ure 3 may readily be

|IIustraQr8%§t11>m S i nga)fslﬁ I|f|ed del a |ntervals or points are
r equi reg° r head %%‘P‘Hé’eﬁ‘éﬂah'?of ter ’;ﬁ? &%‘ mtolnus- be
appar ent ? for such.operations, oﬁ uter fﬁ&lﬁ llg uWe 4 would be

i nvol ved forDth Qrativri—Fipire Bquat i ortxl(léiﬂ ammntme; e 4nalb, -Such
sever?—spm‘PRefaPqut@meﬁb’ orelver é”eh'e f“rﬂlef cé@ are nost
expedi t igg {Eﬁ@&%ﬁf g% rﬁl tf iuf:’s’t’;g,:’:er ﬁ“"F | (’é rlnt si gnal s

pr oduce&msn lof points a uﬁe!doﬁsﬁmrr 1 hilt rurm lsdde ufle

corrput e fbg agiparentivips, | ferrsged @nshithe okt~ N gracd s Figura 4t wnokir bed \atved)hr ihenct ion 49 are

st or e %Funwonm)@; esv %uﬂﬁaﬁg@@ubméﬂda@@ i78 47. For

e V
Che' pur SR SR ms&ﬁg“"{ssg TR o grad 1, i 1 o Ducen
and ap- coﬂﬁiuﬂ:l:kl'ﬁhvﬂg lirgP HASRAIAE| @S  Qlntobobtelaton GEEER 4D Gre sto @ondrumpl i ed by way
of chanmity. dn Fighret emsm:iﬂ@ta is| a7i &or thermirposen ofl Ge advetriptive of

e e DA e g %&5 i %zz&%ﬁ%? R SR i T e

adj ust QbntroPbfCatia 118\ Qﬁéimfné),radfu&pii'o SrlgQheSfita storedf | X t he
filter derthefipogeiesmgndingt hltlt the selaiont jogrthe drthieTki:rmkuIﬂYZO ﬁb@ceplackup 120

P;g?;ﬁggéz ?gnﬁ%ﬁg’i? %t%%tlo@f 2 régﬁtﬁl%%ﬁ'é{gw&?ut channel s

114 t he abplied &6 edtorafgu At 10N shadn d R [1e1 ﬁqﬂd B2 éorl)‘eﬁfond wieh the! élaﬁdne mZO
sei sni_c famgial lsagnéﬁqeinhastow witgtat-s vadél(t-h)anf Egrfatidaq{]2) iSignal 112 The signal s
from4$i & be tempozarily ¢l sé“@fi q%‘kgﬁﬁ ;{?%(1 E%"}" Pe 2®and 122
correspon wtﬁ)n?she 2 ‘(’aum:’f\nr?l I o rraaé’ne ° (g ‘orage unit.
Stor- and Z(-1) of Equation (12). Signals from45 age may be tenporarily
el ectronic storage, or pickups 123, 124, and 125 correspond with 90
alternative fornms of readout may be enploy- the elenents X0, X1 and X2 of

Equation (12).
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8 Since the autocorrelation function 49 is Equations (14), (15) and
(16) which are the symmetrical, the values X1 and X2 correspond sane
as woutdbe obtained by using the Crout™ with the values X(-1) and
X(-2), respec- reduction technique. Equation 14 defines the tively.
Thus, for a solution to Equation (12), magnitude of the sq%nal to be
applied from5 but Iimted to a three-point filter, the neces- channel
62, Figure 1, to suming unit 75. 15 -sar. correl ati on signal data .
appears on the. 8 195 f dout 8

busses 130-132 anotsldes?ml?a&;comlaﬁ;n fu&t;sihab -15'0 Eq&i;&ﬁql4),ed5)b&dw va.ich-caﬁamael

61, The s s:tnem:ncd;‘ théy. X1 dhdé@rcvmpohd) ssmie\ae woramu: bmmgﬁhe Crout
represents the re‘!.’ll b —1) and 7 ec( gd“%ﬂ:‘ggﬁ}‘%
12, nitude of?t ee ?tﬁ 'm‘ g}?fF 48 nit 75
t hr ee- point filt @d’ry cbr&la't: @ tion 15 represents the ‘magnitude of the
20 readout busség 1311 32 and 133-—)35 signal to be apflled by way of channel 61,
Z0 X0 _ The system of F1gu 4 . serves to solve and Equation 16 repres? ts the relative mag-
X0 Equation (12). The tﬂlm to_Equauon 12, nitude of the signal to be apphed by vtai 4»5
%0 lS)< limited to a three-polnt r, 15 indicated in channel 65. 0
x1 . X2 X1 ' XO
X0 - Z(-1) X2 z(—1) X1 X2 x1 Z0
x1 ; - X2 Z1 _ Y
(15) 0 X0 x1 X Z(-1)
Z1 Yl= 2 _
(16) ¥W-D = B (14)
[ X0 err] Z(-1) + Xi[err] Z1 + Xl X2ZO ' ) - Z1XOX2 -
X XQzO - Z(-1)- Xi[err] - [ xy(-1) x1 X2
(17) : [ D] : wher e:
D=[XJerr] + 2Xl[err] Xa -2XOX1[ err] -XOXOX2[ err K1 9
1,195, 263 o 9
X1 X0
[X0[err]zo + z(-1)xx2 + Mxed  F |
[ xo Z(—1) X2
X1 20 B <!
| = 71 X0
[D] .
X0 . 0x1 Z(—1) -
X1 X0 Zo
X2 X1 71
oyl = (16)
(D]
[X0° Z(—1) + Xi* Z1 + KIX2Z0
S — ZIXOX2 — XI1X0Z0 — Z(~1) X1 -
Y(-1) = — a”n
. . [D} :
where:

D = [X0* 4 2XI® X2 —2X0X1* — X0X2%]



-X2[ err] ZO - XOX1Z( - 1) - XOX171] YO=

18 D

EXC]%err]Zl + Xl X2ZO + OX1[err] Z(- 1) - - XOX2Z( - 1)
-X1[err]z1 - XOX1zQ| Y1=

(19) [ D The operati QPS

illustrated in Figure 4 for ‘ment of the nunerator of Equation (17),

sol ving Equations (17)-(19) may readily be nanely the quantity X1X0OZO. The
si gnal ®on «performed for an i nysReed matri x by analog line 276 is
representarive of THe SIXUi or rast 5 nmeans so 101ng as accuaracy 1S

mai ntai ned. Only el t. qf, r of Equation (17), 55
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out put fronqnt he sunmiHg %{ml? 184" ppé@?‘l 0] ure 4 for orrputl ng the val ue
of the filter ing on the channgbj 181 is represent ativ% poi nt Y(-1)

has ben illustrated in detail in the value of the nunerator of Equation
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manner , ““ner’Qﬂ}e output lln"'Th tput |ine
wes-ort DS S S e T SR R R R e
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of Equat i ngrpr((dgciy representatwe of the fourth elefEqHigtre d).riﬁm(, 11&)outatp1:d1g(ta ? stapbit i fier 196

to ttog H&7) {i {95 in:
d.:}’fé? E O B “{;g ﬁ ot%i‘t’t‘c‘f‘é"& “P‘éﬁ?%s “‘?ﬁ@thi rd

consi ad? eﬁméf%s (h%é
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2 dlerr] The term "seismc trace" as used herein
| ength equal to - (d[err] = water depth and refers to an el ectrical
signal having a con- V[err]

ti nuets—t+re—functton—(anatog) suctras that—5 Vlerr] = water velocity)
for conplete de-rever- obtained fromthe output of a seisnoneter res-

beration from a sinple water bottom The ponsive to sei C waves or
refers to an el ec- nunber of filter coefficients (ml) required trical
signal or siggals dlgltally representlp@5m§5 on this baS|s £§W thol0%

I NCrease i n—hater g—ecent-Autets—te lunuL;UH u.-a ucbuuuuug dept h

af
as saf et %/ I act of Ic?nlg?eranons dictate that the qgkerﬁo inC ude land oper:flji)prleshm:zed
representat i On tﬁs by the same reverberation problem.

E 12 t
anal og signal 1 nVOPveg gsf r&)ufuo?]g the & mTEOQ FheJterm “seismic trace” as used hefeldr [ ],
nal at succesSedgeh gl mt-s—atd:,;nug vtatcedq;ﬂadndg referyria|ap elefirical signal having:a-con- ™

w tingous time function (analog) such as that
thl ch pO: nt 3 a‘hte Spa?(i_ed ! n %; % dl ng qg J m the output of a seismometer res-
the samp in beragon Hom L e to seismic waves or refers to an elec-

(20) desi c:\ 1e§t@ LI-'l gethﬂ'fderﬁf | sighhl ®F SidG- digitally representing 65

to-di gital commethiitasis (ﬂ'hxelts’,amndmd: inavares salde‘-ontmuoump éumﬂbnl@ at qeerding

i ncrenment al i rdspth as eafayf facqy) is givea Ry encoded qfﬁl‘F‘B‘ 9y ] ﬁ%ese gf pr o-
ovestaam lin og’ .

brought about by the 10%incsegse in vvatermlalt M C
trace. 10 75 m+1 dep.LE.appl I ed as whicha othsyardP@ﬁcfed)lin tink¢/ ficardihg wator
dept hs encountered i n npost nmafiVie operatlonhs samijap\ Tinteaal CAtA|the] an$nﬂ°na1 15

designation c of the in a
range between 100 and 500 feet, givi fj))forto digital conversx:;“ﬂf% A kﬁfval )cessi ng

an el ectri cal 1s the incremental increase of T then encoded into digital form, therebysﬁ'b-sm C
trace which i rlﬁlldg ea'ﬁou@- b tHe NBY/Yinér&ise in water- ducing a digitized se1sm1c trace. 5
flection corrpogtpgtaplﬂ:adjasa safay@cdoeﬂ‘aplcabgft@om 31 = 12 for df[err]
100 feet epths @g) ‘gsmﬂ?‘ﬂlﬁé’éﬂ Fodi F%_EL‘ eLns et

60 for d}%r gebf‘ %faé {00 feet, givipe for @gﬁ,cltg:c e si @\ﬁgﬁ, rpal i on
conpon- for a four-mllisecond sanple maeuidnoudmponent and aemrbhakm o8
mnimzed, said ne#hod Ide dy = 100 feet -~ -~ ponent to produce a modified electrical sels-

h1ch the reverberation com
prising: gener a0 e =30 ééi‘jtocorr ca’;““g’@w 1 meth e Dat a
Gat e. B Bl lse?"f"g frietton ngitsu@ $BcRABAEE eqe’lézﬂmdnafhé

The data gabge may startTh'kQﬂatmdtélseconds gatfenoﬁénxhﬁerersel edahnoeieciadattwl

seismc trace fdhe d88 gate may afattemﬂtm@lse@m@%r 8%?3# ﬂg'iB?l “—&Etﬂg ’E Sﬁ‘%ﬁgﬂ
! nsible

plurality of d¥yghe Rt tEre el ARFRA A

sei snol ogi st. yh%; %%gt‘e 1y it Tﬂ] u@:@gwagatfom s&enﬁmaicgmgm.
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the best sig- K e&féﬁ‘f‘}‘ﬁ,‘ﬁ% frhe, daa, gt liﬂce %@gﬂ éﬁf M{E_
nal -t 0- anbi ent gy 'S ?s Ghmp %E@rtg%ﬂi i @ftal SEIEﬂllE ce&ﬁd)ﬂﬁ@ﬂd’cfe&ltrﬁich@dl
function Z fzer mﬁb&mﬁ@m effodts. The ra refemlﬂyer dgs patawd the original Hlectrigaltsei Ime I
in- plurali tthjlfbed@bsgéﬂsmmceﬁcd/m % n delyed @) gy mterval T, Ehesgy iy the 5

4 sendin
o o1 (he o gt T i oty 2 ssepls eageen T ARG
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data gate of tﬁel‘ Ufftﬂ eyseherath n@,ctpq— TDEJ&P“I‘SE"' nitizeds domain filterjng) sp 1dgﬁégr EE it

indicated in FI ce 1s lw g;ill e,l riscal sels mirace thglél?n tnksco o 95
ol

Thi s gapped degmgvﬂuy magfve by iti¥emdifix ERitdAIXY ends gy
from a sendisag consxderabiyl‘ mcre cxenmin @pmqitfevans dblgylr}sr @dlﬁmrﬁm

Igl seismict Back on _t o
a reflective Stﬁ E ficiency ap é’PSx e terms %%P@Ime m‘éml m% se‘ﬁj%ji’ggsmﬁn
prior opera- ]?%ﬁegl?m? ‘%ﬁg I af deldfdic &Hn E&?e‘ibera-

predi ction was g% 4/ c@{(}@mﬁ;ﬁéﬂ) oftp@h @an havet he tﬁﬂ[ c@ipaiteht Mseae&nrmmﬁilzeek(bysﬁh-c
trace was dets spectrunf-fyee. fvat reverberatiostyectuag blmnsmcﬂnsﬂeﬁhmﬁm gi@ayed qlecipiead - toi me
domain filteri gl il etsisy theybais| oveplbgmem e - sclsmigpimer oty ougiog indelped flffs " 11
two-way water t %’revextbgrh ﬂlproﬁﬁﬁl%ﬂl&t deteRGR ‘M%alm Rlab ¥Btofth kil @him\¥SEHAL S

whi ch i s nor nalpayinsS@Madiey tueRhoOfimifed |thereie C -in the bl élécaiodl |seidntc ms elediw—ve

mat ri x coef fS0ciFRentmmple, the mdheratiirm gsvblem m;y a mendr@msrwé |defeci t‘@res| S

Y[err] given by‘XlEtHEO Feskls g Q%E%!dﬁf Wt vel i15
efficient in t gk T (g—sk % sﬁﬁéf thee sﬁésﬁg Ghe Whtkrlayes Ghe Bhck t T ace

filter coeffi Cldﬂ&ﬁ&mde’:l ecmum N tb & Beseivifige tatony ecirtngt Benorkegi nal
el ectrical s#i smecrewetrlacaeon Ch@'&tenstlc Fog thistes- 1 eopiging) cofes l¢ab reisgliay trace kyg& jdeggved.
statistics are Tevgperation; qhpraqiasistic, apalpeoys Wy pr SN EIHYT 85 KB P Iy Claim 1 or 120
available for the fewer filter coefficients. The electrical seismc trace
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10 . Filter Length son, marine
" sei snol ogy as used herein nay be Theoretical consi g(erat ions dictate
that the taken to include |and operations characterized ! coefficients

Ylerr] of Eggation 12 span a tine by, l‘tgggq sane reverberation problem
2 dlerr] The b 3 "seismic trace" as used M&rein

| ength equal t_% (d[ é’rlgLerzgtfu\/ater dept h sai)GharihedeRibSlody Qs 84d BLEk blaf 62

si gnal havi ng, eoreticpneonsiderations dictate that the taken tq inclaredarki| operatfonnchbiaaeriz@nal 0g)
such as that B™fa °ng““a“°‘€Aé% SPERVRITBE ()b sepme & sgr% o pepblemey er -

obt ai ned f r olengdnequalub put- @f =2 vt &g@,nﬁaerre&gsm an el ?Lloﬁv g“ﬁc‘:;‘?i@-rrpl e,
wat er bott mV The %onnge to sel smc V\Ia\/tﬁnﬁml@rtmfe in &s that

nunber of ¥i{xer & f’f‘ic L omp % umbmed from thabuts:tg exsmmsargdrsal S
dn

5

digitally remﬁ&szesmlfegcéﬁ or FHEY oaseelien yater
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[err] whi T ppints are &ﬁaa aﬂ%tﬁ@dﬁl 7 @ﬁcﬁﬂniné‘i
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80 after the water by ﬁetpme] deter- BQlyraflityef delay intervals wheﬂEItli): sElEca&le in
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11 Claim2, wherein the autocorrelation function by a tinme interval T;
and neans for subtract- X is generated as a plurality of electrical
auto- ing the filtered and tinme-del ayed el ectrical seis- correlation
coefficients over a series of incre- mc trace fromthe original undel ayed
electri- nental tinme delays from- [err] to + r[err] where n cal {geismc
trace to produce a modified elec- 55 5 is an integer; and the
crosscanelatkon function tricaiusg&snic trace. in whi ch the raverberation
Zis geETET arE d oS arprUTar efectrica Cro COTTPOT nt nas been

mnimz gener?eziﬂcgmﬁ 1 Ia!E-?e %‘lmﬁf‘(ﬂ‘mﬁb 7. A
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