6 1, 099, 483 The matrix elenments in
Equation 2 may be determ ned on a theoretical basis under the

fol l owi ng assunptions el Signal _and noi se are uncorrel ated
vvithﬁch- oy'her on a.given channel and bet ween channels. 5 2)
The argnal (or noi se waveformis assuned to be the sane on all channels

ex- 5 5o cept for arrival: tinmes. The signal nay-be nodeled in
terns bfxﬁks space:‘correl ati on properties. The auto- : correlation

function of a signal . i ' I .
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time:of skgdal
represént e M de¥et {3468/65; gnal may have 15 . between channel s

i and j. Ty e SApjtlicedh mbda inclinfe@SEates efSuleiidal(ip. B3S1776) woAgol & 19645
f Lom poor <Pa SCt | QRplech SelfichiRn PubBEdTHdn. [YRGUL correction, and
t hey may

to vary over sope rangé. W nmay treat the [err] -
as random vari aDhEss @ﬁ?{%? 'ﬂﬁ?‘bgg%i | i.ty over sone range, and
conput &t he average—correl ati S, red, _ RGLer) r
s the ] of 3 o5 mpeee v-a%ﬁmhgﬁgﬁa R B raad S B, 2R 4
t hat stati other errors are statistically independent between channels
hence. CInEQﬂ.:—-(ﬂﬁvf}% y pendent £ _

COMPLETE SPECIFICATION
Optimum Horizontal Stacking

We, Trxas INSTRUMENTS INCORPORATED, a Corporation organised according to
the laws of the State of Delaware, United States of America, of 13500 North Central
Expressway, Dallas, Texas, United States of America, do hereby declare the invention,
for which we pray that a patent may be granted to us, and the method by which it is
5 to be performed, to be particularly described in and by the following statement: — 5
This invention relates to seismic exploration and, more particularly, to multiple
2 removal by optimum horizontal stacking of a plurality of seismic signals related to com-
~mon depth points,
" In geophysical prospecting, it is common practice to use an array of seismometers to
10 detect the seismic disturbance from an explosion detonated at or below the surface of 1o
: the earth. Seisometer outputs have been summed to produce a -composite trace for en- '
hancing the seismic signal containing subsurface structure information. The purpose is
to give prominence to the important features of the received seismic signal and reduce or
remove those undesired features which obscure the important parts of the signal. Both
15 direct and weighted summations of seismometer array outputs have been used. .Fre- 15
quency filtering has been applied to the sum output according to the single channel :
Weiner least-mean-square-error theory. Special array geometries have been used in an
e attempt to enhance the seismic data. - ' :
Prior techniques, however, do not possess the capability of operating in an opti-
20 mum manner. The Applicants have found () that highly useful treatment of seismic 20
data is achieved when a plurality of signals related to the same deflection point on a
¥ subsurface reflector are produced, (b) that they can be so treated as to reduce multiple
reflections. :
In accordance with the present invention, there is generated a plurality of signals
% 25 representative of seismic waves detected after travel to and from the same subsurface 25
- reflecting point over a like plurality of paths all of different lengths and in which mul-
tiple reflections have an apparent velocity which differs from the apparent velocity of
primary reflections in dependence upon the geometries of and velocity profiles along
said paths. After applying normal moveout correction to align the primary reflections in
30 each of the said plurality of signals, separate filters are applied to the said plurality of =~ 30
signals to alter the time distribution of the multiple reflections of each of said signals”
Tk relative to the primary reflections therein in dependence upon the geometries of the
respective paths of the associated seismic waves to and from said point and upon the
velocity profile along said path. The aligned and filtered signals are then combined to
35 = ‘produce a composite signal in which said primary reflections are enhanced relative to 35
said multiple reflections, ' : -
‘The seismic signals can be obtained from a seismometer array and be representative
' of a seismic disturbance or from a seismometer receiving energy from a plurality ‘of
* spatially separated shots. - ' : : ' _ -
S 40 The degree of modification -of the time distribution of the multiple reflections in 40
each signal can itself be modified as a function of record time. From each of the seismic
wave derived signals, there can be geperated a signal in which a time distribution of
the multiple reflections is modified in dependence on the geometry of its path and upon
the velocity along that path.

D

¥

«
bor e

[AN

* [Price 4s.6d.) .

¥



[err] and that the distribution is uniform

1 1 [err] 25 The range of noveout between
channels [err] and [err] for the signal is 25 -
[err] [ . The average in Equation 2 may al so be witten as%a_dohble
convol ution of [err] with two "box car" functions = - e~
. ferr] 30 wher e _ Lo
30 = convolution [err] _ : &=
1,099, 482 L 1099483 . 7 . ' The si gnal

aut o and TTOSS POVEr eI s may  he T : O DV}
transform [ & qthod according to this invention 1s capable of operating in an optimum man-

. I e entire duration of the désired seismic signal to reduce multiple reflections -
even:though the signals have overlapping frequency spectra. For example, desired and - - -
undesired signals having overlapping frequency spectra with different apparent horizon-" -

5 tal velocities are separated by use of a signal processor having an overall response for ..
. passing a desired signal of one apparent velocity and suppressing or rejecting an'un- . .
desired signal of a different velocity. o - ' o
By use of the invention, it is possible to enhance the important parts of a received .
seismic signal and substantially reduce or remove undesired parts of the signal which- .~ | .
10  obscure the important parts. Signals from a seismometer array can be procesied in - 10
accordance with the invention so that when combined, the resultant output is the best
estimate in the least-mean-square-error sense of the desired seismic signal, - e
By way of example, the invention will be described in greater detail with reference
to the accompanying drawings in which: o T _ o
15 ’ FIGURE 1 illustrates a continuous reflection with triple subsurface coverage; . - = - 15
FIGURE 2 illustrates multiple attenuation in .accordance with the present inven-

our 1 er

e

B

tion; : _ : .
FIGURE 3 diagrammatically illustrates the filter units of FIGURE 2;
FIGURE 4 illustrates the impulse response of the filter of FIGURE 3; : ' ¥
20 'FIGURE 5 illustrates movéout difference of the signal shown'in FIGURE 2; 20 :
FIGURE 6 illustrates the selection of a plurality of time intervals for optimum '
filter control; . S N . '
FIGURE 7 is a mathematical model of the multiple refléction problem; and .
FIGURE 8 is a system for the solution of Equation 3. Do
25 " The idesitification and elimination of muitiple reflections hias been one.of the most 25
- perplexing noise problems in: reflection - seismograph “operations.  Shallow . multiple 'Y
generators and problems attendant their presence have largely been overcome through .
systems currently in use. However, multiple-reflections in deep sections present a differ- =
.ent problem. - L T T : :
30 It has been found that if there is an increase in the average velocity with depth, =~ 30 Ay
even deep primaries and multiples may be separated on the basis of their normal move- : .
out differencés. Conventionally, this difference .is exploited by shooting muiltiple sub-
surface coverage. Static and dynamic corrections are then applied. The signals reflected
o from common depth points with different shot-detector distances are then combined or -
- 35 ‘stacked. Such a procedure is described in Geophysics, Vol. XXVII, No. 6, Part 2, Dec. 35
: 1962, pp. 927—938. Because of an excess in the multiple normal moveout over the :
moveout of the primary energy, the multiple energy at the output of the stacking system L%
is partially cancelled. o - o b
B ~ The following description felates to-a horizontal stack which is optimized through
40 ‘the use of filters peculiarly related to each seismic signal. The filters are employed prior 40 o
to stacking, but in connection therewith. This results in-a drastic reduction of multiple o #
energy. It permits greater attenuation over-a wire frequency band with the use of fewer
detector stations. It also provides more effective utilization of the excess multiple move- : :
out ‘as compared with primary moveout. Finally, it preserves high frequency signal . P
45 components usually lost in conventional stacking where excess subsurface coverage is 45 '
necessary to-achieve a similar degree of multiplé reduction. ~ - ' S
.-FIGURE 1 illustrates one-of several field procedures which may be employed when
a three-channel optimum horizontal stacking procedure is to be carried out. The circles
. '1-—24 between the shot- points A—1 and A-—2 represent the detector locations. Gener- -
50 ally at_each detector location a group of seismic- detectors will be planted in a pre- 50 .
determined -array. The depth point dets represent.points of reflection at a given depth - x
on a subsurface reflecting horizon. = = - e L T
- In practice, a first shot is detonated at shot point A~—1 which-is located beyond: the
. left end. of the first group by a distance equal to one-half the distance between group _
55 centers. ‘A second shot is then fired at shot point A—2. First and second reproducible 55
.~ Seismograms are thus obtained for shot points A—1 and A—2. Following this, one-
third of the detector. groups, namely detector groups 1-—8, are then moved to the oppo-
_ site end of the spread to form a new detector array. The new array is established as .
illustrated between the shot points B—1 and B—2. At this time a third shot is deton- = - -~ -
60 ated at point B—1. Following this, a fourth shot is detonated at point B—2, The third 60 .
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where [err](f) is the Fourier transformof [err].
[err]*(f)— [err] (f) [Let [err] =[err] in Equation 2] for [err].
For the m)del iIIustrat ed in FIGJRE 7 each of the auto power functions

Slerr]: i may be consi dered "to be a constant. More
partl.wularly Sl,;SZ and S3 of FIGURE 7 are in time alignnment
so that exponential termof Equation 8 is unlty Al of the 10

r emai n-@:ler'lbf the terms on the right-hand side of Equation 8 are constants.
However, 10 speC| al consllqglglmtlon must be given to the
terns [err]S[E'llj and—terrSterri- |r|c>c Lt'l 183 atsobeE;

consi dered to be '%gﬁ?uons F‘?W‘%&W‘H{E f“FrI' Tt?céi’fsé’d‘g‘fl‘;ﬂg %@%E

Thus, ealh 9 between shot point GLIE a ﬁnﬁﬁf{e{) Hirots' ivelyHided

requi red By/ Equat ja@8 a¥shét dmtéoe—q;qmt:amn fhis nikans, each subsurface reflectifig poRA is
frequercy.™ 5 cqvgred three times. Gpe sﬂ:mfmrmana#%bwﬂd%mbsm ¢0Xerut= @nﬂﬁ-t s fdr

coher ent  noi se ar &ted by the shaded areg n{v sprocedure is connnuedftigm{,gﬂ Elé-rr] (f)
is the Fourier trgﬁ%f"vﬁrﬁ?&“{‘ i erer{ Whﬁ%lmsee o?:hgw 828 onarferr
t he for’egoi ng equati @ ea{:lﬁs’ubs}.lrffb@@eﬂEdﬁhg’ i;om‘fﬁt}irebﬂet&fbﬂﬁgﬂﬁrrﬁgl bk abthﬁedtfm
const ant 10 three of thmb\@es sgsrmcgnam; tFpomrnwldr,lcersrtiuaheendﬂeptmlwm tlie 10

However, the expor@heh 4 eflection point s ggmpled ffst

dependehce upon sé’gﬁgﬂg@é’ﬁﬁrﬁz %{?‘&%E: &E&ﬁf@:ﬁ ay git 5m§é§itsmm oy 20
the time differences 17 folldwdgldatos oﬂdﬂa@ 1. @athas fromlp ﬁaluahuge at the
gi ven rgcor d!¥i me aghightlloegsr patte Jhidd afsrgnammwnmumvcﬂﬁngplompaﬂwu ifge®ORE 515

The val ue of the Q?f: r:sPC"f_sf ‘i;’attll;e arrival s detegtordpca %r s arshat desonsted hent i al -
(Nerr]-Nerr]) woUl BpDgc Sh ocﬁl"‘f:iwa, a,.;f%‘i,“ mgﬁzm ooine are of differcat the
second el enent, ( Npghs ngaéﬁu}: or\tkakt calsed@hetel thér€® Bn fitrbdsd 5 QG Selociyowith he
third el ementd depth o@Bthe sectigh It@remh]th@:agferlwmsarmbﬂsmmlhb@emﬂereme - 20,
m||iseconds. Thu%et""f)‘;yl the ol mepsoprcPt ither rapliinierefestipgs psgyapaged with primary re-

and 9, all the dalad RE4GSSAk % illtarciGh FIGTHE 3 reRtAlnRFy 2d b MRtipRisRRd. The
data comes from each of three signals art lilRistra@H.OCHahng] qupfeseeu@s It s sephédt bred 1 N
FIGURE 5 and?¥r omswhef the sigwab o ahoy €s-1oThe signal on channel X2 inchydesche signplifwomy at ed3 i n

ot A—2 on the next longest path. The channel X3 inc] e signal from shot B—1,
Fl GURE 27. -the signal from the longest traveled path. Eugesrd]
(10) In Figure 2 it will be noted that the primary reflections are- ahgned in time. It is

to be understood that this alignment ordinarily is brought about by normal moveout
30 correction to accommodate for differences in the lengths of the travel paths of FIGURE 30
1 over which the primary energy traveled. With the primary energy thus corrected for :
normal moveout, the multiple reflections 30, 31 and 32 have a residual moveout. It is
> g ' this difference which permits some attenuation of the multiple energy merely by mixing
the signals on channels X1—X3 without further treatment as in the above disclosure
35 . from Geophysics. A typical straight stacking operation is illustrated by the trace 33 of 35
FIGURE 2, The three signals of FIGURE 2, were merely added. The primary reflec- o
e ' tion 34 is perfectly preserved. The attenuation of the multiple reflection by a straight T
: three-channel stack is only about 5.4 db. To achieve more complete attenuation, it
‘would be necessary to record 600%, 10 12009 subsurface coverage.
40 Filters Y1, Y2, and Y3 are iincluded in the channel leading to the summing unit 40
and thus operate on the signal before the signals are stacked. As indicated, the primary
reflection 36 on the output trace 37 appears in perfect presetvatmn The energy of the
multiple 38 is down about 19 db. -
FIGURE 3 illustrates one embodiment of the filtering system shown in FIGURE 2. .

45 In this embodiment it will be understood that the three channels X1—X3 are on a 45
magnetic medium 29. A plurality of pick-up heads 40—44 are positioned along the
channel X1 at predetermined intervals. For seismic operations in the frequency range o -
of up to 300 or 400 cycles, the spacing may be of the order of two milliseconds. The - "
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magnetic medium on which channels X1-—X3 are recorded is moved. past the ‘“Pw
50 heads 40-—41 in the direction of arrow 45. . 50 '
PR The time-spaced representations of the signal recorded in chayy 1 appear at d

the outputs of the detectors 40—44. Detector 40 is conneg way of a resistor 40a U NG
to the armature of a switch 51 which in turn is connegted by way of channel 52 to a ’
- . summmg amplifier 53. In a similar manner, the detctor 41 is connected by way of R
_ 55 resistor 41a, switch 55 and channel 56 tg.4- second ixiput of amplifier 53. Similarly, the 55
_ detectors 42—44 are connected to thg-amplifier 53. The values of the resistors 40a— :
44a, etc. are made dependent upon the multiple velocity function, the spread geometry,-

w and the record time. Detectors 70—74 are operative to detect sxgna]s on channel X2

~ as a time domain filter operatmn Similarly detectors 80—-84 are operable- to detect sig-

: - 60 nals on channel X3. - 60’
& The system thus far descnbed is a representation of three time domain filters, Y1,

Y2 -and Y3. For 4 given.time gate from the record, the values of resistors 40a—84— S
w1ll be such that the mulnple energy on the signal on the three channels will be so
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I's the random noi se power uncorrel ated between

ggannel \é\/nere Lerri(h) 30 Finally, the elenments of the
coLg_;_"_rm_.y'e_wgi__(_)_r_ on.the ri q_ht_ - hand si de_ of matrix Equa- tion %e
may be obtained in a sinilar fashion as: [err] chthe\_

"o" it in the array at whi
er "o0" represents the reference p05|t|on"|n t | L |
g?é?nEt 35 P nal is to be estimated. If"0" corresponds to one of the

sei smoneter positions Xerr]=Xerr]; 35 t hen tha.t t ergn. of .'.
t he col un# vector sinply beg_qrres, 1,099,483 ,

() ﬂﬁtﬁtﬁﬁm%‘iﬁ%‘? fieguvuiar 0 e dopuidgictiony el Ne_mat ré)« ,
‘elenents in kit LgRI derg '1i| -%é’@ %E%%Q@B%&%@%ﬂﬁffﬁmﬁ ; ' ; “bne A\ 3
Si nce tphe Y(fo)thainputs oM gl it 169 Qo By £ Sleial (ér ! ahg?%Grlrsht Si8 terrr%g%’tsﬁt_le_h

. e

' ' ‘%:tf‘bb tthiee ¥iofBIGIZREZ. n _

a0 MO e e F P 1 —4dtikusteind e FIGURE Shioitieliyto F| GURE

" | se respg‘gé%% T P ft understood; that g tigne slpraain fleen owlipaniip| ved wi th t he

common . o th @djust 1099 483 .7
th pdk Binow seaasy b edjuibe Glerd JSYGORE 3 and particylarly thelval

conmon gep p 0 By ju an icular :bm;?'g@REﬁv

desi gnel . arfge seistek 8a-+¥p imllet thpt Ghad toepromf valiks &6 ol

i i O - ulse yespoases shoym in FHGURE # GThe odlus bibthé it e I esponse of -
ne IR SR T 10, o
i ndi cat,ed in EC?l&fEi-OFeHBS'available velocity data cad Bk b lreg f%rm ﬁggﬁﬁiﬂi/ éOO, 4 ust 23
102 pr’c%vi de’ 9gapfi the pestion rthrgushewttidh oheaseismiol wea@ @8ssS Such inf wgmﬁ e 18d] ust ed

i n nagni t ude PR Fhie mpmenditcioeed dee British dfatoma | Spesificalbn Nb.e774,0085 -

ot Iso b vg?qe borefpleri 6 and 107
functions S[aBk Ifor, lo. %ﬂﬁtﬁé¥ s-j:;qggﬁné;ezglre py' pRgipds, 10 : ana

: rﬂuipose ogram as described in
sim | a% y ar@oggliiassVol. XXVII, No. 6, Part 1I, December 1962, p 981 et seq. Both the pri- ¥
' mary and multiple velocity profiles may be obtained in accordance with this technique. 20 :
The velocity information is then used in order to provide information for establishing :
the values of the resistors so that the time domain filters of FIGURE 3 will have Ly
' - the desired response. oo o . S
For the specific cases illustrated in FIGURES 1 and 2, the impulse responses for
25 the three time domain filters of FIGURE 3 are illustrated in FIGURE 4. The impulse 25

response for the filter on channel X1 is shown by the curve 86. Similarly the curves 87 ' *
and 88 represent the impulse response for the filters on channels X2 and X3 respect- e
ively. -~ - : I _
_ ~ From either a velocity log or from an expanding spread section strong reflectors at e
30 substantial depths which cause multiples can readily be identified. From the geometry 30 77

of such reflectors and with the knowledge of the section above the reflectors there can
be computed or.plotted, for each shot-detector spacing, data from FIGURE 2. More

particularly, curve 90 represents the difference in the time occurrence of the multiples : &
on channel X2 of FIGURE 2. The ptimary and the multiples 30, 31 and 32 occur at a - ' :
35 record time of about three seconds. : _ , 35
) The difference between the multiple arrival time of multiples 30 and 31 on channels ' _
- ~ X1 and X2 is about fifteen milliseconds. The difference between the arrival time of mul- CF

~ tiples 30 and 32 on channels X1 and X3 is about seventeen milliseconds.

. Such data can be readily plotted from the velocity profile so that the curves 90 and .
40 91 may be completed from early record time 1o late record time. Multiple arrivals for 40 2 0
any particular groups having ray paths 10—12 is shown in Figure 1. The ray path 12 Co -

for the channel X1 has a Separation between the shot and detector. group of 110’ as

illustrated in connection with plot SA. The separation. between the shot A—2 and the
group location 9 is much longer, being 3410’. Similarly, the shot-detector group separa- R
tion for shot B-—1 and group location 17 is 3630, ' ' : 44 . !
- Plot 5B shows data for trace group 4 where the shot-detector group locations are :

spaced 770/, 2750’ and 4290’ respectively. _ ' _ _ : ¥
.~ Plot 5C shows the shot-détector group spacings for trace group 8 in which the :
~shot-dstector group locations are .spaced 16507, 1870/, and 5170’ reéspectively. The .
foregoing~description has dealt primarily with trace group 1 for which the data is ‘50
- plotted in plof 5. The following description will be limited to trace group 1 with the :
R ui-idér's'mnding'thaf--'smf reatment will be applied for each of the other seven trace
- groups. It will be readily re ized that for the procedure shown in FIGURE 1 in-

" volving. 24 detector groups with: 300% subsurface coverage, there will be eight separ- oy
ate groups of three traces per group:. The gight groups tepeat themselves as the spread 5
locations and shot point locations are moved along the seismic traverse. L '

", In order to understand the design o‘t; the filters __st__vu_rlll- be he%lpful ?Enp tllus pf(l)_mt_ to
" consider the mathematical model for signal and noise ertinent to the mulitple reflection
-;fgisﬂem"as shown in the diagram of FIGURE 7. Iri FIGURE 7 ‘where X1, X2, and X3

again represent the three traces having common subsurfice reflection points in one- of -60

" the stack groups, S,, Si, and S, represent the relative an_'_'_ivé‘l_;ti'{nes of a signal (primafy) x
(me't?;e_ thrgee_ cl?:’nnells, -;;d ASi,Bi= 1,2, 3 are the range of relatwg arrival times that sig- :
- 'nal (prfmary)'may have' due 16 various errors, e.g. static errors, normal moveout errors.
o . ‘ -




abl e vol tage sources which will provide voltages representative of the
values Merr], Merr] and Merr] respectively, the latter being
represented mathematically in Equation 3. Sources 110, 111 and

112 are pro¥ided for representing the values Merr], Merr], Merr] 10
Souree$ 115, 116-and>117 are provided to supply voltages representative of

the elenents 10 Merr], Merr] and Merr].
Mul ti pkierss 120, 121 and 122 are al so provided. The source 100 is connected
to one input term nal of eachlq,g,g,;sge nmul tipliers 120-122. The

source 105 i

120. THe sougce Nch@H‘F W@eﬁzéhetfﬁeﬂ 5°f coher ( mulsiole) Al of
mul ti pli en 321 1Tk 2 Ejﬁﬁ%} W Tg‘gs:e’c’;

of multipligr 122umeT Q%@.Lﬁ ua&ex& g ! Hede d@{)

networR 123 &i th tiph:}amayumcin-anylglerappIthea-ebotdcnnanm'mieeof-ms;mdd:eudemmf bnelaﬂ~4 to 5

produce a othey. rd 125 F h .set t he source 105,
106 and, 107, one g T%f%mﬁg Zleagiﬁn?%uﬁm ﬁ&'%g?‘ﬁﬂ“ Jﬁﬁ&he poi nt
will répresent th@npartl‘c requen whi ch the val Ues of the
Equation 3 dfPe determ ned. Tﬂ&§(f)+alﬁu &Hpﬂﬁ;(ﬁhdesm(f)&quendy plot is forned1020

on record 125, This plot characterizes Ith filter YI. The Yl filter

a

'_

information is then " applied t'0 3t 127 to- provide a Fourier
transformon chart 128. The function fed,2, 3..n corded on chart 128
represents the |rrpul se response of the filter Y1 at t he record tlrre

sel ected for the dati&e ﬂ?ﬁrm d angb%f%%’d i are S g T 5 of
Zouatt on 0 wn 5 e Gilest R S 3 uceds
whi ch represent rsiRadasd the igyal =1829,...n respectivelfd abstRing 66 PpaRG_NdE- t he
filter Y2 and fi |twesn sig‘@lraeds “cross spectral densﬁy”msn |cgmes paeponses of

the filters Y1, @oigey g respect °f s‘g“a]'Ft’GJRE 4.
The i mpul se2e equgﬁﬁanngfds ¢ 2:?0@54“ E fl’,%"%éﬁ: P o ressd;?g o ?ft or 20
adj ust the val uesn aksp GafrﬁSIc&hl@dSou th&@xgwnl&x afamEis £22. Mbre
particularly 30 anSPeCFW#Y channel Xl at T| me = 0, the magnitude of the
resistdr, 42a is nadéiq‘ﬁff‘?}’pb‘P‘TYbGFF&’F"t‘E"d“ﬂ‘Sf?“°W’“gf°’m the ordinate 42a'. The
val ue of resistor 72a i$ proportional to the gqkdifa 7—2'. The

val ue of; resistor 82a i sfspiepddisythapimidagriredinal s@ra’ . .
Siml ar‘ly, the resistor 41a i's proportional tqjthe rd| hate 4l1a'; resistor

)

7la to or di nat a' Svm th provision |bei ng{mde though not shown
for polarity reversal); [35(')*“210][ngéb*WZQ(!)]{ﬁm(fB!g(f)} pY(0 e 2@10 3 ‘. resistor 43a
to ordinate 43a'; resisftor 73a to {ordinpte 73a'; and

resistor 83a to ordinat . net, : each of the
resistqgrs in the filter %I"?‘m(mbazgm‘ﬂgf%ﬁ)*ﬁn(nﬁ'aygfﬁi t. sds% "and polarities

which ~ are dependent upon the respective 7Tnpul se response curves of

FICURE 4. The fil teﬁi§Ms s slong the%al&' Esﬁ'ms uXt'Fo (20ure %J:ofﬂo%l Itgﬁpl €S §g
uat

long ase the dat a, e evaluate oh
representative ofl 4nde mmpt bei m sigrak 8@)s [sdesma/]emﬂtnoxse N(t) [undesired] where N($6

In FIGURE 6 it widP+B® not el hat . t Pe curves.are segnent ed. Consi st ent
t her ewii h, t)=multiple refection M(t) _
30 R(t) = random noise n(¥) 30
The signal and noise models to be evaluated by Equations 1 and 2 are two mgnals
distinguished by their different relative delays on the three channels.
¥ Equation 2 may be inverted to the following form by any one of several well-known
techniques, of which the Crout reduction technique is exemplary. By this means the un-
35 known quantities Y1, Y2 and Y3 may be evaluated for each frequency of interest. 35

D'-

WO [ (@) Mg Mg | [spl) -
hD) 1= My ) My Mg @ . @
RO [ My(0-My M| (50

* where M,;(f) etc. are the elements resulting from inversion of the first member of Equa- -
tion 2.



the filters will be changed as to their respective inpulse responses as a

function of record tinme. This nay be acconplished in FI GURE 3 by
actuating |linkage 89 at 2.5 seconds, 4 seconds, and 7 seconds
Fecord time as | ndicated i n Figure 6. The fiTter 45 switches N
successi vel y couple one set of resistors and then another-'in each of thr‘e~~
filter 45 banks. The val ues of the selected resistors are sel ected
i n dependence upon functions such as in Fl GURE 6 to provi de ¥or® °
rrultrplesrermval in each of the I €16099,483i ntervaIs St will be,
apprecra A ‘ ‘Uf‘"'a'ppar atus,
for carryi P oy ' ‘compqter’
which is pro- : artqn&aemwﬁuteatrhan&p@a%tvwaammenat geatly and
- graphicall ybedeamludqdd above 50 " The input data will conpr¥se t{he

 seism? ref(lfﬁét The signal (or aeiss) WivEfomR ibi agppmedcip be thgrsamenen all channels exopt | nBim: |
filters.  Th I ']a(.:upﬁﬁiss be enpl oyed.
It is to becorelshon Firs 0%%5 %@%ﬁﬁ%ﬁ%ﬁ%wﬁiﬁ he .specific
field mmngemhhﬁr)qmubsbmhméﬂtmnsﬁhﬂlﬂ&hmclﬁand e!xmlbs, it my be of
the type described in t he above-identified article from Geophysics:
dealing with exp ng pr cl case the exgandi Bg ;
spread data coul g"% r gnple g& s’g f&r{o%t"rgu'?tl pres. her field p)r(lg-
cedures may aIso be enpl oyed mhere nore than but srngle coverage of the
subsur f ace hsr cco ' VWHAT WVE CLAIM|S: - 60 -
1. A nethod fq &m&mﬁs Qﬁﬁﬂ ctions in seisnmic signals includi ng
t he steps 60 The parameter® fy gﬂnet@tekeagthanpbddﬁtaﬂmtaydeﬁiedswnﬁhﬁmrvepresent ative.
of seildnic hmeschmlecmﬁdl 3‘h¢yeare inrpaactide subject toerrOtsc!eselmkﬂormplhe sdfe ¥
reCtior

subsurface F‘E\‘T P‘é’é R’%t‘gﬂtt‘ gk ﬁ%mﬁ | of
di fferent I,ﬁ,ﬁ gag, Hn;ﬁ@ L orfelBSond i@V E ar apparent
vel ocity which - ers rom t he apparent vel oci ty of primary™

reflections in dep nd cestﬁp‘}on j geonetries
@‘ 3> e

ii( i j) fik(T*“j‘di) ©® . x
AS 5*‘&5 +

20 where p(ey ey) is the joint probability distribution function. We make the assumption 20 ~¥
that static and other errors are statistically independent between channels hence ' :

~ Plen e)=pla) p(as)

Hog

and that the distribution is uniform )
1
ples) play) = . — : - :
248, 245, i
25 The fange of moveout between channels { and  for the signal is - 25. .
(S:£A8) — (Sr==4S). o
The average in Equation 2 may also be written as a double convolution of Pu() _ P
with two “box car” functions . .
<ff,fl’> ,os @)- @hi'('r;s.;)] ®h(r ) - 7
- — (6) P _
| LASi ASj _ - =
30 where . _ , 30 i
' * = conyolution :
and hk'(T)"-" I A ) ) A
1§, o 8, T T o =
. .



1, 099, 483 desi gned, and stacked for nmultiple attenuation as shown

i n Fl GURE 3. FIGURE 8 illustrates one system for eval uation of
t he i mpul se response of the . filters Y1, Y2 and Y3 by carrying out
t he Operarions as inadlcated In Equation 3. Vari abl e vol t age

sources 100, 101 and 102 provide variable unidirectional voltages 5
whisch nmay be adjusted in magnitude in accordance with the desired val ues of
the «+ 5 functions S[err], S[err], and S[err] respectively.
Sources 105, 106 and 107 simlarly arieogggid3ust - abl e vol t age; sour ces

which will W%W%%#HMS—M&H—M—@H]
and XM er rd, res p'Ehﬁtsvgndl ayto apndh erofspowerteripe may) be ehtained dromekiustia I¢dydioimisal |y i n

Equati og 3. transform Sources 110, 111 and 112 are provided for
representing the values Mer# Merr], Merr] 10 Sources 115, 116 and
117 are provided to supgt"y)xj{’n<?pg%>r epnﬁ??nt ative of the elenents 10
Merr] Merr] and Merr]Y Ipliers 120,121 and 122 are

al so prow ded. The source 1007is connected to one input termnal of
each?®of the multipliers 120- 12231n3'm5§0gi5(2$m%95.| szﬂqgg}n_ggt ed (0 - the
second input term nal ofSfkloi(P+e+—2120. —Fhe—source 106 Is connect ed to the

second 15 i nput terminal of PAuAABi |%r;fA§21 The source 107 is connected
to tHe second i lier 122. The outputs of the

mul tipliers 120%%{'(31&%%“&0% uauon(;)] foridyt work 123 with the sum being
appligd to a rreterFofeeoﬁddelnuumatéd ﬂMGUREpreedwteheauto power funcﬁ@csr,*d) 125. For
each setting of mashke @W»EI@MWM@SMOI prrtmlgrly 8% Szgﬂ}é BE T he

||
curve 126 w1 | SR P ol S A G b e srﬁ@ b

Thus, an anpli tudﬂadefed def thSmigOituﬁEdlustﬂ&deIGURE 7omhus,emhrod 125. This
pl ot char act er | $iegute pawer flmﬂe*s of the signpd asyrequired bycBquption 3rvith by eopstanttor pen

appl i=ed tqgsa un‘f“feng?:g:e v rm.on chart 128. T

function ?g c%?é’plgs%’oén'g%ﬁﬁx%:%ﬁ{rééh%g@%%ﬁ he i npul se resp(l}ﬁse of

the filter Y1 at the record ti msn2n=faN, smgelfﬂi;t ed i of(Nt-hW)) dat g9f or t he

val ues to be used in tﬁ‘e(ﬁfﬂéfnen%'r—'g‘of on 9. In a 25 simlar
pto 5‘ ¢

manner, charts 129 and 130 are i AN represent respectively the

im 25 skt 5 i B8 PORRLwfolE the doheRtne Moo Lol b VR respectively.
The |1n‘pul se resporisebe tuiegmhaaeq‘uatlon,et& ad ANY Zhap ihel conﬁdmdetomelthstqnmned in

detail in valuegqr ghe jalit ﬁq‘P 4 is
(Ren e oo FGE el T&%ﬁ e m 1 Pt

of "th'e unit of dmhd3Id MariRmpad furvedid fepu yA, GURE The alud 6N@¢ pakeh- at  Ti me=
0, the magni tud@etml potiien nie@c stpmentimz ﬂlgdiat elengent. Fpr

t he ordi n%e 4 __°°I';4$fm NgyNoy & r‘ﬁft o uﬁ"%ﬁ“‘ he
or di nat e " 9, ailthedatan ‘isﬂ?f l t1 no 1o : ucé?:i o the
ordi nate 82a'. the vclocrty functions suthnsl pidtted/ in ¥ hxﬁ fEvin é&assmx&dmle@qft ional to

the opdi nate 4lsator illnstrged ndHGYRE 7t 0
Ne'®=eff)+oalf)  i=j o)
& 30 where oy, (f) is the random noise power uncorrelated between channels, 30

Finally, the elements of the column vector on the right-hand side of matrix Equa-
. tion 1 may be obtained in a similar fashion as: '

* sin 2r fAS;  sin2n fAS,
S:0* () =ou(f) oi27 (8, - 8.) (1)
N for i:f:o
where the parameter “0” represents the reference position in the array at which the sig- -
. 35 nal is to be estimated. Ifo™ corresponds to one of the seismometer positions xi=x;; 35

then that term of the column vector simply becomes,

~ ' - ~ Seo*? =p(f) fori=o

Cox ' ' (12)
. Having generated analytic expression for the matrix elements in Equation 1, the matrix
s is inverted for the Y;, i=1, 2, 3. Since the Y(f) are computed in the frequency domain
40 they are in turn inverted to ‘the time domain by Fourier transform to determine the 40

impulse response of the filters as shown in FIGURE 4. The impulse responses of the
filters. are then convolved with the common depth point traces for which they are



ordinate 71a' (with provision being nade though not shown for polarity

reversal); 35 resistor 8la to ordinate 8la'; resistor 43a to ordinate
43a'; resistor 73a to 35 ordinate 73a'; and resistor 83a
to ordinate 83a'. Tn a sSimlar, manner, each of The TesIstors i-n
the filters will be adjusted to nmagnitudes and polarities which. ©are
dependent upon the respective inpul se response curves: of- FI GURE 4. The - .
filters - will then serve to elinmnate nultiples so long as the Hata, .

such as rgpresent ed in the plot 40 10994835A of FI GURE 5 is representative of
t he nul t4-ple.excess noveout B ——1n ;|
FIGURE 6 it vdehgned)endmtledfdrhmmpkmﬁaﬁbn/ashmmﬂsmm ed Consi stent 7 %

t:herewi t h, FICURES fé? gie\gyyem fse e(gemt?ggse s~‘=t appyse Pfefépect e
i npul se r espofﬂ h c@ﬁ% i taéggy be ¥ -
esi

acconpl isshed yHith maﬁxﬁ derlg lues of the 5305)”'65 g
seconds, and fincﬁessndsu, mmd:&n, despemvelye&xunccsdm‘.‘,aoefhdllm Emganlyere&dluafhe filter 45

swi t ches succ%? I}P‘-"é‘g °‘§®t"°¥§€fg°5r naN@tt her in each :
of the filter®™ g:ffgu e‘ };e 0L o) .;{;%:“%‘ qﬂ’t‘\‘% sistors aré"
129
sel ectedoi n dRpes emﬁs 4R aty ruﬂ% plyvoltages 6 110 :
provide for rdltMp @i Mamoval i n each o t he record I nterval s.

It will be apgré@ﬂ‘&’ﬂlﬁﬂ lg%é@l Fg?z; @éfe d% ?(? ’éFmaWteérﬁ%ll og type of
cton 0 oo

appar at us the secon IPSEL uted by a

di gi tal 150mpuhm z l@m@he—mﬁ The sourcgﬂ QedCidl the/ sedali ihigae opasations
mat hemat i cal lof m@ | thbI tpdesutrthéaadltmmezo-—m are summed ihe i nput data .-

[ é1 Wb‘f?dd ries d24te pieduee ¢ th
e S e R e, .

enpl oyedo values of the Equ 'E)n B $ret iﬂeq plobi@8akON i 20 NOt
limted to ther clizp. |T.insf plelcuaractenzes the mtecYﬂn The¥1 |ﬁlt¢rur§bmatmds then FI GURE 1.

For exanpl e, aPE‘ 2 g é'P‘FS (hagi5128. Thet fipctionysy - | dent i fived
S e “egz?a:ﬁm% S Tl -
case, the exn mgm&p&eﬂdmahcal fee;ectiva@memultl plzfs ‘
Qther field mubemponseofﬂleﬁé,tetd@raeéﬁlma 3EGBP$@1vt119 errpl oyed where nore than but*

flt Yl Y2 and detail
singl e cover Eﬁ%“’? it seﬁr?esf;fgn%’e f A, Flén ﬁls L}%ﬂe’eﬂd;““t‘“
T

wrz.

o

VWHAT WE CLAI the™v of the res;stors 40a rﬁ@aﬂy‘ p| e .
refl ect Bons Iﬂil- dﬁﬁinaFKICatSlIl rﬂigh & ﬁlghé ﬁst&ﬁ‘ﬁezpﬁ ma roporuonal to Of 39 T
generating ate ¢ #aa dfhesm ofl xssigtas %eempamwtetooﬂle odingni78’. Wheves det ected -

after travel "al““fres‘s‘ (kb g‘ 7{%[() age.refl ecting point over
) 1 t ﬁ 5
a like pluralgdidedfisp e}%’hp@maﬂo&lﬂg‘%&e thou it vl i N which 7

mul ti pl é5r ef reitor 818 davdnge #Hpp aneﬁmtr 43l acio mmaah dsslitor 732 to Bers from
the apparent 7133' ofnd rf¢s % ge e@imﬁnssﬁ n, Bepe on t he ;
eometri es each of the resistors Ite adyusted to magmtudes an polarmes w
g are dependent upon the rcspectlve mpulse response curves of FIGURE 4. The. ﬁlters
will then serve to eliminate multiples so long as the data, such as represented in the plot :
40 5A of FIGURE 5 is representative of the multiple excess moveout. 40 3 -
In FIGURE 6 it will be noted that the curves are segmented. Consistent therewith, o
the filters will be changed as to their respective impulse responses as a function of
record time. This may be accomplished in FIGURE 3 by actuating linkage 89 at 2.5
seconds, 4 seconds, and 7 seconds record time as indicated in Figure 6. The filter
45 switches successively couple one set of resistors and then another in each of the filter 45
banks. The values of the selected resistors are selected in dependence upon functions -
such as in FIGURE 6 to provide for multiple removal in each of the record intervals. P
It will be appreciated that the foregoing description of an analog type of apparatus : '
for carrying out the invention may be substituted by a digital computer which is pro-
50 grammed to carry out the operations_ mathematlcally and graphically described above. 50
The input data will comprise the seismic refléction data and the design data for the -
optimum filters. Three filters for each of eight different sets will be employed.
It is to be understood that the invention is not limited to the specific field . Co
technique illustrated in FIGURE 1. For example, it may be of the type described in - ) T L
55 the above-identified article from Geophysics dealing with expanding spreads. In such 55 T
case, the expanding spread data could be rendered free from muitiples. Other field pro-
cedures may also be employed where more than but single coverage of the subsurface is

P 3
i

=&

accomplished. ®
_ WHATWECLAIMIS —_ o o
60 - A method for reducing multiple reflections in selstc signals mcludmg the steps 60 |

of generatmg a plurality of signals representative of seismic waves detected after travel B A
to and from the same subsurface reflecting point over a like plurality of paths all of - S
different lengths and in which multiple reflections have an apparent velocity which dif-

fers from the apparent velocity of primary reflections in dependence upon the geometries



PR : . :: e gk

'__-=-‘and vef oCi ty pI’OfI | es aI on ppl yi ng normal noveout correction
to aligh the primary r mgmﬁﬂﬂ“"j“llgach of said plurality -of =
si gnal's;~appl yi ng - rs to each of said plurality of -
signals to alterthetirre di stribution of : t he rrultlple""'.:
refl ections of each of said signals relative to the primary reflections

therein in dependence upon the geonetries of the respective paths lof ¢ he

assogl ated seismc 5 099.4 waves to and from sai d poi nt and
upan_the velocity profile al nnh A path_ and com bi ni ng
the al i giReghedagd a‘mcke‘dedsrexdm@leg&aiumoh@s sﬁdivﬁdhlBE}TaREerpOSI te si gnal i n whitch
1 1 e s ol S SRS P R oo
mul ti pl oltage 'so rye 100, 1 lu d 102 pr v1d° vanabe um non S def hned in
clagm 1,y xg‘?m G}' E%}.s G s Y fu @?ﬁjCMCe'e values of%le 105 ]\ a'nd_ t he
degr ee Ofundiibitdi S} Sﬁ,tdn&lssoQEspn chieelyt SoaRcesl 1058 Iosbtﬂ n@yrmmfarliz e adjudet i pl e refl ections

i n each ablk(voltage sources WhIIIChIWIn p;OVlslc yeitages Eecpreﬁem'se?efof mhsdlalil¢5é@md\éno function of
ny respectively, the latter emg répresented i
record tiofdfs : s mppemnctliydp = 12’%-”’ fed in claim1l or

ces 110, 111 an 112 rowded for fepresenting the va
cl apm 2 S&uﬂ:esw'ﬁ Gl 65 C11% &fe IEages representative of the clemedseNer a4 ed
succeSS|M§1M2,,a1hd Mpt poi nt s space at sel ected di stances froma reference.

poi nt Multipliers 120, 121 anfblf’dr%e el@tme‘tl@é e sgoentod if eoeecteditoat | i ke di St ances

of 122. The source 205 is
fromt heonFéPe!%%rt@te inal of m t1pher 1 ’%%e}:ource 106 is cﬁn cted to :lfﬁgc%r%)f OppOSI te g_

resgect | ¥ StitfinaD nfxl Biplier 121. The source 107 is connected to the second input
4. The negt haidpliat llzzzdurhengumﬂ bf ﬂleemﬁleﬁlieeclzoensz iafe SN g Si gnal s which®
i ncl udesnetwork 123 with the sum beipgap Sa wfter-recorder unit 124 to produce a (a) gener ati ng

in signalfeX @?ﬁn Prsea tizﬁilﬁ oﬁﬁﬁ: %&‘aﬁg @%@ﬂﬁ“ seismc
wawes ge‘gl oy §o andgfromthe

same subslieeord 125 Thls ploQﬂiara&aizes tlheﬁlltee(Ylll T Ybfilek irdarmation id théee pl ural ity of
pat hs al 4pplisd toljafunis(1dhito preyidst 4)Eogiergtrgnsfo Pft:hmt 3 Thc function re- mul ti pl e

ref | ecti Ge AP ad, SRTRT SI, Toletaiary gty Ji’“ B;;@‘rfi M@;e appar ent
Vel28Ci t Ysimilar manner, charts 129 andOiB0 Bfe! prdAdéd Fiik I'el;eﬁﬂﬁspbdilv nceagipon t he .
geonet rlmemfspoasacifmeﬁltmm tafYﬂmecaMm sai d paths, and applying or mal

noveout FESTePenses| qf J(, 4rp ‘Elb]ﬁtpﬂdsu:i dﬁzaﬂ in C
each of gme esi 5&9 éﬂlz Gi'sJIt{E3 xey; teuls (lw (b) nodifying
thest i mi‘fo uﬁhrrel # Dithe 210, {h aeld@ﬂfére ez‘atlls e prsboﬁacga!%rosl gnay refd 25

tive to thhe tenm Thefdheat irefer T2acs eroporbgnalf tol theeoriingge 721. Fpcor dance with the

filter o‘fﬂ‘b‘Fsa reqastors a is proportional to the ord ﬂé}#{(. a‘CL’e ¥Ieap, bg{stc;[rhﬁa rel ati onshi p

wher e glarly, -the resistor 4la is proportion
ordinate 71a’ (with provision being made thou own for polarity reversal),

35 resistor 8la to ordinate 81a’; resistor 43a to ordinate 43a’; resistor 732 to 35
ordinate 73a’; and resistor 83a to ordinate 83a’. In a similar manoer,
each of the resistors in the filters will be adjusted to magnitudes and polarities which 4
are dependent upon the respective -inpulse response curves of FIGURE 4. The filters
will then serve to eliminate multiples so long as the data, such as represented in the plot
40 . 5A of FIGURE 35 is representative of the multiple excess moveout. 40 3
In FIGURE 6 it will be noted that the curves are segmented. Conmstent therewith, |
the filters will be changed as to their respective impulse responses as a function of
record time. This may be accomplished in FIGURE 3 by actuating linkage 89 at 2.5

seconds, 4 seconds, and 7 seconds record time as indicated in Figure 6. The filter i
45 switches successively couple one set of resistors and then another in each of the filter 45

banks. The values of the selected resistors are selected in dependence upon functions

such as in FIGURE 6 to provide for multiple removal in each of the record intervals. .

It will be appreciated that the foregoing description of an analog type of apparatus
for carrying out the invention may be substituted by a digital computer which is pro-

50 grammed to carry out the operations mathematically and graphically described above. 50
The input data will comprise the seismic reflection data and the design data for the W
optimum filters. Three filters for each of eight different sets will be employed.

It is to be understood that the invention is not limited to the specific field - _
- technique illustrated in FIGURE 1, For example, it may be of the type described in ' "

55 - the above-identified article from Geophysics dealing with expanding spreads. In such 55
case, the expanding spread data could be rendered free from multiples. Other field pro-
cedures may also be employed where more than but single coverage of the subsurface is
accomplished. .

_ WHAT WE CLAIM IS: — ‘

60 1. " A method for reducing multiple reflections in seismic signals including the steps 60
of ‘generating a plurality of signals representative of seismic waves detected after travel 2
to and from the same subsurface reflecting point over a like plurality of paths all of
different lengths and in which multiple reflections have an apparent velocity which dif-
fers from the apparent velocity of primary reflections in dependence upon the geometries

N




[err] matrix elenments S[err]*(f) and Nerr]*(f)

are the conplex conjugates of S[err](f) and Nerr](f)
whi ch are the cross spectral densities.belween signal chanpels [err] and
[err] for signal and noi se respectively; and 35
el enment's S[err]*(f) ‘are the conpl ex conjugates of S[err](f) which are the
cross spectral 35 densities between the desired output
si gnal fandfthe signal in signal channels |— 1, 2,

respectivel y;_and ‘@%nblnlnq the aligned and ®

nodi fied signals tp,pr @QHﬁ'epr@hl& Qﬁpéjﬁidtﬁrﬁhgﬁlﬁhg hddmal moveout correction to align Whi ch
said primary. refi emt |@m&r;arﬁﬂdenhanmeoka¢hel af | sai tpiulsl&ydofmélgnulpl @pplying

reflecti on(i_'r separate4ﬁ]ters t° each of saig. pw{ny iz %1?9 teg) dfe 4 ‘Ftﬂb“(%‘lf‘at’fm 4,
eQ p

wherein the st ep ahe d‘g&éﬁgﬁc i %flae@mg’[fn the primary ectmn

aths of the associated seis 5
si gnal s*i ncI udes tvh Bk GloNPevid path] an@@6h- Of a
plurality of bmmg the aligned and ﬁl&t‘edl’s@hdlsyto$ﬂd®ed cmmesrgnal cwhich yod ppm nts -

| ocated_at di ffermmﬂ%@mhﬁﬁﬁmlww‘@fs mpfgiple reflections. s recorgBPi Nt @nd
there <214 cogt neg AR RTE LT :r'sdm?‘g% o ST on. o
6. The net hod" as dlﬂ; HbdFibBds tm e steps of

45 3 (a) st 0Bi Mhhetdeholl udelfined ris clmm be dxém TZ,om ml;(dh thy S@dlmc ‘FlaV¢staeer s in
repr oduci bl e f or mgeterpted suessively at shot Pmnts spaced at s‘fl?':%@ istagcep fEom ok reb‘g
dependent upgg th 1 e R B AR e SEOM Y rOSB LR AT E g5

wave paths to and rqm eghéﬂﬁﬁ‘o Rp A BlelrefobtRd ih RGO sigAkls FRith acmieural ity
of different the steps of shot poi nt detector di stances

(b) convol ving the st@rig;ﬁ:ﬁ?ﬁ {neyigng an 1 u%ﬂ‘l“‘% il su;gﬁ‘i h with
the sigmal 5 3 ecting poih 8 HRRgS i ﬁ@% Eans enred fae

nor mal noveout, a ltxple reflections have an apparent veloc1ty SBich differs from the apparent velocity (C)
conbi ning the resuf 'pzimtry fmﬂnmbnsomeependence upon the geometries of and velogity prpfilaralengis f or

carrying out the rFEl PISIWTP‘H‘““I THETONIOREStiFRS shalist e PHBrE eleqigps foner at e
the said seisggic ﬁé&‘}% Dilio 0 AL Sutie kBt WRYRH HEPREOT MRENS
toolé

operable to generatve ﬁySdﬂ&ﬁ &efeﬁiﬂﬁ&‘ﬁt&ﬁ&&i icuddafide viith@heSiMeopsraios i C
waves, freans Y:(f)gl‘ﬁﬁbytherelaﬁqnshlrappl y| ng the said normal noveout

corrections to align the primry kg NS, D o3 each
of the sal d pluraljiy. of signal s[gl’f{g}r ?ﬁ élé(bg“ﬁllsd" élgnal t hus generat ed,
an indivi- 30 $=1,2,3,..n;dual fil ter having a ti me-response 30
characteristic dependerl,tZ,@bp@n t he seism c wave path . from

t he respect ive shot p0| nt urface reflectio ing to the
re- SR e G Al éaéﬁeg%f.eﬁ?;* : ﬂi“g%aa bng the
said seismc wave fpxaidﬁalaﬁ ist tebpe@ively; and bei ng opera eto

modi fy the ti3he di St eleents Syi(fore theecomplex ¢°pi|ua;ntep of B0 twhish grerthy eross gnectrad t hS5
60 e“s“ m F dgsired opipgtigngl and fhe signal g gignal chanpels =1, i 5 gnal

combi ni ng neans i nrtegr 48 aligned and modified slgnals to pR&ucO W bt osite tfgnd1
filters,, the conbi wﬂixdhgax&'@ﬁﬁiry hrefiettignsCipeénhidnoddl rtlaxivp ko idasuliplc efifotsms.t e
40 5. The method as defined in claim 4, wherein the step of generating a plurality 40
of signals includes the successive generation of seismic waves at each of a plurality of
laterally spaced near-surface shot points located at different distances from a reference

m

* point and where said combined and modified signal is recorded as a time function.
' - 6. The method as defined in claim 4, which includes the steps of :
45 (a) storing the functions to be performed by the filters in reproducible form, the 45
T filter functions being dependent upon the velocity profiles and the geometries of seismic

wave paths to and from a given subsurface reflecting point for a plurality of different
shot point-detector distances,
. (b) convolving the stored filter functions for each seismic wave path with the signal -
* 50 from the corresponding detector corrected for normal moveout, and 50
(c) combining the resultant functions.
7. Apparatus for carrying out the method of claim 3, including means operable
to generate the said seismic waves at the said shot points, seismic wave detector means
operable to generate seismic signals representative of the said seismic waves, means
55 for applying the said normal moveout corrections to align the primary reflections in 55
each of the said plurality of signals, for each seismic signal thus generated, an indivi-
dual filter having a time-response. characteristic dependent upon the seismic wave path
from the respective shot point via the common subsurface reflection point to the re-
spective detector and the velocity profile along the said seismic wave path, the filter
% 60 being operable to modify the time distribution of the multiple reflections relative to the 60
primary reflections in the seismic signal, and signal combining means interconnecting
the outputs of the filters, the combining means being operable to produce a composite
nbining means dein

L

(2



10 1, 099, 483 signal in which
primary reflections are enhanced relative to the nultiple reflections.
8. Apparatus as defined,in claim7, wherein the filter for each_signal has

"a charac- ' teri stlc Y[ err](f) dependent upon the said seisnmc wave
pat hs (channels) fromthe shot points - to the detectors and the ™~
velocity profiles along the seismc wave pat hs, defined by the 5 .
expre55| on - [err] wher e: _ FYerd] =
1, 2, 319 [err]'HOP948 3 . n: 10 natrix

el enent's S[s@ﬁali}x(mchap?&aly[@ﬂee&oﬁi Qreaﬂaﬁmsmlaﬁe%ﬁm%ﬂﬁrﬁterréﬂmﬁﬁnsﬂles bet ween
channels i 18 Apparamsasalminec{iarcr ‘i@uhersngﬁalteraﬁdach Gigthas @ sipeact | vel W and .

el ement s S[tesistiq Y demﬂéen aveyepiathsi(shagpels) fran % dgsyred
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