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wherein mrefers to an input tinme sumation sired to produce, from an

i nput seisnic record index of the sanple data points along the 3
digitized at tinme:. |ntervals .of 0.002 second, digitized seismc tracé or
record to be filtered. 5 an output record corrected for NMO and hav-

TABLE || . terpolatlon Filter Sel ection
V (T[err]) 5 Terr] (ns) _ TL g19719§f m 5
Filter Table JDGisirag@Cthe relationshp. 56}0 data pomts @ BOOH second mtervals 0
FO ' tween the times Ty and T: whereqigas de- wherem m fggguan input time summagon
F4 %J sired to produce, from an input 1 cord index of data points along
digitized at time intervals o X\gl lr%e ond, digitized s or record to be fil
F8 - - 5 an output record corrected for : 2 _ '
F12~ 0.416 . 0.5096 ' 4
F16 o _ "~ 0.420Tape 11 0.5120 o 5
FO L - .0.424 0.5144 6
F4 ° 0. 428 y 0. 51 duterpolation Filter Selvcnon F8
0.432 : 92 8 : 12 o
0. 436 ' _ V?\('Ig' 16 Tv_ (ams) g 1x (ams) _' _ iEfT N Filter
0. 440 50005/8e¢.0 0.400 10 0.5000 0 . FO
0. 444 . 0.5264 - 11 : 4 -
0. 448 o ogg 044 pp osa L F4
0. 452 0.5312  o0.408 13 0.5048 - F12 . F8
0, 456 0. 5336 14 F16  F
0. 460 0.5360 %412 35 0.5072. *o
0. 464 0.5384 0.416 16 . 0.5096 £4 _ F16
0.420 0.5120 5 FO
, _ _ 0.424 0.5144 6 F4
K - ' 0.428 0.5168 = T F8
0.432 0.5192 8 F12
‘ 0.4%  0.5216 9 ~ FI6
0.440 0.5240 L
C0.444 0.5264 11 . F4
- 0.48 ©0.5288 12 F8
0.452 0.5312 13 FI12
0.456 0.5336 14 F16
0.460 0.5360 15 FO
0.464 0.5384 16 F4
0.468 0.5408 17 F8
0.472 0.5432 18 F12
0.476 0.5456 19 F16
- '

5685 /sec. 0.480 0.5480 0 FO




0. 468 0. 5408 17 F8

0.472 0. 5432 18 F12

0.476 0. 5456 19 F16 5685' / sec.

0. 480 0. 5450 0 FO §]

1,197,931 6 . From the col um
T[err] of Table Il, it will 111 represents the control of ‘gate 70 with

be noted that tine spacings between digitized gate 70 bei ngeopened during
an interval which 40 dat a poi nts reoccur cyclically so that only -
coi nci des_V th pul ses 0.400 to 0.416L1%8k filters FO, F4, F8,6F12, and
F16 are requi F8a s bR, BETRE 1L, 1l RE [ U0GEIrQlS thi 2onwbil 3 Elﬁa%%mfor
correcting tbhaotEcemmtﬂnd‘spichmemgitm ghtk 40 béingpéried B@ing @ feﬁ;lalvﬁlﬁchgaoes ,
80-82, res- data pointy sntthar \aly  Goigcides syetbomtest @409 w8®416 éctal vel ¥

wi th openj ngi,i §1§Lfeéc§;tdai“ IFl ’eq“‘redsqwlﬁiu 2 bR, 9 m TabI e
Il that no s@cﬁ 042 OF' s%‘ﬂh %ﬁ tial and -
i nterpol ati ea:ondsltneld:&sm&ﬂymﬁm‘afalh IIIﬁit nEO abllﬂe tinfe indicak ﬁmuﬁ&nen%t 45 he
control of :gl)snecessarvm lﬁ9trab¢ssntvhslcg1éq°hq ; teGet-e-  G19.
Gat es GO’10 ?%bg:- 31%1"’?;11 ﬁg r or 0 en 11 Iaﬂ?tﬁet flmﬂ? dormai n *
filter for Ugg) m clg ’ﬁ% Snctions 198Ch Of

filters F4, quBe;d ﬁlt&EIHO FAAFS, B’lZa:dFl&nch# rlzs hm adddis l'ustrated orso
functions 1?1 have th? rEn bl:imt gbl FOFgﬁd tﬁ@t Rﬁl@d ﬁime%t%e 124,
128, 132, 152 Esb erpolation of 3%‘ e‘t ﬁ?@e%‘tcat ed in
Table 1I. ghllin%e r e;ngﬂtéﬁlrgb tﬂﬁ fila en@ﬁlte? 311 of we1 ple |, it
will be not @dpcslbaﬁdek Ioeafelti:ﬁeen‘, ob @i@ninfiit Ot Hl@int &3 hdses wEianrmrebysshm7 onsg

ef fective 13eiso t@'ﬁdff SF@F% I@fentaa-” yay @ rweishtt pfLQ-8963P bkt of

iy v ghise ph ety 5 deping g A
fall on Thag, Qecnﬂxstﬁé vﬁ CHRR ingk rdedrd WeHad) %vel 82. opposite sides
of t he ti ne adfiee T, —(mSOBheodnm lasﬁolmﬁent mhasﬁlars\m @iﬁdoﬁ:fnn-xﬂerﬁc%G%ﬁS?

sei sd’ H‘F fa rtotbhe sma wei ght
of 0. 896325 co t°c;1“f§?° ﬁ)ﬁ% &~ nent
a4 has a weitgbi ﬁlt mmmsm lteinh uﬁycbt Jf 1ﬁpfd’nﬁ0t ed
record at tlehsentaﬁnfmmb dividel ghtithef sideof O&h&mﬁ&&h digitelnword isobultiplied Gy 4045 secorid
is the val udh tatR‘?@tP tsec ) fB’“O@QQ%‘ g filter and gt i me
Tlerr]= 045 gﬁp g{;{e’s F A R A e domai n
|@ﬂ593 h _

I nt erpol a- abbutput recéll ti ablws b|412, ﬁé eElﬂ‘el ®ack QverCthel | ON d
oper at or s ‘wsécerid, respectively.i n anal og form Irange lndmeimplbm ghreté, mhwrﬁ)@isatze t he

R Ui s i O i e
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&Qfgs il 6’ & anal og

converters mterva]' alabeetol 048[)tsec\Md|. be seen fBaFo-LFid £¢ reEﬂfrJﬂiﬂsl‘alﬂd HI right

Al ternati veI n'\!:l&¢ orf 1H] epptesehts f g feft, and whére the weightsiefifilters Fl6—di7%i ded
on either si e““ﬁ‘?g 35k tblFW“’@a{‘cﬁhﬂf"QWEI AR xs read fromy el pr 4i8dH by a 65 t he
data point 0.5024 second. wei ghting factor from:the
selected filter and The sane is true of each of filters F8, Fl12, the
several products are sumed to produce at 30 and F16 for interpolating the
val ues required the output the values indicated in Table I1I. - at output -
record tinme 0.408, 0.412, and 0.416 In correcting the entire trace over

t he second, respectively. range i ndi cated by
Figure 3, twenty filters 70 Figure 5 illustrates the timng sequence
of FO-F19 will all be used. The filters wll gates 70 and 80-82 and
gates GO Gl6 for have the construction indicated in Table Il 35
correction in the output record over the tine where the weights . of

el ements al -a6 of interval 0.400 to 0.480 second. filters -
FO-F10 are read fromTable Ill. right . ~  In Figure 5, the function 110
represents to left, and where the weights of filters F10- 75 t he
timng track 30b, Figure 4. The function F19 are read fromleft to right ¥

82
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8 The interval AT is divided into twenty seg- upon the slope of the
particul ar segnent of ments and a filter is provided for each seg- theé
Tlerr]-T[err] characteristic plotted in Figure 3, 60 ment. Each
separate filter is.given weights which is applicable to a given rec#d
seg- in accordance with known interpolation filter nment, different
groups of the filters would be 5 theor The filters are then sel ected as
shown selbcted rather than the I|n44%ﬂgbrouo of FO, in Figurd 4 such
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30 trated as single units, it is to be understood erated. The ratio

that each of the registers 61 will be a nulti- bit register and that
each channel | eading (3) from

su registers such as Y err enployed in~
the art for transferring in paral- 35 lel all of the pits stored in a
register.. Thus, @ the channels 71-79 will be provided fof paral- | el
transfer from gates 70 and 80-82 to filters 66. Sim',lﬁor_lly, t he out put
channel s from the filters 66 and the gates (or shift registers) 1is the
sl ope of th& straight |ine segments &$%79% 48 @-Gl6 will be provided for

paral l el tran uﬁérm\ alﬁ&dm@w%{,@rsggl,u&ketnéhoﬁa%\eﬁe i MBE Behll® of WO 90

fer. In acco @QQ@ Mgy Ng.  thad}, 30 dkarddRtisht Hlotted ih 3si &

tabl e. Si ncememy&ach sepaé‘t&k‘se n aaalgsr daihiahgssa rplicablf rtom givgn roeords EE ot s -
assuned to_ b ¥ me‘ﬁ mfeFi@ B°“t mem d by a
gl ta m%d“ie et fm“??%ﬁe ’:’::tf?@agm"?en ata
bits. Thus, t5 g,gb&,&gegqﬁauy ﬁi err] increnenfo of

time. 45 gaﬁmval shamnkithsthe Aesnbdfmlut e&&e of IFlo @ adnqvnthe high Sdefityrdesingd | nsure a

filter exi 3t§a é‘f"seach of - lgebtggm '@1 ebasm‘pﬂ%%l y will®
ac- thesé % g ﬁ‘? ol U Pigare/ ¥ SRR oSinsure thak 2 Seismic
traces thus dagd tuiz dance tu.s. Patem"ﬁbe frion RIGES diiges d@Shd expdt i Ninieas bbe @

linited 8,075¢607 e Aftken et aif. aadih&r Pataibg mpowrd era%mEQ in a basic table

4) 50 It \AN04 3% utput T and ¢, an
(4 % 6‘531, E}%ﬂ %{3% ol gl T i

successi vel yas,gcglma BRIRF P Gdefit- in sudhezr Basic tabld mamreﬁmmunedsmut on
the stored dat a. mcmLSthéa ata on e mpe mayrber smyﬁlﬁedab‘wﬁ"ambefqutfﬁw point§) 0
filters FQp F1‘§°mﬂaﬁl‘=43 e “‘;mdgge"fq;pg BB of
filters néceddH @f’%ﬂ? B el))apﬁv to the data words is

i n dependencer Biga®d 4t ﬁ‘es t€k lsihgléBikmid @dcé | rel ati on- shi ps ill@strated in
Figure 3. |f tidelss n@ﬂc;entnlublplend although a trace Tvm'— Ty (5)

t er pol atlgg @t;@ tiplered foum) RpmrEbpheceehn may [err]

be carrie pleed et Ve 6P forly. @ digi- 60 tal,conputer wherein the
filters FO- Fi&n@rlﬁ accordarfed Q1S p&séiumbenconputer -and the data wor ds are?
sequenti al | y ti I i ed to such filter under""hmA lh@emle dn milliseconds 47 o

fad 8082 PR n1stobegen-
pl‘ ogram Igﬁptrate g:mg unith, it i t© beu ﬁzgnglf e[ﬂdm ffﬂfﬁ?

that each of the registers 61 will be'a
9 bit dagister Odndf thint Q&S chanfplidéading (4) i npli es t he addl appl i ed

until such t ifxme Mhe'ﬁglsnrsrmﬂ baswhhv@mmnly | ti dnagl ~rlestriction
For : _ _

excess of jt &% LT ﬁnm Bg asi s R =

for specifyi g ls _e_r;g illlbB 6o the basic Ty —'r,

(6) -0 rramzla:adsfdr mngmjesnmnaﬂdx 2(16 inter-. 20 "

pol ation fi I tﬁm6ﬁ1§@dledb’ ﬂﬁmm%g’ag;g’rg (4 ,}he lop of

and (5) i t cﬁ%’%ﬁﬁﬁ"ﬁ’e@mw 4 ‘for parallel trans- prox t% ti: walgg:vle{%ii:e%nefht: ;B(; 90

[err] fer. In ac&fdance with U.S Patent No. adjac in the basic tableASibe @oteISt be
chosen divis |31017aes3b,yeaﬂi[cafars]amﬂuefrom the seismo- out is assumed to be linear betwere tl!ekeetw?f[ err]
i ncrement nu uhlanrpnrq igital word points, the input I?A{n'f‘ function mtflstnme
: ev increment o e
mul tiple ofs g&?g ﬁ)eeﬁt éé&% mﬁr rw‘gfﬁnmﬂ a filter exists for each of 95
completely digital form preferablv will ac- these T: increments of time, it is necessary
commodate seismic traces thus digitized. that
The foregoing description has been limited _ _
to correction of a short segment of trace 35. . %
50 It will be understood, however, that data words - R(NF) = C, an integer

corresponding with the entire seismogram may .
be successively stored in blocks and interpola- where
tion carried out on the stored data words by NF = number of available filters. 100
filters FO—F19. In each such case the filters _ The minimum number of filters necessary
55 would be selectively applied to the data words is :_ -
in dependence upon the Ty and T, relation- _ o
ships illustrated in Figure 3. If desired, the in- )
terpolation operation for NMO correction may - Ty — Ty
be carried out automatically by use of a digi- , B !
60 tal computer wherein the filters FO—F19 are : NF = —
stored in such computer and the data words AT,
are sequentially applied to such filter under . L.
the control of a suitable program. Depending Thus, in order to employ a minimum num-
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1,197,931 . " rected seismic trace. However , S|x-poi nt filters
data words IWPFthe field trace,

be appreciated
_ not
> 01=0, bRi ch. N+ds bet ween
The nunper of filter elenents

cessi ve

and have beeg . Io d %{frl\d found to
provide a . sw.tchi, S | e.d N depende idelity of 60-70
db over aoba da}_gga angaa%ole aﬁ%/darl ations in eorret ry of ‘the travel

0 to 100 cycles per second The hi gher white pat hs of seism c waves
represent ed, “01*
digitized f gl

) Eﬂ“&)rmt hes( S rEg‘andwl dth, the
"valye of the function at ﬁme tx
PR T e 1 e g :
-time to be interpolated for and the appro- ’
45 priate filter have been determined and as in-
'dicated by Equation (8) above, the filter is
‘drawn from jts storage location in core and
‘applied to the appropriate points in the input

iume function.
50 .

a = filter weights,

X recorded values of the input time

‘function. The value f( = )1s then stored or

‘Where_ ‘an input time function has been
X recorded digitally at equal increments of time
@ AT, it must be mterpolated for at time te

recorded at the corresponding output time
dictated by Equation (8).

It will be appreciated that the method is
not limited to the use of a six-point time
domain filter. The number of filter elements
will be selected in dependence upon the band-
width and fidelity to be maintained in the cor-

. 65
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filter - is’ applied to the three values either

55 side of tx to give
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