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I n general, trace Xis- to be tine-variant- 40 a control unit 161. Contr ol
unit 161 |ncludes filtered by- the filter set described as - a battery
161a, connected in series with a h,(nfert}t, Terr]) whére i=1, 2 ... K
h[err] is one center tapped potentrorreter 161b. The vari - of a set of
time variant filters applied to 'the 100 able tap 161c on unit 161 is .
connected to the trace; mis an input time summation index ~ one input

of the multiplier 131. The first of the sanple points anng the trace to
be 45 prckup 117a on drum 115 is connected to frltered “and- [err]t s
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controlled by a Iinkage 170 operated in syn- of filters and performng a
wei ghted stack of 55 chronismwth the druns 115 and 116. Varia- the

out put . . tion of the variable tap 16lc nodifies the —Each—fitter
h[err](merr]t, T[err]) is applied full wei ght of the signal from
mul tiplier 131 weight between gate center tines T[err] and 115
linearly over the tinme interval fromtine T[err] T[err] therefore two
different sfilters gre applied to tiomeseT[err]. The variationis from a
val ue bmmmmmﬁe—ﬂmmmd—by—the
negative el.ement 120a of Two181-point filter outputs may be defined
function 13Q to the val u&'@vTHe QE)M‘PFV’@“@I@ X:(raév) f@lows: 5
1 197, 622 _ 5

 and [err] ~and ' ' - 15
[erP] for .5 [err] where nis an output time sunmmation
|ndéx t hen be wei ghted and summ¥d to give the of the sanple points
along the filter trace. éles(?“r‘)e-dz ut ty‘]f”é°r"r]‘Yﬂh[’%ﬁ'ﬂ“ﬁt) as fol | ows:
The®e two suboutputs for each t e gate will. [err]
15 In digitgh computer operations if the wei ghts be spaced 32, 64, or 128 .
bl ocks apart. Wth in Equation 2 are calculated for each output the
substituti®dn, . - Ti<nat<Ti. 25 poi nt, the capacity of the
conputer is greatly taﬁ?d Pref erably heglgf Qore, the gate center [err]
times are constrained in sucﬁ eanner ‘T ha? the weights in Equation 2
can be precal Giere n is dPdufpl ARDsulh@iBdnded ehed BB vRighdk® afkP sinkthed tol ve' te Oerrl
requi red thatf okenmple Ppiow rajong| B2filer rdate. Wdeirel oumput y,(nAtP adfollbws:” is, the
gate center Theiesvorsaioutppt dor\cechgimessatervilbquat i on 2 becone
[err] 30

T\ —DAL Ther ef nA‘?—-Trh out put y[err](nAt) becones,
+1 i
[err] 35 y,(mbg( )y,‘(nAt)+( jy;“(mr) @
17 4y T L
T:i<nAt<T
i=1, 2, ... K~1 _
: : 15 In digital computer operauons if the weights be spaced 32, 64, or 128 blocks apart. With
! in Equation 2 are calculated for each output the subsntunon, 25
T ' point, the capacity of the computer is greatly
. taxed. Preferably, ggereforeéhﬂle gate cenater nAt=T, +pAt
: times are constrained in such a manner that .
» 20 the weights in Equation 2 can be precalcu- and the constraint, _
lated and stored in a table. To do this, it is Tin—Ti=q 32At
required that T.,—Ti=q 32At where q=1,
2 or 4. That is, the gate center times may the weights in Equation 2 become
T —nat q32At—pAt-' 32q P
30 BN )]
Tiu—T; QSZAt . 32q .
=
\ Tu—Th 326]
- for .
p=0, 1, 2 ... 31q.
i.f ' “Therefore the output y,(nAt) becomes,
T 329~p P
3 3 y{Ti+ pht)=n yH (Tt pAY+———yH(Totpat)  (4)
(-1 3 32q
p=0, 1, 2 ... 31q.
: ' . © O 32g—p " only be determmed and stored for q=#%. The, -
The table of weights f(p’q-)?l*:zq - need walues 'f0f 'q=2 and 1 can- be obtained bf?‘ 40

“decimation of the basic table, for examplq{



[err] only be determ ned and stored for gq=4. The

The tabl e of wei ghts f(p q= =[err] need values for g=2 and 1 can be
obtained by 40 [err]——————decimation of the basic
table, for exanple Vi ght - Function f(po= 4T1'
127/ 128 126/ 128 125/ 128 124/ 128 123/ 128 etc. f(p,q=2)=

- : 63/ 64 . 62/64 etc. 5 f(p,g=1)=1

_ 8 ' 31/ 3@ier62 - etc. ., | 6

p ‘ : . - a-an ; - The
wei ght functi oWeight - . 1s of course filter: "'wr 'l be appl ied
h[err]([err]t, Foedany]) - : - =32p *@Thrs
conput er operaE n \Mill 15 :
tinuously varygk 8.—.? 41 ergff@ﬁ s}é(,a,s 1215.1{51%8 fl? 128 123 lzgégh tinme zone
T[err], Tperr] f(p.q=ti)rel pr ogram rrust-—elet er n-Ae . 311é2l ogr e—-wr | ekc. FI GURES

4 and 5- Anal ysi s then automatically sel ect-the correct S

t
filter set |£ r %r“o‘mtaﬁe stored
tabl e For 'Eil(h eng;t] }uhctmr p%lolfétame ﬁltﬂe Yﬂ%%h T&EE@QM- scedi My
the first gate center T[err he first ftinhduay vaiging ﬁltﬁsr wmntﬁnepol ated f| lter

bet ween ti rmlsﬁtT @ﬂd\ tmw ne I I ed %eJ’RE]S(P{mJ T err]), and
for tines ‘ﬁ:ﬁiﬁjﬁ t|0ﬂ terseta% t’%? kﬁﬁl}[:gﬂ
wher e 10 wei @l’ft'b the sto ng appiletl Virfihgd [err]t,

Equation 5. n:'a%:lgbthe Wirst gdtfeunter '2,5the first filter| euex, JAn interpobatiad: fibter ‘between times T 20
Tlerr]-T[er e"rPF’l}"ti %(a‘ét’ﬁ’ébrﬁné@@dt‘mﬁ d‘Bd TlEqﬂ&‘W’o‘i’Y EAuRtion e further

mani pul ated to t ai'ni ng uatl g 30 - - [err]

The termw thin tp(gm§q,g@r_i_ﬂl_a?ﬁs ﬁmdqﬁ) %}qmmt;al fsh ter:

[err] wm—Th M

Then Equatron 7 may be witten as . .- [err] 35 for

in FFGQURES 4 and 5. Note botTW2efthe ori gfl'rtﬁ‘l‘“tﬁé"ﬂ ‘

filter set h(N{wervm}xtc,hanEetw}rybmmttrie:pncmmahnai ibk tweirtan - p=0, 1,
[err]h(n{err]t err]) derrvedtherefrommay

be stored £ the gonputer and

brought i ft o operthAtbn‘-l'pAt)T{’rl q\dl agt"Poy _T‘)+ h@tméeltl”py repy gsents con-

at the approprlatetlrre Al so, thefrlt'é’r"for " ootinuously varying the

filters wt rwttnerfﬁﬂem-ltdmrmas(lpm 3l dw 08-t . Enmstiobes’ @btacrfe!dmf mapipildws pt h o 45 ?

i ndex p bet \itiBipg EG%ER F err] - and T[err] %‘ﬁown f| | ter by the recursive _
rel ationship Lerr] - P e e &
30 h(mat, Tipaty=hmat, T>+—{h<mm, Tm)— h(mm T.)r m o o

The term w:thm the squate brackets deﬁnes dn mcrcmental ﬁlter T

h(mAt, 1+1) h(mAt, Tt)

Ah(mat, Ti)- - - ®
: M
Then Equatmn 7 may be written as | e s : N
h(mat,. T,+pAt) h(mAt,Ti)+pAh(mAt Ty ©
35 for . . in FIGURES 4 and ‘5. Note both the original 40
A e filter set h(maAt, T3) and the incremental filters
p=0,1, ... M—1, : . Ah(mAt, Ti) derived therefrom may be stored
-4 + ‘in the computer and brought into operation ' $

This last form mathcmancally represmts con- at the appropriate time. Also, the filter for
tinuously varying the filters with;time or time (p-1)At:may be obtained from the pth 45
_index p between gates- T and . "Tiny -shown : “filter-by. the recursive, relatmnshnp R _
D omgE *»

himat, Ti+(p+ 1)At]—h(mAlt Tt+pAt)+Ah(mAt, T.), ¢ ) o

p-—-O, 1, 2,

Thus for a filter N. pomts long, each new Equatnon 5 as it stands since it would requzre
"so‘fﬁ ter Mmay . from the prevxous one at least 2N- mulnphcanons and addmons per
) by only N addmons This . new ﬁlter :

- 55
stderably faster than: | ying “to. mplement

c. t_r_ace” as nsed herein



Thus for a filter N points | ong, each new Equation 5 as it stands si nc:e E f
it would require 50 filter may be obtained fromthe previous one at |east- .
2N nmul tiplications and additions per by only N additions. This operati on

is cgn- new filter. 55
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to which each filter is uniquely related, which the seismc trace wherein
one tinme domain 55 record tine interval is equal to twce the filter is
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at a first record*t—l‘rFE“and tThe other tine 5. Apparatus according to
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