
4                                             1,056,481          As viewed
from  a frequency (f) versus  array of xy detectors and two dimensional
wavenumber (K) plot of the seismic distur-  processing according to the
invention; and      bance, processing according to the invention    Figure
13 illustrates a three dimensional      cuts a "pie slice" bounded by two
cutoff velo-  f,K space plot of the power spectra of seismic  5   cities
which define a velocity range so that  waves  having   apparent  velocities
V[err]  70      trace representations of waves propagating   -V[err] V[err]
and -V[err].      with apparent velocities in the direction of the  Figure
1 illustrates an f,K  space plot of      array outside the range are
suppressed and  seismic waves wherein the lines V[err] and V[err]
representations of waves propagating  with  represent the frequency and
wavenumber loca-  10  apparent velocities inside the range are passed.
tions of the power spectra of seismic waves  75      Additionally, a centre
velocity V[err] for the range  having apparent velocities V[err] and
V[err]. These      passband may be chosen by time shifting sig-  lines also
represent extreme ranges of the      nals from  seismic waves having an
apparent  velocity passband, whereby seismic waves hav-      velocity
V[err] so that the signals have zero  ing an apparent velocity and
corresponding  15  milliseconds (ms) of dip across the record.  power
spectra located in f,K space within the  80      Waves having an apparent
velocity V[err] would  passband are desired seismic waves such as      thus
appear to  have an  infinite apparent  seismic waves having an apparent
velocity V[err].      velocity. With said signals time shifted, the
Seismic waves having an apparent velocity      velocity passband would be
V[err]V[err]. There-  such as V[err] and corresponding power spectra  20
fore, processing according to the invention is  located in f,K space
outside the passband are  85       capable of velocity filtering having a
passband  undesired seismic waves. The lines V[err] and V[err]
V[err]V[err] in (f,K) space. As viewed from the  are the slopes of the
power spectra of seismic       seismic record, signals sloping  across the
waves propagating in the direction of the array       record within a
predetermined range of r ms               [err]f  25  of dip per trace are
passed and those outside  since V =________. Trace representations of de-
the range are attenuated.                                  [err]K
As opposed to conventional processing in  sired waves are to be preserved
and trace  90       which the processing response has the same
representations of undesired waves are to be       relative frequency
response at all wavenumbers  attenuated. It can be seen that waves having
30  and the same relative wavenumber response at  apparent velocities
V[err] and V[err] have overlapping       all frequencies, the over-all
processing response  frequency and wavenumber spectra and there-
according to the invention has a wavenumber  fore cannot be separated on
either of these  95       K response that varies with frequency f and a
criteria. However, waves having apparent velo-       frequency response
that varies with wave-  cities V[err] and V[err] may be separated by divi-
35  number. Thus the processing response accord-  ding the frequency versus
wavenumber space       ing to this invention is jointly responsive to f
into velocity pass and reject bands, as shown       and K to result in a
velocity capable of sepa-  in Figure 1, the passband lying within the  100
rating waves having overlapping frequency and  angle V[err] 0 V[err]. The
processing according to       wavenumber spectra in the frequency range of
the invention, therefore, contemplates dividing  40  the desired waves.
the f, K space into velocity reject and pass-         Embodiments of the
invention will now be  bands. The centre velocity for the desired
described, by way of example, with reference  velocity passband may be
selected prior to  105       to the accompanying description taken in con-
the selection of the velocity range cutoff velo-       nection with the
appended claims and draw-  cities by time shifting signals in the respec-
45  ings in which like numerals connote like parts  tive traces so that the
originating waves hav-       and in which:
ing an apparent velocity V[err] appear to have an         Figures 1 and 2
illustrate an f,K  space  infinite velocity  across the detector array. 110
plot showing the frequency and wavenumber  This is illustrated in Figure 2
since the angle       locations of the power spectra of seismic  V[err] 0
V[err] (Figure 1) is rotated in Figure 2,  50  waves;
whereby the centre velocity V[err] coincides with         Figures 3 to 6
illustrate functional block  the f-axis resulting in the angle -V[err], 0
V[err]       diagrams of embodiments of the invention;     (Figure 2).
Velocities within the range defined  115         Figure 7 illustrates the
major components  by the angle  -V[err] 0 V[err] and V[err] 0 V[err]
or the embodiment of Figure 4;                 are designated negative and
positive, respec- 



55    Figure 8 illustrates twelve-trace groupings  tively, for convenience.
Therefore, after time       of seismic data from shots A and B;
shifting, signals from  waves having velocity         Figure 9 illustrates
a functional block dia-  V[err], have zero milliseconds of dip per trace
120       gram  of an embodiment of the invention;    across the record,
and the velocity passband         Figures 10a 10b 10c and 10d taken to-  is
V[err]V[err].  60  gether show the signal paths in the embodi-    To
accomplish the objective of dividing the       ments of Figure 9;
f,K space into velocity pass and reject bands,         Figure 11
illustrates the direction of pro-  the over-all processor response must be
jointly  125       pagation of an acoustic wave in relation to  responsive
to frequency and wavenumber of       the axis of an array;
the seismic wave. Specifically, the over-all  65    Figure  12 illustrates
a two dimensional  processor response must have a wavenumber K
1,056,481                                         5       response passband
that increases with fre-     Or, referring to Figure 2, the over-all pro-
quency f. With a sufficient number of detec-  cessor response R(f,K)
approaches +1 within      tors J, the over-all processor response R (f,K)
the velocity range defined by the angle -V[err]  10      approaches
0 V[err] and zero outside it.                         The response function
to be applied to the  5        [err]                    n[err] trace
sampled at location x[err] at each fre-                        quency f
over the frequency range of interest      and                     (1)    is
15                                    (2)
N=TOTAL NUMBER         This response function, except for phase  trace
sampled at location x[err] as a function of      distortion, may be
achieved by a two-point time t and it is convolved with the response 20
time domain operator r'(t,x[err]). If s(t,x[err]) is the  function
r'(t,x[err]), then
g(t,x[err])=S(t,x[err])*r'(t,x[err])= A[S(t-r,x[err])-S(t + r,x[err])]
(3) 25  The frequency domain transform of g(t,x[err]) is          1
X[err]            G(f,x)AS(fx0)[-iZI'S -20fTI    (4)    letting A= _______
and [err]= ________      and
2x[err],             V[err]                     G(f,x[err])
R'(f,x[err])= ________=2Ai sin 2[err]        where x[err]=the distance of
detector n from the  30                     S(f,x[err])
centre of the array, then
f                                R'(f,x[err])= [err]
(5)       Equation (5) states that the frequency domain
R'(f,x)[err]= R(f,x)[err]         (6)     transform  R'(f,x[err]) of the
two-point time  The output composite from  the two-point 35  domain
operator r'(t,x[err]) is the same as the  time domain operators for all J
seismometers 



response funtion R(f,x[err]), equation (2), except  is     for the operator
i. The operator i introduces         C[err](t)= [err]
S(t,x[err])*r'(t,x[err]).    (7)    50     phase distortion of +90
corresponding to                   auJ     +i for +f and -90 corresponding
to -i   Ci(t) has the desired power response but has 40  for -f. A
technique for correcting phase dis-  the phase distortion introduced by
r'(t,x[err]).     tortion will be discussed later. Processing each
Considering sampled seismic wave pheno-     trace at every x[err] with an
appropriate two-  mena of 2P traces obtained from linearly equi-     point
time domain operator r'(t,x[err]), shown by  spaced detectors along x,
where the traces are  55     equations (3) and (5), then summing, pro-
continuous time functions, then the output 45  duces the required power
response since       composite is                [err]
(8)        C[err](Pd+ 1/2d),(t) is the effective signal, seen   P= 1/2
total number of traces 60       by a detector positioned  along  x  at
(Pd + 1/2d)=spatial position in centres of          (Pd+ 1/2d), within the
velocity passband              equispaced  linear 2P  detector
[err] V[err]                                         array having a spacing
d between       d=spacing between detectors
detectors.                      70       m=1-P, 2-P, . . . 2P-P (dummy
trace          When a centre velocity V[err] for the passband 65
index)                                    [err]V[err] is added, equation
(8) becomes        6                                         1,056,481
[err]         If the traces to be processed are digital time  shifts
representing the selection of [err] V[err]. For     samples instead of
continuous (analog) time  example, each trace from location x[err] may be
functions, equations (8) and (9) still apply.  separated into two channels,
the trace in one  5  However, the traces become S(n[err],x) instead
2m- 1     S(t,x) and nr is substituted for t in equations  channel would be
time  shifted ______ 40     (8) and (9).
2        [err]-the time interval between digital samples  [err] seconds,
and the trace in the other     and
2m-1 10    n-the number of digital samples.          channel would  be time
shifted        Equation (9) states that each trace S(t,x,[err])
2                                1                [err] seconds.     should
be weighted by ________ and time     Thus, each trace is time shifted as a
func-                              2m- 1               tion of its spatial
origin x in the detector array  45             2m-1
and as a function of the desired centre velo-     shifted _________ [err]
seconds. The time shifted  city V[err] in order to select the centre of the
2                                processor velocity passband (hereinafter
re-     trace should be separated into two channels,  ferred to as
tilting). Each trace is then opera- 15  the trace in the first channel
should be time  ted on by a two-point time domain opera-  50
2m- 1                               tor and time shifted as a function of
its spatial shifted ________ [err] seconds one way, foe ex-  origin x and
as a function of the desired                2
cutoff velocities [err]V[err], in order to select the     ample backward,
and the trace in the second  passband limits of the processor velocity
pass-                                     2m- 1        band (hereinafter
referred to as slicing).  55     channel should be time shifted __________
[err]     Examples of the application of equation (9)
2         to sampled traces are given.     seconds the other way, for
example forward.   The objective may be, for example, to scan 20  The
output trace from  the second channel  a twelve-trace seismic field record
for +dips     should be polarity reversed and then summed  in the intervals
from  -7 to +7 ms of dip  60     with the output trace from the first
channel.  per trace. This may be accomplished by look- 



The above process should be applied to all  ing at the record in seven
intervals, each     2P traces and the resulting 2P output traces  interval
having a range of  1 ms/trace. Each 25  composited (summed).
look comprises one of the ranges: -7  to       Processing the sampled
traces and com-  -5, -5 to -3, -3  to -1, -1  to + 1, 65     positing
according to equation (9) results in an   + 1 to + 3, + 3 to + 5 and + 5 to
+ 7     over-all processing response having velocity  ms/trace,
respectively. The centre of each     passband V[err]V[err] and a reject
band outside  range is -6, -4, -2, 0, +2, +4 and +6 30  said passband.
ms/trace. Taking the range       It should be pointed out that the applica-
tion of time shifts to each trace for selecting        [err] = 4  1
ms/trace            70     the centre velocity V[err] may be applied to
each  and numbering the traces from top to bottom     trace prior to the
forward and backward time  of the record +6, +5, +4, +3, +2, +1, 35  shifts
as previously described or they may be  0, -1, -2, -3, -4, and -5, equation
(9)     added to the forward and backward time  becomes  75       [err]
Treating the terms of the above equation  tion of the array such that the
resulting     separately, the process is simply one of weight-  signals dip
across the traces within the dip     ing the traces by 1/(2m-1), time
shifting  passband of +3 to +5 ms of dip/trace,  90     (tilting) the
traces (2m - 1)/2 X 4 ms, progres-  which trace is effectively that seen by
a de- 80  sively time shifting the tilted traces one way  tector located in
the centre of the array, of     (2m-1)/2X1 ms, summing, progressively  for
the twelve-trace example at position 6 1/2d.     time shifting the tilted
traces the other way    The schedule of weight and time shifts for     2m-
1                                       the above example is given in Table
I.       95   ------x-1 ms, summing and then obtain-    Taking the
progression of traces from trace        2
-5 to trace +6, the tilt and slice time shifts     ing the difference
between the two sums.    in Table I are applied to the traces as follows:
85    The output C[err],6 1/2d,(t) is then a trace having    The tilt
column describes the relative shifts     a waveform  which represents only
seismic  to be applied to the traces with respect to an  100     waves
having an apparent velocity in the direc-  arbitrary reference. For
example, if the refer-
1,056,481                                         7      ence is 50 ms, the
traces are respectively time  Thus, the traces are weighted and tilted by
delayed 28 ms, 32 ms, ... 72 ms.             time shifting the traces from
-22  ms to       The slice columns, record A and record B,  +22 ms. The
tilted traces are separated into     also describe the relative shifts to
be applied  two channels, A and B. The traces in chan- 5  to the traces
with respect to an arbitrary refer-  nel A are progressively shifted in a
backward  15     ence. With reference to record A, the traces  direction
and summed. The traces in channel     are progressively shifted backward
with res-  B are progressively shifted in a forward direc-     pect to each
other and with reference to record  tion, multiplied by -1 (polarity
reversed) and     B, the traces are progressively shifted forward  summed.
Then the two sums are added result- 10  with respect to each other.
ting in the [err]A-[err]B.                    20
TABLE I                 TRACE   WEIGHT   TILT                         SLICE
1       2m-1          2m-1           2m-1                   m
______    ______ X4     _______X1      _______ X-1
2m-1         2             2              2
RECORD A      RECORD B                                  1 25
+6           +____       +22            +5 1/2           -5 1/2
11                                 1 



+5          +___        +18            +4 1/2          -4 1/2
9                                  1                   +4          +___
+14             +3 1/2         -3 1/2                                  7
1                   +3          +___        +10             +2 1/2
-2 1/2                                  5
1                   +2          +___        +6             +1 1/2
-1 1/2                                  3 30                +1          + 1
+2             +1/2               -1/2                     0         -1
-2              -1/2             +1/2                                  1
-1          -___        -6              -1 1/2              +1 1/2 3
1                   -2          -___        -10             -2 1/2
+2 1/2                                  5
1                   -3          -___        -14             -3 1/2
+3 1/2                                 7                                 1
35                -4          -___        -18             -4 1/2         +4
1/2                                  9                                  1
-5          -___        -22             -5 1/2         +5 1/2
11             KEY: Tilt and Slice Columns   + represents a lag time shift
(backward)                                            -  represents a lead
time shift (forward)                  Weight Column   +  weights represent
a scale value                                    - weights represent a
scale value and a                                        polarity reversal.
8                                           1,056,481         For the
example given, signals having dips  off in the same direction (+). The time
shifts  20      less than 3 ins of dip/trace and more than  given in column
4 then run from  +6 to -5      5 ms of dip/trace are attenuated and signals
and the time shifts given in column 5 run      havings dips in the range
3-5 ms of dip/trace  from  -5  to +6, and the output composite  5   are
preserved.                                is        To scan the field
record in the interval  7          C[err](t+ 1/2)= [err]A-[err]B
25      ms of dip/trace for the given twelve-trace  which corresponds to
the response of a de-      example, the tilt delays, column 3, Table I,
tector positioned in the centre of the array,      are set for six more
centre velocities, that is  6 1/2d, and shifted 1/2 ms back with respect to
10  -6, -4, etc. The two-point operator slicing  it.      the cutoff range,
column 4 and 5, Table I    It should be pointed out that equation (9)  30
remains the same for the given cutoff + 1 ms  describes the weights and
time shifts to be      of dip/trace. Thus the process is repeated  applied
to the traces and thereby results in      six more times each with
different tilt delays  a velocity passband V[err] [err] V[err]. However,
equa-  15  to accomplish the given objective.             tion (9) may be
modified so that V[err]V[err]        If the equipment used to carry out the
pro-  is the reject band and velocities outside said  35      cess is such
that only 1 ms delays are avail-  band are passed. To produce this result,
equa-      able for the slice delays, the time shifts given  tion (9)
becomes 



by columns 4 and 5, Table I may be rounded               C[err](t) = [err]
Therefore, instead of obtaining the difference  traces from  channels A and
B are read out  40  between the sum of the traces in record A and  of the
drum  4 by reproducers 11 and fed      the sum of the traces in record B
([err]A-[err]B),  respectively to summation networks 5 and      the sum  of
the traces in record A and the  6. The output of 6 is fed to multiplier 7
and  75      sum  of the traces in record B are added  then to summation
network 8 to be summed      ([err]A + [err]B).
with the output of 5. For twelve-trace pro-
cessing, reproducers 9 may be set to select  45    Having the velocity
range V[err]V[err] as a  traces 1 to 12 on record 1. Then the output
reject band has utility when the apparent velo-  of 8 represents seismic
waves having apparent  80      city of the undesired wave is approximately
velocities within the velocity passband seen      known. The processing
parameters may then  at position 6 1/2d and may be re-recorded as a      be
set to attenuate trace representations of all  corrected trace on a
magnetic tape. The  50  seismic waves having an apparent velocity  position
of reproducers 9 may then be changed      inside the velocity range
[err],V[err] and preserve  to select traces 3 to 14 from record 1. The  85
trace representations of all seismic waves hav-  output of 8 in this case
represents seismic      ing an apparent velocity outside said range.  waves
having apparent velocities with the pass-         Figure 3 shows a system
for carrying out  band seen at position 8 1/2d. The process is con-  55
the invention. The field record 1 may be  tinued  by selecting the various
traces on      magnetic tape storing twenty-four traces of  record 1 to
result in an output 8 which is  90      raw seismic data obtained from a
linear equi-  recorded and represents traces made up of      spaced
seismometer array. Reproducing heads  signals from  seismic waves having
apparent      9 read out the traces on 1 and apply them to  velocities
within the passband seen at positions  60  tilt 2 for centering velocity
V[err]. Tilt 2 may  6 1/2d, 8 1/2d, 12 1/2d, 14 1/2d, 16 1/2d, and 18 1/2d.
be a magnetic drum on which the traces from     Figure 4 shows another
system for applying  95      1 are recorded, operated on by delay lines and
the process described by equation (9). The      read out by reproducers 10
with the appro-  traces to be processed are selected from record
x                          1 by reproducer 9 and fed to tilt 2 which
priate time delays ______ and polarities for the  performs the same
function as tilt 2 in Figure                         V[err]
3 that is, centres V[err]. Slice 4 shifts the traces  100                1
65  weights _____  which are applied to the tilted
x                X                                    in channel A'
backward +_______and traces in      traces by attenuators 3. Each weighted
tilted                            V[err]      trace is then applied by
separate channels A      and B to the two-point operator or slice 4.
x      Slice 4 is a magnetic drum  which operates  channel B' forward
-_______ and applies a  70  on the traces in channels A and B with time
V[err]                 x           x      delays +_______ and ______,
respectively. The  polarity reversal to traces in channel B and
V[err]     V[err]                   a polarity reversal for the negative
weights.
1,056,481                                        9                 If
twelve traces are to be processed, then  13 selects any plurality (2P)
traces from field                there are twenty-four traces at the output
of  record 1 to be processed. Sequencer 14 is                             1
synchronized to this selection by link 16 to                4. Weights
_____ are applied to the twenty-  select an output channel (a) for
recording a                             X
corrected trace on magnetic recorder 15. A  60                four traces
and they are then summed to  second selection of 2P traces to be processed 



5   produce a composite output at 8. The polarity  results in a second
selected output channel                reversal applied by slice 4 to the
traces in  (b), etc. Input and output sequencers such as
channel B (each trace multiplier by -1) pro-  13 and 14 may be provided
with the field                duces an output 8 which is [err]A-[err]B.
record 1 output and sum output 8, respectively,  65                  Figure
5 shows a system similar to Figures  for any of the embodiments of Figures
3 to            10  3 and 4 except that traces having like weights  5.
and time shifts applied thereto are paired to    Figure 7 shows a
functional diagram  of                reduce the number of delay lines in
the slice  the invention illustrating the major compo-                4.
Assuming twelve-trace processing, traces 1  nents 1, 2, 3, 4 and 15
generally shown in  70                and 12 are paired, 2 and 11, 3 and
10, etc.  Figure 4. Assuming a twelve-trace input from            15  This
is possible because the basic process  field record 1, data is applied to
twenty-four                requires symmetrical weights and slice delays.
tracks in slice delay drum 4. The tilt delay                For example,
referring to Table I, trace +6   drum 2 and slice delay drum 4 are
illustrated                and trace -5 have identical weights and time  as
separate components for functional clarity.  75                shifts
applied thereto except for sign. If  However, said components are
physically one            20  traces +6 and  -5  are paired and then
component, a twenty-four track magnetic drum                separated into
two channels, the time shift  with record and reproduce heads. Each tilt
+5 1/2 is applied to the traces in one channel  delay is added to the slice
delay.                and the time shift -5 1/2 is applied to the traces
in the other channel, The absolute value of the    The tape transport 20
includes a field  80                        1
record tape 1 and a corrected record tape 15            25  weight ____ is
then applied to the traces in  on a common drum. The tape transport 20
11                                   may be  Techno Recorder-Reproducer TI
both channels and the polarity of the traces  401C manufactured by Techno
Instrument (a                in the other channel is reversed. Generally,
Division of Chilcott Inc.,) 6666 Lexington  85                each pair of
traces is separated into two  Avenue, Los Angeles, California, United
channels, and the traces in one channel are  States of America, and
equipped with an            30  progressively time shifted from  +5 1/2 to
+ 1/2  Automatic Time Corrector TI-580B for ad-                (see record
A, Table I). The traces in the  justing the movable reproduce heads 9 to
other channel are progressively time shifted  time-correct the reproduced
traces for weather-  90                from  -5 1/2 to - 1/2 and polarity
reversed, (see   ing, elevation and normal moveout.  The
record B, Table I). The absolute value of the  field record 1 may have
recorded thereon raw           35  weight corresponding to the paired
traces is  seismic data produced from  a twenty-four                then
applied and all the traces are summed.  seismometer equispaced linear
array, the field                Pairing the traces and processing as
described  record thereby having twenty-four tracks. The  95
above results in the same schedule of weights  input and output sequencer
switches 13 and                and time shifts as given in Table I.
14, respectively, and link 16 may select twelve           40    Thus, a
twelve-trace output from  tilt 2  tracks from record 1 and one track in
record                can be paired to provide six channels at the  15,
whereby twelve traces are applied to the                output of pair
network 12. Each channel at  processor input producing a one trace cor- 100
the output 12  is separated to form channels  rected output as explained in
connection with                A  and B. This requires that slice 4 have
Figure 6. After each revolution of the com-           45  twelve delay
lines as contrasted to twenty-  mon drum in tape transport 20, the
sequencer                four in the systems illustrated by Figures 3 and
13 selects another twelve trace grouping in                4. The traces in
channel A are operated on by  the order 1-12, 2-13, 3-14 . . . . . 13-24,
105                   x                                        and
sequencer 14 selects another track in                delay + ______  in
slice 4 and the traces in chan-  record 15. By sequentially scanning the
twenty-                        V[err]                              four
traces stored on record 1, a corrected
x          recording is built up on record 15.              nel B are
operated on by delay - _____          Tilt 2 nad slice 4 may be a magnetic
drum           V[err]       having twenty-four tracks with each track
and polarity reversed.  Attenuators 3 apply the  having an adjustable
delay, for example, from 1                                 10 to 110 ms.
Thedelays to be applied to                weights ___ to the twelve-channel
output  each channel are given by equation (9), that is,
X                                 each trace read out of the field record I
is 115                from  4 which is then summed by network  written into
two tracks filling the twenty-                8.
four channels of the magnetic drum, the re-                  Figure 6 shows
sequencers 13 and 14 linked  produce heads 11 of Fig. 7 for said drum are 



55  by 16 in the Figure 4 embodiment. Sequencer  spatially distributed,
whereby the trace in the         10
1,056,481      first of said two tracks when read out is time  is
illustrated to show  the output from  the              2m- 1
field record and said corrector applies the     shifted _______ [err] ms.
The polarity  twenty-four traces stored  by record  1 to                 2
sequencer 13 which performs the function of  65     reversal of the traces
read out from  said  scanning the record to apply the selected     second
of said two tracks is accomplished by  twelve-trace group to the processing
system. 5   reversing the leads of the slice 4 output. The  Assuming switch
30 in its left position so                  1
that the output of the weigh and sum circuit     weights            applied
to each of the  23 is connected to sequencer 14, sequencer 13  70
2m-1                                 scans the record and applies traces 1
to 12, 3     twenty-four traces read out of the drum  are  to 14, 5 to 16,
7 to 18, 9 to 20, 11 to 22,     applied by attenuators 3.
and 13 to 24 sequentially to the processor,       The pairing technique
explained in con-  whereby corrected traces A-1 to A-7 are built 10
nection with Figure 5 may be applied to the  up on the fixed section 25 of
the corrected  75     twenty-four track drum as follows: The twelve
record. Sequencer 14 selects a different track     input traces read out
from  record  1 are  on the fixed section 25 with each twelve-trace
written into twelve tracks in one section of  selection of sequencer 13.
said drum. Tilt delays are applied to the       The  corrected  record 15,
illustrated in 15  traces read out from said one section of said  Figure 7,
is shown in Figure 9 as divided into  80     drum  by the spatial
distribution of the re-  two sections, fixed section 25 and dual sec-
produce heads. The traces are then paired and  tion 26. The dual section 26
has five tracks,     written into the remaining twelve tracks in  each
track having a dual fixed head, whereby     another section of said drum.
The traces are  data is written into the record on one half- 20  read out
of said another section of said drum  width of a track and then on the
other half-  85     with the appropriate slice delays and polari-  width of
the same track by selection of one or     ties, then weighted and summed.
the other of the dual heads. The data is read        Sometimes, it may be
necessary to process  out of section 26 by a full-width, reproduce     data
stored on more than one tape for ex-  head for each track. Said reproduce
head has 25  ample, when it is desired to process forty-  a width equal to
the full-width of the track  90     eight traces stored on two tapes, each
tape  and therefore, reads out the summation of     having twenty-four
tracks, and the tape trans-  data recorded on each half-width of the single
port drum is only capable of holding one tape  track.     at a time.
Therefore, assuming forty-eight 30  traces of seismic data stored on two
tapes,    Since the partial data on profile A and pro-     each having
twenty-four tracks, Figure 8 illus-  file B necessary for producing
corrected traces  95     trates the locations from which the traces are
AB-1 to AB-5 are not available at the same     sampled and a twelve-trace
grouping index  time, the partial outputs from profile A are     for
processing, whereby corrected traces A-1  recorded on one half-width tracks
in section 35  to A-7 and AB-1 to AB-5 as seen by effective  26 and then
the partial outputs from profile     detectors at locations A-1 to A-7 and
AB-1 to   B are recorded on the other half-width tracks  100     AB-5 are
built up on the final recording tape.  in section 26, the result being a
corrected trace     Figure 8 further illustrates the twenty-four  from
each track when read out of section     traces stored on twenty-four tracks
of a first  26. This is accomplished as follows: 40  tape hereinafter
referred  to as profile  A      Traces 15 to 24, profile A, are selected
and which traces represent energy received  by sequencer 13   and
processed, whereby  105     from shot A by seismometers located at loca-
sequencer 14 selects one of the dual fixed     tions 1 to 24, profile A.
Twenty-four traces  heads for the first track in section 26 and the     are
also stored on another tape hereinafter  output is recorded therein. Traces
17 to 24 45  referred to as profile B which traces represent  are then
selected by sequencer 13 and sequen-     energy received from shot B by
seismometers  cer 14 selects one dual head for the second  110 



located at locations 1 to 24, profile B in  track in section 26 for
recording. Traces 19     Figure 8.                                     to
24 are selected by sequencer 13 and pro-        It can be seen in Figure 8
that traces 15  cessed, whereby sequencer 14 selects one dual 50  to 24,
profile A, and traces 1 to 10, profile  head of the third track in section
26 for re-     B, contain partial data necessary to produce  cording. The
process is continued until the  115     corrected traces AB-1 to AB-5. The
follow-  partials AB-1 to AB-5 from the data stored     ing describes a
procedure and system, where-  on profile A are recorded on five half-width
by the partial data on profiles A and B are  tracks in section 26. Profile
B is now loaded 55  processed  to  produce a recording  on the  on the tape
transport. Profile B  contains     dual section 26 of the corrected record
illus-  twenty-four traces, as illustrated in Figure 8, 120     trated in
Figure 9.                           with traces 1 to 10 containing the
partial data        Profile A is loaded onto tape transport 20,  for
corrected traces AB-1 to AB 5. In pro-     illustrated in Figure 7, with
profile A corres-  cessing the data on profile B, the sequencer 60  ponding
to field record 1. Referring now to  13 selects traces 1 and 2, whereby the
pro-     Figure 9, the automatic time corrector 21  cessor output is
recorded on the other half-  125
1,056,481                                         11      width of the
first track in section 26 by the  Figure 10d are respectively connected to
leads  65     selection of sequencer 14. Traces 1 to 4 are  38, 39 and 40
of Figure 10c.     then selected by sequencer 13 and processed    Referring
to Figure 10a, channels 32 cor-     and the output of the processor is
recorded on  respond to the twenty-four channel output  5  the other
half-width of the second track in  of the automatic time corrector 21 of
Figure     section 26 by the selection of sequencer 14.  9. The traces read
out of the field record 1  70     The traces on profile B, having the
partial  are applied to plug panel 35 by a respective     data, are
selected by sequencer 13 until all  channel 32. Each channel 32 has a
respective     the partial data is stored on the other half-  output from
plug panel 35 which is con- 10  width of the five tracks in section 26.
nected to the sequencer 13 in a predetermined        It can be seen then,
that profile A con-  pattern. The plug panel 35 is inserted between  75
tains traces 15 to 24 having partial data and  the channels 32 and the
sequencer 13 for the     profile B contains traces 1 to 10 having partial
purpose of normalizing the field data to the     data, the partial data
being combined on  specification required in the process, for ex- 15
half-width tracks using a dual fixed head in a  ample, normalizing
variation in group in-     recorder so that a corrected trace is produced
terval bad traces, reverse traces, and reverse  80     when the full width
of each track is read  cable layout, can be compensated in the plug
panel. The sequencer 13 is illustrated in three
sections, red, green and amber. The red sec-        Generally, when
recording the partial data  tion of the sequencer is for the purpose of 20
on one half-width of a track in section 26  processing the partial data
stored on profile  85     from the partial data on profile A and then  B
producing corrected traces AB-1 to AB-5.     recording partial data from
profile B on the  The green section of the sequencer is for pro-     other
half-width of said one track, these par-  cessing  the  data stored on
profile A for pro-     tial recordings must be phase aligned so that
ducing corrected traces A-1 to A-7 and the 25  when played back they are
properly summed.  amber section of the sequencer is for process-  90
Phase alignment of the dual recording is  ing the partial data on profile A
for pro-     accomplished by the monitor 29 which com-  ducing corrected
traces AB-1 to AB-5. The     pares the time breaks 27 and 28 on the cor-
terminals 1 to 24 on plug panel 35, illus-     rected  record and the
original field tape  trated by even numbers 2 to 24 correspond to 30
respectively. The time break of the shot A   the numbers given to the
sample locations for  95     and B is recorded on the original field tape
profiles A and B in Figure 8, for example     of profile A and pofile B as
is conventional  the trace sampled at location 1, profile B, in     in the
art. Initially, the time break on profile  Figure 8 is applied through one
of the chan-     A is directly recorded on the corrected record.  nels 32
to the terminal 1. 35  The time break from profile B is then com-
Referring to Figure 10c, the sequencer 14  100 



pared by the monitor with the time break  is illustrated  having
twenty-four  switch posi-     recorded on the corrected record from profile
A. If the monitor indicates that the phase is   tions, each corresponding
to one of the twenty-                                            four
positions of the sequencer 13.   The     improper, the movable heads of the
automatic  sequencers 13 and 14 are illustrated in switch 40  time
corrector 21 may be adjusted so that the  position 24. Sequencer 14
connects the output 105     phase of the trace to be recorded by the
channel 41 to one of the channels 42, the     second one of the dual heads
is properly  channels 42 being connected to the record     phased with the
trace that was recorded with  heads of the corrected record illustrated in
the first one of the dual heads.              Figure 9. There are five
tracks having dual 45    Switch 31 is a tilt-bypass and may be used
recording heads in dual section 26 and leads  110     when the desired
centre velocity for the pass-  44A and 44B connect a respective one of the
band is zero. Switch 30 optionally connects  channels 42 to a respective
one of the dual     the multiple analyzer eliminator (M.A.E.) 24  heads of
one track in section 26. Similarly     into the system. Consider switch 30
in its  leads 45A and 45B connect a respective one 50  left position for
the present since the function  of the channels 42 to a respective one of
the  115     of component 24 will be discussed later,     dual heads of
another track in dual section       Figures 10a, 10b, 10c and 10d combined
26, etc. A Table II, given below, lists the     in the following manner,
illustrate the signal  sequencer 13 and 14 switch positions and the
paths of the system  of Figure 9.             function including the traces
to be connected 55    The output channels 33 of sequencer 13 in  for
processing in each switch position. The  120     Figure 10a are connected
respectively to the  sequencer switch positions move from  posi-     input
channels 33 of the reproduce amplifiers  tion 7 to 23 and then from 24, 1
to 6, thereby     22 in Figure 10b. The output channels 34 of  scanning
profile A and profile B. There are     the slice 4 in Figure 10b are
connected to a  twenty-four switch positions for the sequencer 60
respective input channel 34 of the weigh and  13 indicated from right to
left as 24, 1, 2 . . . 125     sum circuit 23 of Figure 10c. Terminals TB
23 and there are twenty-four corresponding     and TS on the plug panel 35
in Figure 10a  switch positions for the sequencer 14. Separa-     are
connected respectively to leads 36 and  ting each sequencer switch section
are ready     37 of Figure 10d. Leads 38, 39 and 40 of  positions where the
system is inactive except         12
1,056,481      on command from  the operator, and these  Reproducer. For
the given example of twelve-  45     positions may be used for setting
parameters  trace processing, twelve output channels from     before
processing. The sequencers 13 and 14  the reproduce amplifiers are
connected to the     may be a group of motorized rotary switches  tilt 2.
The delay system referred to as tilt 2 5  to accomplish their functions.
includes twelve FM  modulators 49, twelve
delay line rings 50 and twelve FM  demodu-  50                     TABLE II
lators 51. The delay system  referred to as     SWITCH
slice 4 includes similar components in each     POSITION
FUNCTION                channel as tilt 2. The delay line rings 50 are
magnetic drums and the FM modulators 49
and demodulators 51 are used to write in-  55
formation into the drum  and read the in-       24                Ready
formation out of the drum as is well-known in 10     1       Transcribe
Field Time Break TB   the art. Polarity reversal is available at the
From Profile B             output of the FM  demodulators in the slice 4
2      Traces 1 to 2, Profile B           to provide negative weightings.
60        3      Traces 1 to 4, Profile B             The twelve-channel
output from  tilt 2 is        4      Traces 1 to 6, Profile B
combined to form a six-channel output by the 15     5       Traces 1 to 8,
Profile B          pair network 12. The six-channel output from        6
Traces 1 to 10, Profile B          pair network 12 is then separated into
twelve                                                   channels, whereby
each channel output from   65 



the pair network is separated into two chan-
nels which are connected to the slice 4.        7                  Ready
Referring to Figure 10c, the twelve-channel        8      Transcribe Field
Time Break TB   34 output from the slice 4 is applied to a
From Profile A             respective channel in the weigh and sum cir-  70
20     9       Transcribe  Timing  Signal TS  cuit 23 and then to amplifier
52 having a                       From Profile A             variable
resistive feedback for controlling the        10      Traces 1 to 12,
Profile A          level of the composite output signal.        11
Traces 3 to 14, Profile A        12      Traces 5 to 16, Profile A
The delay system  of tilt 2 may be by- 25    13       Traces 7 to 18,
Profile A         passed by tilt bypass 31 which includes chan-  75
14      Traces 9 to 20, Profile A          nel 56 applying the output at
each reproduce        15      Traces 11 to 22, Profile A         amplifier
through separate conductors in chan-        16      Traces 13 to 24,
Profile A       nel 56 to switches 58 which would be closed
and through switches 59 which would be
closed and then to the pair network 12. The  80
switches 57 are open when the tilt bypass is       17                Ready
used. The outputs of the individual repro- 30    18       Traces 15 to 24,
Profile A       duce amplifiers 22 or the individual demodu-       19
Traces 17 to 24, Profile A         lators 51 may be tested with tester 60
by       20       Traces 19 to 24, Profile A        opening switches 59 and
alternately closing  85       21      Traces 21 to 24, Profile A
switches 57 with switches 58 open or closing       22      Traces 23 to 24,
Profile A         switches 58 with switches 57 open. 35    23
Transcribe Cam Reference Pulse    The monitor system, Figure 10d, includes
a pen recorder 61 having pen A and pen B
for separate recordings, and a reproduce am-  90
plifier 66. Also included are the switches       Referring to Figure 10b,
an output channel  K-1, K-2, K-3 and K-7 illustrated in Figure     from the
sequencer 13 is applied to a respec-  10d, and the switches K-4, K-5, K-6
and     tive reproduce amplifier 22. A reproduce am-  K-8, illustrated in
Figure 10c.     plifier is provided for each output channel    Table III
lists the sequencer 13 and 14  95 40  of the sequencer 13 and provides the
func-  switch positions and the corresponding posi-     tion of amplifying
the voltage level of the  tions of the switches K-1 to K-6. When the
signal and also corrects for frequency and  M.A.E. 24 is used, the position
of the switches     phase distortion inherent in the read out of  K-5 and
K-6, given in Table III, are inter-     direct recording such as the
Techno-Recorder-  changed.                                   100
1,056,481                                        13
TABLE III                SWITCH                POSITION     K-1  K-2  K-3
K-4        K-5  K-6  K-7  K-8                  24           D    U    U
O          O    C    1    D 5                1           U    U    U
C       O    O            U                   2-6         U  U  U  O    O
C                          U                   7           D   U   U   O
O   C                      U                   8           U   U   U   C
O   O                      U                   9           U   U   D   C
O   O                      U 10               10-16        U    U    U    O
O    C           U                  17           D    U    U    O
O    C            U                  18-22       U    U    U       O
O    C             U                  23           U   D   U   C    O   O
U                                         KEY: D-Down 15
U-Up                                                O-Open 



C-Closed        The switch K-7, Figure 10d, has an upper  fore, formed time
shifts may be introduced.     section and a lower section each having five
However, if real time data, such as the traces 20  positions linked,
together. This switch is used  derived directly from the detector outputs,
are     when the sequencer is in the ready position  to be processed,
forward time shifts cannot be  65     24, 7 and 17. Therefore, switch K-7
may be  applied. Therefore, real time data is delayed     used to apply the
time break from the cor-  by the largest forward time shift needed which
rected record to pen B in position 1, apply  is then used as the time
reference from which 25  a timing signal TS from  profile A to pen  the
forward and backward shifts are applied.     B in position 2, apply a cam
reference pulse   The invention applies to processing data  70     to pen B
in position 3, apply a M.A.E. gate  obtained from sampling seismic wave
pheno-     to the pen B in position 4, and apply test  mena such as data
obtained in seismological     signals to pen B in position 5. These record-
and seismic exploration work. However, the 30  ings are intended for
calibration purposes.  invention also applies to processing data ob-
To phase align the recordings of the par-  tained from  sampling acoustic
wave pheno-  75     tial data on profiles A and B, the sequencer  mena such
as data obtained from  marine     in switch position 8, the time break from
pro-  seismic  exploration,  whereby  underwater     file A is recorded on
the corrected tape. In  acoustic energy from a shot is received by a 35
sequencer position 24, switch K-8 down, hydrophone array, and data obtained
in sonar     switch K-1 down and switch K-7 in position  applications where
the direction of the acous-  80     1, the time break from the corrected
record is  tic wave propagation may be converted into     applied to pen B.
In sequencer switch posi-  an apparent velocity of the acoustic waves in
tion 1, the time break from profile B is re-  the direction of a line
array. 40  corded on the pen recorder, pen A, for com-    If the traces on
a marine seismic record     parison with the profile A time break read  are
to be processed, the M.A.E. 24, Figure  85     out of the corrected record.
This allows a  10c, may be used to eliminate water rever-     phase
comparison to be made between the  berations represented in the composite
out-     time breaks on profile A and profile B, where-  put trace in
channel 70. The composite out- 45  by the movable heads of the automatic
time  put trace in channel 70 is applied to the     corrector may be
adjusted for phase align-  input of M.A.E. 24 and the output is taken  90
ment.                                        from  channel 62 (switch K-5
closed and       The cam reference switch 65 is standard  switch K-6 open).
A signal proportional to     equipment with the Techno Automatic Time  the
integrating limits of the M.A.E., herein 50  Corrector and is mechanically
synchronized  referred to as the M.A.E. gate, may be applied     with the
rotation of the tape transport drum  to the pen recorder 61, pen B, through
chan-  95     for adjusting the movable heads of the auto-  nel 40 with
switch K-7 in position 4. The     matic time corrector to correct
dynamically  component herein referred to as M.A.E. 24     for normal
moveout. A reference pulse de-  is described in United States Patent No. 55
rived from the cam reference switch may be  3,238,499.     applied to the
pen recorder, pen B, with    An example of the applicability of the in- 100
switch K-7 in position 3.                   vention for processing data
obtained from       The application of the process according to  sampling
underwater acoustic wave phenomena     the invention has been described
herein with  will now be given. 60  respect to seismic traces stored on
magnetic   Figure 11 illustrates the axis of a hydro-     tape. This data
is not real time and there-  phone array, a line normal to the axis, the
105        14                                         1,056,481
direction of propagation of an acoustic wave  and the number N  detectors
needed is       40       propagating with a velocity C, and the appa-
rent velocity V of the acoustic wave in the            N=[err]
(13)       direction of the array axis.   5    The apparent velocity of V
is equal to       C/sin x, where a is the angle between the  to have f[err]
within the passband. 



direction of wave propagation and a normal    As an example, assume the
frequency range       to the array axis.                           of
interest is         Under given conditions such as temperature
f[err]   10  and salinity, the velocity of the acoustic wave
________ =8,    g[err]=20[err]             45       C is constant
(approximately 5000'/sec.) and                 f[err]       independent of
frequency.   The apparent  then       velocity of an acoustic wave in the
direction                   8(1.342)       of the array is dependent upon
a. Therefore,              N=_______________ =12 detectors.   15  the
desired velocity passband is chosen by                     2.62(.342)
selecting the desired 1/2 beam  width angle  If       g[err], whereby
V[err]=C/sin g[err]. All the trace                f[err]=20KC
representations of acoustic waves propagating  then
50       in a direction such that the angle between that
f[err]=2.5KC   20  direction and the normal to the array axis is  and
within the angle g will be passed and those               d=0.186'
outside the angle g will be attenuated.          Assuming the frequency
range of interest  and the length of the array is       is   25
f[err]<f<f[err]                             Nd=12X0.186'
55       there is a  __________________                      K[err]=f[err]
The relative time shift between detectors is
determined from the cutoff velocity          The response of a linearly
equispaced de-       tector array to an acoustic wave repeats itself
V[err]=14.6x 10[err]/sec   30  when
then                          K= 1/2d
[err]=12.7X10[err] sec/trace        60        where d is the hydrophone
spacing. How-    The example given will be real time data       ever, to
avoid getting a false response from   where the hydrophones provide the
plural       slow  apparent velocities producing about a  traces for
processing. Accordingly since for-   35  full wavelength between detectors
so as to  ward time shifts cannot be introduced in real       appear to be
near normal incidence.          time, a constant delay is applied to all
chan-  65                    (-90[err]=g= + 90[err])                nels as
a reference before applying the tilt       requires that
or slice delays.                         c                             A
schedule of weights and time shifts to be
d=_____________________        (12)    applied according to equation (9) is
given by                    F[err](1 + sin g[err])          Table IV.
70                                                  1,056,481
15                                            TABLE IV       TRACE
WEIGHT         TILT                            SLICE                      1
2m-1                 2m-1          m         _______      0
(______[err]+T)X10[err]6  (______[err]-T)X10[err]                    2m-1
2                    2                       1          6          ____
137.7                 0                      11                      1 5
5           ___                            125.0                 12.7
9                      1          4          ___
113.3                25.4                      7 



1          3          ___                             101.6
38.1                      5                      1          2          ___
88.9                50.8                      3           1          1
76.2                63.5  10       0        -1
63.5                76.2 1        -1         - ___
50.8                88.9                      3                      1
-2          -___                              38.1               101.6
5                      1        -3         - ___
25.4                113.3                      7                      1
-4         - ___                              12.7               125.0
9                      1 15     -5          - ____
0                  137.7                      11
11                           T= ______ [err] the largest forward shift
needed                                2
[err]=12.7X 10[err] sec/trace.       The weights and time shifts given by
Table  thereby preserving representations of waves     IV may be applied to
the hydrophone outputs  having an apparent velocity in the direction 20  by
coaxial cable delay lines and attenuators  of the line inside a
predetermined velocity     according to any system  organization pre-
range and attenuating representations of waves  30     viously described.
having an apparent velocity in the direction       The process according to
the invention has  of the line outside said range. A linearly equi-
been described herein with respect to process-  spaced detector array and
shot stacking have 25  ing data obtained from sampling wave phe-  been
given as examples of obtaining data from     nomena at separate locations
on a line and  sampling wave phenomena at separate loca- 35        16
1,056,481       tions on a line. These techniques are charac-  processing
the row  detector outputs to get      terized as on dimensional array since
the wave  y outputs introduces a +90[err] phase shift in      phenomena is
sampled at separate locations  each output, and then processing the y row
on a line.                                    outputs introduces another
+90[err]  phase shift,  5     The process according to the invention may
the net phase change in the output trace 85  70      also be applied to
data obtained from a two-  is then 0[err] or 180[err]. If the net phase
change      dimensional array, whereby representations of  is 180, then the
output trace 85 should be      waves having an apparent velocity in the
polarity reversed. Thus, each of the sequen-      direction of a first line
and an apparent velo-  tial processes is anti-symmetrical in the time 10
city in the direction of a second line angu-  domain, so that when applied
sequentially, the  75      larly positioned with respect to the first line
combined response represents a symmetrical      inside a predetermined
velocity range are  operation which changes the phase of the out-
preserved and representations of waves having  put trace by 0[err] or
180[err]. 



an apparent velocity in the direction of the     Figure 13 illustrates the
location of the 15  first line and an apparent velocity in the direc-
power spectra of seismic waves having appa-  80      tion of the second
line outside said range are  rent  velocities  V[err],  -V[err],  and
V[err],      attenuated.                                    -V[err] in
three dimensional f, K space. The        Figure 12 illustrates a
two-dimensional rec-  velocities V[err] and -V[err] are the cutoff velo-
tangular array having y rows of linearly equi-  cities for the
predetermined velocity range in 20  spaced detectors 1, 2, 3 . . . x and x
columns  the direction of the lines defined by the rows  85      of
linearly equispaced detectors 1, 2, 3 . . . y.  of Figure 12, which
velocities are used in      The out-put trace from  each detector 1, 2,
conjunction with equation (9) to determine      3 . . . x in row 1 is
processed by system 81  the parameters of the systems 81, 82, . . . 83.
to produce a row 1 output. Similarly each row   The velocities V[err] and
-V[err] are also the 25  of detector output traces is processed by a
cutoff velocities for the predetermined velo-  90      separate system  to
produce a corresponding  city range in the direction of the lines de-
row output as illustrated in Figure 12. Each  fined by the columns in
Figure 12 and are      system 81, 82 . . . 83 applies predetermined  used
in conjunction with equation (9) to deter-      weights and time shifts
described by equation  mine the parameters of the system  84. 30  (9) to
the corresponding row detector output    Processing data from  a
two-dimensional  95      traces to produce a composite output trace  array
as described in conjunction with Figure      for each row which is
designated as row  1,  12  and  using  said  cutoff velocities V[err],
2, 3, . . . y output. Thus, the composite output  -V[err], V[err] and
-V[err], results in an over-all      trace, row  1 output, includes
enhanced trace  processing response which approaches a rec- 35
representations of waves having an apparent  tangular pyramid in f, K
space. The pyramid  100      velocity in the direction of the line defined
is illustrated in Figure 13 with its apex at      by the detectors 1, 2, 3
. . . x in row 1 inside  (O, O, O) and its vertical axis on (O, O, f).
a predetermined velocity range as seen by an  Therefore, trace
representations of all seismic      effective detector located in the
centre of  waves having apparent velocities such that 40  the row.
Similarly, each row output includes  their power spectra are inside the
pyramid  105      enhanced representations of waves having an   are
preserved and representations of all seismic      apparent velocity in the
direction of the cor-  waves having apparent velocities such that
responding line defined by the row inside said  their power spectra are
outside the pyramid      range as seen by an effective detector located
are attenuated. Each of the systems 81, 82, 45  in the centre of the row.
. . . 83 and 84, generally illustrated in Figure 110        The y composite
output traces from each   12, may be any of the embodiments illus-      row
are then processed by system 84 to pro-  trated by Figures 3 to 9.
duce an output trace 85. System  84 applies      As recalled, processing
data from  a one      predetermined weights and time shifts to the y
dimensional array according to equation (9) 50  composite output traces as
described by equa-  introduces phase distortion in the composite  115
tion (9) for the predetermined velocity range.  output trace caused by the
two-point time      The y composite output traces are viewed as  domain
operator which is illustrated by its      originating from  a linearly
equispaced detec-  frequency domain transform equation (5). To      tor
array defined by detectors 1, 2, 3 . . . y.  remove the phase distortion, a
filter H(f) 55  Therefore, the output trace 85 includes en-  applied to the
composite output trace is re- 120      hanced representations of waves
having an   quired, the filter having a response -i for +f      apparent
velocity in the direction of any of   and +i for -f.      the y rows and x
columns inside the pre-         The impulse response h(t) for said filter
determined velocity range.                     H(f) having a desired
response in the fre- 60    As recalled, processing data obtained from
quency band.                                  125      a one dimensional
array introduces  + 90[err]                -f[err]<f<f[err]      phase
distortion into the composite output  is      trace. However, processing
data obtained from      a two dimensional array inherently removes
2[err]h(t)=[err] 65  the phase distortion in the output trace since



1,056,481                                     17           In summary, the
invention contemplates          =[err]
multichannel data processing prior to com- 35             positing the
data. The data in each channel
is a function of a spatial origin with respect           to the spatial
origin of the data in each other       =[err]
channel since the data are obtained from           sampling wave phenomena
at separate loca-  40                                               tions
on a line. Predetermined weights and           time shifts are applied to
the data in each        =[err]                         (14)    channel as a
function of the spatial origin           and as a function of a
predetermined relative                                               time
delay range for data in one channel with  45       Equation (14) describes
the theoretical time  respect to data in another channel thereby 5  impulse
response for the filter to be applied  providing a composite output which
is indica-     to the composite output trace. This response  tive of the
presence of data in the channels     may be approximated by a sample point
time  having relative time delays with respect to     domain operator such
as a delay line having  one another inside or outside the predeter-  50
a plurality of sample points along its length  mined relative time delay
range. 10  with each sample point weighted and fed to    Although the
invention has been described     a summation point.
herein in conjunction with the apparent velo-       For the response given,
equation (14), the  city of wave phenomena in the direction of     time
interval between  sample  points  is  a linear array, this should not be
taken in a  55          1                                 limiting sense.
The invention may be applied    [err]t=______, since even sample points
have zero  to data sampled from linear separate locations,         f[err]
which data originated from physical distur- 15  values.
bances having an actual velocity in the direc-       Assuming
f[err]=20KC                tion of the locations.                    60
It should be understood that the inven-       then     [err]t=50X10[err]
sec                 tion described herein is not limited to samp-     With
reference to t=o midway between end  ling the data to be processed from
linear equi-     sample points, and taking an even number of  spaced
locations but that the sampling loca- 20  2P sample points which are
numbered in odd  tions may be unequally spaced, for example  65     numbers
from -(P- 1) to (P-1), the weights  a linear symmetrical array having a
line of     become 1/m  where m=-(P-1), ....         detectors
symmetrically positioned about a     +(P-1) in odd numbers.
centre point on the line.       Assume P=10, then the weights and time
It is to be understood that the above des- 25  shifts are given by Table V.
cribed process and the embodiments for carry-  70
ing out the process are merely illustrative of                    TABLE V
the invention. Numerous modifications may
be effected within the scope of the invention     Sample Point   Weight
Time Shift Sec.  as defined by the appended claims. 1         -9
-_           -225          WHAT WE CLAIM IS:-                      75
9                       1. A method of processing seismic traces to
indicate the presence, inside or outside a pre-                        1
determined time delay range, of signals in         -7          -_
-175        each trace having a time delay with respect to
7                     signals in another trace, wherein each trace is  80
a function of its spatial origin in relation to
the spatial origin of each other trace, com-
prising the steps of weighting each trace in
relation to each other as a function of their 30      -1          -1
-25         respective spatial origins bidirectionally time  85
shifting each trace in relation to each other         +1          +1
+ 25       as functions of their respective spatial origins
and the predetermined time delay range, and                        1
compositing all the weighted and time shifted         +3          +_
+75        traces to produce a composite output indi-  90 



3                     cative of the presence, inside or outside the
predetermined time delay range, of signals in
each trace having a time delay with respect
to signals in another trace.                        1
2. A method as claimed in claim 1, where- 100         +9          +_
+225        in the step of compositing includes reversing
9                     the polarity of selected traces and summing
1,056,481               In summary, the invention contemplates       =[err]
multichannel data processing prior to com- 35             positing the
data. The data in each channel
is a function of a spatial origin with respect           to the spatial
origin of the data in each other     =[err]
channel since the data are obtained from           sampling wave phenomena
at separate loca-  40                                                tions
on a line. Predetermined weights and           time shifts are applied to
the data in each       =[err]                          (14)    channel as a
function of the spatial origin           and as a function of a
predetermined relative                                                time
delay range for data in one channel with  45       Equation (14) describes
the theoretical time  respect to data in another channel thereby 5  impulse
response for the filter to be applied  providing a composite output which
is indica-     to the composite output trace. This response  tive of the
presence of data in the channels     may be approximated by a sample point
time  having relative time delays with respect to     domain operator such
as a delay line having  one another inside or outside the predeter-  50
a plurality of sample points along its length  mined relative time delay
range. 10  with each sample point weighted and fed to   Although the
invention has been described     a summation point.
herein in conjunction with the apparent velo-       For the response given,
equation (14), the  city of wave phenomena in the direction of     time
interval  between  sample  points  is  a linear array, this should not be
taken in a  55          1                                    limiting
sense. The invention may be applied    [err]t=______, since even sample
points have zero  to data sampled from linear separate locations,
f[err]                                which data originated from  physical
distur- 15  values.                                    bances having an
actual velocity in the direc-       Assuming    f[err]=20KC
tion of the locations.                     60
It should be understood that the inven-       then     [err]t=50X10[err]sec
tion described herein is not limited to samp-     With reference to t=o
midway between end  ling the data to be processed from linear equi-
sample points, and taking an even number of  spaced locations but that the
sampling loca- 20  2P sample points which are numbered in odd  tions may be
unequally spaced, for example  65     numbers from -(P- 1) to (P-1), the
weights  a linear symmetrical array having a line of     become 1/m  where
m=-(P-1),. . . .         detectors symmetrically positioned about a
+(P-1) in odd numbers.                    centre point on the line.
Assume P=10, then the weights and time    It is to be understood that the
above des- 25  shifts are given by Table V.               cribed process
and the embodiments for carry-  70
ing out the process are merely illustrative of                     TABLE V
the invention. Numerous modifications may
be effected within the scope of the invention     Sample Point    Weight
Time Shift Sec.  as defined by the appended claims.
1         -9          -_           -225           WHAT WE CLAIM IS:-
75                        9                        1. A method of
processing seismic traces to
indicate the presence, inside or outside a pre- 



1                      determined time delay range, of signals in
-7           -_           -175        each trace having a time delay with
respect to                        7                      signals in another
trace, wherein each trace is  80
a function of its spatial origin in relation to
the spatial origin of each other trace, com-
prising the steps of weighting each trace in
relation to each other as a function of their 30      -1           -1
-25         respective spatial origins bidirectionally time  85
shifting each trace in relation to each other         +1          +1
+25         as functions of their respective spatial origins
and the predetermined time delay range, and                         1
compositing all the weighted and time shifted         + 3         +_
+ 75        traces to produce a composite output indi-  90
3                      cative of the presence, inside or outside the
predetermined time delay range, of signals in
each trace having a time delay with respect
to signals in another trace.                         1
2. A method as claimed in claim 1, where- 100         +9          +_
+225         in the step of compositing includes reversing
9                      the polarity of selected traces and summing
18                                          1,056,481      all the traces
to produce the composite out-  function of their respective spatial
origins,     put, whereby signals in each trace having a  time shifting
each trace in relation to each     time delay with respect to signals in
another  other trace as functions of their respective     trace inside the
predetermined time delay  spatial origins and the predetermined velocity 5
range are preserved.                           range, and compositing all
of the weighted  70        3. A method as claimed in claim  1, where-  and
time shifted traces to produce a com-     in the step of compositing
includes summing  posite output indicative of the presence, inside     all
the traces to produce the composite out-  the predetermined velocity range,
of signals     put, whereby signals in each trace having a  representing
seismic waves having an apparent 10  time delay with respect to signals in
another  velocity in the direction of the line.         75     trace inside
the predetermined  time delay       8. A method as claimed in claim  7, in-
range are attenuated.                          cluding the step of
separating each trace into        4. A method as claimed in claim  1, 2 or
a plurality of channels, and wherein the step      3 wherein the step  of
weighting  includes  of time shifting includes time shifting the 15
weighting each trace in relation to each other  traces in one channel in
each of the plurality  80      trace as an inverse function of their
respective  of channels progressively in relation to each      spatial
origins, and wherein the step of time  other in one direction as functions
of their      shifting includes time shifting the traces pro-  respective
spatial origins and one of the cut-      gressively in relation to each
other in one  off limits of the predetermined velocity range, 20  direction
as functions of their respective spatial  and time shifting the traces in
another channel  85      origins and  one  of the  cutoff limits of  in
each of the plurality of channels progres-      the predetermined time
delay range, and time  sively in relation to each other in the other
shifting the traces progressively in relation  direction as functions of
their respective spatial      to each other in the other direction as func-
origins and the other cutoff limit of the pre- 25  tions of their
respective spatial origins and the  determined velocity range.
90      other of the cutoff limits of the predetermined  9. A method as
claimed in claim 8, where-      time delay range.
in the step of time shifting includes time shift-        5. A method as
claimed in claim 4, further  ing each trace in relation to each other trace
including the step of reversing the polarity of  as a function of the
centre velocity of the 30  the traces progressively time shifted in the
velocity range so that any signals in the  95      other direction prior to
compositing.          traces representing seismic waves having an        6.
A method as claimed in any preceding  apparent velocity corresponding to
the centre 



claim, including weighting each trace in rela-  velocity are shifted to
have zero time delay      tion to each other trace as an inverse function
between the traces. 35  of their respective spatial origins, separating
10. A method as claimed in claim  8 or 9, 100      each trace into a
plurality of channels, time  wherein each trace is a function of its
spatial      shifting the traces in one channel in each of  origin with
respect to the centre of the samp-      the plurality of channels
progressively in rela-  ling locations on the line and is weighted in
tion to each other in one direction as func-  relation to each other trace
symmetrically as 40  tions of their respective spatial origins and  an
inverse function of their respective spatial 105      one of the cutoff
limits of the predetermined  origins with respect to the centre of the
sample      time delay range, time shifting the traces in  locations, the
traces in one channel in each      another channel in each of the plurality
of  of the plurality of channels are time shifted      channels
progressively in relation to each other  symmetrically as a function of
their respective 45  in the other direction as functions of their  spatial
origins with respect to the centre of 110      respective spatial origins
and the other cutoff  the sample locations, and the traces in another
limit of the predetermined time delay range,  channel in each of the
plurality of channels are      and time shifting each trace in relation to
each  time shifted symmetrically as a function of      other trace as a
function of the centre of the  their respective spatial origins with
respect to 50  of the predetermined time delay range so that  the centre of
the sample locations.            115      any signals in the traces having
time delay      11. A method of processing a plurality of
corresponding to the centre of the range are  signals obtained from
sampling a phenome-      shifted to have zero time delay.               non
at separate locations or originating from        7. A method of processing
seismic traces  separate locations, wherein the signals in each 55
obtained from  sampling seismic wave pheno-  channel is a function of its
location with  120     mena, at separate locations on a line to indi-
respect to the location of the signal in each     cate the presence, inside
a predetermined velo-  other channel, comprising the steps of weight-
city range, of signals in the traces represent-  ing the signal in each
channel with respect     ing seismic waves having an apparent velocity  to
the signal in each other channel as a func- 60  in the direction of the
line, wherein each trace  tion of their respective location,
bidirectionally  125     is a function of its spatial origin which corres-
time shifting the signal in each channel with     ponds to its sample
location on the line in  respect to the signal in each other channel as
relation to the spatial origin of each other  functions of their respective
locations and a     trace, comprising the steps of weighting each
predetermined time delay range for a signal in 65  trace in relation to
each other trace as a  one channel with respect to a signal in another  130
channel, and compositing all of the weighted  of the phenomenon having a
velocity in the  65      and time shifted signals to produce a compo-
direction of the line.      site output indicative of the presence, inside
14. A  method  as claimed in claim  13,      or outside the predetermined
time delay range,  further including the step of time shifting  5  of the
signal in one channel having a time  each signal in relation to each other
signal as      delay with respect to the signal in another  a function of
the centre velocity of the velo-  70      channel.
city range so that any signals representing        12. A method as claimed
in claim  11, in-  phenomenon having a velocity corresponding      cluding
weighting the signal in each channel  to the centre velocity are shifted to
have zero 10  with respect to the signal in each other chan-  time delay
between the signals.      nel symmetrically as a function of the location
15. A method as claimed in claim  13 or  75      of the signal about a
centre position, separa-  14, further including the step of pairing signals
ting the signal in each channel into a plurality  having like weights and
like time shifts applied      of paths, time shifting the signal in one
path  thereto prior to separation into the plurality of 15  in each of the
plurality of paths progressively  channels.      in relation to each other
in one direction and   16. A  method as claimed in claim  13,  80
symmetrically as function of the location of  14 or 15 wherein the weighted
signals are      the signal with respect to the centre posi-  each
separated into the plurality of chan-      tion and as a function of one of
the cutoff  nels. 



20  limits of a predetermined time delay range for    17. A method as
claimed in any of claims      signal in one channel with respect to signal
13 to 16, wherein the time shifted signals are  85      in another channel
and time shifting the signal  each weighted.      in another path in each
of the plurality of       18. A method for processing a plurality 2P
paths progressively in relation to each other  of signals obtained from
sampling a pheno- 25  in the other direction and symmetrically as  menon at
2P equispaced separate locations on      a function of the locations of the
signal with  a line to preserve signals representing pheno-  90
respect to the centre position and as a function   menon having a velocity
in the direction of      of the other of the cutoff limits of the pre-  the
line inside a predetermined velocity range      determined time delay
range.                   and attenuate signals representing phenome-
non having a velocity outside said predeter- 30     13. A method of
processing a plurality of  mined velocity range, wherein each signal is  95
signals obtained from sampling a phenomenon   a function of its spatial
origin with respect      at separate locations on a line to indicate the
to the centre of the sampling locations on the      presence, inside or
outside a predetermined  line, comprising the steps of time shifting the
velocity range, of a plurality of signals which  2P signals as a function
of the centre velocity 35  are representative of the phenomenon having  of
the predetermined velocity range so that  100      a velocity in the
direction of the line, wherein  any signals representing phenomenon having
each signal is a function of its spatial origin   a velocity in the
direction of the line corres-      with respect to the centre of the sample
loca-  ponding to the centre velocity are shifted to      tions on the
line, comprising the steps of  have zero time delay between signals, pair-
40  weighting each  signal in  relation  to each  ing signals which have
spatial origins equally  105     other signal symmetrically as an inverse
func-  spaced from the centre of the sampling loca-     tion of their
respective spatial origins with  tions thereby to result in P pairs of
signals,     respect to the centre of the sample locations,  separating
each of the P pairs of signals into     separating  each signal into  a
plurality  of  a plurality of channels, time shifting the sig- 45
channels, time shifting the signals in one  nals in one channel of each of
the plur-  110     channel in each of the plurality of channels  ality  of
channels  progressively  in  rela-     progressively in relation to each
other in one  tion to each other in one direction and sym-     direction
and symmetrically as a function of  metrically as a function of their
respective     their respective spatial origins with respect to  spatial
origins with respect to the centre of 50  the centre of the sample
locations and as a  the sample locations and as a function of one  115
function of one of the cutoff limits of the  of the cutoff limits of the
predetermined velo-     predetermined velocity range, time shifting the
city range, time shifting the signals in another     signals in another
channel in each of the  channel in each of the plurality of channels
plurality of channels progressively in relation   progressively in the
other direction and sym- 55  to each other in the other direction and sym-
metrically as a function of their respective  120     metrically as a
function of their respective   spatial origins with respect to the centre
of     spatial origins with respect to the centre of  the sample locations
and as a function of     the sample locations and as a function of the  the
other of the cutoff limits of the predeter-     other of the cutoff limits
of the predetermined   mined velocity range, weighting each signal 60
velocity range, and compositing all of the  in relation to each other
symmetrically as an  125     weighted and time shifted signals to produce
inverse function  of their respective spatial     a composite output
indicative of the presence,  origins with respect to the centre of the
sample     inside or outside the predetermined velocity  locations,
polarity reversing the signals in     range, of the signals which are
representative   said another channel in each of the plurality        20
1,056,481        of channels, and  compositing  all of the  apparatus
comprising means for playback of  45       weighted and time shifted
signals to produce a   said recording including means to generate
composite output.                             at least one pair of signals
corresponding with         19. Apparatus for processing a plurality  each
of said traces, time adjusting and delay-   5   of signals obtained from
sampling a phenome-  ing means for advancing one signal in each       non
at separate locations on a line to produce  said pair and for delaying the
other signal in  50 



an output representing the presence of pheno-  each said pair,
respectively, in proportion to       menon having a velocity in the
direction of  the distance between a reference point in       the line
inside or outside a predetermined   said array and the point of detection
of seismic  10  velocity range, wherein each signal is a func-  waves
represented by a given pair of signals,       tion of its spatial origin
with respect to the  attenuating means for attenuating said signals  55
centre of the sample locations on the line,  in proportion to said
distance, means for re-       comprising delay means having delay chan-
versing the polarity of one signal in each pair,       nels therein, means
for applying each signal  and means for summing all of said signals.   15
to a plurality of sets of said delay channels    23. A method of processing
seismic traces       with the delay means being positioned for time  to
indicate the presence, inside a predetermined  60       shifting a first
signal in each of said sets as  time delay range, of signals in each trace
a function of their respective spatial origins  having a time delay with
respect to signals in       and as a function of one of the cutoff limits
another trace, wherein each trace is a function  20  of the predetermined
velocity range, the delay  of its spatial origin in relation to the spatial
means also being positioned for time shifting a  origin of each other
trace, substantially as  65       second signal in each of the said sets as
a  hereinbefore described with reference to Fig.       function of their
respective spatial origins and   3, Figs. 4 and 7, Fig. 5, Fig. 6, or Figs.
9       as a function of the other of the cutoff limits  to  10d, each
together with the remaining  25  of the predetermined velocity range, means
for  Figs. of the accompanying  drawings.       weighting signals in each
of said sets as a    24. Apparatus for processing a plurality  70
function of their respective spatial origins,  of signals obtained from
sampling a pheno-       and means for compositing the weighted and  menon
at separate locations on a line to pro-       time shifting signals to
produce said output.  duce an output representing the presence of  30
20. Apparatus as claimed in claim  19,  phenomenon having a velocity in the
direc-       further including means for pairing the plur-  tion of the
line inside a predetermined velocity  75       ality of signals, prior to
applying each signal  range, substantially as hereinbefore described
to a plurality of channels in the delay means,  with reference to the Fig.
3, Figs. 4 and 7,       thereby to apply signals having like time  Fig. 5,
Fig. 6, or Figs. 9 to  10d, each   35  shifts and like weights to the same
plurality of  together with the remaining  Figs. of the       channels in
the delay means.                  accompanying drawings.          21.
Apparatus according to claim 20, fur-       ther including means for
reversing the polarity     H. D. FITZPATRICK  & CO.,       of the signals
in the other channel in each of          Chartered Patent Agents,   40  the
plurality of channels in the delay means.            3, Gray's Inn  Square,
22. Apparatus for velocity filtering a plur-              London, W.C.1.
ality of seismic traces from  a reproducible                      and
recording representing seismic waves detected               94 Hope Street,
at space locations along a seismic array, said               Glasgow, C.1.
Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier
Press.-1967. Published at The Patent Office, 25, Southampton Buildings,
London, W.C.2, from which copies may be obtained.    


