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ALGORITHM
OF THE

NODIFIED PROGRAM GEO02D

If IENTER = 1, then :
creation of time traces,
adding noise if desired,
If IENTER £ 2, then :
filtering the time sgection;
replacing the amplitode by one or two bits:
filtering the new time section,
If IENTER ¢ 3, then :

performing the computation of the jump in velocity.

Table II.2




GEO2D,

This algorithm is directed by the varisble IENTER which allows the
pmser entering the program at different level in the code depending on
whether the user is inmpuving datea from s dats tspe or geporsting test data
in line,

For IENTER=1 the execution begins from the crestion of time traces,
that is the scattered wave function will be created. The wave function due
to the noise is esdded to this wave accordingly to the poise-to-signsl ratio
given in the data. The sobroutine NOISE implements that function.

For IENTERS2 the wave function will be filtered to provide high-
frequency data to the remsining code. This filtering part includes other
operations requested by the formula. The modifications needed to genmerate
sign-bit data sre done within the maip program, after the filtering
procoess (see the algorithm table II.2).

The inserted code generates a function with sign-bit amplitude from
the wave function created previounsly if IENTER=1, or gathered on the field.
That is the initial scattered wave is translated in the Fouorier domain, to
be filtered with the same filter as before. This bandlimited signal is
then stodied in the time domain and sign-bit processing will be applied.
These high frequency datas will be replaced by sign-bits according to the
sign of the aemplitodes of the function if two numbers, -1 and +1, are
used, or to the value of the smplitude if three numbers, -1, 0 and +1, are

usod , as follows:

ot
e e e e
el o e .
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ALGORITHN
OF THE

ORIGINAL PROGRAN GEO2D

If IENTER = 1, then :
creation of time tracess
edding noise if desired,
Ir IENTER £ 2, then :
filtering the time section,
1f IENTER 3, then :

performing the computation of the jump of velocity.

Table II.1
-9 -
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II. MEANS USED FOR TRE STUDY.

A. The computer program GEO2D.

The program GEO2D computes a(x,z) for the 2.5 dimensional model. That
is, we consider the wave spresding in three dimensions but we compute the
integral on the geophone array in two dimensions under the assumption that
a is independent of y.

For the gradient of a, called B, we get the processing formula in 2.§

dimensions:

16 nz 3
Blx,2) ~ 95 (e - h][af-{?-mn-.xp(-zm-zn/e)-
v e/ (2)

a0
‘dt't'ﬂ‘t.t)'exp(znift)
[ 4

where: ¢, reference speed,
(x,2) is a field point
B, distance form the field point to the observation points
f, frequency;
F(f), filtering fonction;
g, seophone location;

Us(l,t), scattered waves

The chart in tadble II.1 is an algorithm of the original program

T T e L
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function of the sound-speed pertarbation a and derive reflector maps.
Computer plots are presented to illustrate the ovotputs of these

computations and to analyze the effects of sign-bit processing.
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1—"-‘1_‘[1 +¢(x;y»2)] (l)
c

<

where: - (x,y,2) = (x,2) is s field points

v is the velocity at the field point (x,y,2)/

¢ is the reference velocity,

- a(x,y,2z) is the perturbation at the field point.
However field data is not full bandwidth dats and it cannot be simply
processed to yield a soluotion for a. Instead » partial inversion
consistent with the high frequeancy characterization of the field dsta is
carried out.

The Fourier transform of a function contains information about the
trend of a function at the low frequencies or small values of the wave
number and information about discontinuities at high frequencies or large
values of the wave nomber. Thos the solotion formula is modified to
process only for the discontinuities in a(x,y,2z), that is, the reflectors
in the sobsurface will be located by the peak amplitudes of the gradient
function of a, called B in the following discussions.

The wave field received st the geophones is the required data to
tompute the fonction P. The latter behave 1ike o bandlimited delta
function across each reflector. For true amplitude data, the peak amplitode
data st each reflector is in known proportion to the reflection streangth.

The troe smplitude dests and the sign-bit data are processed through

the Born inversion algorithm to compute the magnitode of the gradient

.....................

—— I e e ol A e S Bve 0 Soa iR ids Jvie Mia i aie teS0 AL NSRS S S S
N oy N A RN S TR -




.................

The purpose of this paper is to show that in the absence of relative
troe amplitode the velocity inversion algorithm still provides sn imsge of
the reflecting sobsurfaces as it was remarked in the report of Bleistein,
end Coben (1984). Several noise-to-signmal ratios are introduced im the
scattered wave and the moise effects are anslyzed in the results of the
Born inversion algorithm. Furthermore, the reflection strength is compared
with the jomp im velocity givea in the data for each example that will

have been processed in the Born imversion algorithm,

C. Method of approach.

The inverse problem is written for the acoustic wave equation. The
method was written for a perturbation from e reference sound-speed. A
ponlinear integral equation, involving the product of the unknown
perturbation and the onknown wave field in the earth was derived in Cohen
and Bleistein (1979) and is slso described in Bleistein (1984). The
solution formula requires full bandwidth dates which is not available in the
seismic experiment. In fact the data can be characterized as high
frequency datas with respect to most of the length scales of the seismic
experiment.

The integration formuola for the inversion uses Foaorier transforms to

yield the perturbation function a defined by:

- N - - - ‘ M - - c . . ‘. el e .'.'. - PR .".-.'. R I PRI PRI e . -
.l ~\- -, .'. _. .. ) .“ R AN RS TN S e e s . e .._'. D I IR o T e T T T e T T L. R ERAY
PR .AI.-‘J' PENEE 'L’L'j."’AkL&\ALLMh_ —— s_f‘ Al s -.Q_.L_LL;_L‘LAL.L<L._-;.~-----; A




The papers which are referenced in this literature review discussed

_f; sign-bit techniques to store the seismic data. These data were then
:: processed through typical geophysical programs. The resuolts were snalyzed
I to check how they report information about the subsurface, especially in
noisy environments. This paper will analyze in the same way the results of

8 new mathematical interpretation of the seismic data. The major

n sdditional feature of this new method is that for true smplitude dats, the
amplitude of the output is in known relation to the reflection strength.

Thus, we can check amplitude accuracy of sign-bit processing as well as

[ image accuracy.
B.Purpose and objectives of study.

- We use here a mathematical spproach to seismic dinversion presented by
Cohen and Bleistein (1979) with compoter implementation in Bleistein and
l Cohen (1984). The anthors used the Born approximation and asymtotic
analysis to derive an algorithm to process seismic data and recover both
the location of the reflectors in the earth and to estimate the reflection
) strength at each reflector. This spproach bduilds the Born inversion
slgorithm, An asymptotic asnalysis of the ootput of this algorithm was
mede in the same report. One of the conclusions drawn from this amalysis
) is that errors in aempiitude in the inpot will degrade the estimate of

reflection strength, however they will not affect estimates of the location

I::j of the reflector.
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[ acceptable,

| (ii) bigh compression of the data, wmore field processing controls are
possible,

) (iii) troe amplitude relations are masintained; and the procedure is
tailormade for Vibroseis.
The principal disadvantages stated by the anthors are:
(i) the method is limited to Vibroseis,
(ii) a heavy doty 60Hz single phase power plant is a possible source of
coherent noise,

» (iii) a bad spread cable or array terminal can cavse a great loss of datas;
(iv) the dypamic range is limited,

(v) a2 higher caliber field personnel is needed.

i

_ Then Gimlin and Smith (1977) and Smith and Gimlin (1977) presented two

i sdditional papers related to sign-bit stuodies.

| An analysis of sign-bit recording for high and low noise enviromments
was made by Shirley et al. (1983) for the SEG meeting in Las Vegas, 1983,
This approach to sign-bit results in s onified description of the low

) noise-to~signal and high noise-to-signal cases. A single expression that

f is valid for ell random noise distributions shows the relationship between
input coherent energy, input random noise, and output expectation.

5 Yosn Cheng Lee(1984) stodied the awplitude recovery with sign-bit

" dats. Several examples including different moise-to~signal ratios were run

) end the effects of the noise in the amplitude recovery were snalyzed.

';

; -




conventionnally. Examples of sctual noisy environment conditions are shown
together with the effect of superimposing that noise on simnlated Vibroseis
data end processing it with conventional and sign-bit recordings. They
simolated several types of variable noise on the computer and noted that
they have minimal effect on sign-dit dats. In the presence of high
amplitude backgroond noise, such as could be expected in populated areas,
on windy days, near the surf, or in stormy seas, seismograms resulting from
sign-bit data are shown to be significantly soperior to those from
conventional floatinmg point recording systems. Thus, in s typicsl noisy
environment the system recording sign-bit only should require significantly
fewer memory modules and consequently reduced costs to acquire data
comparable or superior to those from conventional systems.

Schoellbhorn et al. (1975) simolated sign-dit summing in vibroseis data
scquisition on the computer. A variety of multiple arrivals with differing
smplitudes were evaluated, these showed the expected effects of amplitonde
ratio loss, spectral loss when the noise-to-signal ratio is 1less than one,
and high inpqlse noise immunity. However, field dsta comparisons of full
range and sign-bit suomming showed only minor differences in the final
stacked sections.

An evaluation of sign bit seismic recording and its impact on
processing and interpretation was made by Alihilali et sl. (1975). They
svaloated the advantages and disadvantages of sign-dit recording. Some of
the primary advantages claimed by the authors are:

(1) smaller, simpler spread cables and single element geophones are

......... . ’
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1. INTRODUCTION

Sign-bit data recording has ipterested the seismic exploration
industry for many years because it provides am easy way to greatly decrease
the nomber of channmels in a data acquisition system., Sign-bit digital
recording means that only the sign of the anslog signal is recorded with
one bit. In conventional seismic recording 16 to 32 bipary bits are
necessary for each sample point. So the ecomomic advantages of sign-bit

recording are obvious. It is mnecessary to check that the results obtained

from uspal seismic processings are valid and still provide good

information. //’, S /':LV,Q[‘ ’ ;i‘qw:»i 1, ) PN )ﬁTZ,
O LI "?..n‘r: gf , Lo <'f/w;‘ POy
T3 ";‘ ] . . / )

A. Literatore review.

Numerous published papers deal with the data storage using signed bits
and with the amplitude recovery from the information carried by these data
on the sobsurfaces. Discussions of sign-bit data recording in geophysical
literature consist mainly of abstracts of papers st ipternational SEG
meetings. The first paper was presented by Fort et al. (1973). Four papers
were presented in 1975, namely, Fort et al. (1975), Martin et al. (1975),
Schoellhorn and Neale. (1975), and Alihilali et al. (1975), Martin et al.
(1978) claimed that the noise burst problems with Vibroseis are minimized by
only vsing the sign-bit., Computer simulation shows that if only sign-bit

data is used, reflection qoality 4is improved over that obtained

Pl A RE Ul S ases Ao e
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ABSTRACT

/This paper discusses the sign-bit processing in the Bore iamversion

method. It shows on basic examples that in the ebsence of relative true

smplitode, the Born inversion .I;otithn. written by Bleistein-Cohen still

provides an image of the subsurface. It implies that all the essential jf;:j-:'j
informstion provided by s wave train is contained in the phsse only. Sigan- ;.:-
bit digital recording means that only the sign of the true amplitude signal :f.‘-'-':-f

is recorded with ome bdit. In conventional seismic recording, 16 to 32
binary bits per sample point are recorded. The ecomomic advantsges of i®
sign-bit acquisition are immediately obvious. Complete amplitude recovery e

comparable to foll gain recording can be achieved by correct application of

sign-bit technigues. ’ T ) 'y F ) -
/,




(ORI Snlst 2t By Jenc S Sngs. i Einge Seen et i nie Sty I aanye Jites Janst hue NP - —— iR ahar - S s chil- il Mo B aute Ea Mok aAte Rt od
AR P A Pl il i M M -~ (L L NI AN UL S Ut DAL 44
..................

r e e s v e
T .
elb. ...

IV.B.1 Ootput of the velocity compotation

.-
.

with one horizontal reflector, N/S=0.§
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with threshold=0,05.,.ccccececcsescscsconsvocsvsscncsscsees 38
IV.B.2 Oontput of the velocity computation
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1)- When the amplitude 1is positive, it is replaced by +1. If it is
negative, its value becomes -1. .151

or

2)- The maximom amplitude is stored in UMAX, When the sample valoe is
less than a certain percentage (stored in the variable PER) of UNAX, it is
replaced by 0. If this wvalue is learger, then the amplitude replacement

follows 1) above.

The new signal or succession of bits is then processed through the
same filtering algorithm unsed for the ipitial scattered wave, to eliminate
low and high frequencies which might heve been introdsced in the sign-bit
processing .

To complete the formula en integration loop (¥ in eq. 2 ) is carried

ont over s set of processed traces for each point in the region of interest -
in the field. The data delimits this region where it is possible to image {;
the interface or reflector or discontinuity in the esrth. For each field i;
point (x,2), the previous fonction is divided by 2*/* gnd multiplied by z. }f.

The results of the integration are scaled by a factor SCALE, to gemerate §,
which is then an estimation of the jomp inm velocity.
The plot of this function enables us to study snd follow the -

discontinunities in the earth model which reflected the initial wave.




RECORD #5

C:

G Y

B, Description of the data required by the program GEO2D,

The dates requnired to execute the program GED2D is described in the

following sections.

The data is entered in free formst:
RECORD #1
B IENTER: 1 = SYINTHETIC DATA GENERATION.
i : 2 = READ FROM TAPE7 OF DECONVOLVED TRACES.
} 3 = READ FROM TAPE8 OF PROCESSED TRACES.
b‘* RECORD #2
E TMIN: BEGINNING OF TIME RECORD MEASURED FROM ENTRY TIME OF
E‘ SOURCE PEAK.
TMAX: END OF TIME RECORD,
DT: SAMPLING RATE.
NFFT: SIZE OF FFT,
RECORD #3
FMINO: FREQUENCY AT WHICH TAPER FILTER BEGINS.
FMINI1: FREQUENCY AT WHICH TAPER REACHES ONE AT LOW END.
FNAX1: FREQUENCY AT WHICH TAPER FILTER ENDS,
RECORD #4

NGEO: NUMBER OF GEOPHAONES (TRACES),

DXS1: GEOPHONE SPACING,

REFERENCE SPEED.
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RECORD #6

‘ZMIN: SHALLOWEST Z (.GE.O0) TO BE PROCESSED.

. ZMAX: DEEPEST'Z TO BE PROCESSED.
IZ: Z-SPACING DES IRED.
RECORD #7

XNIN: LEFTMOST X (.GE.0) TO BE PROCESSED. °

“I
LI |
'

L e

XMAX: RIGHTMOST X TO BE PROCESSED,
DX: X-SPACING DESIRED.
RECORD #8 e

NGROUP: NUMBER 6F GEOPHONES TO BE HELD IN CORE.

A/ A
] o, .o

RECORD #9
MNKPRNT: TRUE FOR PRINTOUT OF VELOCITY PROFILE.

MKTAPE: TRUE FOR MAKING VELOCITY PROFILE TAPE.

Ty Ml 4
"I.l'l, LN

MEPLOT:  TRUE FOR MAKING VELOCITY PROFILE PLOT.
RECORD #10
THETS : TILT ANGLE OF SINTHETIC DATA PLANES.

NPLN: NUMBER OF SINTHETIC DATA PLANES.

NOISIG:  NOISE TO SIGNAL RATIO. o

RECORD #11
CS(I):  SYNTHETIC DATA SPEED ARRAY.

RECORD #12
Z8(1): SINTHETIC DATA DEPTHS OF PLANES AT I=0.

RECORD #13

GOGO: SET TRUE TO CONTINUE RUN WITH BAD DATA.
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I11. SEVERAL EXAMPLES,

In every example the synthetic time section is created for s subscribed

sobsurface stroctore; it is represented on the first plot of esch following
section. Then these traces are processed throogh the first part of the

Born inversion algorithm. This process is illostrated on the plots named

TSy

“PROCESSED TIME SECTION”". On the synthetic time sections and on the

processed time sections, the reflectors are located in time, that is the

-

scattered fanctions pesk st the travel time necessary for the wave to go
from the geophone array to the reflectors. After the troe amplitude dstea
have been processed, the scattered wave unduolates only seround the
interface location. On the contrary, after sign-bit dats processing the
scattered wave is undolating everywhere on the time section and it is more
difficult to locate in time the reflectors. A reason is that after having
been filtered the synthetic traces were replaced by +1 or -1 a1l along the

time section so that the side lobes become as important as the main lobe.

Then the integration loop completes the velocity computation. At the
conter of the span array of the geophones, there is just emough spread to
include sll geophones that conld contribute to the anmswer, that is to the
amplitude of the velocity. A number of 81 geopbhones was chosen to get s
good approximation of the velocity. The creosulting function pesks at the
interface locations, with true emplitode dats as well as with sign-dit

data. For esach example, the asmplitaode of the resulting fenction will be
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checked at the middle of the span array. The results will be discussed

more precisely for each ezampls.

A. The discontinuity is a single horizontal planme.

The data set for this example is given in Appendix A. The plane is
located 2000 ft. below the surface. The theoretical jump in velocity doe
to this discontinuity in the earth is 3500 ft./sec. The plots III.A.1
illostrates these dats.

The resnlts of the filtering process sre shown on the plot III.A,2
when the true amplituode dats were processed and on the plot III.A.4 when
the sign-bit amplitode data were processed.

The plots on Figures III.A.3 and III.A.S5 show both results of the
velocity computation, the former with true emplitode and the latter with
sign-bit amplitude. Both calculations locate the plane discontinuity in the
earth st the same depth. The nomerical results are shown in table III.A,
The jump in velocity will be read at the abscissa 1000ft from the left and
at the depth 2000ft. The error in amplitode is computed from the difference
between the jump in velocity given in the data, 3500ft/sec., and the jump in

velocity read in the results of the velocity computation.
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OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, NO NOISE

with  with
true amplitude sign-bit amplitude
data data

Depth (feet)

a of the 2000. 2000.
i reflector

Jump (ft/sec)

at
X=1000,Z=2000 485.515 459.31

error in

Table II1.A

L




B. The discontinuity is en inclised planme.

The data set for this ezample is ;iyen in Appendix B, where the angle
THETS has been replaced by 10° and is iilestrated on the plot III.B.1.
Before the velocity computation the filtering process is applied on the
true amplitude data giving the time soction illustrated on the Figure
I11.B.2. After having applied the sign-dit processing on the true
amplitude data the same filtering process is applied on the sign-bit datas
giving the results viewed on the Figure III.B.4.

The outputs of the velocity computation with troe amplitode data
(Figore III.B.3) and with gign-bit data (Figure III.B.5) both accurately

locate the interface. The numerical results are displayed in the table

I11.B; the error is calcolated from a prescribed jomp in velocity which is

500ft/sec.

C. Exsmple with tvo borizontal interfaces. f{iiﬁﬁ

The data set for this example is given in Appendix C and is

illustcated on Figore III.C.1. A first filter is applied to the synthetic :QE;}jiJ

time soction and the processed time section is illustrated on the Figore
I11.C.2., 1In a second run the sign-bit process is applied to the synthetic
time section to create sign-bit data which are then processed through the

same filter and this second processed time soction is illustrated on the

......................................
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Figure 11I1.C.S.

OUTPUT OF THE VELOCITY COMPUTATION
WITE ONE REFLECTOR, TILTED, NO NOISE

with with

troe amplitude sign-bit smplitude
dats data

Depth (feet)
of the
reflector 2000. 2000.

jump (feet/sec)
at
X=1300,Z=1770 464,798 440,595

error in
amplitode (W) —£.64 ~11.8

Tadble III1.B
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The ountputs of the velocity computation in botk runs are illostrated
on the Figure II1.C.3 and Figure III.C.6. They locate the interfaces at the
same depths. After both computations the upper interface is at the right
location (1700ft) and the deeper interface is mislocated: its depth is
2250ft instead of 2300ft. After having processed these ouotputs in the
postprocessing algorithm POSTPP, which implements the refinements to the
linear velocity inversion theory (Hagin and Coker, 1984), both reflectors
are located approximately at the right depths (see Figures III.C.4 and

II1I1.C.7). The numerical results are displayed in the tadble III.C.

D. Example with 2 tilted parallel interfaces.

The dats set for this example is given in Appendix C, where the angle
THETS hss been replaced by 10°; both interfaces are inclined to make 10°
with the horizontal. The scattered wave field is on Figore III.D.1., We
notice that the amplitude of the wave peaks shaping the
deepest interface is smaller than the one locating the upper subsurface.

In the processed time section (Figure III.D.2) it is more difficult to
locate the deoper interface than the wuwpper ome. The time section with
sign-bit amplitode 1is processed through the first part of the Born
inversion algorithm, the resnlts sre represented on the plot on Figure

111.D.4.
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OUTPUT OF THE VELOCITY COMPUTATION
WITH 2 HORIZONTAL REFLECTORS, NO NOISE

with with
true amplitude sign-bit amplitude
data data
withoot | sfter withoot | after
postprocessing postprocessing
Depth (feet)
of the:
-reflector 1 1700, 1711. 1700. 1711.
-reflector 2 2250. 2320. 2250. 2320.
s (feet/sec)

-reflector 1
st (1000,1700)] 498.318 392.393
at (1000,1711) 561.11 440.52
-reflector 2
at (1000,2250) | 423.738 407.271
st (1078, 2320) 548.13
at (1027,2320) 518.80
error in
smplitude (%)
~reflector 1 -0.52 +12, -21.5 -11.9
-reflector 2 -15.25 + 9.6 -18.5 + 3.8

TABLE III.C
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The outpots of the velocity compuotation with true amplitode data
(Figore IIJ.D.3) and with sign-bit amplitode data (Fignre III.D.S) 1locate
the interfaces clearly at the same depths. The numerical resolts are shown
in the table III.D. The error is calcolated after comparison of the
computed jump with 500ft/sec. for the upper reflector and with 200ft/sec.

for the lower interface.

The asccoracy of the computed jump is velocity depends onm the distance
between reflectors. Examples were also run with 300ft and with 200ft
between the suobsurfaces, showing that the computed jumps in velocity are
interrelated: when the distance gets smaller, the error in smplitode gets
smaller for the lowest reflector and the error for the uppest one gets
larger.

Otherwise the subsurfaces were located with the same charscteristics as
in the previouns example III.D, that is, the velocity function peaks at the

right depth for the upper sobsurface, snd aboot 20ft above the prescribed

depth for the deepest reflector.

The above remarks are for true amplitude data processing and for sign-

bit dats processing.

BRI X
PR e -




OUTPUT OF THE VELOCITY COMPUTATION
WITH 2 REFLECTORS, TILTED, NO NOISE
with . with
troe amplitunde sign-bit amplitude

data data
Depth (feet)
at X=0ft

of the:
~reflector 1 1900. 1900.
-reflector 2 2360. 2350,
Jomp (ft/sec)
-reflector 1
at (1000,1720) 507.782 433.553
-reflector 2
at (1000, 2180) 202.642 425,228
error in
amplitode (%)
-reflector 1 +1.56 -13.3
-reflector 2 +0.52 +45.,
Table 111.D
_9_.
- 23 - .
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E.The scattering subsurface is an sarc of circle.

The subsurface is represented in Figore III,E.1. The speed i3 L
sbove the src of circle and ¢, below it. The radius of the circle is
8=3000ft and its highest point is located at the depth h=1000ft below the
center of the arcay of geophones.

Using the data given in Appendix D, the synthetic time section (Figure
I11.E.1) is created using the following formola which is derived in the
paper: Kirchhoff field from a circolar cylinder (Bleistein, 1984), uvsing the
Iwo-and-one half dimensional in-plane wave propagation (Bleistein, 1984), it

is implemented in the subroutine TRACIR of the program GEO2D.

s R “exp(ziw(d-a)/c )

Us(w.g) - J—-' (3)
b 8n(d-a)

where:

- w is the pulsation,

§=(%,0) is the location on the geophone arrays

- R, is the normal reflection coefficient, 2[;]5,ﬁ
-6 = (22 4 /Y i
~ 4¢c(2(d-a)) is the geometrical spreading over the two way travel path from .j;ff':1
§ to C and back to §, in the sbscence of curvature effects of the ff. »3
reflector. 3 }fﬂi
- (e/0)Y2 45 the geometrical spreading due to a circular —reflector of A :
radius a st depth bh. i’ .
- 2(d-s)/c, is the two way travel time. ‘;i? 
.

The processed time sections with true smplitude data and with sign-bit
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data are represented on Figure III.E.2 and on Figure I11.E.4 respectively.
The ootpot of the velocity computation with true amplitude data
locates the subsurface st the right depth (Figore III.E.3). The profile
computed with sign-bit amplitude data (Figure III.E.S5) 1locates the
interface at the seme depth. The numerical results are displayed in the

tadle III.E,
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peaks everywhere with large amplitodes,

From this chapter IV, the following conclusions can be drawn:

1, When the noise-to-signal ratio is less tham or around 1, the
reflectors sre easily located at the right depth with sign-bit dats as weil
s with true amplitude data.

2. When the noige-to-signal ratio is much larger than 1, it is more
difficult to locate the reflectors on the plot representing the oeotput of
the velocity compotation., This ootpnt does not peak at the right 1location
of the inpterface. The error in depth increases as the noise-to-signal
ratio gets larger. The same conclosion <c¢an be drawn with troe amplitode
data end with sign-bit dsts.

3. The Figure IV.C.3 illostrates the corves of the errors in jomp in
velocity from true amplitode data processing and from sgign-bit data
processing versus the noise-to-signsl ratios. Both corves have the same
trend. When the noise-to-signal ratio gets large the errors from sign;bit
data processing are smaller than those from troe amplitude dats processing,
but when N/S is small the former are bigger than the latter.

4. When two bits are used to store the data, the reflector is easier
located; that is the resulting function less ondulates than when sign-bit
was used. The accoracy depends on the threshold.

5. Not filtering the sign-bit dats gives rise to large errors in the

velocity computation.
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OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/S=0.5
WITH THRESHOLD=0.26

b

with with
sign-bit threshold
data
depth in feet
of the
reflector 2000. 2000.
jump in feet/sec.
at
X=1000f¢t,Z=2000ft 368.513 315.582
error in
smplitade (%) -26.3 -36.9
Table IV.B.3
1
® B
®
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OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/S$=0.5
WITH THRESHOLD=0.1

with with
sign-bit threshold
dats
depth in feeot
of the
reflector 2000. 2000.
jump in feet/sec.
at
X=1000£ft,Z=2000ft 368.513 359.41
error in
smplitude (%) -26.3 -28.1

Table IV.B.2

P .




processing with a percentage oqual to 10% of the maximom signal amplitunde.

The numerical results are displayed in the table IV.B.2.

The same configuretion is given with s percentage PER equal to 26%.
The synthetic time section is represented on Figore IV.A2.1. The processed
time sections with sign-bit date and with threshold, on Figure IV.A2.3 and
Figore IV.B.S respectively, are identically complex. The outputs of the
velocity computation are represented on Figure 1IV.A2.4 when sign-bit were
used and on Figore IV.B.6 when threshold was used. The emplitudes of the
smiles are smaller in the latter plot than in the former ome. The noise
influence has been slightly eliminated after threshold processing with a
percentage oqual to 26% of the maximon signal amplitude. The numerical

tesults are displayed in the table IV,.B.3.

C. The ountput resulting from noise added to sign-bit data is not

filtered.

In this section, we add a noise with N/S=0.5 to the sign-bit data.
Then the resulting function is processed through the velocity compatetion,
withoot having previously been filtered. The plots 1IV.C.1 asnd IV.C.2
illuostrate the processed time section and the outpat of the wvelocity
computation respectively. On the former it is impossible to locate in time

the reflector. Op the latter, the velocity function




OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/S=0.S§
WITH THRESHOLD=,05

with
sign-bit
data

with
threshold

deptk in feet
of the

reflector

2000.

2000.

jomp in feet/sec.
at

X=1000ft,Z=2000f¢t

368.513

370.797

error in
amplitode (%)

-26.3

-25.84

‘‘‘‘‘‘‘‘‘

Table IV.B.1
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variable PER in the data for the program GEO02D. When the amplitudes are
below this limit they will be replaced by zero.

A configuration is given in the data in Appendix B with a percentage
PER equal to 5%. The synthetic time section 1is represented on Figure
III.A.1, In this section, only the computations unsing sign-bit processing
are dicussed. The processed time sections with sign-bit data and with two
bits deta, on Figure IV.A2.3 and Figure IV.B.1 respectively, are
identically complex. The outpots of the velocity computation are
represented on Figore IV.A2.4 when onme bit was used and on Figure IV.B.2
when two bits were osed. The smplitudes of the smiles are smaller in the
latter plot than in the former one.

The poise influence has been slightly eliminated after threshold
processing with a percentesge equal to 5% of the maximom signal emplitude.

The numerical results are displayed in the table IV.B.1.

The same configurstion is given with & percentsge PER eoqual to 10%.
The synthotic time section is represenced on Figure IV.A2.1. The processed
time sections with sign-bit data and with two bits dats, on Figore IV.A2.3
and Figore 1IV.B.3 respectively, are identically complex. The outputs of
the velocity computation sre represented on Figure 1IV.A2.4 when two bits
were used and on Figore IV.B.4 when twvo bits were used. The amplitodes of
the smiles are smaller in the latter plot than in the former one.

The noise influence hes been slightly eliminated after two bits

..............
..........................

..............................
...........




OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/S§=25.6

with with
troe amplitaode | sign-bit amplitode
dats dats
depth in feet
of the
reflector 1980. 1980.
jomp in feet/sec.
st
X=1000£t,Z=1980f¢t 663 .454 600.015
error in
amplitoude (%) +32.7 +20.
Table IV.A4
®
T T T Ty
{”{'}ﬁi
'If’fff?
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soctions and the processed time sections are very messy: it is more
difficolt than before to distinguish the delta amplitude corresponding to
the sobsurface (see Figures IV.A4.1, IV.A4.2 and IV.A4.4), After the
velocity computation, the resulting function peaks at several depths with
sbout the same amplitude at each of them. Thus it is difficolt to locate
the reflector after true amplitode data processing as well as after sign-bit
dats processing (see Figures IV.A4.3 and IV.A4.f)., The numerical resolts
sre displayed in table IV.A4.

the results of execotions with bigger noise-to-signal ratios show
larger larger errors in the location of the reflector as well as in the

suplitode of the jump in velocity.

B. Usipg two bits to replace the amplitunde.

Before entering the sign-bit processing, the created signal bhas
definite amplitudes everywhere in the time interval; most of them are
smaller than the trigger valoe locating the sobsurface. However all of
them will be creplaced by +1 and -1 as well as the maximom valoe. That s
why the processed time sections snd the outputs of the velocity computation
sre more complicsted. Thset can make difficolt the delimitation of the
iaterfaces on the plots, among the smiles .

To elimimate this problem, the emplitudes of the scattered wave
function will be replaced by sign-bdit only when these valuoes are sbove »

percentage of the maximum smplitude: this percentage is given by the




OUTPUT OF THE VELOCITY CONPUTATION

L WITH ONE BORIZONTAL REFLECTOR, N/S=1.
with with
true amplitode sign-bit amplitude
dats dats
I depth in feet
. of the
reflector 2000. 2000,
jump in feet/sec.
at
- X=1000ft,Z=2000f¢t $00.235 359.598
error in
emplitode (%) -0. -28.1
K Table IV.A3
- - 31 -
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OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/S=0.5

with with
troe amplitode sign-bit smplitude
datas date
depth in feet
of the
reflector 2000, 2000,
jump in feet/sec.
st
X=1000£t,Z=2000ft 495.252 368.513
error in
amplitude (%) -0.95 -26.3
Teble IV.A2
2
3
{
A
e e e e e
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the amplitude of the jump is smaller,

A2.-N/S=0.§

Another example is set with N/S=0.5. The processed time soctions with

—

troe amplitode data and with gsign-bit datas are represented on Figore
IV.A2.1 and on Figuore IV.A2.3 respoctively. Then the velocity computation
is performed with each of these processed time sections; the ovtputs of
these computations are shown on the Figore IV.A2.2 and on Figore 1IV.A2.4

h respectively. The reflector is delimited st the right depth on each of the

L plots. The numericesl results are displayed in the table IV.A2,

A3.-N/S=1.0

Another example is set with N/S=1,0., The processed time soctions with

truoe amplitude data asnd with sign-bit date are represented on Figure

IV.A3.1 and on Figore IV.A3.3 respoctively. Then the velocity computation

is performed with each of theses processed time sections,; the outputs of ERROR
these compotations are shown on the Figure IV.A3.2 and on Figure 1IV.A3.4 1
respectively. The reflector is delimited et the right depth on each of the
plots. The numerical resunlts are displayed in the table IV.‘AS. '. 1

Ad .-N/s-25.6

Now a bigger noise is created with N/S=25.54., The synthetic time




B s e e s e Beor dde A Eow st iede diete it S Suat S St At Sl

OUTPUT OF THE VELOCITY COMPUTATION
WITH ONE HORIZONTAL REFLECTOR, N/$=0.2

with with
troe amplitude sign-bdbit amplitude )
dats data °

dopth in feet
of the

reflector 2000. 2000.

jump in feet/sec. :‘.
st
X=1000£¢,Z=2000f¢t 491.697 384.367

error in
amplitode (%) -1.66 -23.126

Table IV.Al
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IV. Bffects of the noise on the computation. .

A, Using one bit to replace the amplitude.

The effects of the noise will be stodied in the example of one
horizontal planme located at 2000ft uonder the ground (see data in Appendix
B). VWhen the noise-to-signal ratio (N/S) is not equal to zero, s wave .
field is created by the subroutine NOISE and is added to the scattered wave '

field st each sample point. The resulting wave field is processed in the

F same way as in the previous examples. Sign-bit processing will be completed ' . A
9 with +1 and -1 as before.
i A1.-N/S=0.2 -

A first example is set with N/S=0.2. The processed time sections with

troe amplitode data and with sign-bit data ace rcepresented on Figuore

IV.A1.1 snd on Figore IV.A1.3 respectively. Then the velocity computation

is performed with esch of these processed time sections; the outputs of

these computations are shown on the Figure IV.Al1.2 and on Figure 1IV.Al.4

respectively. The reflector is delimited at the right depth on each of the .

plots. The nuomerical results are displayed in the table IV.Al, -
The noise did not affect the good location of the reflector but
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’_'l: OUTPUT OF THE VELOCITY COMPUTATION

F WITH AN ARC OF CIRCLE, NO NOISE -‘

3 with with

troe amplitande [sign-bit amplitode y

dats dats .

F;‘ depth in feet N

. at X=1000 1000, 1000. '
£ Z=1000

jump in feet/sec.

st (1000,1000) 454, 418, ;.,,.

error in v;.'..

amplitude in % -9.2 -16 .4 L

Table III.E o
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V. CONCLUS ION,

Based on the configoration examples, the following conclusions bhave
been drswn concerning sign-bit processing on a linear backscatter arrsy:

(1) In the examples tested, the outpot of the velocity imversion
algorithm with sign-bit amplitode processing is within 10% to 20% of the
one with true samplitude data processing.

(2) Moreover the jumps in velocity compoted in both cases are of the
ssme order as the jump given in the data for GEO2D, as long as the noise-to-
signal ratio is not too large.

(3) In both processings the noise does not prevent the good locstion
of the reflecting subsorface, as long as the noise-to-signal ratio is
reasonable.

(4) For small noise-to-signel ratios, the error from sign-bit data
processing is larger than the error from truoe emplitude data processing.
Thus the mnoise borst problems with the Born inversion algorithm are not
always minimized by only using the sign-bit, which is in contrast with the

remark stated by Martin et al. (1975).

— s

[P

-




SIMEARE I I M il i o o

V1. REFERENCES o

1, Alihileli, K. A., and Musick, A., 1978,
S Az evaluation of sign-bit seismic recording and its impact on
Pi processing snd interpretation: Geophysics, vol. 40, p. 129,

2. Bleistein, N., Cohen, J.K., and Hagin, F.G., 1984,
Computational and asymptotic aspects of velocity inversion.

3. Bleistein, N., Cohen, J.K., 1982,
The velocity inversion problem. Present status, new directions.

L

i: 4. Bleistein, N., 1984, 9 .
i Iwo~-and-one-half dimensional in-plane wave propagation. o

. 5. Fort, J. BR,, VWetsphal, J. A,, Dix, C., H,, Martin, L. A., and RN
- Allen, S. J., 1973, RN

- A new moltichannel data sacquisition and processing system: ;;;;h
Geophysics, vol. 38, p. 1198, .o

6. Gimlin, D. B., and Smith, J. W., 1980, L
A comparison of seismic trace summing techniques: Geophysics, SRR
vol. 45, p. 1017-1041.

7. Hagin, F. G., and Cohen, J. K., 1984,
Refinements to the linear velocity inversion theory: Geophysics,
vol., 49, mo. 2,p. 112-118,

8. Martin, L. A., Allen, S. J., and Jeffer, R. H. F., 1975,
Noise borst problems with Vibroseis minimized by using only the ;jii;
sign-bit: Geophysics, vol. 40. p. 139, .i -

9. O’Brien, J. T., Kamp, W. P., and Hoover, G. M., 1982
Sign-bit amplitude recovery with application to seismic dats: SRR
Geophysics, vol. 47, no. 11,p. 1526-1539. ig;j:

10. Schoellohorn, S. W., snd Neal, G., 1975, '
Sign-bit summing: Geophysics, vol. 42, p. 1540. T

11, Shirley, T. E., Linville, A. F., and Spratt, R. 8., 1983,
Analysis of sign-bit recording for high snd low moise
environments: 53th SEG extended abstract.

12, Yoan-Cheng Lee, 1984, At
Anslysis of sign-bit recording for syamthetic vibrator data: T
PHD thesis in Colorado School of Mines. e

-4 - ‘o

L T T TS N SR PR R R T T R . B
e e e e e o CAs N I R T R i T I T I N R S S T B S WL I
PN N SO e SO PV ST SRR YT WA ST W TR/E GO TG gy - S .. PP WL T e Py W Pl Wy TRV TS P WU DO TPl DI DRLIPS. DRI . e LIPW. DWW DN T




w
'

K

S AN An 2E uen )

VII. FIGURES

e
N 1
.

'
’
.
'
Fre

P

._..\.'..".-.. R LN A AL .. B
NI BGPTSR ST TS TN T AT PR TR T WA Ty Y




w e T e .',-I— PR BN Adn sas- aag 4

o o
INE SYNTHETIC TIME SECTION R

.. FROM 1 HORIZONTAL REFLECTOR. N,8=2.0 SRR

{ GEOFHONE NUMBERS ) t'..- »“.f_'l

R EEEEERREEERE

1

6.
.76,
|81,

e.300 |
' 2.314
ﬂ e.330

2.346
2. 342
e.378
8.394
8. 419
0. 426
0. 442
9. 458
8. 474
2. 492
2.506
£.522
@.538
€.564
.57
.586
. 682
2.618
. 634
.452
8. 666
0.602
8.498
0.714
.72
2.7 46
.72
2.778
e.794
2. 812

1 W W N T W U O N O I

TINE IN SECONDS )

4

| S N U S W S S N N 0 W W N O O O O A

FIGURE JII.A.1

- 43 -

- T e ‘o '.. ~." . . - - - - .
- e T Ta e e e Tt e SO Z L. SOV, VL, S VOl WL SR S AL, Shd) S P M " c Wt N " - AP N ‘ ) o Lo

AN o T S -t
P WAy LA P VLA . WP WP RPN A VU SR S S . - -




R 2en et A A AR e A
T T T .

PROCESSED TIME SECTION

WITH TRUE DATA
FROM 1 HORIZONTAL REFLECTOR. N,/S$=0.0
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VELOCITY PROFILE
FROM 1 PLANE. HORIZONTAL. N,/S=0.2
WITH TRUE AMPLITUDE DATA

{ DISTANCE IN FEET )
( FROM THE LEFT BORDER OF THE GEOPHONE ARRAY )
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PROCESSED TIME SECTION
WITH SIGN-BIT AMPLITUDE DATA
FROM 1 PLANE., HORIZONTAL, N/S=0.0.
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VELOCITY PROFILE
FROM 1 PLANE, HORIZONTAL, N/S$=0.0
WITH SIGN-BIT DATA

{ DISTANCE IN FEET )
( FROM THE LEFT BORDER OF THE GEOPHONE ARRAY )

vvvvvvv

| SN VU SN VN W NN SRS W AU M S S |

W

1509, 1

1600,

i

1780,

1809

1

I=

1909

3)»

)); ) | \Q
2000, \ \\\ RS

) 5

! ! .
2200, | ’ ‘, 3

{ DEPTH IN FEET )

2302, |
2400, | )
///// ////
2508, SRRy
FIGURE III.A.S
- 47 - - @
-
3
..................................... * Y
A T e e o T e T e e S e e e e . 9
PRI P 3 < 2 2" g P A A T, TP OP R I D B P UL S ¥




T T UM Jenth M S b e i Bttt don Jan B0 T A bt e T - Y T ¥

SYNTHETIC TIME SECTION

FROM 1 TILTED REFLECTOR. N/S$=0.0
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VELOCITY PROFILE
FROM 1 P_LANE., 1@2DEG. TILTED. N-§5=0.0.
WITH TRUE AMPLITUDE DATA
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PROCESSED TIME SECTION
WITH SIGN-BIT AMPLITUDE DATA
FROM 1 PLANE. 10 DEG TILTED, N/$=0.0.
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VELQOCITY PROFILE
FROM 1 PLANE. TILTED., N/S§=0.0
WITH SIGN-BIT DATA
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( FROM THE LEFT BORDER OF THE GEOPHONE ARRAY )

' EERERERERER
S~ 8 & - 2 T - 2 22
1500. | S S S U N IR T N U WS SN SN SN SN N N T T A |

1600

1700,

1800,

1908

2000

2190

2209.

iég;;ix