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FOREWOR D

I This document describes the prooeselng software programs developed under the Marine
Seismic Display Enhancement Program. These programs provide the geophysicists and
acousticiane with software to enhance marine seismic profiling data . This report contains
a general software program description, UNIVAC 1108 computer listing, and the operation
prooedure for each program. Software to decode the Seismic Data Acquisition System’sdata , to process the data , and to prepare the data for playback on the Seismic Data DisplayI System is included. Required modifications to the UNIVAC 1108 computer listings for
operation on the CDC 6600 are given. ~~~~~~~~~~ ~ 

~~

I This document Is Volume I! of the Marine Seismic Display Enh ancement Program FinalReport. ~Volume I presents a summary of project results with examples of processed
seismic profiling data. Volume m describes the operation of the hardware acquisition andI display systems developed under this program .
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I ~-r~ vpP e ~ ABSTRACT

I This dooument~ xplalns six software programs developed to enhance display of digitally
recorded seismic data . The first two programs are d filters which remove undesi red
frequency content from seismic data ;, lbs third vertically stacks several records
with the same source to hydrophone array distance resulting in Improved signal-to-noise .
The fourth pro gram Is an cptimum least squares filter commonly known as the bwiener
FfItei’~ ,iI’he fifth f~nogiam’ gevelopa a band limited zero-phase time domain pulse with( defined frequency oontent;rzhe sixth C~~ogi~e,~!deve1cps a spectral analysis routine for time
series da ta b~y use of a fast fourier transform method.~~ complete listing of the program
for Implementation on the UNIVA C 1108 is provided an te required changes for Implemen-( tatlon on the CDC 6600 are given.
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I MARINE SEISMIC DISPLAY ENHANCEMENT PROGRAM
PROCESSING SOFTWARE

I
I. INT RODUC1’rION

I This document describe s the software programs developed to process seismic pro-
filing data . These softwa re programs were developed because seismic systems used to

L 
gather data Introduce data distortions. These distortions may be frequency nulls, phase
shifts , polarity reversals , secondary pulses , pulse images or multiples. Each of these
distortions when Introduced into the data , reduce resolution and signal-to-noise. These

I programs are designed to remove these data distortions , thereby Improving data quality.

This is Volume II of a three series set. Volume I presents a summa ry of project
results with examples of processed and displayed data . Volume ifi explains the operation of[ the Seismic Data Acquisition System (SDAS) and the Seismic Data Display System (SDDS).

Six main programs have been implemented for processing seismic profiling data
digitized by the SDAS (Seismic Data Acquisition System). These programs are:

I TiTLE PROGRAM NAME
- 1) Time Domain Filter MAINO1

2) Frequency Domain Filter MA INO2[ 3) Vertical Record Stacking Program MAINO3
4) WIener Filter Program MA~NO4
5) Desired Waveshape Program MAINO7[ 6) Spectra l Ana lysis Prog ra m SDAS

The programs read an SDAS formatted tap e having a maximum of 6000 data points per
record . These pr ograms operate on two computer systems; the UNIVAC 1108 or the CDC
6600 interfaced thru a CDC 1700 computer.

II. PROGRAM DESCRIPTION

g A. TIME DOMAIN FILTER (MA INO 1)

The Time Domain Filter (MAINO 1) uses a zero phase Linnette Filter (Lfnnette, 1981).
There are four filtering options :

1 1) Lowpass Filter: Passes all freq uencies below a cut-off frequency
2) Hlghpass Filter: Passes all freque ncies above a cut-off frequency

1 3) Bandpass Filter: Passes all frequencie s between a high cut-off frequency and
a low cut-off frequency

4) No Filter: Passe s all freq uencies unattenuated

U 
1 H 1
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This program uses three input parameters for the Hlghpass Filter or the Lowpass II
Filter. These parameters are CUT , H, and N. CUT relates to the cut-off frequency (F0) of
the filter. H is the slope of the filter. The actual out-off frequency of the filter is
F0 = CUT + H. N in4ioates one-half of the number of filter weights used. A maxi mum of
300 fIlter weights is permissible. -

Bandpass filtered data is produced by highpass filtering the data , then lowpass filter-
ing the data. Filter parame ters are entered separately for the Lowpa ss filter and the
Hlghpass filter.

The option of “no filte r” produces an unprocessed display of the data .

B. FRE QUENCY DOMAIN FILTER (MAINO2)
This filter converts the data to the frequency domain employing a fast fourier trans-

form. The program then multiplies this da ta by a tapered step function (controlled by the I
bandwidth). The available tape red step functions are :

1) rectangular (no taper)
2) cosine
3) gaussian 1’
4) tria ngular (linear taper with frequency)

The resulting data is converted back to the time domain via an Inverse fast fourie r transform
resulting in bandpass filtered data .

This filter Is designed to bandpass filter data but it can be forced to lowpass filter
dat a by setting the input parameter FRQLOW equal to the negative of the parameter FRQHI .

At present the program will filter a maximum of 2048 data points. To filter larger
data records the following changes must be made. :

1) dimension of ”Y” In MAINO1 Increased
2) dimension of”P ’ in MAINO1 increased 1)
3) Do loop in SIJB O12 Line 9 must be increased 

--

The number used in the dimension statements must be 2N where N is the number used in
change 3.

C. VERT ICA L RECOR D STACKING PROGRAM (MA INO3 ) ‘.l
This program stacks consecutive records. It is not meant to be used for multiple

channel streame r da ta as ft makes no attempt to correct for the move-out condition present j
in multi-channel streame r data . This prog ram reads consecut ive records averag ing point
by point the corresponding time period samples . .1

After the numbe r of records read equals the number of records to be stacked , output
commences. Each new record read replaces the oldest record in the stacki ng pro cess and -

the new record ’s “header data” is used as the “header data ” for the output record.

2
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I The maximum output record leng th is limited by the numbe r of arrays stacked . The
maximum outp ut record length equals 20010 data points divided by the number of arrays. If
stack ing 10 records , the maximum numbe r of output data points allowed is 2001. To incre ase
this limitation , two values must be changed In SLTBO29. The first is the dimension of DDATA
and the second is the numbe r 20010 In line 9. These two numbers must always be equal.

D. WIENER FILTER PROGRAM (MA INO4)

The Wiene r Filter used consists of an input signa l, a desired output signal , and an

I actual output serie s (Robinson , 1967). The process minimizes the power existing between
the desired and actual output signals, resulting in the least squares optimum filter. This
program uses two input waveshape s, the BASIC WAVESHAPE and the DESIRED WAVESHAPE,I t o  develop a set of filter weights. The BASIC WAVES HAPE is a representation of the propa-
gating sound source wavelet. The BASIC WAVES I-I APE is stored in the array B and has LB
numbe r of data points . The DESIRED WAVESHAPE , stored in the array D, is a bandpa ss,

I zero phase , pulse. Its spectral content should approach that of the BASIC WAVESHAPE.
LD Is the number of points in the DESIRED WAVESHAPE .

I The input data , BASIC WAVESHAPE and DESIRED WAVESHAPE , can be manip ulated
- 

- in the following ways before developing the filter weights :

L
i) BASIC WAVESHAPE may be read from any SDAS data tape.

a) Consecutive files can be stacked to develop BASIC WAVESHAPE.

I b) The program can select the first data point of the basic from the data file.

C) The operator can select the if rst data point of the basic from the data file.

I d) The period of the bubble pulse (air gun source) can be lengthened or
shortened while maintaini ng the frequency content of the main pulse
and the bubble pulse (total frequency spectrum will change because

I bubble period changes).

2) BASIC WAVESHAPE can be read from card images (a record or records still
read from tape).

[ 3) The DESIRED WAVESHAPE can be time shifted In reference to BASIC
WAVESHAPE.

L The plot output format has two sections. The first section contains the input parameters
used in developing the wiener filter weights whereas the second section is the resulting —

WIener Filter processed data. - 
-

The first section has the following information plotted:

1) Each record used in the stack (even if basic is read in from card images)
IL 2) Results of stacking records (If stack greate r than one)

3) DESIRED WAVESHAPE
U 4) BASIC WAVESHAPE

5) Convolution of BASIC WAVESHAPE with “ Filter Weights”

II 3 
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6) Filter Weights
7) Convolution of Filter Weights” with stacked file

The second section Is a series of seismic records consisti ng of one record for each
record processed by the filter weights, developed in the first section.

E. DESIRED WAVESHAPE PROGRAM (MA INO7)

This program develops a zero phase , ban d limited pulse waveform. This waveform
Is developed in the frequency domain and converted to the time domain. One hundred da ta
points are generated to represent the DESIRED WAVESHAPE. This program writes the
DESIRED WAVES HAPE in three locations:

1) Memory file 15 of computer

2) On computer listIng

3) On ca rd output (if re quested )

This program also writes , on the computer listing, the spectral amplitude s (db ) of the
DESIRED WAVESHAPE. The bandwidth (Hz) of each Frequency bin is equal the sample
Fre quency divided by 2N~

F. SP ECTRAL ANALYSIS PROGRAM (SDADS)

This program reads a given data record and computes its frequency spectrum. The
frequency spectrum da ta is plotted by CALCOMP for pre senta tion. The data record can be
data directly from an SDAS tape , computer filte red SDAS tape , or card images of data . The
progra m will initiate the freque ncy analysi s on either a first return (water-sediment inter- r
face) or precho sen point within the record. The progra m initially performs a frequency
spectrum analysis on the total data record and plots (via CALCOMP) this spectrum (Shot
Spectra). See Volume I of this report serIes for an example . A computer listi ng provide s
the maximum spectral level and the frequency at which it occurs. The second plot presented
(Shot Ampli) Is the time domain data record employed In generating the Initial frequency
spectrum. The data record is then divided into a serie s of small preselected time intervals
of equal duration and frequency spectra for each interva l Is computed . The resulti ng plot
(Interval) is a serie s of freq uency spectra for each time interval presente d in a water-fall
format.

The plots length (time /freque ncy axis) can be varied in length from 2 inche s to 28
inches. All spectral data is normalized to the peak level of the In it ial spectral analys is.
The height and separation of the individual spectral plots may be varied. Highpas s filtering
parameters (rime Domain Filter) , if fil tering of the data record Is performed by this pro-
gram , are also indicated on the graph . 

1~
m. OUTPUT FORMATS

The above desc ribed programs ha ve four possible output formats . These format s I]
are :

1) Seismic Data Acquisition System (SDAS) Formatte d Tap e
2) Seismic Data Display System (SDDS) Formatted Tap e

_ _ _ _ _  
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3) Plot Tap e (CalComp Tap e)

- 

4) Data Listing

L A. SDAS FOR MATTED TAPES

This format of da ta output is normally used when processing the data with the follow-
ing programs: MAINO1, MA INO2 , MAINO3 , and MAINO4. This output format is used to save
the processe d data in order that other programs may process the da ta further.

The SDAS formatted tape is both an input and output format. Tap es generated by the
SDAS hardwa re are 7 track 556 BIts Per Inch. SIJ AS tapes generated by these programs are

- - 7 track 800 BPI. The first 108 bits of information , 3-36 bit comc~uter words , are the
- Header information coded in ” Bina ry Coded Decimal” . The prog iam automatically decode s

this information (see Figure 1).

[~. B. SDDS FORMATTED TAPES

- 
This is an output formatted tape with 36 db dynamic range. The output forma t, when

played back on the SDDS (Seismic Data Display System), will produce a 36 db dynamic range
- analog representation of the digita l sIgnal.

The format of the tape starts with an EOF mark . Then the digital data is converted
- to a bina ry number. The resulting binary number is be tween 111 111 (all one’s) and 000 000

(all zero’s). There is a “R ecord Gap” after 1980 data samples (this is always the number of —

data sample s per record) . This format requires the number of data sample s converted be
limited to 1980 data points by: v

- 1) Converti ng the first 1980 data points (even if less data points exist)
t .  2) Resamp ling the data , reducing the information to 2000 data points , and con-

ver ting the firs t 1980 points of the resulting data (Davis , 1970)

L C. PLOT TAPE (CALCOMP TAPE)

r This type of output is used to obtain a wiggle trace display of the data. The output
L tape is played back by a CalComp plotter.

This form at has a maximum physical length of 3~Y’ for each record of data plotted,
Li althou gh shorte r lengths may be used. The plotter ’s minimum step change between each - 

- -

data point Is . 005 In.

II D. DATA LISTING

This format prints on a computer listing all data values for each record after
processing. The data point s are read sequentially from left to right.

U 

‘
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.1
IV. PROGRA M OPERATION (UNIVAC 1108 COMPUTER)

A. MA INO1 - - -,

The following procedure is recommended for operating the Time Domain Filter.
First the “ General Format’ is shown, the n a specific sample is given. For meani ng of the - .  

F
terms in the “General Forma t’ , check Glossary of Program Terms. All formats are free
field formats , FORMAT ( ), except as noted. - .

GENERA L FOR MAT COMMENT

@ASG ,T IN. , 8C, Program Tape # --

~~CAT , P W, F40//POS/5 NECESSARY ONLY ONCE ..
@ COPY ,G IN. ,W. PER DAY 

-

@FREE IN.

@ASG,T TUN 1T. , 8C , DATA TAPE # INPUT DATA TAPE - - ,

@ASG,TM NIJN1T. , 8C, SAVEO2 IF SDDS OUTPUT SELECTED - !

@ASG ,T 9., 8C,SAVEO2 IF PLOT OUTPUT SELECTED --

@ASG ,T (IUNTT+1). , SC, SAVEO2 IF SDAS OUTPUT SELECTED - •

@R EWIND IUN?r . 
~ 1

~~XQT W.AMAIN01 -

IMOV E , INCRE ,NUN1T, IPRT , NDATAP

KPASS,KOUT ,12000,AMAX, IFILE,IPOINT - -

IUN1T,NUNIT
SCALEX , SCALEY IF PLOT OUTPUT SELECTED -

~

CUT (1), H( 1), N(1) IF KPASS = 2,3 -, -

CUT(2), H(2) , N(2 ) IF KPASS = 1,2

@TPNO NUN1T. IF SDAS OUTPUT SELECTED

@TPNO 9. IF PLOT OUTPUT SELECTED
@ TPNO (IUNYF+1). IF SDAS OUTPUT SELECTED

8
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‘ SPECIFIC EXAMPLE (MA INO 1)

1

@ASG ,T TN. ,8C,36790

@CAT , P W ., F40//POS 5

@COPY , G IN. , 8C , SAVEO2

‘~ FREE IN .
- @ASG,T 10. , 8C,3505

(j  @ASG, T 9. , BC , SAVEO2
L 

~ ASG,T l1., 8C,SAVEO2

• @XQT W. AMAINO1
- 1,2,1200, 100, 4020

/ 
( 

3,6,2000,2.0 ,0, 1

10,2

0.5,14. 0

4.0,17. 0,80

40.0 ,17.0 , 80

@TPNO 9.

@TPNO 11.

n

r~~~~~~~~~
J

_ _ _ _ _ _ _ _ _ _ _ _ _  
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B. MAINO2
The following procedure is recommended for operating the Frequency Domain Filter.

First the ” General Format!’ is shown, then a specific sample is shown. For meaning of the
terms in the “General Forma t’, check Glossary of Program Terms . All formats are free

- 
~

- field formats, FORMAT ( ), except as noted.

GENERAL FORMAT COMMENT

@ASG ,T IN. , 8C, PROGRAM TAPE #

‘5 CAT, P W. , F40//POS/5 NECESSARY ONLY ONCE
@ COPY , G IN. ,W. PER DAY
@ FREE IN.
@ ASG,T mNrr . , BC, DATA TAPE # INPUT DATA TA PE
@ ASG,TM NUN1T.,8C , SAVEO2 IF SDDS OUTPUT SELE CT ED
@ ASG,T 9., 8C , SAVEO2 IF PLOT OUT PUT SELECTED
@ ASG,T (IUNTr+1). , 8C, SAVEO2 IF SDAS OUTKJT SELECTED
@ REWIND IUN1T. -

~~~

@ XQT W.AMAINO2

IMOVE, INCRE, NCJNIT, rPRT, NDATAP

KPASS,KOTYF,12000 ,AMAX,IFILE,IPOINT - -

ruNrr , NuNrr
SCALEX ,SCALEY IF PLOT OUT PUT SELECTED
FRQLOW , FRQH I KF IL , NZERO , PHASE,TSHI Fr IF BANDPASS FILT ER SELE CTED

(KPA SS = 1)
@TPNO NUNYr . IF SDDS OUTPUT SELECTED
@ TPNO 9. IF PLOT OUTPUT SELECTED
@ TPNO (IUNrr +1). IF SDAS OUTPUT SELECTED

i t

10 j  
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SPECIFIC EXAMPLE (MAINO2)

@ASG,T IN. , 8C, 36790

@ CAT , P W. , F40//POS/5
@ COPY,G IN. ,W.

-
- - @ FREE IN.

@ASG ,T L0. , 8C , 3505

@ASG ,T 9., 8C , SAVEO2

@ASG ,T 1. , 8C , SAVEO2

@REWIND OUT.
@ XQT W. AMA INO 1

- 

1, 1, 1200, 100, 4010

1,3, 2000, 2.0 , 0, 1

10, 1

0.5 , 14. 0

. 100, 270 , 1, 0, 0.0 , 0. 0
@ TPNO 9.

- - 

@TPNO 1.

-

~~~~~~~~~~

U - L
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C. MA INO3

The following procedure is recommended for operating the Record Stacking Program. 
- -

First the ” General Format!’ is shown, then a specific sample is shown. For meaning of the
terms in the “General Format’, check Glossary of Program Terms. All formats are free 

I

field formats, FORMAT ( ), except as noted. 1’

GENERAL FORMAT COMME NT -

- 

- 

@ASG ,T IN,, ,8C. PROGRAM TA PE #
@ CAT ,P W., F40//POS/5 NECESSARY ONLY ONCE I

@cOPY,G IN.,W. PER DAY -:

@FREE IN. H
@ASG,T IUN~~., 8C, DATA TAPE # INPUT DATA TAPE 

- 

-

@ASG,TM NUNIT .,8C,SAVEO2 IF SDDS OUTPUT SELECTED
@ASG,T 9.,8C,SAVEO2 IF PLOT OUTPUT SELECTED 

- - 

-

@ASG,T (IuNrr÷1).,8c,sAvEo2 IF SDA S OUTPUT SELECTED

- - - 

- @ REWIND IIJNTT. 
-

@ XQT W.AMA INO1

IMOVE ,INCRE,NUN1T,IPRT , NDATAP

IRRAY,KOUT ,12000,AMAX,IFILE ,IPOINT 
-

IUNTr,NUNIT - -
SCALEX,SCALEY IF PLOT OUTPUT SELECTED
@TPNO NUNrI ’ IF SDDS OUTPUT SELECTED I
@ TPNO 9. IF PLOT OUT PUT SELECTED H
@ TPNO (IUNIT+1). IF SDAS OUTPUT SELECTED 

-

12 J
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SPECIFIC EXAMPLE (MAINO3)

— 
L.

•ASF ,T IN., 8C, 36790

@CAT,P W., F40/POS/5

- 
@ COPY,G IN. ,8C,SAVEO2
@ FREE IN .

( @ASG,T 10.,8C,3505

@ASG,T 9.,8C,SAVEO2
@ASG,T 11.,8C,SAVEO2

U @REWIND OUT.

H 

@X Q T W.AMA INO1
U 1,2,1200,100,4010

I ç r 10,6,2000,2.0,0,1
L 10.1

0.5,14.0

@TPNO 9.

@TPNO 11.

U

U

ci 13
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The following procedure is recommended for operating the Wiener Filter Program.
First the “General Format’ is shown, then a specifto example is shown. For meaning of
terms in the “General Format’, check Glossary of Program Terms. All formats are free -

field formats, FORMAT ( ), except as noted.

GENERAL FORMAT COMMENT -

•ASG,T IN., 8C1 PROGRAM TA PE #
@ CAT, P W. , F40//POS/9 NECESSARY ONLY ONCE 

- 

-

@ COPY,G IN. ,W. PER DAY ! ~~

@FREE TN. 
-

@ASG,T IUNIT.,8C, DATA TAPE #1

@ASG,T KUNIT. ,8C, SOURCE SIGNATUR E TAPE IF SEPARATE TAPE FOR BASIC

@ASG,TM NUNIT .,8C,SAVE O2 IF SDDS OUTPUT SELECTED 
-

@ASG,T 9.,8C,SAVEO2 IF PLOT OUTPUT SELECTED 
--

@ASG,T (mNrr+1). , 8C, SAVEO2 IF SDAS OUT PUT SELECTED 
-

@XQTW .AMAINO4 
- -

IMOVE,INCRE,NFILE,IPRT,NDATAP H
mN1T, NUNIT
KPASS, KOUT , IEXPND, 12000 , A MAX, FILE, IPOINT

ITER,LENGTR,INCLEN,LS,LF 
-

IAVE,KMOVE,KUN1T H 
-

SCALEX,SCALEY IF PLOT OUTPUT SELECTED
LA,LB,LD,18T1,KB,KE ‘ I
D(I) FORMAT 1OF 8.5 

- ‘
IFTD IF KPASS=1,2 3
CUT(1),H(1),N (1) IF KPASS-2,3

CLTr(2),H(2),N(2) IF KPASS=1,2

FRQLOW, FRQHI,KFIL,NZERO, PBASE,TSHWr IF KPASS=5, 6

BASIC WAVESHAPE (CARD FORMAT 10F8.5) IF IEXPND IS -i j
FRQLOW , FRQHI ,KFTL,NZER 0,p}IASE,Tsmyr IF KPASS=6, 7 -

~~~

14
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U SPECIFIC EXAMPLE (MAINO4)

•ASG,T 10. ,8C , 7651

•ASG,T 20. , 8C X0001
@ ASG,T 9. , 8C,SAVEO2

- - 

- 1,1, 1000, 100, 4010

i-I u 10, 1

I 4. 14,0, 0, 2.0, 0,1

-
~ 

1, 160,6, 102, 140
L 30, 130, 20
( 0.5 , 14. 0

- 240, 160, 100, 1, 400, 400

c ~ DESIRED WAVES HAPE (CARD FORMAT 10F8.5)

I

4— - -~

U

a
15j 
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E. MAINO7 - - 
I

‘ 

_
-~

_f - - f _

The following procedure i. recommended for operati ng the Desired Waveahape - - -

Program. First the “General Format!’ ii shown, then a specific example is shown. The
meaning of the berm. In the “General Format! ’ is given In the Glossary of Program Terms.
All format , are free field format., FORMAT ( ), except as noted. -

GENE RA L FORMAT COM MENT

@ ASG,T IN. , 8C,PRO GRA M TAPE #
@ CAT ,PW. , F40//POS/9
@ COPY,G IN. ,W. H -

@ FREE IN. 
-~~

•XQT,W.AMAINO7

FSAMP,NP,PHASE,NZERO, FRQLOW, FRQHI,KFXL,IPUNCH 
-

.

ZERO 1(I), ZERO2(I) IF ZERO IS GREATER THAN ONE.

ONE FOR EACH FREQUE NCY TO - .

BE ZEROED 
-

@ PRT,S 15.

- i

I

II
Ii
0~~

-

16
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U SPECIFIC EXAMPLE (MAINO7)

@XQT W.AMAINO7

1.000 , 1024, 0.0, 0,.O1O ,.170 , 2, o

- ‘ U

- -- U

r

~~ 

17
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F. SDADS
The following procedure is recommended for operation of the Spectrum Analysis

Program. First the “General Format!’ is given, then a specific example. For the meaning
of terms In the “ General Format! ’, refer to the Glossary of Terms. All formats are free
field , FORMAT ( ), except as noted.

GENERA L FORMAT COMMENT -

@ ASG,T IN. , 8C,PROGRAM TAPE #

•CAT ,PW. , F40//PO S/9
@ COPY ,G IN., W.
@ FREE IN . 

-

~~~

@ ASG,T IUN1T,8C, DATA TAPE # IF DATA IS REA D FROM SDAS 1 )
@~ASG,T 9., 8C , SAVEO2 TAPE

@ XQT W.AMA IN15

IGO,XFAC,rFTL,1TD,ITEST,WER 
- ‘

SAMP1, SAMP2,SAMP3,TIME ,ISHIYr ,SHIFr
L1,L2,mSn,IF?r

ROF1 ,IFIR~ r ,PD,KB ,KE

CUT (1), H(1), N(1) IF IFIL EQUA L 1 (H IGH PASS) 
-

1MOVE,INCRE,NFILE,IPRT ,SCALE ,IUNTr FILTER)

SMSE C, NSAMP, 1TER , SCTSTK ,DELBSP,DBRA NG,TAPE

DATA POINTS (CARD FORMAT 10F8. 4) IF ITES1~ GREATER THAN 1 
- - -

FOR ANALYSIS (flEST DATA POINTS) (

- - :~ ~

18 
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- I
I SPECIFIC EXAMPLE (SDADS)

I
I

- 

- 

I @ ASG,T 1O. , SC , 7651
@ ASG,T 9., 8C, SAVEO2

f 0, 0.0 , 0, 0, 0, 0

4. 0, 1. 0, 1. 0, 2. 0, 1, • 001

- -f 0, 0, 0, 0

- 0, 1,0, 1, 2000

f ‘ 1, 1, 10, 1, 1.0 , 10
L 

0.0 ,0, 1,1, 0,60. 0, 1.0

.1

-~1

1’

- I I

. 1 1
1 0 19
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V. PROGRAM OPERATION (CDC 6600)

The seismic processing programs describe d in this report have been designed for -

use primarily on a Univac 1108 computer. To operate these programs on the CDC 6600 oom-
puter the statements controlling input/output of data must be changed to their equivalent - ,

CDC 6600 statement form. These statements are shown below .

Univac 1108 Statement Form CDC 6600 Equivalent Statement Form

NTRAN BUFFER

FOLD (used to unpack computer words ) UNPAKF 
- - 

-

FOLD (used to pack computer words) ENCODE I
READ(5, 190) (Unformatted READ) READ (5, 5) 

-

The above statements are not one for one substitu tions and the programs must be changed . -

accordingly to accept them. The changes to be made to MAINO 1 are presented . Simila r
changes must be made to the othe r main progr ams. All of the subroutines that must be - - -

changed for opera tIon of any of the programs are also shown . The subroutines that were -

changed are SUBOO 1, SUBOO 2 , SUB OO 3, SUBO44. No othe r sub routines need be modifIed for
the conversion to CDC 6600. The method of operating MA INO1 on CDC 6600 is also shown . - 

-The operation of the other programs is similar. - -

Refer to Appendix A listing for line number reference of UNIVAC statement .
- r

H
-I

20 
j )
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A. CHANGES TO MAINO1

I Line Univac Statement CDC Statement

0 PROGRA M (INPUT ,OUTPUT ,TAPE5=
INPUT ,TAPE6 =O UT PUT ,

I TAPE1,
I TAPE11)

I 52 READ (5,190) READ (5, 5)

53 READ (5,190) READ (5,*)

I 55 READ (5, 190) READ (5 , *)

58 CALL NTRAN (IUN1T,8,IMOVE) CONT INUE

I 91 IF (PLOT) READ (5,190) IF (PLOT) READ (5, 5)

92 IF (LOW) READ (5, 190) IF (LOW) READ (5, 5)

I 93 IF (HIGH) READ (5,190) IF (H IGH ) READ (5, 5)

95 IF (SDDS) CALL NTRA N (NUNTT I 9) IF (. NOT. SDDS) GO TO 123

BUFFER OUT (NUNrr , 1) (DATA(1),I DATA(2))

IF (UNIT(NUN1T)) 122, 122, 122

1 122 REWIND NUN1T

END FILE NUN1T

96 IF (SDAS) CALL NTRAN 123 IF (. NOT. SDAS) GO TO 125
(IUNTT 1,9) —

I BUFFER OUT (TUN1T1, 1) (DATA (1),
DATA(2) )

IF (UNIT (TtJN~~1)) 124, 124, 124

£ 124

125 CONTINUE

I 100 E X I T = 0  E X 1 T= 0

158 IF (SDDS) CALL NTRAN (NUNrr , 9) IF (SDDS) END FILE NUNIT

159 IF (SDAS) CALL NTRAN (IUNIT1,9) IF (SDAS) END FILE TUNIT1

KK = NDATAP

I

II 21
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B. CHANGES TO SUBOO1 
-

‘

Line Univac Statement CDC Statement
14 DIMENSION INDATA (332,2), DIMENSION INDATA (1200),IST(2),

IST (2), TREAD (3), IHEAD(3), IDATA(27)
IDATA (37) EQUIVALENCE (THEAD(3), INDATA( 1))

20 CALL NTRAN (NUNr r , 9) ENDF TLE NUN1T

23 CALL NTRAN (IUN1T,2,3,IHEAD IF (KK. GT.6000) KK~~000
(1), IST(K)) NK = KK/5+2

BUFFER IN (IUNIT , 1) (TH EAD( 1),
INDATA(NK)) -

24 IF (IST(K).EQ. -1) CALL - -

NTRAN (IUNIT,22) IF (UNIT(IL’NTT)) 40, 31, 32

25 IF (TST (K).GT .0) GO TO 40 CONT INUE -

26 31 K K= IS T (K) K K = — 2

GO TO 33 - -

32 KK = —3

33 CONTINUE -
~~~

REMOVE CARDS 37 THRU 55 REPLA CE - VTHESE CARDS -~~

CXXXX KK IS THE NUMBER OF SAMPLES 
-

~ 

-

READ

K K = 0

CXXXX READ DATA RECORD

44 CALL LEN GT H X (IUNTT,IR ,NIJBC)

I R = I R — 2  
- -

NR = NUBC/12

- - K K = 1 R5 5 -N R  
-

IF (IPR .EQ.1) PRINT 862,IR ,NUBC, 
-

NR ,KK - -

862 FORMAT (4110)

K K = 1

CALL UNPACK (IHEAD(2), 12,5, ~
JDATA)

IF (JDATA(5) GE 40001) JDATA(5)=



—,-- ---- ---— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~ -

I
I CDC Statement 

- -

DATA (KK ) JDATA (5)

I
D0 6 3 1 = 1 , M(

I CALL UNPAK F (INDATA(I) , 12 ,5,
JDATA)

D0 6 4 J = 1 , 5

IF (JDATA(J) . GE. 4000B) JDATA(J) =

I 4000B - JDATA (J)

KK = KK+1

I DATA (KK) = JDATA (J) x • 0048852

64 CONTINUE

- 1 63 CONTINUE

I
I L

I
‘ I

I

I 
H

I H
I
I

23-

~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  - 
- _________



- ~~ 
~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

C. CHANGE S TO SUBOO2

Line Univac Statement CDC Statement - -

17 DIMENSION DATA(1), NOUT(330) DIMENSION DATA(1), NOUT(208) H
23 DO 2 O J - x l 3 3 0  DO 2 O J = ] , 198 -

25 DO 1O D C = 1,6 DO 1O IX = 1,10

34 FLD (IFI,6,NOUT(J)) = FLD 1Y = 198 + IX — -

(30, 6, NDATA) NOUT (IY) = NDATA H

35 IF 1 = IF 1 + 6 CONTINUE -

CALL ENCODE (10, 1, NOUT (J)) -

NOUT (199) 
- -

- 
1 FORMAT (1OR 1) - -

47 DO 3SJ= 1 ,330 D035 J = 1 ,198

49 DO 3O I X = 1,6 DO 3O I X = 1, 10

58 FLD (IF1,6,NOUT(J))= FLD I Y = 19 8 + IX
(30,6, NDATA) NOUT (TY) = NDATA 

-

-

59 IF 1 IF 1 + 6 CONTINUE
CALL ENCODE (10, 2, NOUT(J)) 

t

. -
-

NOUT(199) -

62 38 CALL NTRA N (NUNrr , 1, 330, BUFFER OUT (NUNrT ,1) (NOUT(l), -

NOUT (1), ISTAT,22) NOUT (198) - -

63 IF (WFAT.EQ. -1) CALL NTRA N ISTAT = -2 --. 
-

(NUNIT,22) IF (UN1T(NUN~~)) 39, 40, 41

64 IF (ISTAT.LT. 1) GO TO 40 39 CONTINUE

71 RET URN RETURN - -

41 ISTAT = -3 -

D. CHANGES TO SUBOO3 - -

Line Univac Sta tement CDC Statements -

11 DO 41 1— 1,3 CALL UNPAK F (IHEA D, 4, 27 , IDATA)

~

REM OVE 12 — 1 8 )  ‘

Li

24
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E. CHANGES TO SUBO44

Line Univac Statement CDC Statement

15 DIMENSION DATA (1),NOUT (332) DIMENSION DATA(1), NOUT(1207),

I IHEAD(3) IHEA D(3)

- 
16 CALL NTRAN (NUNIT ,1,3,IHEAD J = IHEAD(2)

- 

- 
(1), ISTAT,22)

I 17 IF (ISTAT.EQ.-1) CALL NTRAN CALL ENCODE (10, 1, IHEAD(2))I,
(NUNTr ,22) IDATA(1)

18 IF (ISTAT .LT.1) GO TO 40 1 FORMAT (A8,R2)

- 1 19 JI=0  JI -= 2

NOUT(1) = IHEAD(1)

I NOUT (2) =

- 

- 

20 IBUF = 332 IBUF = KK/5

21 1TEST = 332 IF (KK.GT.6000) KK = 1200

- 

REMOVE CARDS 22 thru 25

-: 
28 DO 2O IX 1,3 DO 2O I X= 1,5

34 IF (DATA (JI).LT.0) ISIGN = 1 IF (DATA (JI).LT.0) NDATA = 4000B

I I + NDATA
- 35 FLD (IF 1,1, NOUT(J)) = ISIGN if = 1200 + IX

— 
36 IF 1 = IF 1 + 1 NOUT (if) = NDATA

37 FLD (IF1,11,NOUT (J)) = FLD CONTINU E
- 

- I (25,11,NDATA)
- 

39 20 IF 1 = IF 1 + 11 20 CONT INUE I

I ENCODE (10,2, NOTJT(J)) NOUT (1203)
2 FORMAT (5R2) d

I
- 41 CALL NTRAN (NUN1T,1,IBUF, BUFFER OUT (NUNTF,1) (NOUT (1)),
-

- I NOUT(1), ISTAT,22) NOUT (IBUF)

42 IF (ISTAT EQ. -1) CALL NTRA N ISTAT a -2
(NUN1T,22)

43 IF (ISTATSLT . 1) GO TO 40 IF (UNT~(NUN~~)) 39, 40, 41

45 IF (KOUNT.LT.1) RET UR N 39 RETURN

— 46 1TEST - rrEST + 332 41 ISTAT - -3
47 00 TO 10 CONTINUE

I
1 25
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F. MAINO1 PROCEDURE -

The following procedure is recommended for operation of the Time Domain Filter.
First the “General Format” is given, then a specific example . For the meaning of terms in
the “General Format!’, refer to the Glossary of Terms .

GENERA L FORMAT COMMENT

X862 , P4, MTa. B. E. ECKSTEIN a = 1  IF NO SDAS OUTPUT

ATFACH LIBRARY ID-NB, SN=USET1. a = 2 IF SDAS OUTPUT

UPDATE Q, P-LIBRARY.
YrN, I, B-BEE,SL.

REQ UEST TAPE1 , *pF,SN~ J SETj . IF SDDS OUTPUT SELE CTED 
-

LABEL TAPE 1O ,R , L-SDAS REEL #1615 INPUT DATA TAPE 
- 

I

LA BEL ,TAPE 11, W,L=SDAS. , RING,X=SV,T~~ , IF SDAS OUTPUT SELEC TED 
-

SKIPF TAPE1 O. c )

ROUT E TAPE 9, DC=PU ,TID=AF, DEF , EC=8OCOL. IF PLOT OUTPUT SELECTED 
- -

ATTACH , PLOT , ZETAPLC IT, ID=MZ, SN=USZT 2,
MR =1. IF PLOT OUTPUT SELECTED - -

LDSET PRESET = ZERO. 
-

LOAD BEE. -

LOAD P LOT . IF PLOT OUTPUT SELE CTED

EXECUTE. —

CATALOG TA PE 1 IF SDDS OUTPUT SELECTED 
-

5C MAINO1 r -
1

IMOVE,INCRE,NUNIT,IPRT,NDATAP j

KPASS,KOUT ,12000 ,AMAX,IPILE,IPOINT

wNrr ,NuNrr
SCALEX,SCALEY IF PLOT OUTPUT SELECTED 

-

CUT (1), H( 1), N(1) IF KPAS S — 2,3

CUT(2),H(2) , N(2) IF KPAS S=1, 2 -

~
- !  -

-
~~~

Li

26 3
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I;
SPECIFIC EXAMPLE (MAINO 1)

x862,F4,MT2. B. E. ECK STEIN

I 1 ATTACH LTBRARY,ID-NB,SN=USET1.

- - UPDATE Q,P=LIBRARY.

1. FIN,I B—BEE,SL.

- LABEL ,TAPE 1O ,R , L-SDAS.

1. LABEL ,TAPE 11, W, LaSDAS.,RING,XaSV,Ta864.

- SKIPF TAPE 1O.

L LDSET PRESET = ZERO.

LOAD BEE.

EXECUTE.

- 
L ~~ MAINO1

t . .  1, 2, 1200, 100,4000

I ( 3, 8,2000,2.0,0,1

~ 
!. 10, 1

I- 4.0,17.0,80

~ L 40. 0, 17.0 , 80

?

f E z

~ll

~ll

18 27
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. VI. 
- 

SUMMARY

Six software programs have been developed to enhance seismic data qual ity. The
Time Domain Filter is a zero phase Linne tte Filter. The Frequency Domain Filter filters
seismic data using rectangular , cosine , gauss ian or triangular shadi ng of the frequency con-
tent. The vertical record stacki ng program sums multiple records having the same source
to hydrophone array distance , but different common depth points. The Wiener Filter pro-
gram minimizes the powe r existing between a desired output and an actual output signal re-
suiting in the least squares optimu m filtering of the seismic data . The desired waveshap e
program generates a zero phase band limited pulse with predetermined spectral frequency
characteristics.

The spectral analysts program analyzes the frequency content of a time series. The
output formats of these programs allow either display of information or further processing - -

of data . The SDAS Formatted tape output , a 72 dB dynamic range data representation , allows
further processi ng of the data to occur before displ ay . The SDDS Formatted tapes, a 36 dB

— dynamic range data representation , is converted to an analog signa l by the SDDS. The Plo t
Tape contains wiggle trace display formatted data . The compute r data listing may contain
a list of each da ta poin t in each record.

At prese nt , these programs can operate on the UNIVA C 1108 or the CDC 6600.
Because of the amount of computer time required by operatio n of these programs , they
should be considered for use on a high speed computer such as the TI-ASC.

- 

VU. GLOSSARY OF PROG RA M TERMS 
-

Term Meanin g

AMAX Determine s the normalizi ng value of the data for SDDS and PLOT outputs.
if AMAX Is less than 0, the progra m assu mes the maximum value of the
first record for the normalizing value and uses the updates given by SUBOO2;
If AMAX equals 0, the prog ra m assumes the maximum value of the firs t
record is the normalizi ng value; If AMAX Is greater than 0, the program
uses the value of AMAX as the normalizing value.

B(I) Is the array In which the transmitted pulse waveform Is stored for use by
the Wiener Filter Program. The waveform Is called the BASIC WAVESHAPE
and has LB numbe r of poInts . This Is card inpu t data If IEXPND is less
than 0. (Card format Is 10F8.5. ) -

- I
CUT(I) Is one of the input pa rameters for the Time Domain Filter. The value i’s-

lates to the cutoff freq uency but the actua l cutoff frequency is CUT (I) plus
H(I) (Value In HZ). 1=1 for lowpas s paramete rs , 1=2 for highp ass parameters. U

D(I) Is the array In which the DESIRED WAVEFORM , used by the Wiene r Fil-
ter , is stored. The wa veform normally Is developed by MA INO7. (Card U r- - format Is 10F8.5.)

- - DBRANGE Determines the range in db of the graph output of the Spectral Analysis 
-

Program.
28 J
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- j  DDATA(I) Is the arra y input data stored by the Spectral Analysis Program. 1TEST
— numbe r of points must be supplIe d to the program if analysis is to be per-

formed on other than SDAS tapes.

DELBSP Is used by the Spectra l Analysts Progra m when picking the firs t return. It
moves the first return point (chosen on peak value) DELB SP points earl ier.

~ 
j This value should be ze ro If prog ram Is not choosing the first return.

• FRQHI The hlghcut filte r frequency used In the FREQUENCY FILTER and the
DESIRED WAVESHAPE progra ms (Value Is In KHZ).

- 
. FRQLOW Is the lowcut filter frequency used in the FREQUENCY FILTER and the1. DESIRED WAVESHAPE prog rams (Value is In KHZ) .

FSAMIP This Is the sample rate of the DESIRED WAVEFOR M (Value is in KH Z) .

H (I) The slope paramete r for the Time Domain Filter (Zero is maximum slope.)
1=1 for lowpass pa ra meters , 1=2 for htghpass pa ramete rs .

JARRAY Is the number of records to be stacked.

I IAVE Is the number of records stacked (added toge the r), by the Wie ne r Filter
developIng the BASIC WAVESHAPE . This does not affect the wiener filter ing
of data records with filter weights directly.

IDSH If not equal to 0, causes printou t of the first IDSH values moved by the sub- rroutine DAT Sill.

IEXPND Causes the Wiener Filter program to change processing of the BASIC

I WAVESHAPE. If IEXPND is less than zero , read in the basic waveform;
If IEXPND equals 0, do not expa nd the bubble period; If IEXPND is greater
than 0, expand the bubble period accordi ng to the input parameter length.

IFFT If not equal to zero , causes printout of the fi rst IFF T value s of output by the
subroutine FFT (the sub routine which converts data from the time domain

L to the fre quency domain).

IFIL Is used by the Spectru m Analysis , If equal to 1, causes highpass filteri ng

I of the data by the Time Domain Filter. It also demands the readi ng of the
Time Domain Filter parameters .

I IFILE Cha nges the gain of the digital data for the first IFILE number of records.
11 IFILE Is positive, it multiplies the data by 3; if IFILE is negative, it
divides the data by 3.

IYr D Is used in MA INO4 when processing data with the Time Domain Filter. If
IFTD equals 1, filters Input SDAS data used before creating filter weights;
If equal 2 , filter all input SDAS data; if equal 3 , filters input SDAS da ta used

U to convolve with filter weights.

II 
- - -
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IMOVE Is the first file processed by the program.
— 

INCLEN Is used in MA1NO4 when repetitive expansion of the bubble pulse period is
— desired. The bubble pulse period Is Increased by INCLEN data samples

each iteration.

INCRE Indicates which records are read (every inoreth record). This value must
be greater than zero .

IPOINT Indicates output starts at the IPOI NT point in the data array .

IPRT Indicates how often Header Records and PLOT Indication is printed on list-
ing. The firs t Header Record and PLOT Indicator is always printed.

IPUNCH Punch output on card.

!SHIY~ Used by Spectrum Analysis Program, shifts the da ta in time by this number - -

of data samples .

IST1 Shifts the desired waveshape by Isr i data points . This value must be
greater than —1 L~it less than 30 if LD equals 100.

lTD Indicates tha t the interval spectral analysts will be bandpass ed analyses
plotted In the time domain.

1TER IndIcates the buIldIng of (titer weIghts should be repeated 1TER number of — -
times. Used for testing with bubble pulse expansion.

IT ER 1 Is used in the Spectru m Analysis Program. When lTD equals 1, Low passes
interval analysis data rathe r than bandpas s data .

1TEST Is a control of Spectrum Analysis Program. If 1TESr equals 1, one point is - -

entered at the 300th data point , sample rate is 1000, sample length equals
1 sec, and analysis is performed; if ITEST is greater than 1, 1TEST values
are read in, sample rate set to 1000 and sample length is set app ropr iately
and analysis (a performed; if ITESr equals 0, analyzed data Is read from
SDAS tape .

IUNIT Is the file name of the input SDAS tape unit. This is a number not a name!
-

- IVER Indicates that the Interval Analysis by Spectral Analysis Program is plotted
vertically Li NER equals 1.

12000 If equals 1, the data is limited to 2000 data points; if 12000 is greater than 1,
the data is limIted to 12000 data points; If equal to 0, uses actual number of
data pointa.

KB Is the first data point observed when determining the maximum value of
the data.

30
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KE Is the last data point observed when determining the maximum value of
-

~~ . 
the data.

1 K FIL Is the type of taper applied by the Frequency Domain Filter.

- ~~~- KF 1L=0 no taper
- II KFIL -1 cosine taper

F I KFIL = 2 Gaussian tap er

KFIL = 3  Triangular taper

I KMOVE Is the record used by MAINO4 containing the BASIC WAVESHAPE.

-: KOUT Determines the output type.
KOUT= SDAS SDDS PLOT FILE1

1 YES YES YES YES
2 YES YES YES NO
3 YES YES NO YES
4 YES YES NO NO
5 YES NO YES YES
6 YES NO YES NO
7 YES NO NO YES

1 8 YES NO NO NO
9 NO YES YES YES

1 10 NO YES YES NO
- 11 NO YES NO YES -

12 NO YES NO NO

1 13 NO NO YES YES
14 NO NO YES NO - 

-

15 NO NO NO YES
16 NO NO NO NO

KPASS Determines type of filtering

If used in Time Domain Filter

I KPASS = 1 lowpase filter
KPASS = 2 highpass filter

— KPASS = 3  bandpass filter
- 

I KPASS=4 no filtering

If used in the Frequency Domain Filter
KPASS= 1 filterI KPA SS=O no filter

- If used in MAINO4

I KFI L -1 Lowpaas Filter Time Domain
K FIL = 2 Hlghpaea Filter Time Domain
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- K FIL = 3 Bandpass Filter Time Domain
K F I L = 4  No filtering
KFIL = 5 Frequency Domain Filter section 1
K FIL = 6  Frequency Domain Filter both sections
K FIL = 7 Frequency Domain Filter section 2

KUNIT Is BASIC WAVES HAPE tape unIt file number.

- LA Is the number of wiener filter weight points . - -

LB Is the number of BASIC WAVESH APE points (before bubble pulse expansion).

LD Is the numbe r of DESIRED WAVES HAPE points (before shifting by IST 1).

LENGTH Is the initial length of the bubble pulse period afte r expansion of the BASIC
WAVES HAPE.

LF DetermInes the last data point of the BASIC WAVESHAPE for bubble pulse
expans ion (relative to first data point read from tape).

- 
LS Determines the first data point of the BASIC WAVE SHAPE for bubble pulse H

expans ion (relative to first data point read from tape).

Li Controls the plotting of the line on the computer listing if 0, do not list plot;
if greater than 0, list Li points in plot (this does not affect plot output) . V -

L2 Controls the plottIng of the first retu rn on computer listing. If 0, do not
list plot; if greater than 0, list Li points starti ng at picked firs t return.

N(I) , NIA These two are the same parameter. They control how many filter weights
are used by Time Domain Filte r for filtering . N(I) equals 1/2 filter weights .
I=1 for lowpass parameters , I=2 for highpass parameters .

- 
- 

NDATAP The maximu m numbe r of data points a data tap e record will ha ve. It may be
greater than the actual numbe r of data points .

NFILE The last record read.

NSAMP The number of “ Interval spectral ana lysis’t performed by the Spectral
Analysis Program.

NUNT~ This ts the output unit for SDDS output tape and normally Is unit 1. Tap e Li
— must be assigned medium density.

NZERO Indicates the number of rejection filters used by the Frequency Domain
Filter.

PHASE Shifts the phase of the data being filtered . Normally this value Is zero . j
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-~ SAMP1 Determines the height of the graphs plotted for the frequency analysis of all - -

data and the time domain plot of the data.

SAMP2 DetermInes the offset between successive interval analyses . If SAMP2
equals 0, then SAMP1 = SAMP2 = 1O/NSAMP.

L SAMP3 Determines the height of interval analysis .

SCALE If analog tapes are digitized, but at a different than real time rate, this
- 

Li - factor compensates for the change. SCALE = speed at playback —

speed at recording

~ - - SCALEX Vertical height (in. ) of the plot information. 
-

-

SCALEY Horizontal length (in. ) of the plot for 2000 points of information.

SCTSTK Value determines how many records are stacked.

SHIFT The first point plotted in the tima domain spectrum.

SMSEC “Interval Spectral Analysis” numbe r of data points or frequencies for
analysis.

TAPE This number is written on the graph which is plotted.

- 

TIME The last data point, relative to time , plotted in the “time domain spectru m” .

~~~- TSHIF~ Time shifts the da ta by TSHIF~ number of points.

XFAC Scales down the sIze of the plot in the Spectrum Analysis Program.

[1 
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frequency content. The sixth program develops a spectral analysis routine
for time series data by use of a-fast fourier transform method. A complete
lis ting of the program for implementation on the UNIVAC 1108 is provided
and the required changes for imp lementation on the COC 6600 are given.
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