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ABSTRACT

Recently there has been an increase in the use of acoustics, and
in particular the amplitude of seismic reflections, for the prediction
of the physical properties of marine sediments. These techniques
generally assume a plane wave reflection from a smooth seafloor and do
not calculate the contribution of energy scattered from a rough
surface. The effect of seafloor roughness on the spectral content of
echoes produced by a boomer profiling system (the Huntec Deep Towed
Seismic - DTS System) are evaluated in this report. Estimates of
roughness using shot to shot coherence at discrete positions are
compared to roughness obtained from a suite of bottom photographs.
Information of a more regional nature has been obtained by continuous
and simultaneous display of the seismic profile along with reflectivity
parameters and coherence functions. The calculation of the
contribution of the scattered component to the overall energy content
of a reflection is required as a first step in the modelling of
downsection acoustic properties as indicators of geotechmical

parameters.
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Introduction

In 1975 the Huntec DeepTowed Seismic (DTS) system became part of
the survey equipment used on a regular basis by the Atlantic Geoscience
Centre (AGC) at the Bedford Institute of Oceanography (BIO) for
regional and detailed surveys of the seafloor. Its introduction to
field programs coincided with the government-funded Seabed program
whose aims included the quantification of seafloor reflectivity data in
order to establish trends and inter-relationships between seafloor
geology and the acoustic response of the sediments. This introduction
of quantitative analysis to the traditional qualitative interpretation
techniques provided the basis for programs to classify sediments
remotely and for the estimation of their physical properties.

The Seabed program, contracted to Huntec ('70) Ltd. and primarily
based in BIO, was directly associated with acoustic reflectivity and
sonogram analysis of the bottom echoes. The program also provided raw
data and technical support for a research group based in the Ocean
Engineering Department of Memorial University of Newfoundland (MUN).
Between 1975 and 1980 this group conducted several research programs
into coherence and other properties of the seafloor echo caused by
surface roughness, using a "systems” approach in the analysis. Both of
these studies, which are well-documented (References 1-9), generally
compared parameters extracted from continuous acoustic data with bottom
photographs or other information collected at specific sites
corresponding to the seismic data sets. This approach has merit
particularly in the regional sense when cost and available technology

are important factors. However, weaknesses inherent in this ground
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truthing method such as, for example, positional accuracy at sampling

stations and insufficient sampling density to accommodate local changes

in the seafloor composition, have always been a major concern.

In October 1983 the first AGC regional reconnaissance program
which could be said to include continuous ground truthing was
undertaken on the Grand Banks of Newfoundland, using the BRUTIV Camera
Sled. This system (10) is a towed underwater, remotely controlled
vehicle which houses a TV camera with floodlights, two underwater
cameras with flash, an echo sounder system to indicate distance of
bottom and a control system to provide sensitive height control.
BRUTIV was used to collect bottom photographs every 15 metres on
several lines of the CSS Hudson cruise, Hn83-033 on which sidescan and
Huntec DTS data were being simultaneously recorded.

As a preliminary analysis of this data base, a short research
project was undertaken by the Ocean Engineering Department of MUN in
March 1984. The contractual objectives would be achieved by utilizing
the past experience extant at MUN and available software and computer
hardware for the extraction and display of coherence spectra. The main
tasks were:

1. To use existing computer programs to estimate the inter-ping
coherence spectra from the Huntec DTS signatures avallable from
several areas where BRUTIV photographs were available.

2. To estimate seafloor composition and roughness from the suite of
photographs.

3. To use the available photographic evidence in a simulation of
seafloor composition and roughness and to estimate its respomse to

-

a seismic pulse.



4, To compare the results of this simulation with the processed field
data using established and upgraded software.

Because of the time limitations of this project, a restricted data set

of five sites was selected. For ease of manipulation and in the

interests of consistency these five sites were chosen from one line run

with the BRUTIV System. The site selection and program structure will

be discussed later.

1.1 Historical Comments

Between June 1978 and April 1980 a research project waé undertaken
in the Ocean Engineering Department of MUN involving an in-depth
analysis of shallow, high resolution seismic data. This work, which
formed an integral part of the Seabed I program was carried out by Dr.
Norman Cochrane under the supervision of the late Dr. A. D. Dunsiger.
The main objectives were to measure seabed roughness by the application
of the sgcattering theory of Clay and Leong (11) and to relate the
coherency metrics of MacIlsaac (4) to scattering by a rough surface.

The data base for this early work was obtained from the Huntec
Deep Tow Seismic (DTS) System recorded during the CSS Hudson Cruise
78-012 (12). A second part to this program was to devise a
mathematical model to study the changes caused by bottom roughness in
the acoustic echo and to examine the effects of deeper sub-bottom
structures.

The results of this and other work are documented in Volume I and
Volume IT of the final Seabed project report (6). Briefly, Cochrane
formulated various coherence functions from ensembles of aligned

seafloor echoes recorded over several test sites. These data were
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compared with theoretical estimates of similar functions computed on
the basis of the seafloor topographic parameters such as r.m.s. (root
mean square) roughness and correlation distance and sediment type.
Several models were used in this analysis in order to accommodate
various seafloor topographical characteristics. For example, a model
derived from a Clay and Leong (11) formulation uses both a linear and a
polynomial approximation to a Gaussian correlation function of the
seafloor surface. An alternative model proposed by Welton (13) assumes
a surface correlation function of Gaussian form. Both models assume a
Gaussian source illumination function, a Gaussian surface height
probability density function and also, the Heezen-Hollister (H-H) (14)
empirical relationship between r.m.s. height and correlation distances
of rough surfaces such as the seafloor, i.e.

25

L, = 300 "

1
where Ll is the correlation distance in metres and ¢ is the r.m.s.
height in metres.

Cochrane found the relationship between Welton and Clay and Leong
good for finer sediments such as sands and silts but found that a

modified Welton model and the relationship when L, = v2g, instead of

1
H-H, better for a closely packed, rounded aggregate surface such as
would be presented by a lag gravel deposit.

This work formed a major contribution to the Seabed I program,
however, since its completion the Ocean Engineering group at MUN have
diversified and tended to address problems associated with deeper

structures and instrumentation aspects rather than effects of surface

roughness.
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This present program 1s aimed at re-working and updating
established methods of coherence analysis in light of developments in
“ground truthing” techniques since 1981, together with the possibility
of continuous implementation of this technique to supplement available
methods of analysis.

2.0 Theoretical Aspects of Coherence Spectral Estimates

The attractiveness of using coherence spectra in seafloor
roughness studies is that it is sensitive to differences in spectral
content between any two echoes and relatiely insensitive to wvariations
in amplitude. The general effect of a rough surface when insonified by
an acoustic impulse 1is to redistribute a proportion of the reflected
energy in non-specular directions. This redistribution of energy means
that a portion of the received energy will appear to be reflected from
a theoretical smooth boundary while other energy will come from surface
scattering phenomena. This distribution of energy in coherent and
non—-coherent portions respectively is a function of the surface
roughness characteristics and also manifests itself in a redistribution
of energy in time, due to the surface geometry. Since insonification
by an impulse implies a wide frequency band, a measure of the surface
reflectivity in spectral terms may alloﬁ remote estimates of surface
roughness.

By definition, (15) the “inter—-ping"” coherence function is defined

as,

S 2
2pen | w=y CE))
Y (f) = s - Sy ) (215

where subscripts x and y denote successive bottom echoes. The



numerator of Equation (2.1) sty(f)l2 is the Cross Power Spectral
density of the two consecutive echoes and Sx(f) and Sy(f) are the Power
Spectra associated with the echoes x and y, respectively. In reality
Yz(f) i8 the normalized cross spectrum between successive‘'echoes. If

Sx(f) is identical to sy(f), yz(f) = 1 indicating perfect coherence.

In spectral terms if S_ has little correspondence with sy then 72+0.
Thus, as the scattering properties of a surface increase, the
inter-ping coherence could be expected to decrease from a maximum of 1
towards zero over a wide frequency range.

An additional coherence function, yRZ has been derived by
Cochrane (6). It is defined as the "Coherence Function” when
considering the coherently reflected portion SyR(f) of the echoes only.
This function is similar to 12 in that it lies between zero and unity,
but will decrease when the scattering portion of the echoes are
significant even if they are interping coherent. Thus,

2

2 S, (£)

& T 5 (D 5,M (2.2)

For any given sediment type, whose reflection characteristics:can be
sald in the long term to be statistically stationary, over a small
spatial translation the Power Spectra Sx(f) and Sy(f) can be assumed to
remain unchanged. Thgs, Sx(f) = Sy(f) s Si(f)' Equations (2.1) and

(2.2) can then be redefined as,

Y6 = —3 (2.3)



and
S 2
Yo () = §i§Z§§l (2.4)
i
where S is the Cross Spectrum between the ith and i+lth echo.

1,i+1
I1f we take Siz(f) to be comprised of a coherent, reflected term

SyR(f) and a non-coherent scattered term Sys(f) we can redefine (2.3)
in terms of scattered and reflected components (neglecting the variable

(£f) for clarity).

|Sr + Sg Hgy H

2
(Sus SyS)

2
* sei41) |

Y2(g) = (2.5)

yR
where * denotes the complex conjugate and 'H' denotes the system

response to the scattered component. In a similar fashion

2 2
s s
Yo = L - B ’ (2.6)
S (S.. +5..)
i ys yR

One other coherence function can be derived from 72 and YRZ when
only the scattered portion of the echo is considered. This term ysz(f)
is defined as,

Y %

2
s I T, ¥* |
IYS(f)l2 N 31l21+1 _7st "Ts(i+41)

. 3.2
Ss1 {lvg ™

(2.7)

i.e., the ratio of the component of the scattered spectrum which is
ping to ping coherent to the averaged total scattered spectrum.

Cochrane showed that 72, YRZ and yszare related by the equation,
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1=y
2 R _ 2 2
@Sl R ¥sl | (iR
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The above analysis assumes a noiseless model. Uncorrelated

2 2 2
additive noise affects the denominators of YR and y . Both y and

1
YRZare reduced due to noise by a factor 7 where
(1 + 1/SNR°)

SNR0= signal noise ratio

= (8 )8,

IR + sys
Sn = qoise spectrum
If the noise spectrum is known, adjustments to the coherence
functions Y2 and YRZ can be made.

2.1 Estimation of the Coherence Function from Repetitive Data

The coherence analysis described in 2.0 was based on a linear
system model suggested by Dunsiger (2): It assumes that the seafloor
reflects two components of the illuminatiﬂg signal, namely, a coherent
portion and an incoherent or scattered portion. The degree of surface
roughness determines the amount of each component that combines to form
the resulting echo. Figure 2.1 shows the sediment model based on a
linear systems approach. The coherence function yz(f) is estimated
directly using equation (2.3).

N

1 2
2 & Iyl
Az(f) v lyi’ Y*i+1| o N 121 i 71+l (oo
! t, Y *12 3 et 2.2 4
S G 121 i

where the circumflection (A) above the coherence function denotes an
estimated value. Both the numerator and denominator of (2.9) are

ensemble averages over N estimates. This is necessary because of the
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2.1 Sediment model as a linear system
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poor statistical quality of single spectra derived from the discrete
Fourier Transform process.
Estimation of YRZ requires the elimination of the contributions

from the various scattering terms hsi(t). This can be obtained from
N
1 2
sp(f) = [F(z 121 y,(0))]

where y, (t) = x(t) * (hp(t) + hSi(t))
TR - e
Then ¥ 151 y (t) = x(t) * hp(e) +§ 12:1 x(t) * hg, (t) = yp(t)

providing the scattered component over N pings is zero. F(+) denotes
the Fourier Transform and * denotes the convolution integral. Hence,
N
1 2
LIG-BPEE N2l

N 121 i
= e (2.10)
Iy, 12

i

TR

2|
o~ 2

i=1
and ysz can be estimated from YR2 and yz as in equation (2.8).

Thus, Yg can be regarded as the normalized “"reflected” coherence
function where the scattered component has been removed by ensemble
averaging in the time domain.

The effects of noise and misalignment on both yz and Yr have been
thoroughly investigated by Cochrane. Both show reduction factors that
increase with frequency. Compensation for noise can be accomplished by
additional computation providing a noise sample is available. However
echo misalignment, which also severely reduces coherence estimates, is

more complex. Misalignment has several causes. These are:
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1. Sampling uncertainty within the period of the sampling interval
used in the digitization process.

2. Residual heave motion caused by fish movement.

3. Changes in seafloor topography within the illuminated area.

Items 1 and 2 above are clearly instrumentational and can be
reduced by system improvements albeit at some cost in time and effort.
Item 3 is a natural phenomenon and its effect may not be
distinguishable from the previous examples. Although not ideal,
Cochrane computed coherence functions with echoes aligned at the peak
of the bottom echo as determined during the initial digitization
process and accepted that because of the finite (20ps) sampling period
some reduction factor may be inherent in the results. A similar
procedure will be used in this analysis.

3.0 Selection of the Data Base and Geological Setting

The present study was centered 60 km northwest of the Hibernia
area of the Grant Banks of Newfoundland. Surficial sediment
thicknesses in this area are generally less than 2m, and consist of
Holocene transgressive sand and gravel deposits which are presently
being reworked. The sediments in the study area range in composition
from gravelly sand to sandy gravel (The Grand Banks Gravel of Barrie et
al 1984 (16)). Sample data has shown gravel-sized clasts concentrated
on the surface of the sediment. Gravel fragments of cobble size are
subrounded to subangular whereas those in the pebble size range are
well rounded. The sand fraction consists of moderately to well sorted
medium sand. A variety of bedforms are present which give rise to

various degrees of surface roughness.
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The process of selecting which survey line to use as the data base
initially involved a visual examination of the bottom photographs
obtained from the BRUTIV System. The range of sediment types addressed
by Cochrane (6), particularly the acoustically softer bottoms, were not
seen in any of the BRUTIV data from this cruise, but line # 8 did
include several facies with varying degrees of bottom roughness. Using
the Huntec records with the R1 and R2 reflectivity metrics (17) and the
sidescan sonographs five possible test sites, each representing some
500 metres of track were chosen from line 8 on the basis of their local
consistency but with site to site differences in bottom texture and
roughness. From each of these five sites a set of 35 consecutive
transparencies were selected as the photographic data base and from
each set, three nearly equally spaced photographs were chosen to
represent the "average” or "typical” appearance of the seafloor. As
each photograph transparency was numbered, their location could be
identified on the annotated Huntec DTS field records within an
estimated error of one frame (15 metres). In order to align each
transparency with the Huntec DTS data, however, a positional offset had
to be incorporated to accommodate the different tow positions of the
two vehicles (Huntec DTS Fish & BRUTIV). Since exact positions of the
vehicles are not known, this offset can only be estimated using known
speeds and assumed cable profiles. At the tow speeds employed in this
work, an offset of 200 metres was computed with an estimated
uncertainty of 25 metres along the track but an unknown amount across
track. A summary of the test site record numbers, and corresponding

transparency frame numbers are given in table 3.1.



For Discrete Analysis

Test Site Record Number Photograph Frame Selected Photo Starting Record Numbers

Tapes B,BB,C Numbers Numbers for discrete analysis

using F 64
a b c a b c

1 228-1251 36-70 43 57 61 628 748 828
2, 3105-4128 351-385 358 369 380 3505 3605 3705
3 4370-5393 491-520 496 507 520 4770 4870 4970
4 5669-6692 631-665 641 651 661 6099 6169 6269
5 6040-7063 680-715 697 705 710 6590 6640 6690

Table 3.1 Summary of test site record numbers

analysis

and BRUTIV photograph numbers used in the discrete

€1
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Line 8 of Hn 83-033 is approximately 10.5 km. long heading south
at a distance of 275 km. due east of Bay Bulls in Newfoundland. The
gtart and end coordinates are 47° 18' 3;" N, 49° 15' 12" W and 47° 12°'
57" N, 49° 15' 12" W respectively. Water depth at the start of the
line is 105 metres and the seafloor consists of a lightly rippled sand
with some brittle stars. The first three sites were selected in this
sandy region. Black and white copies of the selected transparencies
are shown in Figures 3.la-3.lc, 3.2a-3.2c and 3.3a-3.3c for sites 1, 2
and 3 respectively. As the line progresses south, the water shallows
and a gravel lag deposit develops consisting of well-rounded pebbles
and small boulders. Two sites were selected in this area and the
selected photographs are shown in Figures 3.4a~3.4c and 3.5a-3.5c.
Water depth at the end of the line 1s 88 metres.

3.1 Initial Digitization of the Recorded Seismic Data

When the exposure rate of the BRUTIV camera system is once every
seven seconds, the total capacity of the camera allows photographs to
be taken for a period of about 90 minutes. This gives approximately
750 exposures and allows about 7200 boomer shots to be recorded at a
firing rate of 0.75 seconds. The start of the line 8 occurred at Day
305/1750z and ended at Day 305/1918z (times from Huntec Watchkeeper's
log) and to allow continuous assessment every boomer echo was
digitized. Thus the raw digitized tapes (two) consist of 7065
consecutive data files with each file comprised of 4096 sample points.
At a sampling rate of 20 ps. this gives a total digitized record of
81.92 ms. The master trigger was used to initiate a digitization

sequence and a 100 ms. delay was included to position the start of the
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Figure 3.1 a - ¢

BRUTIV photographs

from Site 1 Line 8

View area approximately
2.62 mx 1.8 m

Hudson Cruise 83-033
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Figure 3.2 a - ¢

BRUTIV photographs
from Site 2 Line 8

View area approximately

2.62mx 1.8 m

Hudson Cruise 83-033
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Figure 3.3 a - ¢

BRUTIV photographs
from Site 3 Line 8

View area approximately
2,62 mx 1.8 m

Hudson Cruise 83-033
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Figure 3.4 a - ¢

BRUTIV photographs
from Site 4 Line 8

View area approximately-
2.62mx 1.8 m

Hudson Cruise 83-033
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Figure 3.5 a - ¢

BRUTIV photographs
from Site 5 Line 8

View area approximately

2.62mx 1.8 m

Hudson Cruise 83-033
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digitization window approximately 20 ms. before the arrival of the
bottom echo. The determination of the towing offset between the
digitized record and the field record was accomplished by inspection
and comparison of outstanding features after an initial display of the
digitized data using the ANAC gray scale recorder.

For detailed analysis within each site a block of 1024 seismic
records encompassing the selected photographs was identified. These
five data blocks effectively formed the acoustic data base for the
remainder of the project.

4.0 Data Analysis — Introduction

The data analysis program which followed the site selection
required the digitization of the raw analog field data, the preparation
of a digital data base, and the implementation of the computer programs
developed by Cochrane. As the format of both the software and hardware
available to this project and the earlier Cochrane project are
identicai, many similarities exist in techniques adopted for this
present analysis. Digitization of the raw data was at 50kHz (20 p s.)
and in this program the internal hydrophone signal was digitized
because the external channel had been selected to accommodate a short
multi-element array towed behind the fish. The significance of this is
discussed later.

Following the generation of the raw digitized data tapes several
new Fourier programs were developed to handle and process data in a
a continuous manner. Full details of all the programs used in this
work are given in appendix 1. Reference to these programs will be made

in the following text without discussion.
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In Cochrane's analysis coherence spectra for several bottom types
were calculated for an ensemble of 150 seismic records using a window
length of 8.5 ms. The selection of the latter parameter was based on a
desire to include in the spectral estimation, contributions from all,
or nearly all, surface scattering features but to exclude later, and
possibly coherent energy from deeper reflectors. Because of the nature
of the Fourier transform process used in the coherence computation, the
use of the 8.5 ms. window length produces a wide variance in the
resulting spectra. This variance can only be reduced by ensemble
averaging. The choice of 150 records by Cochrane was based on the
spatial variability of his data set. An initial inspection of the
seismic profiles for the selected data base for this program indicated
that an ensemble average of 150 records may eliminate or attenuate the
effects of small yet genuine seafloor features. The raw seilsmic
profiles and the photographic data from line 8 indicated that local
variation in bottom conditions could occur over distances less than 100
metres, whereas the 150 record average accumulated data over 225 metres
(at 2 m/s). The lateral variability in this present data set suggested
that the ensemble average be reduced. For the individual spectra
obtained later, an ensemble of 40 records covering some 60 metres was
selected for use in the analysis.

Inspection of the seismic profiles support the choice of the
original window length of 8.5 ms. The graphic profile from line 8
shows "patches" of incoherent energy with the appearance of a surface
scattering phenomenon occasionally extending to 10 ms. Although it was

originally thought that 8.5 ms. may be excessive for both the
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continuous and discrete coherence estimates, the 8.5 ms. window was
eventually used. (Shortening the time window has the effect of
smoothing the spectra).

4.1 Data Preparation

In preparing the raw digitized data for use with any coherence
program several procedures had to be undertaken in order to condition
the signals. This included filtering, editing and alignment. Because
of the limited amount of data, the method used previously involved
pre—conditioning by application of a differential operator, manual
editing and a fairly lengthy procedure using a Fourier program for
record alignment. As one aim of this present program was to develop a
method of processing fairly large amounts of data, it was felt
necessary to automate the above requirements as much as possible.
Recent software developments in the facilities offered by the "Variable
Parameter Package” developed for the HP Fourier Analyzer meant that
pulse alignment was now a relatively simple procedure. With this
improvement, and an automatic editing procedure to replace timing lines
with dummy records, tape preparation was reduced to a one—pass
operation.

The filter problem was given further attention. Cochrane had
selected a differential operator in order to improve signal to noise
ratios at the higher frequency end of the spectrum and since graphic
display and deeper penetration were not a priority, this concept
achieved its aim. However, tests on the present data base showed that
a differential operator, while improving coherence estimates at the

higher frequencies reduced the coherence values at the low frequency

-
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part of the spectrum quite drastically. The result of this
investigation was the development of a high pass digital filter that
would maintain the original low frequency gain characteristics but
would approximate a differential operation above 6kHz. When combined
with low cut and high cut sections a filter with a band pass
characteristic resulted. This filter, compared in Figure 4.1 with a
flat section, was used in all subsequent analysis.

4.2 Execution of Established Computer Programs

The Cochrane type analysis was applied to three blocks of boomer
data (a, b and c) corresponding to the selected photographs from each
site with the modifications mentioned in the previous section. The
results of this analysis, which allowed a subjective assessment of data
quality to be made, highlighted certain spectral differences in the
present boomer data when compared with that used by Cochrane. This
difference is seen in Figures 4.2a and b, which are noise corrected
coherence spectra 72 and Yr for the site 2a. The overall shape of the
spectra agrees very well with those reported by Cochrane over similar
sediments Fig. 4.3, but a well-defined "null"” in spectral content
between 7 kHz and 8 kHz is observed. This feature, which is seen in
data from all sites and is also reflected in both the cross and power
spectra of the seafloor echo demanded further investigation described
briefly below.

The form of the seafloor echoes (Figure 4.4), and the averaged
power spectra suggested that a source function different to that used
earlier by Cochrane was being generated. However, the Huntec boomer

was not known to have been modified physically in a way that would
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produce changes in the outgoing pulse by the observed amount. This
elimination of the source itself leads naturally to the only other
element in the system - the receiving hydrophone. In the earlier work,
an external single element receiver had been used and the broad band
response expected from the boomer system had been realized. 1In this
work, however, the only data available for digitization was that of the
internal hydrophone. Fortunately, the effect of the boomer plate as a
reflector had been studied earlier by Simpkin (18) and spectra for the
boomer-internal hydrophone combination at various angles of incidence
had been generated. These spectra showed that the effect on the total
response of a reflecting circular plate behind a point receiver could
be to introduce nulls in the receiviﬁg response spectrum dependant on
the angles of incidence. Figures 4.5a and 4.5b are examples of
synthetic computed response for a boomer-internal hydrophone
combination at an angle of incidence of 0° and the corresponding
spectra respectively. The form of this pulse is very similar to the
ensemble of actual echoes shown in Figure 4.4. The predominant null in
the spectra shown in Fig. 4.5b occurs around 6.6 kHz. A similar
spectral null appears in the power spectrum of the data from Site 2a
shown in Figure 4.6. The low frequency null is less pronounced in this
real data probably due to the action of the processing filter with a
cut-off frequency at 1.5 kHz. The high frequency null also is not
clearly defined probably due to the fact that the spectrum of Figure
4.6 was produced for a full 8.4 ms. data window which would also
include surface scagtered energy and energy from near surface

sub-bottom reflectors. It must be pointed out here that the model used
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to generate the synthetic receiving response shown in Figures 4.5 a & b
(18) has not been fully tested but the evidence presented here does
support the synthesis to some degree, at least for angles approaching
normal incidence.

4.3 Results of the Discrete Coherence Analysis
Power spectra, cross spectra, 12 and Yr coherence functions for

each of the three blocks of data from all five sites are displayed in

Figures 4.7a to 4.7e. The null in the spectral content can be seen in

the data from all five sites. Both coherence functions YZ and YR and

the accumulated cross spectra appear to be extremely sensitive to this
null phenomena which manifests itself as a local reduction in coherence
which often approaches zero. Although the coherent functions are
normalized and, therefore, theoretically independant of spectral
amplitude the reduction in coherence is probably due to the decrease in
the effective signal noise ratio in the frequency band encompassing the
null.

In comparing the spectral and coherence information from each
site, the following general comments deserve mention. It is assumed
that seafloor roughness increases from site 1 to site 5.

1. The typical power and cross spectra from each site show good
agreement within themselves, particularly at frequencies below the
null.

2. Both coherence spectra decrease as the seafloor roughness
increases, particularly at the higher frequencies.

3. More variance is seen in all the data sets as the seafloor

roughness increases.
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4. The YR spectra are invariably higher than that of the 72.

5. Little change can be detected in the power spectra between sites 1
and 4, however, the cross spectra, YR and 72 are increasingly
affected by the increase in roughness.

6. The spectra of site 1 appear different to those from the other
sites.

This latter observation caused some concern and is worthy of
further discussion.

The form of the power and cross spectra of site 1 appears much
more irregular than those from the other sites with what appear to be
subsidiary nulls at lower frequencies and the main null at 8.7 kHz,
approximately 1.4 kHz higher than the 7.3 kHz null observed elsewhere.
Also, the cross spectra indicate a base noise floor at frequencies
above 10.4 kHz whereas even with the roughest bottom, Site 5, the noise
floor appears at 12 kHz. The coherence spectra (72 and YR) from site 1
also reflect these differences in null frequencies although their
overall shape suggest a very smooth reflecting surface.

No immediate explanations were available to explain these
observations from Site 1, which offered the smoothest surface from the
photographic evidence of all the five sites. However, the null
phenomena, spectral changes and the desire to display continuous
coherence and other data for correlation purposes led to the
development of a continuous graphic output using a gray scale

recorder. This is discussed in section 5.1.
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4.4 Development of Scattering Curves for the Apparemnt Seafloet
Roughness

In the previous work Cochrane developed synthetic coherence curves

for various degrees of roughness based on scattering theory developed
by Clay and Leong (11) and Welton (13). These theories assume two
input parameters to describe reflector roughness; a Gaussian
surface-height distribution; and a given source directivity functionm.
Cochrane found that the Clay and Leong synthesis was more suitable for
the smoother surface and that the Welton model, which could be modified
to accommodate the close—packed surface typical of a gravel, better for
rough surfaces. In order to apply a similar analysis to the present
data estimates of correlation distance and rms (root mean square)
height of the surfaces are required. Without stereo photographic data
direct height information is not available. Height estimates have to
be made indirectly from lateral surface dimensions.. As mentioned
earlier, a relationship commonly used is that due to Heezen and
Hollister (14) known as the H-H relationship which gives the
correlation distance L1 in terms of the rms height as Ll =30 ¢ 1'25.

The correlation distance L1 is usually taken as 20Z of the
dominant wavelength (As) of the surface (6). For the close-packed
rounded aggregate case an alternative shorter correlation distance of
L1 = Y20 1s suggested by Cochrane. This is used with a very rough
surface amplitude of 0.25 As such as would be found in a gravel lag
deposit.

The main difference in calculated coherence curves for this
present data concerns the approximation that the source directivity

characterisitcs are Gaussian. Cochrane shows that for the
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boomer/external hydrophone combination, the Gaussian approximation for
frequencies above 2kHz is better than ldb. However, using the
synthetic spectra for the internal hydrophone/boomer combination shown
in Figs. 4.5a and 4.5b the difference appears to be more significant
(Figure 4.8). The importance of this phenomenog has not been
investigated further, however, theoretical plots of YR using estimates
of L1 and o from the bottom photographs have been made for comparison

with the computed data.

4.5 Extraction of Surface Parameters from Bottom Photographs

A brief review of the bottom photographs during the site selection
process indicated that as line 8 progresses and water depth becomes
shallower, the bottom sediment changes from a very smooth sand to close
packed lag gravel infilled with sand with occasional large cobbles.
Sites 2 and 3 showed sufficient contrast between the lee and stoss
slopes of the sand waves to allow measurement of wavelength to be made.

From each site 35 photographic slides were analyzed and an average
wavelength obtained for each slide. These data were then used to
provide estimates of the mean and standard deviation. Site 1, however,
showed very little relief in any of the photographs and although a
similar analysis was made as with sites 2 and 3 the statistical
estimates are felt to be less reliable.

The two gravel sites, 4 and 5, presented a more difficult problem
since roughness in the form of wavelike features does not exist. In
this case, a figure for the r.m.s. amplitude based on an estimate of
mean grain diameter was calculated. These data, listed in Table 4.1

have been used with the original Cochrane Fortran programs SCL1l and SW2
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to produce the synthetic Yg curves shown in Figures 4.9 for comparison

with the computed values.

1 4

4.6 Comparison between Estimates of Roughness using Photographic and
Acoustic Data

The estimates of roughness from the acoustic data shown in Table
4.1 involved an overlay of the spectral estimates of Yr in Figures 4.7a
to 4.7e by the synthesized Yr of Figures 4.9a and b.

In all cases the roughness computed using the acoustic data
appears greater than that synthesized from the wavelength information
extracted from the bottom photographs. Considering the number of
variables involved however the differences are reasonable particularly
at sites 2 and 3 where the photographic data allows good estimates of
wavelength to be made.

The main problem using the Welton model at sites 4 and 5 involves
the estimation of an acceptable figure for r.m.s. roughness for the
gravel facies. The photographic evidence indicates that surface
roughness can change rapidly and although averaging will take place
over adjacent insonified areas the effect of a patch of large boulders
on the echoes as compared with very fine gravel could be significant.

The rate of change in surface features particularly in the gravel
site might imply that aﬁy averaging of coherence function destroys the
ability to extract roughness information because it is the shot to shot
variability that is controlled by the roughness. A limit may have to
be placed on the use of coherence when large individual targets such as
boulders become common. This also suggests that the statistical
information contained in the reflectivity type analysis (17) and
discussed later in this report may be more relevant for very rough

surfaces.



Photographic Data Acoustic Data using Ya
Site Average Correlation Average Average Scattering
Number | Wavelength | Distance TeMeS. relle.S theory Conments
"| Metres Length Metres | roughness roughness | used
A L, &~ metres O metres
Clay and
3! .092 .0184 .0027 .011 Leong
Clay and
2 «256 .0512 .0072 .012 Leong
Clay and
3 «35 .07 .0093 .015 Leong
Best Fit at
4 07+ L0177 %% .0125 .03 Welton low frequencies
Best Fit at
5 .07* <0177 %% .0125 .03 Welton low frequencies

* Approximate average mean particle diameter
%% L1 using V2 o

Table 4.1 Comparison between estimates at Seafloor roughness from Bottom Photographs
and Coherence function Y_. All acoustic estimates O rms are an average of
three distrete Spectra.

(4]
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4.7 Development of the Display Program ECHO

Although the coherence results generated using Cochrane type
procedures allow quantitative spectral estimates to be made, the
problem in detecting rapid change in features remains unless the data
blocks are adjacent to each other. Although some estimates of
variability result from taking three relatively closely spaced blocks
from each site, the concern still exists that changes in coherence
characteristics between sites would remain undetected. Since the only
continuous data usually available is the field seismic record, which
may or may not include the R1 and R2 reflectivity metrics, it seems
important that the seismic data be re-presented in a continuous format,
with possible display improvements, and to add such features as
coherence and reflectivity as desired. Such a display would also allow
inter-relationships between parameters to be sought, trends to be
evaluated, and most importantly, the processing and presentation of all
data from an entire line in a relatively short time. With these aims
in mind the Fortran program ECHO was developed. A full description and
listings are given in Appendix 1, however, the difference 1in the
generation of discrete and continuous coherence function should be
mentioned here.

The coherence estimates for both the Cochrane and continuous
analysis are computed in the Fourier language; ECHO is a display
program written in Fortran. A method of computing a running average of
stacked coherence was developed to run under the HP Fourier system.

The calculated values were then stored for later display. The most

convenient form of producing stacked spectra was to use exponential
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averaging in both the time and frequency domains. This means that
rather than a running average method, (Cochrane), a number of spectra
whose weighting changes in an exponential manner is required. Such an
algorithm was developed following the procedures given in the HP
Fourier Manual (Appendix 2). 1In this case, a decay constant of 20
records was used with no correction made for signal to noise ratios due
to space limitations within the computer.

4.8 Comparison Between Continuous and Discrete Estimates of Coherence

The effects of the algorithm used in generating the continuous
coherence functions, mentioned in Section 4.7 in all cases appear to be
very small. Although more ripple is seen in the continuous coherence
spectra (Example shown in Fig. 4.10 from Site 2a for comparision with
Fig. 4.2) particularly at high frequeﬁcies the overall shape of the
function appears approximately the same. .

This increase in ripple is probably due to the fact that a running
average of 40 records is used in the discrete calculation against a
figure of 20 in the exponential average. Little or no reduction due to
uncorrected noise is seen in the exponentially averaged spectra. This
comparison gives credence to the use of the exponential method for the
coherence display using the gray scale recorder.

5.0 Display of the Continuous Data

Two types of displays are available using the ECHO Program.
In one type 1024 records can be reproduced with the filtered topography
reinserted. Figures 5.1 to 5.5 show this type of display for the 5
test sites and displaying reflectivity and coherence yz. Figures 5.6

to 5.10 are as above but with Yg displayed.
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Enclosures 1 and 2 are examples of the ECHO output for the entire
line (a total of 7065 individual records). These displays consist of
reproduced Rl- R2 Reflectivity Metrics calibrated to match the original
field display at the start of line, the 72 and TR coherence displays
respectively and an expanded aligned seismic section. Enclose 3 is
similar to enclosure 2 except that the coherent portion of the seismic
display has been removed leaving only the scattered portion. From a

reflection point of view, the start of line has a R, reflectivity in

1
the order of 40%Z falling to an average of 30% over the central portion
and increasing with greater variance around record number 5000. Of

equal interest is the display of R, which starts around 107 with some

2

variability and drops to around 4% at record number 1000. R2 then

continues, with little variation until record number 5750. Here a

sudden increase in both mean and varience is seen, which extends until

the end of the line at record number 7065. Further inspection of the
aligned seismic sections reveals several features not readily apparent
in the field data:

1. From the start of the line to approximately record number 4000, an
apparent coherent and on the whole continuous reflector appears
between the surface and approxiately 2 ms penetration.

2. Patches of apparently incoherent energy that often extend beyond
10 ms from the surface echo appear over the same 4000 record
group.

3. A deeper reflecting horizon approaches and possibly becomes the
seafloor around record number 5800.

4. The overall appearance of the profile towards the end of the line

suggests a more incoherent seismic response.
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To complete the data summary for this line the sidescan sonographs (nmot
included in this report) can be briefly described as showing three
distinct characteristics. The early part of the line consists of major
bedform features with some scour activity both of which disappears
around record number 4000. From here until the onset of the gravel
facies at record number 5750, the sonograph 1s relatively featureless
with a fairly low reflectivity. The sonograph from the lag gravel
which extends from record number 5750 to the end of line is also
featureless but shows a significant increase in reflectivity.

In comparing the two coherence functions 72 and Yg 28 2 grey scale
display it seems that any trend affecting one affects the other so
that, unless otherwise stated, further comments will apply to both
spectra. The first noticeable features are the two aberrations at
record numbers 1240 and 1650. These "light" areas, indicating areas of
low coherence occur at local depressions of approximately one metre
deep extending over a lateral distance of about 50m. The record
alignment procedure has selected the maximum peak of the echo and
made time adjustments accordingly. This peak echo is probably derived
from the bottom of the local depression, thus, smaller echoes generated
from the rim will occur earlier, and in this display, appear above the
aligned bottom. These depressions, one of which is thought to be Ice
Scour 95 as observed in sidescan sonographs (Parrott pers. comm.),
have the effect of virtually destroying any shot to shot coherence
because of the changes between one record and the next. These

depressions also produce a characteristic "M” signature in R,, and a

1

local increase in Rz.



59

Similar, but more rapid effects are seen at record numbers 1769
and 3572. These occur where noise bursts appear within the window used
for the coherence estimates. Similar, but less noticeable noise
effects are seen elsewhere on the record.

Instability and occasional dropouts appear in both spectra often
at different times. This is thought to be due to the numerical
division process used in the computation.

The important features of the reflectivity and both the continuous
coherence displays are as follows:

1. As expected, the coherence decreases with frequency along the
entire line (the display becomes lighter). In general, the
reflectivity appears more variable as coherence decreases
particularly at the site locations 4 and 5 where the lag gravel
exists at the surface.

2. Changes in coherence do exist over distances equivalent to 50
records (75 metres).

3. These changes appear more clearly in the higher frequencies.

4. The general trend in coherence is toward a reduction im both YR
and Y2 as the line progresses.

5. That the predominant null is consistant at a frequency of 7.6 kHz
through the profile from record number 1250 onwards.

6. Prior to record number 1250, the subsidiary nulls mentioned
earlier appear and gradually trend to higher frequencies before

vanishing.
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5.1 Discussion

The trends indicated by the three ECHO displays suggest a decrease
in coherence along the line. This is in general agreement with the
geological evidence of bottom conditions if the coherence is directly
assoclated with bottom roughness. However, some differences exist
particularly in the early part of the line covered by the Site number
1 which merit discussion. Although the photographic evidence in the
region indicates a very smooth surface, both the reflectivity
parameters and coherence indicate a greater surface roughness than for
example, Site 2. As no substantial differences are seen in the seismic
records between these two sites, it is interesting to speculate if the
phenomenon that causes the shift in the null frequency also causes the
variance in both the coherence and reflectivity parameters. A close
inspection of the pulse width of the start of the line indicates some
variability and expanded displays of the bottom pulse confirm this. A
review of the cruise log indicated that data recording commenced very
soon (less than 5 minutes) after launch. The suggestion made here is
that following a launch, the Huntec DTS system requires approximately
15 minutes in order to produce a consistant and stable pulse ﬁecessary
for quantitative assessments.

The second observation is that the coherence spectra are very
sensitive to noise and misalignment. This is of little consequence if
each record can be verified and edited or corrected individually.
However, for continuous display of long lines an automatic editing and
filtering process 1is virtually mandatory. With any such scheme,

detection failures will occur and with the corresponding deterioration
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in record quality. Thus the coherence display has a role in assessing
the quality of the raw and processed recorded data.

An interesting feature of the continuous display is that changes
in coherence, and in the mean value of R2 particularly, reflect the
changes in roughness observed on the bottom photographs. This 1is best
displayed in the central portion of the line 8 from where the boomer
output is assumed to be consistant record number 1250 to the onset of
the gravel facies at record number 5800. In this region the mean value
R, 1s fairly constant and remains so over the gravel, however the

1

variation in R1 outside this area increases. On the other hand, the
mean value of R2 changes from 0.04 to 0.07 in the same region, with
little variation in the spread of the data. This change represents
approximately a 75% increase in Rz. It is interesting to note that the
sidescan sonograph is virtually featureless, in this central portion
although the photographic and coherence evidence does indicate a
gradual increase in surface roughness.

Similarly, the coherence data shows a decrease from Site 1 to Site
3, particularly in the frequencies higher than the null. Between sites
2 and 3 quantitative estimates derived from the site data, for the
average coherence 72 and Yr in the frequency range 8-11 kHz change from
0.45 and 0.65 respectively (Site 2), to 0.15 and 0.4 (Site 3). These
two sites are both sand with varying degrees of surface roughness.

The situation changes at sites 4 and 5. When the lag gravel is
encountered, the variation in Rl and R2 increases quite drastically and
the coherence, in particular yz, drops close to zero. As can be

expected, these dramatic changes are not as obvious in the seismic
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record where the aligned seafloor echo still appears dominant, although
followed by a much darker (and therefore higher amplitude) apparently
incoherent scattering. In comparing the data from the continuous
presentations, Figs. 5.1-5.10 and enclosures 1, 2 and 3, it must be
kept in mind that the vertical exaggeration of the seismic section is
approximately 100:1 and 50:1 respectively, but even on these scales
there are suggestions that in sites 4 and 5 parabolic reflectors exist
which could emanate from large individual boulders on the seafloor.

One final discussion of the continuous data sets concerns the
apparent lack of sensitivity in the coherence display of the
aforementioned scattering patches in the first half of the line. There
are several possible reasons for this, ranging from inadequacies in the
gray scale display of coherence, and in the distance over which
averaging takes place to theoretical reasons concerned with the
argument as to what proportion of the incoherent echo is produced by
surface scattering as opposed to volume scattering. In order to gain
an understanding of this topic, a more thorough investigation ié
necessary which could involve an in depth analysis of the scattered
portion of the echo alone. Further investigation may also include a
study of the near surface sub-bottom reflector seen in this region, and
in its relationship to the boundaries of the “"scattering™ patches. A
detailed comparison of coherence with bottom photographs and sidescan
sonographs along the whole line may, if alignment and positioning can
be assured, shed some light on the effects’of boundaries of regions
with differing roughness parameters. The inference being that the
dark "scattering” patches may align themselves with the Stoss or Lee

slope of the major bedform features.
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6.0 Conclusions and Recommendation for Further Work

This short research program has provided further information on
the effects of seafloor roughness on coherence spectra and has allowed
reflectivity parameters to be compared directly with coherence.
Although the data base used was quite extensive the sediment types were
restricted to sand and lag gravel with penetration limited to 8.5 ms
(2 6.5 metres). Thus the range of sediment for which parameters have
been extracted are not as wide as those previously subjected to similar
examination. The coherence results show that as roughness increases
coherence, as expected, decreases even though the spectral content of
the echoes remains substantially the same. Quantification of coherence
on a continuous basis is thought to provide more subtle information
than discrete spectra however further research is required to determine
the optimum method and amount of averaging that must be provided. Some
steps in this direction have been taken with the continuous display of
coherence developed during this program nevertheless many variables
remain, particularly in data alignment, that make direct relationship
rather difficult. Further display of coherence, either as a gray scale
record or in a manner similar to the Rl’ R2 reflectivity metrics is
seen as a next major step in scattering studies. Other areas of
development could be the removal of the mean coherence prior to
display. This "high pass™ filtered coherence may provide better
estimates of spatial variability and suggest possible smoothing and/or
parameter extraction techniques.

Several other areas that require further attention involve the

separation and display of the coherent energy from the scattered energy
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and the implementation of the “"scattered” coherence function Yg*

These functions, or similar derivatives, may also be seen as a means of
resolving surface from subsurface phenomena; an important requirement
in shallow sediment studies and for physical property modelling.

The presence of the coherence "null” is assumed to be due to the
use of the internal hydrophone. The observations made in this program
suggest that after a certain "settling” time the null frequency is
constant. However, this hypothesis has not been fully tested and
suggestions have been made elsewhere that the directional
characteristics of the boomer, which are enhanced when the internal
hydrophone is used, may provide a means of detecting bottom roughness
directly. A detailed examination of the null frequency (or frequencies
if other nulls are present) may provide an additional parameter in
roughness studies. However, the observation of the characteristics of
the coherence profiles from this study support the effects of surface
roughness on the reflectivity metrics but are not in direct agreement
with the sidescan data. Over areas of a particular sediment type
coherence and the sidescan sonograph image generally agree but major
bedform features appear to affect the sidescan sonograph to a much
larger extent than surface roughness. Coherence, on the other hand,
appears to be controlled by surface roughness and less on bedforms or
texture.

Finally the use of the parameters mentioned above in a continuous
multiple regression type analysis may make reliable automatic sediment

type identification closer to a reality and enable remote calculation
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of surface roughness. The present study has shown that there is a
general decrease in the shot to shot coherence of seismic data and an
increase in the variability of reflectivity metrics as surface
roughness increases. In order to enable more precise modelling of
sediment character down section it is necessary to understand more
fully the contribution of surface roughness to the distribution of
reflected energy and on the amount of energy transmitted into the
subsurface. In this context however it must be realised that coherence
is a "normalised"” function sensitive to the geometry rather than the
texture of reflecting surfaces. It is thus seen as an adjunct to
reflectivity metrics as a means of identifying sediments or their
properties and not directly as had previously been assumed.
Nevertheless further detailed study is warranted on this subject
particularly if a multifacited data base from a wider variety of
sediment types can be assembled. It must be emphasized however that
when comparing in detail coherence, reflectivity, sonograph and BRUTIV
data, positioning and alignment uncertainties are forever present since

three different vehicles are involved.
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APPENDIX 1

DATA PROCESSING IMPLEMENTATION

Al.l1 Computer Hardware

A Hewlett-Packard HP 2100S microcomputer mainframe and HP 5475A
Fourier Analyzer formed the basis of the computer hardware used in this
work. The HP Fourier Analyzer is well-suited to the analysis of
repetitive data files because of a unique and simple programming
language which can use the hardwired Fourier Analyzer's instruction set
by a single instruction call. The computer can also use the Fortran
language under RTE for graphic output using the ANAC grey scale
recorder. The Fourier system is supported by a disc unit for program
and limited data file storage, two 1/2 inch magnetic tape drives for
mass data file storage, a Tektronix 4631 hardcopy unit, a Tektronix
4010-1 keyboard terminal and a Tektronix 4662 graph plotter.

Al.2 Data Processing

Figure A.l1 is a flow chart of the processing procedure used in
generating the data display tapes using the Fourier Programming
language. The programs consist of two main types; those which extract
single "discrete” functions from a set of consecutive seismic records
and those which produce consecutive processed records on tape. In
general the discrete functions would be plotted using the graph plotter
and the processed data tape displayed on the ANAC gray scale recorder.

Al.3 Data Conditioning

Following digization, the raw data (Tape A) requires filtering, to
reduce low frequency components, editing to remove timing lines,

alignment for the coherence analysis and the extraction of the time of
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arrival of the seafloor echo (raw delay). Fourier programs F61 and F71
(see Al.10 for listings) both achieve the above in a single pass with
the difference being that F61 is used with a data set consisting of
1024 records. The resulting 1024 raw delay points are recorded in a
disc file for further processing. Both F6l and F71 have filter options
and a variable threshold which is used with the peak detection routine.
Optional outputs from F61 and F71 produced processed tapes B and BB
respectively which consist of filtered data records of length 40.98 ms
(Block size 2048), aligned at 12 ms (point 600) and with dummy records
inserted in place of the timing marks. This format is similar to that
used by Cochrane.

Al.4 Discrete Function Extraction Using the Fourier System

Averaged, accumulated cross and power spectra from selected data
sets can be extracted from B tapes using a set of Fourier programs F64,
F66 and F54. Program F64 computes the accumulated inter-ping coherence
and average power and noise spectra and the raw coherence estimate
followng the analysis described by Cochrane (6). Program F66 uses the
results of F64 to compute the noise corrected squared coherence 12, and
the coherence Yg using a modified Cochrane program. Program F54 dumps
the spectra and coherence files on disc. These can be plotted using
programs F50, F51, F53 or F68 to the graph plotter or the system
console.

Al.5 Display Tape Generation Using the Fourier System

For long, continuous display comprising any number of digitized
records, continuous coherence estimates have to be generated to

correspond to the seismic records. Programs F57 and F58 compute
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exponentially averaged estimates of yz and YR in the frequency range
0-12.5 kHz. These spectra are stored as 512 point data files on
processed tape C. The exponential averaging technique (Appendix 2) is
derived from the method given in the HP Fourier Manual. Tapes B and C
can be used with the Fortran Program ECHO to produce continuous
displays of the seismic sections, reflectivity and coherence.

An alternative seismic data tape, D, produced by program F56 from
the data tapes B or BB (1024 records) includes the heave and delay
parameters as the first two files followed by 1024 seismic records.
Thus, Tape D can be used to produce a display éf the heave corrected
seismic data with the sea floor topography added. Annotated listings
of the above mentioned Fourler programs are given later in the Appendix
Al.10.

Al.6 Data Display using the Fortran Program ECHO

The Fortran program ECHO produces various types of displays on the
ANAC gray scale recorder. The wide varlety of displays which are
available are best described by reference to menus for several display
options.

The basic display is the seismic section which can effectively
reproduce the field record. However, by virtue of the digital control
of the ANAC recorder, exact copies of any section can be produced at
any time. Options are available to implement a lateral gain program
which can be adapted to suit changes in echo level due to rapid changes
in topography along the track. Normal gain, phase, threshold and TVG
controls can be programmed, and heave and trend can be removed or added

to a display as desired.
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The seismic section can be supplemented with the statistical
display of reflectivity similar to that produced on line using the
Huntec Acoustic Reflectivity Module (ARM). This display has been fully
described in Parrott et al (17). The program ECHO can calculate the Rl
and R2 values of reflectivity for any desired averaging parameter. The
seismic data on tapes B, BB or D can all provide source data for
display.

The prepared continuous coherence data (Tape C), can be plotted on
a grey scale where an amplitude of 1 is reproduced as black (or white)
and 0 as white (or black). A frequency range of 0-12.5 kHz is used in
the coherence display. Appendix Al.ll contains listings of ECHO and
the two other Fortran Programs SCL2 and SW1 used in the scattering
analysis.

Table Al.l is a typical ECHO menu for a display of the seismic
section only. Both the reflectivity and coherence requests are
defaulted. The starting record number and the number of records are
set and the horizontal expansion of "2" will print each line twice.

The vertical expansion of "1" will print each sample point once. Since
the ANAC recorder plot 2048 pixels in 256 mm, each line will represent
a time of 40.96 ms; equivalent to a scale of 6.25 mm/ms. This scale
factor can be increased in steps of 6.25 mm/ms as desired.

The Reflectivity display can be implemented from any B data tape.
The additional parameter required is the number of records over which
the reflectivity estimate are averaged.

For any coherence display a C Tape has to be prepared which
corresponds to the data records on the seismic tape.

Two types of display have been included in this report, both of

which include reflectivity and coherence. A continuous display of data
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:RU,ECHO

REFLECTIVITIES DISPLAYED? Y=1,N=@
9

IS COHERENCE AVATLABLE? Y=1,N=@

@

IS HEAVE DATA AVAILABLE? Y=1,N=¢
9

IS DELAY DATA AVAILABLE? Y=1,N=0
¢

RELATIVE STARTING RECORD (§ FOR FIRST)
@

NO. OF SEISMIC RECORDS?

7965

HORIZONTAL EXPANSION FACTOR?

2

VERTICAL EXPANSION FACTOR?

1

DISPLAY GAIN AT START,END OF RECORD
109,200

OFFSET GREY LEVEL (§-15)

9

Table Al.1: Menu for display of aligned Seismic Section only
using Fortran program ECHO.
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can present profiles of unlimited length, but as only aligned seismic
sections. Table Al.2 is a typical menu for continuous display. The
alternative is the block display using a preselected number (1024) of
seismic records from the prepared tape D. Each block of 1024 records
is preceded by a corresponding file of filtered heave data and a second
file with the raw delay times for the corresponding 1024 records The °
continuous coherence tape C can be correctly aligned with the
particular block of seismic data by using the relevant relative start
record number. ‘Table Al.3 is a typical menu to produce a block
display.

Al.7 Topographic and Heave Control

Several options are available with ECHO to add and remove heave
and trend from the seismic display. Both heave and delay components
can be added, removed or left untouched as required. Table Al.4 gives
the most usual options.

To supplement the above controls a trend removal feature can be
implemented with ECHO if the heave corrected display of the seafloor
shows excessive slope. This feature will "tilt" the display to present
the maximum amount of seismic information.

Al.8 Heave Filter Characteristics

The determination of the filter characteristics to remove the
effects of fish heave from the seismic profile is dependent on the
frequency spectrum of the heave component. It is generally desirable
to remove components up to a 10 second period so that the expanded
display provided by the program ECHO will not be degraded. However, as

it is not possible to separate heave motion and natural topographic
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RU, ECHO
REFLECTIVITIES DISPLAYED? Y=1,N=¢

;

NO. OF TRACES IN AVERAGE

29

IS COHERENCE AVAILABLE? Y=1,N=§

1

DO YOU WANT COHERENCE DISPLAYED? Y=1,N=@
1

INITIAL COHERENCE OFFSET (# RECORDS)

)

COHERENCE DISPLAY GAIN?

'9

1S HEAVE DATA AVAILABLE? Y=1,N=§

[/

IS DELAY DATA AVAILABLE? Y=1,N=§

)

RELATIVE STARTING RECORD (@ FOR FIRST)
)

NO. OF SEISMIC RECORDS?

7865

GAIN OF RECORD?

12

HORIZONTAL EXPANSION FACTOR?

z

VERTICAL EXPANSION FACTOR?

1

DISPLAY GAIN AT START, END OF RECORD
100,209

OFFSET GREY LEVEL (@~15)

]

DISPLAY RECORD STARTING POINT 1<1SP<1¢24
Lo

TIME VARYING DELAY? Y=1,N=¢

)

Table Al.2: Menu for Continuous display of Reflectivity,
Coherence and aligned seismic section using
Fortran program ECHO.
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RU,ECHO
REFLECTIVITIES DISPLAYED? Y=1,N=§
1
NO. OF TRACES IN AVERAGE
2¢
IS COHERANCE AVAILABLE? Y=1,N=@
1

DO YOU WANT COHERANCE DISPLAYED? Y=1,N=f)
1
INITIAL COHERANCE OFFSET (# RECORDS)
228
COHERANCE DISPLAY GAIN?
.9
IS HEAVE DATA AVAILABLE? Y=1,N=@
1
HEAVE PARAMETER (-1,0,1)
-1
IS DELAY DATA AVAILABLE? Y=1,N=§
1
DELAY PARAMETER (-1,8,1)
1
REMOVE LINEAR TREND? Y=1,N=¢
)
RELATIVE STARTING RECORD (@ FOR FIRST)
¢
NO. OF SEISMIC RECORDS?
1024
GAIN OF RECORD?
.12
HORIZONTAL EXPANSION FACTOR?
1
VERTICAL EXPANSION FACTOR?
1
DISPLAY GAIN AT START,END OF RECORD
106,200
OFFSET GREY LEVEL (@-15)
@
DISPLAY RECORD STARTING POINT 1<1SP<1@24
300
TIME VARYING DELAY? Y=1,N=§
@

Table Al.3: ECHO Menu for Presentation of a Block of 1024 records
with Topography added and Heave Filtered. Reflectivity
and Coherence functions are also requested.
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ALIGNED DATA

UNALIGNED DATA

HEAVE DELAY HEAVE DELAY
PARAMETER | PARAMETER e PARAMETER| PARAMETER PEpELal
0. 0 Aligned Display 0 -1 Aligned Display
0 1 As raw field -1 0] Heave removed but
display true topography
display
-1 1 Heave corrected and
true topographic
display
+1 0 Heave added
topography removed
Table Al.4: Echo Display Options for Seismic Section.
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effects over this frequency range the short wavelength, seafloor
features will also be removed. The cut~off frequency of the optimum
filter function however is, in this case, probably better determined by
a subjective asgsessment of the effects of removing certain frequency
components. An assessment of various filter cut-off frequencies with
the data set available for this project showed that frequencies less
than 31 second should be removed to present the "best”™ reconstituted
seismic sections. With an estimated speed of 2 m/s this gives a
cut-off wavelength of 62 metres. Topography with wavelengths less than
62 metres will be attenuated.

Implementation of the filter is made in Fourier program F63. Here
the edited raw delay file has been extended (to eliminate end effects)
and the trend has been removed. The heave filter is applied to the
Fourier Spectrum when displayed at line 155. Clearing to zero the low
frequency components from zero to Index Ic will replace the same
frequencies when running the Fourier program ECHO in "block” mode.

The Index I can be calculated from the relatiomship

c

c

Ic = R;ZF (Al.1)

where C is the ship's speeds in m/s, kc is the required cut-off
wavelength in metres, and AF is the incremental frequency.

1
AF =37

where T is the time interval represented by 2048 x firing rate in
seconds.
In this case the firing rate = 0.75 second and the forward speed 1is

approximately 2m/s.
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Tina T, ~ 22 20;3 x 0.75 AL %
[

a 2 x 2048 x 0.75

I 62

= 49.5 = 50

Thus the instruction "CL 0 O 50" would be entered using the Fourier
keyboard at line 155 of Fourier program F63 to give the desired filter
characteristics.

Al.9 Implementaion of Lateral Gain Control

Maintaining calibration when computing the reflectivity parameters
R, and R, is normally achieved by a time dependent gain proportional to
the height of the source (fish) above the seafloor. The on~line system
(ARM) has direct access to the delayed trigger which corresponds to the
instant of boomer firing. Thus, a range varying gain function can be
easily implemented. Unfortunately, the HP Fourier Analyser cannot use
both triggers so an alternative solution is desirable. 1In order to
accomodate rapid changes in topography, or changes in fish height
above the seafloor when using ECHO, a range control scheme can be
implemented as follows.

The last item in the menu asks for "Time Varying Delay™” If this
is selected up to six record numbers and corresponding time delays in
milliseconds can be entered. The program will then linear interpolate
range controlled gain function for the profile. The delay information
for the selected record numbers can be obtained directly from the field
record. The interval required is the time in milliseconds from the
instant of boomer firing to the seafloor. This option is available
only for the block (1024 records) type display. Table Al.5 is a

typical menu that includes programmed lateral gain control.
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RU,ECHO
REFLECTIVITIES DISPLAYED? Y=1,N=0

1

NO. OF TRACES IN AVERAGE

20

IS COHERENCE AVAILABLE? Y=1,N=¢

9

IS HEAVE DATA AVAILABLE? Y=1,N=@

1

HEAVE PARAMETER (-1,0,1)

-1

1S DELAY DATA AVAILABLE? Y=1,N=¢

1

DELAY PARAMETER (-1,8,1)

1

REMOVE LINEAR TREND? Y=1,N=@

)

RELATIVE STARTING RECORD (@ FOR FIRST)
228

NO. OF SEISMIC RECORDS?

1924

GAIN OR RECORD?

o

HORIZONTAL EXPANSION FACTOR?

1

VERTICAL EXPANSION FACTOR?

1

DISPLAY GAIN AT START, END OF RECORD
109,200

OFFSET GREY LEVEL (@-15)

1)

DISPLAY RECORD STARTING POINT 1<1SP<512
200

TIME VARYING DELAY? Y=1,N=@

1 :

NUMBER OF SECTIONS (6 MAX)

3

FIRST RECORD & MUST BE 1,LAST MUST BE 1¢24
SAMPLE @ RECORD #, TIME DELAY (MS)

1,129

SAMPLE -1 RECORD #, TIME DELAY (MS)
349,200

SAMPLE 2 RECORD #, TIME DELAY (MS)
1024,150

Table Al1.5: ECHO Menu for Reflectivity Display with Programmed Gain.






APPENDIX Al.1l0
1) Fourier Program Index and Fourier Program Listings

2) Simpkin I Disk File Contents (includes results of Clay & Leong &
Welton scattering synthesis and discrete spectra)



FOURIER SOURCE TAPE QUTPUT TAPE
PROGRAM TITLE CORE LOAD START LABEL OPTIONS COMMENTS
E UNIT NUMBER| UNIT NUMBER
51 Coherence Plot Program Note A 0 (» 2/3 - - - Source data must be trans-
ferred to Disc
52 Seismic Record Plot Note A 0 A 1 - - - Plots 10 consecutive records.
8,88 2 Source data must be trans-
ferred, to Disc.
§3 Spectra and Coherence Note A 0 - - - - - Data on disc generated by F54
Plot (2)
54 Disc Dump Spectral and Simpkin 2 Called - - - - - Linked to F66
Coherence Functions Automatically
56 Tape D Generation Simpkin 0 Called B,BB 2 D 3 - Linked to F63
Automatically
57 Continuous Coherence (yz) Simpkin 2 0 Adds Heave | B,BB 2 c 3 Seismic Record Interlace
Generation & Delay Files Filter and Qutput
1 Normal Options
58 Continuous Coherence (‘IR) Simpkin 2 0 Adds Heave | B,BB 2 C 3 As above also see Can be used to remove
Generation & Delay Files BC comments coherent energy from Seismic
1 Normal Records (Tape BC)
61 Raw Data Edit and First Suresh 2 1] A 1 BB 3 Seismic Output Dump First peak index stored in
Peak Index Extraction Run Simpkin 2 Option Disc File 1 Aligns and
Filters 1024 records
62 First Peak Block Extension| Any 0 - - - - - Source Data in Disc File 63
Raw Output in Disc File B6
Filtered output in Disc
4 File 56
63 Heave Component Extraction| Any 0 - - - - Implement Heave Filter | Used after F62. Output in
at Line 155 Disc files 57,%8,59,60,61
64 Spectral and Coherence Simpkin 2 0 Test B,B8 2 - - Signal Differentiation| Output Files stored on Disc
Components 1 Normal
Single Function Extraction
66 Coherence Function Simpkin 2 Called - - - = = Data Files generated by F64
Automatically Output by F68 or F54
68 Spectra and Coherence Note A 1 - - - - - Data on Disc generated by
Plot (1) F66
n Row Data Edit Suresh 2 0 A 1 B 3 Filter options and Aligns filters and edits
Run Simpkin 2 | 1 NongaI Output options continuous data
50 Combined Spectra/Coherence| Note A 0 0 Plots 4 Spectral Resp|
Plot Program 3 - - - - 3 Plots 2 Coherence " | Data on Disc generated by F54
6 6 Plots 2 Coherence “
I
! NOTE A SIMPKIN 1  Core Load for Hard Copy Output
HOWSE 2 Core Load for Plotter Qutput

18



82

FIRST START COMBINED SPECTRA & COHERENCE FUNCTION
) FUNCTION PLOT PROGRAM
5
OPTIONS
READ FIRST FILE START 1  PLOTS 2 SPECTRA
AND 2 COHERENCE
Se65 ] 1 START 2 PLOTS 1 COHERENCE
5304 588 Sed START 3  PLOTS 1 COHERENCE
5818 1258 1 BELOW 2
5000 1
11 BLOT SEECTRUM REPEAT LOOPS ARE AVAILABLE ON
5| 48 ALL ABOVE.
5885 i 1
58?? 1 PLOT SPECTRUM
2385 a5 1] SR
5289 5] 5] 1
5364 1
58?? 1 PLOT COHERENCE
3585 1 568
5aag 1 PLOT COHERENCE
11
885 Sea i
S815
i1
5} 48
585 1 1
5815
11
5289 5] 5] 1
5395 5648 a5 ]}
52564 1
53815
11
5803 1 S8a
58195
2 z 5]
5]
]
2 COND START
3556 "
5814
4
i1
53989 5] s} 1
5864 1
5885 598 508
5864 Saa 5848
3318 1258 1
o868 1
5
11
5815
5
1? THIRD START
S2a9 5] =] il
R 1
SERS 1 a8
Saan 1
7
b 5

o315

)



Loop

REPEAT Loop
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N g
4 Y 5821 5
8 Mg 33 51 COHERENCE PLOT PROGRAM.
12 BS 512 SOURCE FILES ON DISC.
15 MS PLOTS TWO GRAPHS
17 MS 11
29 BS 1624
23 CL g 256 2t2
28 D
3@ Y 5814 .
33 % 38835 1 500
38 Y 3804 18689 586
43 ¥ 5887 =i
47 ¥ 5819 1256 1
2 ¥ 5809 a %) T
58 ¥ 5864 1
62 ¥ 5808 1
665 J B
59 .
1L 5}
4 32 52 PLOTS 10 SEISMIC SIGNATURES OF BS 128 FROM
3 M5 31 DISC FILES (0-9) ON ONE GRAPH
e i = 28
14 i 11
17 %> i
29 @ i
gg * 5} 13
! hids THRESHOLD OF 18 STORED IN 2
30 RS % =
33 A+ 2
38 Y 5864 1
4 : SgE3 5] 5] 1
46 3807 -1 - INITIALISATION
58 Y 5805 5] -8 il
5% % 5314
58 ¥ 58135
61 ¥ 5818
64 Y 5817
il 1
7@ Ms 11
73 R+ 2
e Y 5808
2% 538195
g2 # 1 o %]
g7 ¥ 5888
78 .
[l g NORMAL START AFTER POSITION DISC FILE POINTER
- 3 =

22 5814

25 ¥ 5287 it |

29 ¢ 5885 1 568 C
34 Y 38684 16600 589
/Y 5818 1258 1
44 Y 5389 1

48 MS 11

51 # (5] 4

3% TL

57y 58835 1 1
g2 5881 1

£6 MS 11

69 I

7y 5814

74 5385 1 88
res 5804 13e8 88
84 5387 =1 .
sa 0y 5218 1250 1
93 Y 5389 a 5} 1
93 ¥ Soad 1

183 ¥ bgednls ] 1

187 ns 11

19 Y a885 1 1
15 Y 5380 1 .

19 J ]

22 .



LOOP
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DISC DUMP PROGRAM (ALTERNATIVE TO PLOTTING PROGRAM
FOURIER F68 STORES DISC FILES 2,3,0 AND 5 GENERATED IN
F68 TO CONSECUTIVE FILES ON DISC.

SELECT DISC FILE ADDRESS FOR PS AND CS.

ADDRESS CHECK

SELECT DISC FILE ADDRESS FOR y? AND Y,

ADDRESS CHECK

SET NEXT SEQUENCE START RECORD NUMBER LESS 1

JUMP TO START OF PROGRAM 64 FOR REPEAT OPERATION

DATA TAPE D GENERATOR

LOADS EDITED DELAY FROM DISC

LOAD HEAVE FROM DISC

WRITES HEAVE FILE TO TAPE

WRITES DELAY FILE TO TAPE

4 L 5]
7oME k] 54
TT e 3! 3
15 M3 il
13 M¥» 1
21 ns 31 2
25 mg S il
28 D
30 WS
22 D
3 ] 21
37 ¥ 1
483 MS 21
43 M3 3t =
47 M3 11
58 K> 1
53 Ms 31
36 MS 11
59 D
& 3
63 It
I3 2l
52 K i
71 M3 21
74 M3
7é BS 2848
72 D
BT 33 &4
28 -, 1
85 .
1 HS 12
4 NS k] 56
3 BS fug4
11 M 31 o
15 M8 11
18 %> 1t
21D
23 MS 11
2
3832
3T RS 1
24 Y 3332
Z¢ BS 2843
43 L 1
43 % 2321
45 Y 8332
49 # i 1624

=

3 COPTES 1024 RECORDS FROM TAPE B OR BB TO

TAPE D
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GENERATION OF CONTINUOUS COHERENCE FUNCTION Y2
SOURCE TAPE B OR BB

2t =<

OUTPUT TAPE C

—— COPY HEAVE AND DELAY FILES TO OUTPUT TAPE

NORMAL START

HAL < L
o

0
r

[ L)

o
o
a

512
2B48

—~PROGRAM INITIALISATION

O LB PO s ps

READ DATA RECORD FROM TAPE.

[l

lo/P OPTION - JUMP 5 WILL INTERLACE SEISMIC DATA
1 JUMP 3 WILL NOT INTERLACE SEISMIC DATA

312
2843

FILTER OPTION JUMP 8 ADDS FILTER

= 0
[y ] (P el o S ] Tl

JUMP 9 NO FILTER

EXPONENTIAL AVERAGING FACTOR

ACCUMULATE POWER SPECTRA

EXPONENTIAL AVERAGING FACTOR

ACCUMULATE CROSS SPECTRA

o blafe oo el

(23]
&
—

s

DIVIDE CROSS SPECTRA BY POWER SPECTRA

MAN LooP

i~
!
Pk
n

o XS

23

1624

COPY REAL TO CORRESPONDING IMAGINARY TERMS

=
{gy]
L]
K

2 ___ DECIMATE BY 2

i
JhE;-

CHANGE BLOCK SIZE

Jo/p OPTION JUMP 7 WILL OUTPUT COHFRENCE

Ted T
i
Pl
53
o

Ty

JUMP 6 WTLL NOT OUTPUT COHERENCE
WRITE COHERENCE TO TAPE

;

fon O
FJ

oo

S e ]
Fa0l Ods

I

T F2 T2 D P Pl

L 0 P S SOOF O~ S

PO o Ut 4

~§ Ty P T
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1L 5}
4 M5 32 53 GENERATION OF CONTINUOUS COHERENCE FUNCTION Yp
3 ES 1024 SOURCE TAPE B OR BB
i1 M5 1 57 ] OQUTPUT TAPE C
15 M8 11 ]
13 ¥> 1
21 Mg 11 )
24 ‘I': 2234 L COPY HEAVE & DELAY FILES TO OUTPUT TAPE
aa SE32 e
22 #{ 1
35 D
il o 2832
48 L 1 NORMAL START
3 EBS EEEY ¥
46 Y 5823 [
Sy g821
53 D
o 0 5] 5] 512
& CL 5] 1924 2843
B3 H> 4
58 F =
TO K> i
73 MS 3l 28
T M it
29 i
33 K> 2
56 %-
28 Wi 3 DI
= N 2324
94 0
——3& L ] '
ag v Qe READ DATA RECORD FROM TAPE
182 x> i
185 J 5 __|oUTPUT OPTIONS
ipg L [ JUMP 3 NO SEISMIC OUTPUT
111 R- 4 JUMP & SEISMIC RECORD INTERLACED WITH COHERENCE
114 L 4 JUMP 5 COHERENT ENERGY REMOVED
LA 2832
128 5< 1
23 L 3
126 J 2 |FILTER OPTION JUMP 8 FILTER WITH DISC FILE 28
i@g % ] I JUMP 9 NO FILTER
134 ¥> 1
137 Hs 21 22
141 WS 11
144 % ‘ 1
147 ¥ 1
156 1 9 -
153 A~ 4
56 8. 5] 26 EXPONENTIAL AVERAGING FACTOR
B3 A+ E ACCUMULATE COHERENT ENERGY
B3 &2 4
166 ¥4 1
163 CL a 4] 512
174 CL 5] 1824 2043
179 F
131 #-
183 A~ 3
186 @ 5] 28 EXPONENTIAL AVERAGING FACTOR
138 H¥ 3 ACCUMULATE POWER SPECTRA
193 8> %
136 ¥4 4
2812 2
3 FORM Y
3812 2
(5 5] T
? o 1824
5] 5] 1"] COPY REAL TO IMAGINARY
i,
@ ezl
12&1»; 5 2 DECIMATE BY 2
51% . CHANGE BLOCK SIZE
7 OUTPUT OPTION .TUMP 6 NO COHERENCE TO TAPE
g JUMP 7 COHERENCE 0/P TO TAPE
3**5 WRITE COHERENCE TO TAPE
243
Ere
2

—
f )
[\x]
[rx]
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T 1}
5 ME 33 51 RAW DATA EDIT. BLOCK OF
8 B L] ; 1024 RECORDS
14 CL (5] ILTERS RAW DATA
18 Ms 31 "] INITIALISATION EDITS TIMING LINES
22 MS 21 EXTRACTS FIRST PEAK DELAY INDEX
27 M3 21 . i
g é ﬁg ?1 28 COPY FILTER FROM DISC A R
40 ¥ 4 OQUTPUT TAPE BB
44 MS 11 DELAY INDICES IN DISC FILE 1
48 X> 2 COPY UNIT BLOCK FROM DISC
52 B> 3
56 CL 2 1 2848
82 BS 4898
66 D @ AL
e PR Lo i
74 NS i2 READ) RAW DATA FROM SOURCE TAPE
L 2088 INITIAL SHIFT
a7 F
%6 CL %] ]
* APPLY FILTER
] ¥
1
SQUARE
IRTEGRATE
g ~ 340
d ARE WITH THRESHOLD
B 2945 mﬁm
% s JUMP IF DUMMY RECORD REQUIRED
4
1241 1 FINDS INDEX OF MOST POSITIVE PEAK
—
4
a 1D
5
3 1
13
$TORE INDEX OF MOST POSITIVE PEAK
S0 i

« ACCUMULATE INDEX ARRAY IN DISC FILE 1

{

0/P OPTION JUMP 7 NO SEISMIC RECORD 0/P

L B JUMP 8 OUTPUT TO TAPE, FILTERED
280 v 8832 SHIFTED BUT UNALIGNED
204 L / RECORD
288 MS 31 5]
213 HS 21
217 J 3
221 L —
225 M5 31 a
238 M5 11 -RECOVERS DUMMY RECORD IF REQUIRED
234 /L 258
238 J - ST |
242 L 3
245 BS 4898
250 # 1 1924 28
2%¢ BS 2848
269 MS 31 1
265 MS 11
269 a 1824
274 ES 1924

DISPLAY ARRAY OF FIRST PEAK DELAY TERMS
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| DATA BLOCK EXTENSION |

EXTENDS A 1024 BLOCK OF DATA BY 512 POINTS ON

p————= EACH END. EACH ADDITION IS THE MIRROR IMAGE

AND FOLDED VERSION OF THE ADJACENT 512 POINTS.

STORE EXTENDED BLOCK IN DISC FILE 5§

DISPLAY OF FIRST FOLD

DISPLAY OF LAST FOLD

DISPLAYS FOURIER TRANSFORM.

1 s 13

4 L ]

I NS 23 52

dns 3 e

1 g 2 B

CRIL . SOURCE DISC FILE
21 ¥> 3

24 F

26 #- 3 5]

38 F

32 = 5] -1

36 _ 5} gi2

49 ¥» 2

43 . a 511

47 CL a 1 1823
523

5S4 # 2] =&

58 CL 5} 512 1823
82 A+ =

86 W 2

59 _ =} 512

73 CL ) 1 1624
73 ¥

SEow 2 -2

24 CL a g 511
59 A+ 2

22 M3 31 @

95 M3 21

299 B3 2848
192 M3 31 o4
186 MS i1
189 CL 8 1924 2848
114 _ 5] 1924
118 ¥> Seal
121 Ms 31 <]
125 W5 11
128 CL 5] 1824 Z2A48
133 R+ 1
126 ¥ 3818 A
148 _ 5] 5i2
144 B3 912
147 X 3
198 ¥ 381a
153 BS 2843
156 ¥ ]
159 M 21 o
152 HS 21
[T 5] G55 BET
171 I 5] 1S 1562
176 F
178 4> 1
121 1 5} 5 28R
126 M3 a1 30
198 M3 11
193 Hg 33 &2 CALL F CORE 63
7 1

288 .



13 g 89

i L]

4]
23 (%] HEAVE- COMPONENT EXTRACTION
2048 CONTINUED FROM FOURIER PROGRAM Fé2
31 56 LOADS DELAY JOUTPUT IN DISK FILES 57-6
li INDEX FILE FROM DISC
a 512
1824
gi 37 STORES RAW EDITED DELAY INDICES IN FILE 57
2048
1
3
1
@ 284¢
a8 1 2347——T
1
v} 2947
1
1
(5] 2948
a -1
1 — TREND REMOVAL PRIOR TO FILTERING HEAVE
3
8 i 2047
1
1
i3
i
1
5] 2047
8 b 2847
5] 26848
1
1
1
2
i OPTIOHAL START TO APPLY NEW FILTER
2
F— 18 , ; 10 T
5]
a 512
1024
31 %8 WEAYE COMPONENT STORED IN DISC FILE 58
21
2048
3
(5] 512
1924
i
2
1 5] 122
B 1 1823
1 |__TREND ESTIMATE BS 1024
B 10623
1
i
5] 1824
5] -1
21 TREND STORED IN DISC FILE 59
2
a 1 1823
21 FIRST POINT OFFSET STORED IN DISC FILE 60
2
B 1623
5] 1 1823
21 LAST POINT OFFSET STORED TN DISC FILE 61
2o
263 21 BT 3
z2ra ;1
27 33 56
a7 1 JUMP TO PROGRAM F56 TO GENFERATE TAPE D
b



MAIN LooP

1 s 13 90
4 J 1
7L 5 START FOR FULL INITIALISATION PROGRAM

RAW CUHERENCE FUNCTIONS - SINGLE FUNCTIUN EXTRACTLON
(AFTER COCHRANE 1980) SOURCE TAPE B, BB.
LIGNED DATA

T
T
B

SET TO FIRST RELORD No. — |
NORMAL START

| SIGNAL CONDITIONING OPTION
JUMP 8 NO DIFFERENTIATION
JUMP 9 WITH DIFFERENTIATION

1024 4898
@ 512

STORE FOURIER TRANSFORM IN DISC FILE 0

g2 L 5

35 M3 21

g2 # 5 o 5  CLEAR DISC FILE 1-9

—9%3 L <]

96 ES 2045

99 v 33521
182 J ) JSIGRAL CONDITIONING OPTION
5L 4 l JUMP 6 NO DIFFERENTIATTON
1eg % JUMP 7 WITH DIFFERENTIATION
116 L 6
113 B3 4096
116 M3 321 g
1286 M3 21
i23 CL 3 @ 512
128 CL 5] 1624 4596
133 D 5} 4 :
137 %> 1
148 MS 31 4
144 MS 11
147 A+ 1
158 I 8 4
1%3 ﬁgLﬁ §i44¥ 4 ACCUMULATED STACKED BOTTOM RETURN IN DISC FILE &4
161 H< i
164 F
166 MS 2t 1
178 Ws 21
173 %~
175 ¥> 1
178 Mg i1
181 A+ 1
184 M3 31 2
188 MS 21 ACCUMULATED POWER SPECTRUM ESTIMATE IN DISC FILE 2
181 HS 31

194 NS it

197 > 1
288 MS i1
283 MS 31
206 M3 21
289 %=~ 1
212 #> 1
215 M5 31 3
213 s 11
222 A+ 1
225 M5 31 3
223 n5 21 ACCUMULATED CROSS SPECTRA IN DISC FILE 3
23 Mo a1 o9

235 M 11

239 CL ] 512 G398
244 F e
246 #-

248 ¥

251 M kS 7

255 Ms 1

ACCUMULATED NOTSE SPECTRA TN DISC FILE 7

b 1RO

WU PR Nrghir S
4

5] SET NUMBER OF SPECTRA TN AVERAGE
JUMP TB PROAGRAM F66 LINE 1

[y B
ad
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1 NS 12 :
4 L 5
7 NS 33 £5
1T B5  d836
14 K3 31 2
18 MS 11 by 3
21 ] RAW POWER
Z3 'gE —- :%'“‘L"a'_—ﬂ SPECTRA
28 X» 1
31 MS 31 7
g 11 NOTSE SPECTRA
§§ %’ 1
43 X i
46 ¥ 3012 4
Sa @ 1
33 # a -4
57 CL (%] B 9
62 CL a P55 20648
7 3 S+ N
na [
73 M8 21
76 MS 11
79 X 1
g2 WS 11
e ~n TROSS SPECTRA
33 Y 3812 3
= 7 RAW
Wﬂ M—S s
98 X>» 1
181 MS 31 1
185 Ms 11
183 ¥ 1
1%! * i
114 = i
i T Y® CORR.
! e ; ?
123 MS 21
126 WS 3} 2
136 MS 11 .
133 H> i
136 NS 31 4
148 HS 11
%i?e_ﬂ___m_i____srm BOTTOM
45 F RETDRN
147 %=
149 ¥ 3912 4
153 @ 1
156 ¥ 3812 3
169 =] 48
{64 B DISPLAY 8 Yo Resi,
169 M5 31 1
173 MS 11
176 X i
179 * 1
182 0 nisprax s s
188 NS 21
131 M5 31 2
199 MS 11
198 X> 1
281 MS 11
294 ¥ 3012 3
289 1
1 v 3012 5
Y 10 Y
228 NS 31 1
224 MS 11
227 1
230 D Y oORR
236 MS 21
239 X» b
242 MS 3N 5
246 MS 11
249 X 1
cwe A= i
238 Nns 21
258 Y 1111 a 1
263 A- i
268 D DISPLAY 12 - YCORR)
26 ) 1
271 MS 21 a
2vS N3 i1
273 ¢ 1 CALCULATION OF v,
col W sul2 [
255 MS 31 11
289 M3 21
292 M 33 54
296 -, 1 _JJUMP TO FOURIER

237 . TPRUGRAM F§% LINE 1

CORRECTED CUHERENCE FUNCTIONS ~
SINGLE FUNCTION EXTRACTION FOLLOWS
PROGRAM F54. y* AND y, CORRECTED BY
MULTIPLYING BY A FACTOR § + N

(MODIFIED AFTER COCHRANE)
TRIS PROGRAM DISPLAYS INTERIM RESULTS
FOR QUALITY CHECKS ON COMPUTED DATA.

A TOTAL OF 12 DISPLAY POINTS ARE
PROVIDED.

. ACCUMULATED

"~ FINAL FUNCTION LOCATIONS

IDISC. PILE # FUNCTTON
0 Y¥ corrected
1 8+N Correction
N Factor

2 RAW POWER SPECTRUM
3 | ¥ cross srEcTRUA
4 STACKED BOTTOM RET]
b VR corrected

o €¥-7p)

% NOTSE SPECTRUM

: S

i S+N

9

10 ¥ complex
1 %
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DISPLAY OR PLOT OF COHERENCE
FUNCTIONS GENERATED WITH FOURIER
PROGRAMS F64 AND F66

DATA SOURCE DISC FILES 0 to 11

PLOT Y? CORRECTED

» PLOT RAW CROSS SPECTRA

PLOT STACKED BOTTOM RETURN

1a?

3 ik 1
4 M3 23 £

g M5 ER

11 BS 4896

14 ¢ 5813 1

18 M3 11

) 5816 125G 1

26 ¢ 5864 1

30 v 5809 8 2 2
36 ¥ 5814 .
39 ¥ 5800 1

43 0

45 ¥ 5828

48 L 2

51 MS 11

54 MS 11

57 MS 11

50 5814

€3 ¥ 5509

66 TL

&8 Y 5880 1

72T

74 ¢ 5820

7L 3

50 M3 11

83 ¥ 5864

85 9 529

99 ES 54

23 Y 5860

%6 U

I8 v 5820

181 L 4

184 BS 4896

187 MS 1

118 ¥ 5864 1

114 v 5389 2 8 1
12@ ¢ S218 1259 1

125 ¥ 5314

128 ¥ 5209 i
15271,
134 ¥ 5520

137 L 5

14g ¥ 5514

143 N3 31 11

147 MS 11

158 %~

152 CL B B 158

157 €L @ 938 2842

162 ¥ 5209 9 g 2
168 ¥ 5209 1 w2
172 T, RIPT
174 ¢ 5820

177 L &

188 M3 33 63

184 NS 23

PLOT Y CORRECTED
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MAIN

93

L4 4 START OPTIONAL FILTER
I L33 1 RAW DATA EDIT - CONTINUOUS DATA
iy B Juds SHIFTS, FILTERS AND ALIGNS RAW
14 nNs 31 26 DATA
19 M3 11 EDITS TIMING LINES
gg ﬁ ‘: SOURCE TAPE A
¢ START NORMAL FILTER SOURCE TAPE B
3T 85 2098
35 M5 31 23
48 NS 1
44 3 4
gg._bg__w_______.f START OPTIONAL FILTER
%6 N§ 3t 30
61 MS 11
63 L 4
£9 WS 31 1 "
%_?F Ak, STORES FILTER OR DISC
81 BS 4095
a5 Ms 31 29—t
98 NS i1 LGENERJ\TE- AND STORE THRESHOLD LEVEL
94 % a 3088
99 K> e
183 ¥ 2834 cL —
187 I cm— | T e
e 3
114 BS 48395
118 ﬁ% 1% READ SEISMIC RECORD
126 . 560 INITIAL SHIFT
k23 P
138 CL (%] B bt
144 F
147 %
T SQUARE
e - INTEGRATE
=T % SOMPARE WITH THRESHOLD
% _% . *  JuWP IF DUMMY RECORD REQUIRED
i 489 i Ly
171 ¥< 1
] Hl FINDS INDEX OF MOST POSITLVE PEAK
8 F g )] 608 CALCULATES SHIFT
37 i) 23] ALIGNS PEAK AT POINT 600
(52 7% 31 ] .
iazl .? gé , STORES ALIGNED RECORD IN DISC FILE O
285 L ) e ———————————
589 BS 4836 5
13 M8 1 ov UMMY RECORD IF REQUIRED
518 Mo RECOVERS D! q
221 MS 1] ————
225 L 6
229 BS 29482 JUMP 7 OUTPUTS FILTERED ALIGNED DATA
J i OUTPUT OPTION JUMP 8 OUTPUTS ONFILTERED ALIGNED DATA
L ? JUMP 9 NO OUTPUT
241 %> i :
245 NS 31 1
258 Mg 11 LOADS FILTER
204 F 1
258 % 21 APPLIES FILTER
26 F g
265 L 2
269 Y asaz
era b c)
—-:;? #o 3 1848 2 SET RECORD COUNT
| Zee u 3 25 2
292 Ws ]
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DATA BLOCK FILE

RECORD HEADER RECORD HEADER RECORD HEADER
5 1 ‘ : RESULTS Sw |
18 6 & = .0l 834094
: -2 37 & = .0l
RESERVED OTt
2 20 PROGRAMS 38 6 *.01Z
3 21 39 & = DOl
WORX WG
4 FILES 22 40 6= .04
2 23 41 &= .0
6 24 { 42 &= .03
- o .3~ 1l k2 BAND 3
PASS FILTER L ‘
BS 1024 E=.04
[.3-1} kH. BAND
8 26 | PAss FILTER 44 &= .05
BS _204%
1.3-0 kH2 Band
9 27  |PASS FILTER 45 &= .06
PSS 4096
HiaR PASS FILTER REsuLTg SCL 2
19 28 8BS 2049 % | B w.OrL
UN\T LEVEL 47
i L 2 BS 2040 6 =.014
A b COMBINED BAND L ,
12 PASS FILTER =,
RESERNED OTHER i RESULTS SCL 2 .
14 32 € = .00% 50 &= 020
RAwn ?DEI_A‘}J
15 33 & = . 009 51 S\TE |
| : RAW DELAY
= = | B=wbio 1 = 1 swel
i | RAwW DELAY
1 \ 35 &=.01l | B I <te3




95

DATA BLOCK FILE (Cont’d)

HEADER

L]

RECORD RECORD HEADER RECORD HEADER
RAW DELAY | 3
54 SiTE 4 v T N swelc| 90 Y SITE 3a
w DELA .
55 @P;‘TE = v 73 cS sitelc| 91 Jg  =1TE 34
56 ot 74 s 92 S\TE
DeLAY ALe. BS 2048 \TE lc Ps o
TEMPORARY STORE
57 | Heave dATA 75 r svte le| 93 cs swe3b
Bs 024
HIGH °|§S§; UELDCR‘/E 38
76 = 94 s TE
55. 4 Eae 1ol § Ps ST g ¥ 1 TE 3b
TeMPoRARY STORE '
59 77 95 S\TE
TREND g 024 cs S\Tela ’d T€ 3b
TEMPORARY STORE
60 |FIRST POINT OFFSeT| 78 o S\TE2q] 96 Ps S\TE 3¢
BSi1024-
61 s &y s:__g:é 79 97 S\TE 3
LAST POINT OFFSET SiTel C S <
851024 Or d
TeEMPOEARY STORE
62 |OFFSET PEDESTAL 80 P< s\relb| 98 ¥t ‘sitg e
BS D24
TgM PORARY STORE 5 P
63 ELAY DATA 81 C s 99 ITE 3¢
BS 1024- 3 FEZb R
DiscrRETE SPecTRA|
®8S SI12 7..
. = | SR TR 2 ¥ Site2b| 100 | PS siteda
6 les sie la| 83 L1 svtezbl 107 | €S siteda
66 - |y swe|a| # Ps SiTez| 102 X*  S\TE4a
67 |0 sitelq| ¥ cs Siteze| 103 | ¥y, | SiTE4a
68 | Ps site |b| 86 ¥*  Sitele| 104 | pe S\TE4b|
s
1
69 cs S|ITe lb 87 KR S\TE 2¢ 105 cs 5\1'6,4‘5
: i
70 y, e site),| 88 Ps SITE3,| 106 ; ¥+ s\ Te4b
| "
n r Swely & s SiTe3. 107 | Sire4b




DATA BLOCK FILE (Cont’d)

96

RECCRD HEADER RECORD HEADER RECORD AD
108 Bﬁ?%ﬁﬁ"eiﬁ N 1%
PS SITE 4c
109 | g sede| 127
10 | x* S\Te4e
m T SITE4<
12 | Ps s\TE Sa
13 | ¢s s\Te Sq
4 | x* SI\TE Sa
115 3’& S\TE 50\
116 Ps S\Te5b
117 cs S\vTeSb
118 rt sS\TE 5b
19 | ¥,  siTesb
120 | Ps SITE S¢
121 cs S1TESC
122 | x* S\TeSC
123 a’R S\TE Sc

124

125

S
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choind pegpuEd LS ol CRuMEEE USTHG o8u89 BLES R=8DS4

R

FTH4s L
FROGRAM ECHO
DIMEMSION {4835 (483 s RTEMPC48) s SECC7 s DELCT?
DIMEHSION IECC2E51)» IHYC1827 5, ITRDSIB27 )y IBUF(2D43)

-
Pt

R R o

Dol ok O i~ ol RO o
Dogil

OO =g O LN S 2 Tt v

& Do
5] C %%% PROGRAM ECHD IS USED TO DISPLAY SEISMIC RETURHS
5] C ##%# AMD ASSOCIATED PARAMETERS. ALL DATA MUST BE STORED ON
5] C #xx LU 8 IH DISC IMAGE FORMAT WITH BLOCK SIZE 2048,
849 C #x% JF THE COMERAMCE IS TO BE DISPLAYEDs IT MUST BE

9310 £ #%# STORED ON LU 9 IN BLOCK SIZE S12

10 S

a1z WRITE <1.18)
18 FORMATC"REFLECTIYITIES DISPLAYEDS Y=1lsM=0"1
RERD{1,#> IREF
IF (IREF.ER.9: GO TO 19
WRITE (1s15)
1% FORMAT("NO. OF TRACES IN AVERAGE")
READCL»#2 MTR
HT=HTR
TR=FLOAT(NTR
H2a=TR=*, 2+1.
H4S=TR#.45+1
HS5=TR#,55+1
HBO=TR*, S+1
13 IC2=0
IH2=8
1TZ2=82
HLTS=8.
WRITE <1.28)
20 FORMAT("IS COHERAMCE AVAILABLE? Y=1,H=08")
RERD¢L1»#> ICL
AFCICILER.BY GO TO 25
WRITE (1:27)
27 FORMATC“DO YOU WAMT COHERAMCE DISPLAYED? Y=1i:H=8")
READCL»#» IC2
IFCIC2,ER.A)Y GO TO 25
WRITE 1y 263
26 FORMAT¢"IMITIAL COHERAMCE OFFSET ¢# RECORUSY*)
READCLIs#> INC
WRITEC1s23)

8 FORMATC"COHERAMCE DISPLAY GAIM?")
READC1s#> COHG

5 WRITEC138) *-

@ FORMATC" IS HEAYE DATHA RYAILABLEY Y=1:M=@">
RERAD(1s %> JHI
IF (IH1.EQ.83 GO To 35
WRITEC1s 333

3 FORMAT("HERYE FRARAMETER (-1s@:12")
READCL y# 2 [H2Z

S HRITEC1y 45>

B FORMAT("IS DELAY DATR RYRILABLE? Y=1sH=")

READCL %) ITRL

IFCITRLLEQ. @) GO TO 45

WRITECLy 433

43 FORMATCYDELAY PARAMETER ¢-1:8513")

READCLy#) ITR2
WRITECLs 44>

44 FORMATC"REMOYE LIMEAR TREMD? Y=1:H=@")
REALICLy %3 ILT

45 I0R =8
HREITES1s49)

43 FORMATC"RELATIYE STARTIMG RECORD <@ FOR FIRST»"»
FEADC s %3 IOR
WEITEC 1y 585

58 FORMATCUHO, OF SEISMIC RECORDS?™)

* READCL, %3 HSE
IF CIREF.EQ.BY G0 TO 5%

WRELITECL) 682

e FORMATC"GAIN OF RECORD?")

FERDC1s %3 GRIM

WRITE 1,387

FDRMHT%“HDRIZQHTHL EAFPAMEION FRCTOR?"

-

— .
OO e

[z}
a
5]
7
5]
(%]
a
13
5]
5]
5]
5]
a
5]
5]
(5}
3]
5]
a
5]
g
4]
B
]
5]
5]
5]

e

LA A DA DA AR A DA DA A AR A DA AN IDAR N A A RN AR )

Wt 0 D D G o D0 1000 U T PO D T Pl Pl P Tl Tl 1)) s pmn

2 Q0 = O (R fa 00 P = (S0 00 = O (N e QO 0 == O A0 00




[T 4
[RTERN
f1,%
10,7t
v, 72
vars
alirg
aaga
5]2153 ]

@32 -

2883
0884
0835
0885
apg?
vass
8839
9898
8oL
8a92
2a93
8894
aass
Bu96
oe9?
0893
80939
8108
8181
alaez
8183
a1p4
816s
gleeé
a1ev
81a8
8189
aiie
8111
é1iz
8113
8114
8119
v11é
0117
a118
8119
8126
a121
a122
@123
6124
8125
w128
81z
8128
@129
a13@
8131
8132
8133
8134
8135
8136
8137
@138
8139
B14@
Bl41
a142
3143
G144
@145
alds-

sl

53
56

7e

72

74
73

99

57

11

92
12

13
91

14

1é

17

94

98

REATI. 1s%3 THE

HRITEC L 21D

FORMATS"VERTICAL ERFPAHSION FRACTOR?")
RERDCTs 65 TYE
MAR=284E5-2043-512%(IC2+IREF ) )/ IVE
WRITEC(1, 98>

FORMATC“DISPLAY GAIN AT START.EMD OF RECORD")
RERDC1s#) DISGS,DISGE

WRITEC1,85)

FORMATC"OFFSET GREY LEVEL (8-15)")

RERDC1»%3 IOFF

15P=1

IF (MAX.EQ.8) GO TO 56

WRITE(1+55) MAX

FORMATC“DISPLAY RECORD STARTING POINT 1<ISP<",s14)
READC1»#3 ISP

ISN=1

SEC(1)=0.

DEL¢1>=108,

SEC(2)=FLOAT(HSRY

DEL¢2>=1{08,

IF{IREF,ER.B> GO TQ 99

WRITE{1,70)

FORMATC"TIME VARYIHG DELRY? Y=isN=9")
READCIs %> ITVYG

IF (ITYG.EQ.8» GO TD 99

WRITEC(1,71)

FORMAT("NHUNBER OF SECTIONS <& MAXY"S
READC1y %> ISM

WRITEC1s72) NSR

FORMAT("FIRST RECORD # MUST BE 1:LAST MUST BE"s15)
DO 73 J=8s ISH

WRITEC1, 74> ¢
FORMATC“SAMPLE"s I3+ " RECORD #,TIME DELAY (MS>“)
READC1s#3 SEC(J+1)sDELLJ+1)
SECCISN+1)=SECCISH+12+1,

CALL CODE

WRITECIBUF572

FORMATC"

IF (IREF.E@.1> GO TO 91

IF ¢(IC2.E®.1) GO TO 92
CALL CODE

WRITECIBUFs11)

FORMAT(6@Xs "MILLISECONDS" )
CALL ANPRTCIBUF,72)
CALL ANSPC

G0 TO 93

CALL CODE
WRITECIBUFs12)
FORMATC 48X, "MILLISECONDS"» 55X, “COHERANCE ")

CALL RANPRTCIBUFs120).

CALL CODE

WRITECIBUF,13)
FORMAT(96X: *12.5" 10Ks "KHZ"» 13K "08")

CALL RNPRT(IBUF,136)

G0 TO 93

IF C(IC2,EB.1) GO TO 94

CALL CODE

WRITECIBUF, 14)

FORMAT(1@6X, "REFLECTIVITY")

CALL ANPRTCIBUF,128)

CALL CODE

WRITECIBUF» 16>

FORMAT (40X, “MILLISECONDS" » 58Xs "R2C%) " s 10% "R1C2) ")
CALL ANPRT(IBUF,138)

CALL CODE

WRITE(IBUF, 17>

FORMAT (96K 38" s 3Hs “20" s 3% " 18" 12Xy "8 75" 3% "58"y

T

S.

13X, "25"y2Xy “0">

CALL AMPRTCIBUF, 130)
GO TO 93

CRLL CODE
WRITE(IBUF» 14D
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P CALL HHPFTCIEUFs 1280

RS CHLL CUDE

TRRN WELIECTRBUF 9D

Ulnu P FURMATY 2ds "MILLISECOHDS " » 354, "COHERBHCE " s 185 "REC%I s
DSt 118y “R1( ")

a5 CALL RAHPRTCIBUF 138

B153 CALL CODE

2154 WRITECIBUF, 21 :

Q155 21 FORMBT(E4Ks "12.5"s 18K "KHZ"» 13X "0 3B" s 3% "26" s 3K%»
v15¢g 171825 "B 75" 13¥2"SB" s 38 "25", 2% “0")

"187 CALL AHPRT <IBUF,138)

8158 93 DO 22 I=1,2043

@159 22 IBUF(I>=p

b1 oo 23 I= (JB48—512*(IREF+IDE>)-1:(-59*1?5)

Blal 23 IBUF¢I)=18

AlEZ 00 24 I=1:19

9163 24 CALL AHACC(IBUF, 28487

Bi6d DO 788 I=1,2848

B165 ‘o IBUF(I)=1g

Qiég CALL AMACCCIBUF, 2048)

Qate? CALL AMNACCCIEBUFs 26480

B1e63 IO 168 I=1,48

9169 K(I)=a.9

giva lag ¥(li=0.8

8171 CALL PTAPE(S,8: IOR)

B172 IFCIC2,NE. @2 IHC=THC+IOR-¢IH1+ITRIY*#{I0R-1824)
8173 IFCIC2.NE.B> CRALL PTRPE(S9.:8s INC)

9174 ISHFT=512%(IC2+1IREF)

817%S IFCIHL.ER.BY GO Ta 141

817e CRALL ERXECO1s3s IHYs 10273

8177 FACH=FLOATCIHV(1BZ2E6) ) /32767, 32767,

81v3 FHCH=FHCH*IB.**(FLOHT(IHU(IB 253,640 )

@179 181 IFCITR1.EQ.Q GO TO (@3

9134 CALL EXEC(1s&8s ITRDs1827)

B1&1 FACTR=FLORTCITRDCIBRS) ) /32767, #32757.

B1a2 . FACTR=FACTR#18, ##(FLORTCITRDC1825)764))

aie3 IF CILT.EQ.6) GO TO {82

A1gad ALTS=FLOATCITROCHSR Y -ITRDCL Y 3 #FACTRAFLOATCMSR)
2185 163 D0 282 MMM=1sISN

1188 HST=SEC (MMM 2

wia? HFIN=SEC{MMM+13-1

B1a8s 192 D0 268 I=N3TsHFIM

a18s

@198 g #%+% SEISMIC RECORD ROUTIHE

a1491

ai%2 DELAY=C(FLOATC(I)=SEC{MMM) > CSECCMMM+1 ) ~SEC (MMM )
H193 DELAY=DELAY*{DEL {MMM+1 )~ ~DELCHMM) 2+ DEL CHMM D
93194 TGATH=GATH4DELAY*, vu’?s

8195 X CALL EXECC1s3,1EC, 26513

aise FRCT=FLOAT(IEC(2650) ) 32757, /32767,

aisy FACT=FACT#18. #%(FLURT(IECC2049)/640)

#3193 THERY=FLOATCIH2#IHY (T y#FACH

ulwq ITRND=FLOATCITREZ#ITROCTI 2 o #FACTR-FLORTCITRE#I ) 54LTS

IFCILE®, 13 ITRHLI=ITRHD
ILOC=THEAY+ITRND-1TRN1
DO 186 LLL=1,2048
186 IBUF(LLL =8
00 366 J=1SP»za48
DGAIN=FLOATC)) ~ 2848, ¢ DISGE-DISES)+DISGS
Do 119 IYP=1,IVE
L=2R43-TYE*(J-I5P)=ISHFT~ILOC-1YP
IF ¢L.LT.1) GO TO 118
IBUF L= IMTCFLOATCIEC I Y #FACT#DGAIN) + I0FF
18 CONTINUE
388 CONTIHUE
IFCIREFLER. LY G0 TO 524
le4 IFCICLLER.OY GO TO 898

COHERAHWCE ROUTIHE

s
*
#:
w*

IFCICEZ.ED.LY GO Td 185
G0 TO =@
185 CALL EXECA1s9y IEC.S1S)
I5H=5124 IREF
1221 FACC=18. % (IEC(S13 /840 #FLOATCIECCS 1403 /32767, ¢4

S S0 0 O D ST I S O e O :;u |_'~:_. ':' [ax)
Fod Pt P o Pos P00 P T T ot T Bl Pede T T Ty [0 P B0 T
vp—l.—a-—-wnp—-o—-r-bv—‘r-(gﬁuxl('-_‘rcurlﬁlrxuxlal
nLr Q0 = T L0 e G v 00 al O0 g TN O 4 G T e

O ]
ot T,
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DD 601 J=1,511,2

L=2949-15H-J

LislL+1
ILEY=INTC(FLOATCIECCJD ) *FRCC*16. #COHG )
IF (COHG.LT.B) ILEV=18+ILEY
IBUF<L)aILEY

IBUFCLL)=ILEV

IBUF(1535-1SH>=16

IBUF(1535-15H)=16

GO TO see

C #%% REFLECTIVITY ROUTINE

589 IMAX=a
1PK=8
DO 581 J=1,2048
IFCIECCJ)LLT.INAKY GD TO So1
IMAK=1EC(J>
IPK=J
CONTIHUE
ITe=IPK-16
ITI=IPK+15
I1T2=1PK+63
S3¥=0.9
SV=9.8
D0 562 J=1T@,IT1
TEMP=FLOATCIECC ) ) #FACT#TGAIN
582 SK=SK+TEMP#TEMP
DO 583 J=(IT1+1),172
TEMP=FLOAT{IECC I 5 *FRCT#TGAIN
583 SY=8Y¥+TENP+#TENP
. ACHTR>=SART(3¥)>
YINTR)=SQRT(BY)
DD 5@4 J=13537,20848
584 IBUF(J)=@
D0 585 J=1:HTR
S85 RTEMP(J)=¥())
CALL DORDERCRTEMP»NTR)
M2@=RTEMP (N2B) %348,
IF(M2B.LT.1) Mz2oe=1
IF(M20.GT.256) M20=256
M45=RTEMP{N45) #3480,
IFCM45.LT. 1) M45=1
IF(M45.GT.256) M45=256
- MS5=RTEMP (N353 #3440,
IFCMS5.LT.1)> MS5=1
IF(M55.GT.256 MSS=256
MEB=RTEMP(HBO) %348,
IFKMBO.LT.1) MBa=t
IF(M8O.GT.256) MS8B=256
D0 586 J=M28,M45
586 IBUF{2049-J5=8
DO 587 J=(M45+1),M55
387 IBUF(284%-J)=1¢6
DO 588 Js(MS5+1)yM30
588 IBUF(Z2049-J)=8
DO 589 J=1,NTR
589 RTEMP(JI=Y{J)
CALL ORDERCRTEMPsHTR)
M2@=RTEMP(NZ@) %850,
IF(n2e.LT. 1> m2e=1
IF(M2@.GT.256) M20=258
M45=RTEMP(H453 #8508,
IF(M45.LT. 1) M4aS=1
IF(M45.6GT.296) M45=256
N33=RTEMPC(HSS) #3508,
IF(MSS.LT. 1) MSS=1
IF(MS5.GT.256) MSS5=256
M3@a=RTEMP(H3@) %852,
IF(nBB.LT.1) MBB=1
IF(M8B.GT.256) HMB0=256
DO 518 J=H2@>M4S

[ 4
&
-

n
o
—
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Llw TBEUFOIT3a~4y=8
e St J=o19S+1 3y MBH
Blz IBUF{1793~-J2=§
DO 511 J=(145+1)» M55
511 IBUFC1793-Jr=18
DD 513 J=1,(NTR-1>
H{JI=R{(J+1)2
513 YCD=Y((S+10)
D0 528 J=153852848,85
528 IBUF{Jy=15
IBUF(1792)=16
IBUF(1539)=18
G0 TO 184

GREY SCALE ROUTINE

o0
*h
*
*

880 IBUF(1)316
IBUF (2)=18
IBUF (Z845)=16
IBUF (2@44)=16
®1=FLOAT1}/ 180,
%2=FLOAT{I/188)
IF (X1.NE.X2> GO TO 802
1TIC=50
¥1=FLORT C1)71808.
®2=FLOAT(1/165@)
IF (X1,NE.®2) GO TO 504
ITIC=10@
§84 DO 993 J=1,1TIC
IBUFC¢J)=16
203 1BUF(2048-ISHFT-ITIC+J>=186
882 D0 381 J=1,IHE
881 CALL ANACCCIBUF,Z20848)
28B CONTIHUE
282 CONTINUE
D0 981 I=1,20848
281 IBUFCIY=16
CALL ANACECIBUF,2048)
CALL ANACCCIBUF, 28483
L0 982 1=1,2843
982 IBUF(1)ad
DO 983 1=(2048-5124(IREF+IC25) 51, (-50%IVE)
393 IBUFCIY=16
D0 984 1=1,10
CALL ANACCCIBUF,2048)
CALL ANSPC
CALL AMSPC
~ CALL CODE
WRITECIBUF s 985)
385 FORMATC48%, "MEMORIAL UNIVERSITY OF MEWFOUNDLAND 1994°)
344 CALL ANPRTCIEUF, 28)
10 980 J=1,5
299 CALL ANSPC
CALL ANRS
EMD
SUBROUTINE DRDERCRTEMPsNTR)
DIMENSION RTEMP(48)

—
~N T

3Gt G s a0 Do O o0 D00 G el or G 0 G0 0o DD @ Q0
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T O Gt b D i ok G 0t G € Gy

o Fo b g D3 L0 G L D DO

I EODNEOOOEIICEEOEIOEERTIECEOE 0G5S DT
1L L
G e (S0l G0 g O 00
ol
=
+

#%% ROUTIME TO ARRAMGE FHREAY IM ASCEMDING ORDER

I0 458 J=1s (NTR-1)
DO 451 K=<{J+134HTR
IFCRTEMPCE Y ,GT, RTEMFCJYx GO TQ 451
T=RTEMP (KD
RTEMPCK Y =RTEMP (.o
RTEMP: t>=T

451 COMTIHUE

58 CUMTIMUE
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auel
a6a2
68a3
3684
a8as
0865
ves7
6Rag
8389
ve16
8011
vB12
8813
BB14
8015
vale
Bal1y
8818
2019
Be2a
BBzl
gezz
aaz3
88924
8825
8826
8827
aaes
gBz3
BB3a
Ba31
8nR32
9833
8634
9835
9E3e
8837
BBA38
8839
6840
Ba41
Be4z2
8043
8844
0845
gB4s
0047
pa48
8849
2e50
8a51
8a@s52
8a53
8654
8655
8856
ves?
BeS8
807359
2157,
vas1
aBe2
8a63
6564
4865
BOES
Bo67
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FTHsL
PROGRANM SCL2

PROGRAM CALCULATES VERTICAL IMCIDEMCE SCATTERING FROM A
ROUGH GAUSSIAN SURFACE RSSUMING A POLYNOMIAL TYPE TOFOGRAPHI
CORRELATION FUNCTION IN THE FIRST SUBRRER. i
PROGRAM DERIVED FROM THEORY OF CLAY & LEOMG ©1974)

QUANTITIES TO BE SPECIFIED RRE:
« RMS SURFACE ROUGHHESS (M)
2., TOPOGRAPHIC CORRELATION DISTANCE (M)
3. SOURCE-/RECEIVER HEIGHT ABOVE BOTTOM (MY» USUALLY
NOT CRITICAL IN FAR FIELD OF SOURCE
4. NORMALIZED COEFFICIENT OF LINEAR TERM IH BOTTOM
CORRELATIOH FUNCTION
5. HORMALIZED COEFFICIENT OF QUADRATIC TERM IM BOTTOM
CORRELATIOH FUNCTIOM

ALOMG ¥ RXIS:

CORRELATION FUMCTION = 1.B8-CL*ABSCH)/FLI-CO%(Ke#2dFLY#%2
i LINERR COEFFICIENT OF UMITY AND A QUADRATIC COEFFICIENT
OF ZERO YIELDS A CORRELATIOM FUMCTION DECRERSING

LIHEARLY TO ZERO AT BOUMDARY OF FIRST SUBARER ON

K OR ¥ AXKIS (DISTANCE FL1 FROM THE ORIGIMD.

DIMEMSION OF FIRST SUBRRER IS FL1#FL1

HORMALIZED STACKED EMERGY DR REFLECTED COHERENCE
ESTIMATES ARE STORED IH ARRAY IMSE FOR OUTPUT

TO MAGHETIC TAPE AND SUBSEGUENT PLOTTING UMDER
THE FOURIER OPERATING SYSTEM.

QOOCOoOOOOOOOOO0OODO0OO0OGOOCOO0

DIMEHEION INSEC4B99)sASC2:202B5¢2y2)108¢2,205E(3)
HM(S3=1,1283731/(S+SRRT(S*%2+1,27324))
IHD=1 i
10D=6
lE=8
D=8, BE-83
C IS YELOCITY OF SOUND IN SEAWATER {(M~S)
C=1508,

1 IB=IB+1
WRITECIODs 1G> 1B

18 FORMATC(" CLAY % LEONG SCATTERIHG"»~/~ 7,
1" ENTER RMS ROUGHHESS FOR QUTPUT “. IS}
RERDCIHDy #) ROUGH
IF(ROUGH.LT.8.8)7 GO TO 999

c CORRELATION DISTANCE FROM H-H RELATIOMSHIP
FL1=38, 8% (ROUGH*#1, 25)
WRITE{IODs2) ROUGHsFL1

2 FORMAT(" RMES ROUGHHESS=":F1m,.8&
1" H=-H RELATION CORRELATION DISTANCE=":FiB.6)
WRITECIOD: 3)

3 FORMAT(s" ENTER CORRELATION DISTANCE OVERRIDE")
READCINDs #3 FL2
IF(FL2.GT.8,6) FL1=FL2
WRITECIODs 113

11 FORMAT{>* ENTER SOURCE-RECEIVER HEIGHT RBOVE BOTTOM")
READ{IND:#) R
DO 15 I=1,2
DO 15 J=i,2
ASCIy J)=@.0
BS(1:J)=0.8
CS(1+Jy=0.8

15 CONTIMUE
E(1)=0.2
E{2)=FL1}
E{3) IS LIMITING X OR Y ENORDIMATE OF 2HD SUBAREA.
E¢3) SHOULD BE MADE SUFFICIEHTLY LARGE THRT
SCATTERING RESULTS ARE INDEPENDENT OF THIS PRPAMETER.
E(3)=3,0%FL1
CSrls10=1.8
HEITECIODs 182
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8185

LT i i T VY

2 G G G R
P N
-

o3 00 =3 T A L0 PO

Bniz7?
B128
8129
81329
ai13l
aiaz
9133
9134
a13s5
8128
Y137
n1z8
8139
2148

[y X o]

[}

]

[

Lo § ol w]

[y]

18

17

4

K1

25
78

103

FORMATC /" EHTER HORM. LIMERR TERM OF BOTTOM CORRELATTOH"
RERDCIMDs #) CL

MRITECIOD. 17 .

FORMATC(" ENTER MORM. QUADRATIC TERM OF BOTTOM CORPELATION"
READCINDs #) Q)

BS(1s1)=CL/FL1

ASCLs L0=CR (FLI%22)

WRITECIOD:4)

FORMAT (7" FRE®R A HSE COH. EHER. "
EYALUATION QF SCATTERIMG PROFERTIES AT 12.207 HERTZ
INCREMENTS.

1"ICOH. EMER. TOT. EHER,".)

H=-1

DD 78 M=1s18

DO 56 K=1,128

H=N+1

FREQ IS SOURCE FREQUEHLCY IN HERTZ

FREQ=12, 287 %N

IF(FRER.ER.8.3> FRED=1.8d

ANGF1 IS EFFECTIVE SOURCE BERMWILTH IM RADIAHS

AHGF 1=2555.6-FREQ

IFC(ANGF1.GE.1.3> AHGF1=1.3

F2=TAN{ANGF1>

Fk=8,2832#FREQ-C

G=4, 0% (FK*ROUGH)Y %2

X=R%F2

XF2=R/FK

ECOH=EXP(-G)

SUM=8.8

Do 3@ I=1,2

I 28 J=1,2

AL=1.0/80RT ({1, B+ (KF2/ K#42) 5520 5 (U%22) /(2. 05 CUF2%422 1 +G2ASC [
BL=G#BS(IsJ>

S8=RL*BL~-2.0

QUM1=ECI>/AL+5S

BYMi=E{(J)/AL+SS

RU=ECI+1)/RL+8S

QY=EC(J+1)7AL+5S
US=EXP(=CCECI)/RL#$2+ECT D #BL)Y Y#UCRUML Y ~EXPC—{ (E( T+ 13 ~AL Y %232
1 +ECI+1)#BLY y=NHCQUY

YE=ERP (= (CECI /AL ##2+ECID#BL) 2 #MCOYML D ~EXP(~(CEC J+1 ) /AL %42
1 +ECI+LI#BLY D elCRY)
SUM=SUM+EAP(-G# (1. A-CECT Jid )2 CAL*# 23 #US*YE
SL=(FK##2)*SUN-32. 0

ETOT=16, 823L*(F2%2)

EICOH=ETOT-ECOH

FHSE=ECOH-ETOT

HZR1=2%N+1

IHSE(H2A1)=327A7#FHSE

IHSECHZAL+1)=0

CONTINUE

AHGD IS EFFECTIYE SOURCE BEAMMIDTH IH LEGREES
HHGD=57. 2953%ANGF 1

COHERENMTs INCOHEREHTs AHD TOTAL RETURMED EHERGY ARE
HORMALIZED TO SPECULAR EMERGY RETURH FROM FLAHE
IHTERFRCE.

WRITECIODs 55> FRERs AMGI FHEEECOHs EICOHs ETOT
FORMATCLXs 2F 9. 29 2F 2. 63F14.65F12.6)

COMTINUE

SCALING FARAMETERS FOR FOURIER SYSTEM BLOCKES FOLLOW
INSE(4897)=4

IHSEC4B380=22757

IHSE(409%)=3%

CALL EXECC2y 118Bs ITHSE 4895

GO TO 1

CAHLL EXEC (3, 1108

CALL EXEC(3,410B)

EHD

EHD%



a1
2862
8063
0004
@005
BEOE
2007
8008
8899
0016
0011
0012
8813
9914
8915
6916
@817
@818
6819
8920
8021
anz2
8923
824
@825
BAZE
8927
0028
9829
939
8631
8032
0033
8034
8935
B93E
8837
9938
B39
9940
94 |
0842
9043
0844
2045
0046
0847
8948
0949
8050
0051
9952
0053
2054
6055
0856
0857
8058
20859
8060
8061
00962
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PROGRARM 51

PROGRAM CALCULATES VERTICAL IMCIDEMCE SCATTERING FROM
A SURFACE OF KNOWN GRUSSIAN ROUGHNESS AMD KNOWN
TOPOGRAPHIC CORRELATION DISTRHCE.

PROGRAM DERIVED FROM THEORY OF WELTOM (137S5.

INPUT PARRAMETERS:

1. RMS SURFACE ROUGHHMESS (M)

2. SURFACE CORRELATION DISTAMCE (M)

3. SDURCE~RECEIYER HEIGHT ABOVE BOTTOM (M)

CORRELATION FUNCTION IS OF A GRUSSIAH FORM
= 1.0-EXP{~(X#42)/FL1%#2) 1IN X DIRECTION.

THE HORMALIZED STACKED EMERGY FUMCTION OR REFLECTED
COHERENCE FUMCTION IS STORED IM RRRAY INSE THEH
OUTPUTED TO MAGMNETIC TAPE FOR SUBSEQUEMT PLOTTING
UNDER THE FOURIER OPERATING SYSTEM.

DIMENSION IHSE<4899)
IND=1
[10D=6
1B=0
1=8.08E-83
C IS YELOCITY OF SOUND IN SERAMATER ¢H/S)
£=15088.
LIM 1S NUMBER OF TERMS SUMMED. LIM SHOULD EE
SUFFICIENTLY LARGE THAT SCATTERING RESULTS REMAIM
UHCHAHGED AT SHORT WAYELEMGTH LIMIT,
LIM=185
{ IB=IB+1
WRITE{IODs 18> IB

18 FORMATC( /7" WELTOM SCATTERIHG"s /4y
1" ENTER RMS ROUGHNESS FOR OUTPUT *»I5)
RERDCIHDs #) ROUGH
IFCROUGH.LT.B.08> G0 TD %99
CORRELATION DISTRAHCE FROM H-H RELATION
FL1=38,0%(ROUGH#*1,25)
HRITECIODs 2> ROUGHsFL1

2 FORMAT(" RMS ROUGHMESS=":F18.6:" H~H RELATION “,
1"CORRELATION DISTANCE=",F10.6)
HWRITECIOD: 3}

3 FORMAT(," ENTER CORRELATION DISTANCE OYERRIDE ")
BY ENTERING HOM-ZERD YALUE THE H-H DERIVED
CORRELATION DISTANCE 15 OYERRIDDEN,

READCINDs #) FL2 -
IFCFL2.GT.8,8) FL1aFL2
WRITE(IOD>11>

11 FORMATC(/" ENTER SOURCE-RECEIYER HEIGHT REOVE BDTTOM™).
READCINDs %) R
WRITECIQD:4)
SUMMING SERIES FOR FREQUENCY INCREMENTS OF 12,207 HERTZ

4 FORMATC,7" FREQ A NSE COH., ENER."s
1" INCOH. EMER. TOT, EHER. OPT. ENER. "

Ne-1

DD 78 J=ml,16

DO S8 K=ei,128

N=N+1

FREQ=12,207%N
IF{FREG.EQ.9.9) FREQ=1.0

OQOoOOOOQOOOO0OO00O0O0O000CI0

oo o oo o
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g8l . AHGF1 13 EFFECTIYE SOURCE BEAMMIDTH IM RADIAMS
a8e4 AMGF1=2565, 6/FREQ

wees BEAMWIDTH LIMITED TO FI~2 RADIAME (OMHIDIRECTIOMALY AT
gess  C LOW FREGUEHMCIES,

Ree? IFCAMGFL.GE. 1. 577y AHGFi=1, 5747

Ha63 Fa2=TAH(ANGF 1>

qae3 FK=86.2832*FRED-C

aera G=4, 8% (FK#ROUGH) %2

Bev1 ECOH=EXP(-G)

eB72 FH=C(FK#F25%%2+1 . 0-C(R*F20#%222,5

|ovae SUM=0.0

ver4 LDL=1.8

vo7S DO 38 L=1sLIN

oB7e GDL=GDL#5-L

aavy 38 SUM=SUM+GDL/<FLORTCL)~FL1%%2+FN>

eu78 EICOH=@, 5 ((F2%FKY*%2)*ECOH*SUM

8879 ETOT=ECOH+EICOH

ve33 FNSE=ECOH-ETOT

es3l © EOPT IS RSYMPTOTIC FORM FOR REFLECTED EHERGY IM
gosz C SHORT WAYELEMGTH LIMIT.

ves3 EOPT=(F2%+2)/ (3, 8*(ROUGH-FL 1) %2 +F2%%2)

a6s4 M2A1=2#N+1

GR25 IHSECN2AL »=227&7*FHSE -

oegs INSECM2A1+1)=0

aaay 38 CONMTIMUE

eag3  C - AHGD IS EFFECTIYE SOURCE BEAMMIDTH IM DEGREES
8e89 AHGD=57, 2958#AMNGF 1

vasa . COHEREMTs INCOHEREWTs TOTALs AMD OPTICAL CRASE EMERGIES
8a%l C ALL MNORMALIZED BY EHERGY OF SPECULAR REFLECTION FROM
Ba9z o A FLANE INTERFACE.

eaa3 HRITECIQDsSS) FREQs AMGDs FHSEs EQOHs EICOHETOTEQPT
aa94 35 FORMATC1XF?.1:F7. 21 2F2.6:F14.6,2F12.8)

8895 7@ CONTIMUE

899 O BLOCK SCALIHG PARAMETERS FOR FOURIER SYSTENW
aasy IHSEC4B8597 =4

BESS " INSE(4B98)=32767

6E93 THSE(4897:=39

8160 CALL EXEC(2y116Bs INSE, 48933

g1e1 GO TO 1

Blez 99% CALL EXEC(3,118B)

vies3 CALL EXEC(3s;418B>

a104 EHD

$185 END$

WELTON SCATTERIMG

EHTER RMZ ROUGHHMESS FOR DUTPUT 1

RMS ROUGHNESS= «912388 H-H RELATIOH CORRELATION DISTAWCE=
EHTER CORRELATION DISTAHCE OVERRIDE

EHTER SOURCE-RECEIYER HEIGHT AEOVE BuiTOM

Ba
FRER R HEE COH. EMER. IHCOH. EMER. TOT. EMER.
1S56.3 89,93 ,973988 . 979983 B26812 1. 008800
3112.8 47.22 .996716 594193 . BB23E2 | 982156
45753 31.44 004423 . 7REEE1 [aR44RS . 791264
LI 652662 BB6213 658375
M B1312% LHAT83L , SER9GE
: : 332333 . BOBIEE |391354
5% ; - L27R1E3 L BEG49]  ETEERY
124873 : 130343 . Ba9424 RETE
19056.3 10,46 . S114767 . aaszaT | 123654
1S612.3  9.42 . 3630735 . a03048 TB77RAs
17175, 2 2 . G39363 . BR7073 LG4s
187377 = . T821273 | BEEHI2 L@z
z : 24 . .B19EaE L BRS 18T B1E
F- - . Be 1 L 3a4453 . B
EE= T, ] CHREZ21L8 P 1 B

125389

UFT. EMER.
1. ABasan
EZE4T7E
L AEEERS
L E R
LHE2RIEE
LA1941%
JH14143
JELIATET
, 8547
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CSPECTRUN AVERAGING PROCRAMS

The following remarks apply to the first four sample programs: These are the
aulo spectrum summation average program, cross power spectrim sommation
average, auto spectrum stable average, and aule spectrum  exponentinlly
decaying average.  All these programs consist of power spectra (or linear
gpectra) averaged in different ways.,

Pcwer Speclrun

To compute a power speclrum of a random process, it is necessary to generate
a positive quantily which can be averaged, The resulling average will then he
a measure of the energy in each frequency of the spectrum band.

The typical random process yields a Fourier transform which will have positive
and negative real, and positive and negative imaginary values, randomly dis-
tributed across the spectrum. Thus il the transtort is averaged without o
time synchronization, the results will average out to zero.  To obtain the
required pusilive quantities, therefore, the Fourier transform must be conjugite
multiplied, yielding a positive quantity at each frequency which is the energy
at that frequency. If we sum a number of such spectra, and then divide enach
{requency channel by that number, we achieve the desired average.

The Computer uses 16-bit data words (15 bits plus sipgny thus providimge a range

of 0 to 65,534 numbers (-32,7G7 to +32,767). 655 ix aboul 48 decndes.  If

we compute the linear spectrum, we have 20 dB/deeade times 4 8 or 06 4 dy-
namic range. With the power spectrum we have 10 dB decade limes 48 or
only 48 dB} dynamic range. lowever, sinee the reault of a power spectram is
in double precision, the same dynamic range is maintained,

If the function is a Gaussian process then the real and imaginary componends,
of the Fourier transform are a CGaussian random quantity, each  fregquency
component having a value expressed hy: atib, where wis the value of the real
component and b the value of the imaginary. When we aquare this expression
by conjugate multiplication, we arrive at an expression of the form a? + b?,
whose statistics are Chi-squared with a degree of freedom for each rquared
term, or in other words, with two degrees of freedom. Thus each time record
yields one estimate of a power spectrum with two degrees of freedom. For the
first estimate, the vartance aon the expected value of each spectral line is
equal to the mean -value, which is a very large statistical variation. However,
the variation decreases as the number of estimates increases. That is: .

x 100

=~

where:
o is one standard deviation in percent.

K is the number of estimates.

The same programming strategy is employed for all four spectrum averaging
programs. This strategy consists in reading data into block 0, forming the
power gpectrum there, and reserving black 1 to store the accumulating sums of
the estimates. Then the contents of block 1, which are 0 the first time, are
added to block 0. Thus the current record is always added to the sum of the
past records. The result is stored back into block 1, and a new record obtained
in block 0. The current record is worked on in block 0 because in all arith-
metic operations involving two blocks, one of them must be block 0.

A feature of the analog input command is that it permits the user to take
in data in one block (or two in the case of dual channel input) and display
a different block. In the case of spectrum averaging programs, this permita
the user to observe the sum accumulating in the storage block, which is of

more interest than observing the input block, since this would merely show each
record of a random process.

When running the summation average programs, the user will ohserve the
sums accumulating in the storage block, If the program is stopped in mid run,
a calibrated average up to that point cannot be read, since the division lakes
place at the end. However, the user can compule the calibrated average hy
first listing the COUNT line of the program which will also give the number
of sums up to that point. Then the block can be manually divided by that
number to give a calibrated average.

The stable and the decaying avernge programs provide a calibrated average at
every repetition, and thus no additional uperations are required when the pro-
gram is stopped in mid-run.

Power spectrum
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Exponentlally Decaying Average

In a stable average, all ensemble estimates contribute equally to the final
svernge. This is satisfuctory if the signal as a whole is not changing with time.
But if it is changing compured o one sample record, we may want to see what
the average is uver a short period; in other words we may want to look at an
average that approaches the finul value exponentially as (1 - /%), That is:

A= A1~ e VE

where:
Ay = the average after n estimates
Ag= the final average
n = the number of estimates
k =’i.he weighting factor
It is clea; that Ap is a close approximation to Af only as n grows large

compared to k.

The derivation of the above equation from the running average algorithm is as
follows:

KA ,1_'1:’.”_‘

Therefore

And

But AO' the uverage after 0 estimaten, is 0. Therefore, by induction, .

E (An] -E|f f:li('%‘-)ﬂ-‘

i=1

where:
E means “the mean value of...”

I; = the ith eatimate

But since

Averaging
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and letting a=1, r =(k_kl) e
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k1) A&
k - k
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[=

i

For k very large,

E[An] ks %] (1 - e':'/k)

For sufficiently large n, E[A,] approaches A, E[I;] approaches Ag Thus:

A = A (1 ] e'“/")

The exponentially decaying average like the stable average will always produce
a calibrated result if the program is stopped in mid-run.

The effective number of averages contained in the ensemble is k. Thus, each
spectrum in an exponentially decaying average has 2k degrees of freedom.

LISTING OF SPECTRUM
EXPONENTIALLY DECAYING AVERAGE PROGRAM

(K = 20)
1 L "]
4 CL 1
Tk I° 1
1@ RA "] 1
14 F
16 =~
18 A- 1
21 1 0 28
25 A+ 1
> 28 X>» 1
31 J 1
34 .
7
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