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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 geotechnical 

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 available 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 photographie evidence in a simulation of 

seafloor composition and roughness and to estimate its response to 

a seismic pulse. 
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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 was 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 scattering theory of Clay and Leong (11) and to relate the 

coherency metrics of Macisaac (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 ef fects of deeper sub-bottom 

structures. 

The results of this and other work are documented in Volume I and 

Volume II 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 topographie 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. 

Ll = 30a 1.25 

where L1 is the correlation distance in metres and a 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
1 

= /2a, instead of 

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 is 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 variations 

in amplitude. The general effect of a rough surface when insonified by 

an acoustic impulse is 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 allow remote estimates of surface 

roughness. 

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

as, 

lcf) (2.1) s (f). s (f) 
X y 

where subscripts x and y denote successive bottom echoes. The 
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numerator of Equation (2.1) ls (f)i
2 

is the Cross Power Spectral xy 

density of the two consecutive echoes and S (f) and S (f) are the Power 
X y 

Spectra associated with the echoes x and y, respectively. In reality 

y2(f) is the normalized cross spectrum between successive ' echoes. If 

2 
Sx(f) is identical to Sy(f), y (f) • 1 indicating perfect coherence. 

2 
In spectral terms if S bas little correspondence with S then y -+O. 

X y 

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. 

2 
An additional coherence function, yR 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. 

2 
This function is similar to y 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, 

S R2(f) y 
s (f) s (f) 

X y 
(2.2) 

For any given sediment type, whose reflection characteristics · can be 

said in the long term to be statistically stationary, over a small 

spatial translation the Power Spectra S (f) and S (f) can be assumed to 
X y 

remain unchanged. Thus, S (f) = S (f) = Si(f). 
. X y 

(2.2) can then be redefined as, 

2 
Jsi i+l(f)j 

' 

Equations (2.1) and 

(2.3) 
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and 

2 
2 SiR (f) 

(2.4) YR (f) 
s/<f) 

where Si i+lis the Cross Spectrum between the ith and i+lth echo. , 
2 If we take Si (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). 

(2.5) 

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

response to the scattered component. In a similar fashion 

s 2 
- ___l!L 
- s 2 

i 

s 2 
yR 

(s + s )2 
ys yR 

(2.6) 

2 2 
One other coherence function can be derived from y and yR when 

only the scattered portion of the echo is considered. 

is defined as, 

2 
J SSi i+l J , 

2· 
This term Ys (f) 

(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. 

2 2 2 
Cochrane showed that y , yR and Ys are related by the equation, 



2 
y 

2 l-yR 2 
YR Il+ -- Ys! 

YR 

8 

(2.8) 

The above analysis assumes a noiseless model. Uncorrelated 

additive noise 

2 
yR are reduced 

of 
2 

and 
2 

affects the denominators YR y • 

1 
due to noise by a factor 

(1 + l/SNR )
2 

0 

SNR = signal noise ratio 
0 

S = noise spectrum 
n 

Bo th 
2 

and y 

where 

If the noise spectrum is known, adjustments to the coherence 

2 2 
functions y and yR 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 illuminating 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 f orm 

the resulting echo. Figure 2.1 shows the sediment model based on a 

linear systems approach. 2 
The coherence function y (f) is estimated 

directly using equation (2.3). 

I~ 
N 

Yi Y*i+112 A 1 y i , Y* i +l 12 l 
lcf) i=l = (2.9) 

{Yi Yitf 2 
N 

cl l !Yi!2)2 
N i=l 

where the circumflection c~) above the coherence function denotes an 

estimated value. Bath the numerator and denominator of (2.9) are 

ensemble averages over N estimates. This is necessary because of the 
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Ysi (t) y i (t) 

x(t) yR(t) 

ni+1 (t) 

Figure 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. 

2 Estimation of yR requires the elimination of the contributions 

from the various scattering terms hsi(t). This can be obtained from 

1 N 
Then N l 

i=l 

N 

yi(t) = x(t) * hR(t) + ~ ill x(t) * hSi(t) = yR(t) 

providing the scattered component over N pings is zero. F(•) denotes 

the Fourier Transform and * denotes the convolution integral. Hence, 

1 
N 

2 
IF( l yi(t))! 

N i=l 
YR N 

(2.10) 
1 2 l !Yi! 
N i=l 

2 2 2 
and ys can be estimated from yR and y as in equation (2.8). 

Thus, yR can be regarded as the normalized "reflected" coherence 

function where the scattered component has been removed by ensemble 

averaging in the time domain. 

2 
The effects of noise and misalignment on both y 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 (20µ.s) 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 consista 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 yisual 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 R
1 

and R
2 

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 photographie 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 

wor~, an offset of 200 metres was computed with an estimated 

uncertainty of 25 metres along the track but an unk.nown 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 and BRUTIV photograph numbers used in the discrete 
analysis 

....... 
w 
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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 

start and end coordinates are 47° 18' 35" 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 is 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 µs. 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 



Figure 3.1 a - c 

BRUTIV photographs 

from Site 1 Line 8 

View area approximately 

2 . 62 m x 1. 8 m 

Hudson Cruise 83-033 

15 



Figure 3.2 a - c 

BRUTIV photographs 

from Site 2 Line 8 

View area approximately 

2. 62 m x 1. 8 m 

Hudson Cruise 83- 033 
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Figure 3.3 a - c 

BRUTIV photographs 

from Site 3 Line 8 

View area approximately 

2. 62 m x 1. 8 m 

Hudson Cruise 83-033 

17 



Figure 3.4 a - c 

BRUTIV photographs 

from Site 4 Line 8 

View area approximately· 

2. 62 m x 1. 8 m 

Hudson Cruise 83-033 
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Figure 3.5 a - c 

BRUTIV photographs 

from Site 5 Line 8 

View area approximately 

2.62 m x 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 black of 1024 seismic 

records encompassing the selected photographs was identified. These 

five data blacks 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 

identical, many similarities exist in techniques adopted for this 

present analysis. Digitization of the raw data was at SOkHz (20 µ s.) 

and in this program the interna! 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 seismic 

profiles and the photographie 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 graphie 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 graphie 

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 f requency 
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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 eut and high eut 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 

2 
coherence spectra y 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. In 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 receiving 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 

eut-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 scattered energy and energy from near surf ace 

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 

2 
Power spectra, cross spectra, y 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 y
2 

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 y2
• 

5. Little change can be detected in the power spectra between sites 1 

2 
and 4, however, the cross spectra, yR and y 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. 
2 

The coherence spectra (y 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 

photographie 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 graphie 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 Apparent Seafloor 
Roughness 

In the previous work Cochrane developed synthetic coherence curves 

for various degrees of roughness based on scattering theory developed 

by Clay and 1eong (11) and Welton (13). These theories assume two 

input parameters to describe reflector roughness; a Gaussian 

surface-height distribution; and a given source directivity function. 

Cochrane found that the Clay and 1eong synthesis was more suitable for 

the smoother surface and that the Welton mode!, which could be modified 

to accommodate the close-packed surface typical of a grave!, 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 photographie 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 

1 d 1.25 
corre ation istance 1 1 in terms of the rms height as 1

1 
= 30 cr 

The correlation distance 1
1 

is usually taken as 20% of the 

dominant wavelength (À ) of the surface (6). For the close-packed 
s 

rounded aggregate case an alternative shorter correlation distance of 

1 1 = 12cr is suggested by Cochrane. This is used with a very rough 

surface amplitude of 0.25 ÀS 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 phenomenon has not been 

investigated further, however, theoretical plots of yR using estimates 

of L
1 

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 photographie 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 SCLl and SW2 
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Figure 4.8 Relative source power vs off-axis beam angle. 
' Power measured at constant distance in far field. 
Modified after Cochrane Volume I (Reference 6) 
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to produce the synthetic yR curves shown in Figures 4.9 for comparison 

with the computed values. 

4.6 Comparison between Estimates of Roughness using Photographie 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 photographie 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 photographie 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 any 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. 



Photographie Data 

Site Average Correlation Average 
Number Wavelength Distance r.m.s. 

1 

2 

3 

4 

5 

Me tres Length Metres roughness 
~ 11 cr metres 

.092 .0184 .0027 

.256 .0512 .0072 

.35 .07 .0093 

. 07"< .0177* -:: .0125 

. 07* • 0177 * ~': .0125 

* Approximate average mean particle diameter 
** Ll using 12 o 

Acoustic Data using Y R. 

Average Scattering 
r.m.s theory Commenta 
roughness used 
o metres 

Clay and 
.011 Leang 

Clay and 
.012 Leang 

Clay and 
.015 Leang 

Best Fit at 
.03 Welton low frequencies 

Best Fit at 
.03 Welton low frequencies 

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. R 

..,.. 
N 
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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 

blacks are adjacent to each other. Although some estimates of 

variability result from taking three relatively closely spaced blacks 

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 in 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 



45 

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). In 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 frequencies 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 reprqduced with the filtered topography 

reinserted. Figures 5.1 to 5.5 show this type of display for the 5 

2 test sites and displaying reflectivity and coherence y • Figures 5.6 

to 5.10 are as above but with yR displayed. 
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FIGURE 5. 1 
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FIGURE 5.2 
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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 R
1

- R
2 

Reflectivity Metrics calibrated to match the original 

2 
field display at the start of line, the y and yR 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 R1 reflectivity in 

the order of 40% 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 R2 which starts around 10% with some 

variability and drops to around 4% at record number 1000. R
2 

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 surf ace 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 (not 

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 is 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 signif icant increase 

In comparing the two coherence functions 

in reflectivity. 

2 y and yR as a 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 SOm. 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
1

, and a 

local increase in R
2

• 
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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 bath spectra often 

at different times. This is thought ta be due ta the numerical 

division process used in the computation. 

The important features of the reflectivity and bath 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 grave! 

exists at the surface. 

2. Changes in coherence do exist over distances equivalent ta 50 

records (75 metres). 

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

4. The general trend in coherence is toward a reduction in bath yR 

2 
and y as the line progresses. 

5. That the predominant nul! is consistant at a frequency of 7.6 kHz 

through the profile from record number 1250 onwards. 

6. Prior ta record number 1250, the subsidiary nulls mentioned 

earlier appear and gradually trend ta higher frequencies before 

vanishing. 
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5.1 Diséussion 

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 

associated 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 photographie evidence in the 

region indicates a very smooth surface, both the reflectivity 

parameters and coherence indicate a greater surf ace 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 necessary 

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 is 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 is 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 

R1 is fairly constant and remains so over the gravel, however the 

variation in R
1 

outside this area increases. On the other hand, the 

mean value of R
2 

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 R
2

• It is interesting to note that the 

sidescan sonograph is virtually featureless, in this central portion 

although the photographie 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 

2 
average coherence y 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 R
1 

and R
2 

increases quite drastically and 

the coherence, in particular y
2 , 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 is 

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 grave! with penetration limited to 8.5 ms 

(: 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. Sorne 

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 R
1

, R
2 

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. 

Severa! 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 y • 
s 

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 interna! hydrophone. The observations made in this program 

suggest that after a certain "settling" time the nul! 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 nul! 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 surf ace 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 nrust 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 multif acited data base from a wider variety of 

sediment types can be assembled. It uust 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.l Computer Hardware 

A Hewlett-Packard HP 21008 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 graphie output using the ANAC grey scale 

recorder. The Fourier system is supported by a dise 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.1 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, 

ali gnment for the coherence analysis and the extraction of the time of 
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F54---'' 

FSO- - - - - Spectral & 
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Figure Al.l Flow Chart of Coherence Function Estimation 



70 

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 

dise file for further processing. Both F61 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 y2, and 

the coherence yR using a modified Cochrane program. Progr~ F54 dumps 

the spectra and coherence files on dise. 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 y2 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 of the heave corrected 

seismic data with the sea floor topography added. Annotated listings 

of the above mentioned Fourier 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 variety 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.11 contains listings of ECHO and 

the two other Fortran Programs SCL2 and SWl 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 "l" 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 



:RU,ECHO 

REFLECTIVITIES DISPLAYED? Y=l,N=0 
0 
IS COHERENCE AVAILABLE? Y=l,N=0 
0 
IS HEAVE DATA AVAILABLE? Y=l,N=0 
0 
IS DELAY DATA AVAILABLE? Y=l,N=0 
0 
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RELATIVE STARTING RECORD (0 FOR FIRST) 
0 
NO. OF SEISMIC RECORDS? 
7065 
HORIZONTAL EXPANSION FACTOR? 
2 
VERTICAL EXPANSION FACTOR? 
1 
DISPLAY GAIN AT START,END OF RECORD 
100,200 
OFFSET GREY LEVEL (0-15) 
0 

TableAl.l: 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 Topographie and Heave Control 

Severa! 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 topographie 



RU, ECHO 
REFLECTIVITIES DISPLAYED? Y=l,N=0 
1 
NO. OF TRACES IN AVERAGE 
20 
IS COHERENCE AVAILABLE? Y=l,N=0 
1 
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DO YOU WANT COHERENCE DISPLAYED? Y=l,N=0 
1 
INITIAL COHERENCE OFFSET (# RECORDS) 
0 
COHERENCE DISPLAY GAIN? 
• 9 
IS HEAVE DATA AVAILABLE? Y=l,N=0 
0 
IS DELAY DATA AVAILABLE? Y=l,N=0 
0 
RELATIVE STARTING RECORD (0 FOR FIRST) 
0 
NO. OF SEISMIC RECORDS? 
7065 
GAIN OF RECORD? 
.12 
HORIZONTAL EXPANSION FACTOR? 
2 
VERTICAL EXPANSION FACTOR? 
1 
DISPLAY GAIN AT START, END OF RECORD 
100,200 
OFFSET GREY LEVEL (0-15) 
0 
DISPLAY RECORD STARTING POINT 1<1SP<l024 
400 
TIME VARYING DELAY? Y=l,N=0 
0 

Table Al. 2 : Menu for Continuous display of Reflectivity , 
Coherence and aligned seismic section using 
Fortran program ECHO. 



RU,ECHO 

REFLECTIVITIES DISPLAYED? Y=l,N=0 
1 
NO. OF TRACES IN AVERAGE 
20 
IS COHERANCE AVAILABLE? Y=l,N=0 
1 
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DO YOU WANT COHERANCE DISPLAYED? Y=l,N=0 
1 
INITIAL COHERANCE OFFSET (# RECORDS) 
228 
COHERANCE DISPLAY GAIN? 
.9 
IS HEAVE DATA AVAILABLE? Y=l,N=0 
1 
HEAVE PARAMETER (-1,0,1) 
-1 
IS DELAY DATA AVAILABLE? Y=l,N=0 
1 
DELAY PARAMETER (-1,0,1) 
1 
REMOVE LINEAR TREND? Y=l,N=0 
0 
RELATIVE STARTING RECORD (0 FOR FIRST) 
0 
NO. OF SEISMIC RECORDS? 
1024 
GAIN OF RECORD? 
.12 
HORIZONTAL EXPANSION FACTOR? 
1 
VERTICAL EXPANSION FACTOR? 
1 
DISPLAY GAIN AT START,END OF RECORD 
100,200 
OFFSET GREY LEVEL (0-15) 
0 
DISPLAY RECORD STARTING POINT 1<1SP<l024 
300 
TIME VARYING DELAY? Y=l,N=0 
0 

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 
DIS PLAY HEAVE DELAY DISPLAY PARAMETER PARAMETER PARAMETER PARAMETER 

0 0 Aligned Display 0 -1 Aligned Disp lay 

0 1 As raw field -1 0 Heave removed but 
dis play true topography 

dis play 

-1 1 Heave corrected and 
true topographie 
dis play 

+l 0 Heave added 
topography removed 

Table Al.4: Echo Display Options for Seismic Section. 



78 

effects over this frequency range the short wavelength, seafloor 

features will also be removed. The eut-off frequency of the optimum 

filter function however is, in this case, probably better determined by 

a subjective assessment of the effects of removing certain frequency 

components. An assessment of various filter eut-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 

eut-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 I will replace the same 
c 

frequencies when running the Fourier program ECHO in "block" mode. 

The Index IC can be calculated from the relationship 

c 
IC,,. -

À 6F c 

where C is the ship's speeds in m/s, À is the required eut-off 
c 

wavelength in metres, and 6F is the incremental frequency. 

1 
6F = -

T 

(Al.1) 

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 is 

approximately 2m/s. 
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I -
- C X 2048 X 0.75 

Thus C t... (Al.2) 
c 

I = 2 X 2048 X 0.75 
c 62 49.5 = 50 

Thus the instruction "CL 0 0 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 

R1 and R2 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. In 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. 



80 

RU,ECHO 
REFLECTIVITIES DISPLAYED? Y=l,N=0 
1 
NO. OF TRACES IN AVERAGE 
20 
IS COHERENCE AVAILABLE? Y=l,N=0 
0 
IS HEAVE DATA AVAILABLE? Y=l,N=0 
1 
HEAVE PARAMETER (-1,0,1) 
-1 
IS DELAY DATA AVAILABLE? Y=l,N=0 
1 
DELAY PARAMETER (-1,0,1) 
1 
REMJVE LINEAR TREND? Y=l,N=0 
0 
RELATIVE STARTING RECORD (0 FOR FIRST) 
228 
NO. OF SEISMIC RECORDS? 
1024 
GAIN OR RECORD? 
.12 
HORIZONTAL EXPANSION FACTOR? 
1 
VERTICAL EXPANSION FACTOR? 
1 
DISPLAY GAIN AT START, END OF RECORD 
100,200 
OFFSET GREY LEVEL (0-15) 
0 
DISPLAY RECORD STARTING POINT 1<1SP<512 
200 
TIME VARYING DELAY? Y=l ,N=0 
1 . 

NUMBER OF SECTIONS (6 MAX) 
3 
FIRST RECORD & MUST BE l,LAST MUST BE 1024 
SAMPLE 0 RECORD #, TIME DELAY (MS) 
1,120 
SAMPLE -1 RECORD #, TIME DELAY (MS) 
340,200 
SAMPLE 2 RECORD #, TIME DELAY (MS) 
1024,150 

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





APPENDIX Al.10 

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 
PROGRAM 

# 

51 

52 

53 

54 

56 

57 

58 

61 

62 

63 

64 

66 

68 

71 

50 

TITLE 

Coherence Plot Program 

Seismic Record Plot 

Spectra and Coherence 
Plot (2) 

Oise Dump Spectral and 
Coherence Functions 
Tape D Generation 

Conti nuous Coherence (y2) 
Generation 

Continuous Coherence (YR) 
Generation 

CORE LOAD 

Note A 

Note A 

Note A 

Sirnpkin 2 

Simpkin 0 

Simpkin 2 

Simpkin 2 

Raw Data Edit and First 1 Suresh 2 
Peak Index Extraction Run Simpkin 2 

First Peak Block Extension! Any 

Heave Component Extraction! Any 

Spectral and Coherence 1 Simpkin 2 
Components 
Single Function Extraction 

Coherence Function 1 Simpkin 2 

Spectra and Coherence 1 Note A 
Plot (l) 

Row Data Edit 1 Suresh 2 
Run Simpkin 2 

SOURCE TAPE 1 OUTPUT TAPE 

START LABEL 
UNIT NUMBERI UNIT NUMBER 

0 

0 

0 

Called 
Automaticall• 

Called 
Automatically 

c 

A 
B,BB 

B,BB 

0 Adds Heave 1 B,BB 
& Delay Files 
l Normal 

0 Adds Heave 1 B,BB 
& De 1 ay Files 
l Normal 

0 

0 

0 

0 Test 
1 Normal 

Called 
Au toma ti ca lly 

0 
l Norma 1 

2 

A 

B,BB 

A 

2/3 

l 
2 

2 

2 

2 

2 

D 

c 

c 
BC 

BB 

B 

3 

3 

3 

3 

3 

Combi ned Spectra/Coherencel Note A 1 0 
Plot Program 3 

6 

NOTE A SIMPKIN 1 Core Load for Hard Copy Output 
HOWSE 2 Core Load for Plotter Output 

OPTIONS 

Seismic Record Interlac; 
Filter and Output 
Options 

As above also see 
c011ments 

Seismic Output Oump 
Option 

Implement Heave Filter 
at Line 155 

Signal Oifferentiation 

Filter options and 
Output options 

O Plots 
3 Plots i 6 Plots 

4 Spectral Resp,. 
2 Coherence " 
2 Coherence " 

COMMENTS 

Source data must be trans
ferred to Dise 

Plots 10 consecutive records. 
Source data must be trans
ferred. to Di se. 

Data on dise generated by F54 

Linked to F66 

Li nked to F63 

Can be used to remove 
coherent energy from Seismic 
Records (Tape BC) 

First peak index stored in 
Oise File l Aligns and 
Filters 1024 records 

Source Data in Oise File 63 
Raw Output in Oise File 66 
Filtered output in Dise 
File 56 

Used after F62. Output in 
Dise files 57,58,59,60,61 

Output Files stored on Oise 

Data Files generated by F64 
Output by F68 or F54 

Data on Oise generated by 
F66 

A 1 i gns fi lters and edits 
continuous data 

Data on Dise generated by F54 

CXl 
...... 



82 

1 L n FTRST START COMB IN ED SPECTRJ\ & COHERENCE FUNCTION 
4 r·1·:: J :3 ~~:::1 FUNCTION PLOT PROGRAM 
::: y 5:321 6 

1 '" '- E:::: 4~) '36 

15 'r' 5814 OPTIONS 
1·=· ·-· L 1 
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1 o·:i y 58~)5 5~W 
114 'l 5:315 
117 M::: 11 
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131 y 5:315 

0 1 :34 MS 11 
j 1 ·:--:> ',' 58~)'3 0 0 ·- · 1 

143 ... 5:305 5üü 500 1 

14:3 'y' 5864 
1 C' •? .J<... '1' 5815 
155 MS 11 
158 'ï' 58(15 5t10 
16 :::: 'r' 5815 

- 166 # 'j 
'- 2 0 

171 .J 0 
174 L :3 SECOND START 
177 8:3 40% 
1:30 '" 5814 1 

1 :33 L 4 
1 :::6 MS 11 
18'3 D 
1"' 1 "' 58~)9 0 0 1 

1 '37 y 5864 1 
201 "' 58ü5 500 500 1 

206 "" 5 :3~34 500 500 1 

211 '/ 5:310 125(1 1 
216 'l 5:3~30 1 

[" L 5 
'- 223 MS 11 
0 226 D 
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231 J 5 
:;: ·:: ~ L 6 THIRD START 
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240 D 
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C.1 ·-· 



1 L 
83 

û 
4 y 58 2 1 6 .-. 
·=· MS 3·3 51 COHERENCE PLOT PROGRAM. 

12 E'C· 512 SOURCE FILES '·.J ON DISC. 
15 MS PLOTS rno GRJ\PHS 
17 M'3 11 
20 BS 1024 
23 CL 0 256 512 
28 D 
:30 '" 5814 
:33 y 5805 1 5(Hj 
38 'l 5804 100~1 5(10 
4·"0 -· 'i' 5:307 -1 
47 V 5 :3 1 ~3 1250 1 
52 y 5:::0·~ 0 0 
5:3 'ï' 5864 1 
62 y 5800 1 
66 .J 0 
6'? 

1 L û 
4 'l ·:· ·:i ._i._t 52 PLOTS 10 SEISMLC SIGNATURES OF BS 128 FROM 
:~: Mb 31 DISC FILES (0- 9) ON ONE GRJ\PH 

11 E:::; 1 -.. -. C..•") 

14 M::; 11 
17 )0 1 
20 1 
23 * 0 1 ·=· '.J ..,., :·=:> 2 '-' THRESHOLD OF 18 STORED IN 2 
:;a:i >='.<. 
:33 A+ 2 .-. .-
.,:.Q y 5:364 
40 .ï, 5809 0 0 
46 V 5:307 -1 INITIALISATION 
5~3 '/ 5806 0 -:::0 
55 ',' 5814 
58 \' 5:315 
61 '·' 5816 1 

64 • .. • 5:31 7 1 

[ ' L 1 
70 M:3 11 

t 73 A+ 2 
0 ~ -- \' 5806 _., ,. 0 

7'3 '•' 5:315 
:::2 # 1 9 0 
87 •,,) 58~36 
90 

1 L 0 NORMAL START AFTER POSITION DISC FILE POINTER 
4 \' 5c::::: 1 b 
8 MS •":>"".) .:~ . ..... _. . _ .. ; . 

PLOTS POWER AND CROSS SPECTRA ON ONE GRAPH AND Yz 1 ·:· E'C 40'~6 '- ··-· \ND î ON A SECOND GR/\PH . 
15 MS 11 SOUR~E DATA IN CONSECUTIVE FILES ON DISC 
1 '" D ·-· 
20 TL 
22 y 5:314 
25 'l 5807 -1 
2'3 'i 5:305 1 5(HJ 
:3 4 •,,, 58(14 100~3 500 
:39 'ï' 581 ~3 1250 1 
44 '( 5:300 1 
48 M:3 11 

a. 51 * 0 4(1 
"'"' TL 0 .J._1 

0 57 ~· 5805 .J 62 ..,.. 580() 
.... 66 MS 11 < 69 D 
ce 71 'l 5814 \li 

°' 74 'ï' 5:3€15 500 
n '(' 58 ~:14 100ü 5(HJ 
:::4 '(' 5:3(17 -1 
s::: '·' 5:0: 10 125~) 1 

93 '1' 5:309 (1 (j 

·~ ·~ \' 5:;::i:,4 1 
103 ·,· '58üü 1 
107 M·:: 11 
110 '( 58ü5 
115 '·r' 5:30(1 
11'? ._I 0 
122 
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1 M:O; 1..:: 
4 L 0 
7 MS :;:J 54 DISC DUMP PROGRAM (ALTERNATIVE TU PLUTTING PRUGRAM 

11 1·1::; 3 1 .3 FOURIER F68 STORES DISC FILES 2,3,0 AND 5 \.f.NERATED IN 
15 M::; 11 F68 TO CONSECUTIVE FILES ON DISC. 
18 ~.· ~. 1 ,.·., / 

21 MS 3 1 2 
.-.r:: 
.:_ . .) MS 11 
2:3 D SELECT DISC FILE ADDRESS FOR PS AND es . 
::;o MS 
:::2 D ADDRESS CHECK 
34 M::; 21 
.-, -, 
..:•( >~< 1 
4~) MS 21 
4 ·:. 

~· tt:; :": 1 C" 

·-' 
47 MS 11 
50 '··' 1 
c--; ._ .. _. M::; 31 
56 MS 11 
59 D SELECT DTSC l"ILE ADDRESS FOR y 2 AND YR 
t• ·1::; 
6 ·~: D ADDRESS CHECK 
t.5 fol ::; .::! 
6:3 :x: < 1 
71 t·J::: 21 
74 M::; 
76 E"~ " J 2048 
""'Cl D ( •' SET NEXT SEQUENCE START RECORD NUMBER LESS 1 
:31 M:3 ..:i . .:o f::.4 JUMP TO ST ART OF PROGRAM 64 FOR REPEAT OPERATION 
.-.~ 

·=··-' ,-, .-, 
•:JO 

1 M::; 1 ·-:: 
4 M::; :::::3 56 DATA TAPE D GEN ERATOR 
::: E: ::; 1U~4 

11 MS 31 
,..., 
.... 1 1 

15 M::; 11 LOADS EDIT ED DELAY FROM DISC 
::; ;:.; .> 1 

21 D 
23 MS 11 LOAD HEAVE FROM DISC 
ô;o 1 

28 'l ·:>·::.·:.·:. ,_.,_, ._ . ._ WRITES HEAVE FILE TO TAPE 
:31 ;~~ < 
:3 4 'l 1:J1:1·:1 ·'j ,_, ,_,._,._ WRITES DELAY FILE TO TAPE 
.37 E::: . 2048 

[ ' L 1 
a.. 4 ·~· 'ï' 8:321 0 ·-· 
0 46 '·( O::•t:i ·:· ·':i 

'-''-' ·.JO:... 
..J 4·~ # lr124 ~71 COPIES 1024 RECORDS FROM TAPE B OR BB TO 

54 TAPE D 
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L ~) GENERATidloi OF CONTlNUOUS COHERENCE FUNCTION -y2 
MS 33 57 SOURCE TAPE B OR BB 

8 BS 1024 OUTPUT TAPE c 
11 11 :; 31 57 
15 MS 11 

DELAY FILES TO OUTPUT TAPE 18 '·' ~. 1 COPY HEAVE AND 
('• / 

2 1 M:; 11 
24 y 883 4 
27 D 
29 '( :::832 
:32 :>::< 1 . NORMAL START 
35 D 
37 " 8 :3 32 1 

4(1 L 
4·; .,, 88 2~348 
46 'y' :3:323 6 
50 'l 8821 
53 D 
55 CL ~::i ~) 512 
60 CL 0 1(124 2(148 
65 F 
67 ~< > PROGRAM INITIALISATION 
7(1 M:3 3 1 .-,,-, 

.c.·:. 
74 MS 11 
77 * 1 
::: ~) v··. 

" / 2 
:3 3 *-.-.C:' 
C•·.J ~< > 3 ---
:3 8 :,o 4 
9 1 " _:3:324 1 

94 L 2 
97 °f' :::s21 READ DATA RECORD FROM TAPE. 

1 i71~71 ._1 :3 10/ P OPTION - JUMP 5 WILL INTERLACE SEI SMIC DATA 
w :.:: L 2' 

·..! JUMP 3 WILL NOT INTERLACE SEI SMIC DATA 
1(16 'r' 88 :::: 2 
10'3 L :3 
112 CL 0 0 51 2 
117 CL 0 1(124 2048 
1 '' "' ~~ F 
12 4 ~"< > 
1 ·:>? "-' .J 9 FIL TER OPTION JUMP 8 ADOS FILTER 
!:;:~) L ::: JUMP 9 NO FIL TER 
1 ·:. ·:. ·-•·..) MS 3 1 28 
137 MS 11 
14~) * 1 
14:3 i< > 1 
146 L 9 
149 *-
151 A- :3 
154 (1 ? (1 EXPONENTIAL AVERAGING FACTOR 
! 5::: A+ :3 ACCUMULATE POWER SPECTRA 
161 •.) '• :3 " / 

164 >~< 
167 ;~~ .... .::. 
170 *- 1 

4. 1 7:3 A- 4 
0 1 76 0 .,n EXPONENTIAL AVERAGING FACTOR 
0 180 A+ :1 ACCUMULA TE CROSS SPECTRA .J 

1 ::::::: ?·.) 4 
186 • ... :;:ie:1 12 2 1 - 190 3 CROS S SPECTRA BY POWER SPECTRA q: DIV IDE 
193 y :3(112 :3 
197 *-
19'3 CL 0 (1 25 
2 ~34 CL 0 51 2 1024 
2e:19 X> 1 
212 * ~3 ~3 
217 fi+ 1 COPY REAL TO CORRESPONDING TMAGINARY TERNS 
220 - 0 Hi23 
22 4 " 12(14 ~3 2 1 DECHIATE BY 2 
229 :··~< 1 
232 B::: 512 CHANC;E BLOCK SIZE 
- .. -.c-
.::. .:;..._1 L 4 
2::::8 D 0 4 
;:42 J .., 

1 O/ P OPTION JUMP 7 WTLJ , OllTPllT COflF.HNC:E 
' 

~45 L ' .JUM P 6 WTl.L NOT OllTPllT COJIERF.NCF. 
' 

2·~::: ï ; ::::: ·:: ;~ WR[TF. COJIEREN\.F. TO TAPE 
.:::1.s 1 L i::: 
25 4 E: ~:; 204:3 
257 / L 26~3 
260 Il -. .:. 7"0t. 5 0 
265 M::. :::: ·3 C'--· .. 269 1·1 :3 2.:: 
272 
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--.:--:''='"-- --=-::.o;'-----'':'-"'::"-: ____ 1GENERATIUN OF CUNTlNUUUS COHERENC E FUNCTION YR 

,,...,---., 
._11' 

SOURCE TAPE B OR BB 
OUTPUT TAPE C 

>-COPY HEAVE & DELAY F'ILES TO OUTPUT TAPE 

NORHAL START 
in8:---:s?t"ti:-=========:..--. 

6 

~) 512 
1024 204:3 

28 

READ DATA RECORD FROM TAPE 

~:::---F----.,:,---------"IFILTER OPTION JUMP 8 FILTER WITH DISC FILE. 28 
JUMP 9 NO FILTER 

·:·o EXPONENTIAL AVERAGING FACTOR 
~.;.-....:...----=----'"-''------ACCUMULATE COHERENT ENERGY 

ü 512 
1024 204:3 

'*:':-:"'7"----:,---~2~0----·EXPONENTIAL AVERAGING FACTOR 
,-,.;-:0:--,,,..,-----:--------ACCUMULATE POWER SPECTRA 

2 

512 
:::o 

1024 

---~-) ____ l :1-__. COPY REAL TO IMAGINARY 

p_12 :: 
-;--.-',-,,----'-'-''-.----~-=-:1 ___ :;;:.- ___ DECTMATE llY 2 

~-:=---7:-"--_:_::-=:_---,----- CHAN<: E Il LllC K S f 7. E 
·l 

"':c'-=:-.-----..--------- OUTPUT OPT TllN .TllH P 6 NU r:n1tr,REN<'F: TO T.\rl' 
JLIMP 7 COHERENCE il/P TO Ti\l'F. 

.,.,,-:,-,-----.:.-=--:c::;... _______ WR l TE COH F. R ENC E TO TAPE 
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1 L Cl -.,. 
·-' MS ~::3 61 RAW DATI\ imn . BLOCK OF 

10 E: ::. :::048 1024 RECORDS 
14 CL lj lLTERS RAW Dl\TA 
1 ·::> ._, M:O; :31 0 INITIALISATION EDITS TIMING LI NES 
·~? .... .... MS 21 EXTRACTS FIRST PEAK DELAY INDE> 
27 MS 21 
31 MS 31 28 COPY FIL TER FROM DISC 

SOURCE TAPE A 36 M:3 11 
40 ~~.: > 4 OUTPUT TAPE BB 

44 MS 11 DELAY INDICES IN Dl SC FlLF. 1 

4:3 ;x: > 2 COPY UNIT BLOCK FROM DISC 
52 ::<> 3 
~ ~ 5i:. LL 2 .- -.::'.IJ48 

62 E:S 413% 
66 D:__~~~0::--~~ 
70 L 1 
;.7.,;.4-'-'M.;;..~;---"-1~·:; _....,...,..,.. ___ REAO RAW DATA FROM SOURCE TAPE 
.... ' '.,r."' _,,_,,...._,,..,,...,.1.,_J __ :....._.:· 1 .... J 1 .... :n-..J ___ INITIAL SHI FT 
c:~: Bs 2ü4::: 
:37 F 
90 CL 0 
;.,;;;;.__,,, ____ 4_,_· ______ APPLY FILTER ·;i ~ * •3•3 F 

1 (12 ::.:; > 
106 .. 
1 O'? t 
1 1 ".:· 
;-,;;,.-=:-.,,----------- SQUl\RE 
;;.-r,;.,-.,...----,.,---.,.,.,.,.,.---INTEGRATE u .;i l;;HJ '-
1 17 A-
L:: 1 IF 

.::: ,....,.,--...,...----,u..,..· --.:.""'' 1_..,...14.,.,5,,...--.:..,.,' l'""'i4 goMPARE WITH THRESHOLD 

1 ~~ 7 ._I 

:.:: '~ {, 
,..,.,.,......,.....,..---~-... ~ ------JUMP IF DUMMY RECORD REQUIRED 

1 .-, .,. .;.._1 L 4 
1 ·-0·:. \' -·, 

4 
.,....,.T-~---'-1 '.;...ji..;..j -1 ___ ..;..__ __ FlNDS INDEX OF MOST POSITIVE PEAK 

148 
1 .,. ., 

._1._ 

157 
161 
166 

, ...... 
~-\:< 

* 
>=: > 
M'3 
M::; 

2 
0 1 D 
5 

:31 
11 

170 A+ 
174 
!""'"-:------,"",,.-•---.-----STORE INDEX OF MOST POSITIVE PEAK 

u -
179 MS 31 
184 M:3 
1 :::::; :·< .. , 
r:o:-,;,-;-r.;;----~;:;.-, .:,:.1 ______ ACCUMULATE INDEX ARRAY IN DISC FILE 1 

1 
1 ·=i--=· ._I --'-

196 L 
;.;,.~~---7.:,,....------tO/P OPTION JUMP 7 NO SEISMIC RECORD O/P 

6 JUMP 8 OUTPUT TO TAPE, FILTERED 
200 't 
204 L 
20::: MS 
213 MS 
217 J 
221 L 
225 MS 
230 MS 
234 / L 
238 .J 
242 L 
246 E::3 
250 # 
256 E: ·=-·-· 
260 MS 
265 M:O; 
269 -

8832 SHIFTED BUT UNALIGNED 
7 

3 1 (j RECORD 

21 
:3 

3 
40% 

1 
2t148 

3 1 
11 

1j 

1024 28 

102 4 
27~l E""" .•·-· 
278 
;.:...:-=-_...t 1;;;;;) ;_"'-:-4_,__ ______ DISPLAY ARRAY 01' FlRST PEAK DELAY TERMS 



1 MS 
4 L 
7 MS 

1 1 BS 
14 MS 
18 M:3 
21 " ' {", , 
24 F 
26 *-
30 F 
:32 * :36 -
41Zl ~~: > 
43 -
47 CL 
52 $ 
54 * 5:3 CL 
~,., 

t·~· A+ 
66 ' ·} 

'" 69 -
7"3 CL 
7:3 $ 
8 (1 * ::::4 CL 
:3 9 A+ 
'? 2 MS 
':l 6 M:3 
99 8::; 

1132 M::; 
106 MS 
1 0'3 CL 
1 14 -
1 18 ::-::) 
121 M:3 
125 M:3 
128 CL 
133 A+ 
1 :;:6 y 
14(1 -
144 E:::; 
147 :=< 

15ü '1' 
15:3 8'~ .~ 

156 :~·: \ 

15 '3 M::; 
t=::-:: '.:; 

1.::.:: fi 

1 ·:· ·-· 
0 

:::: :: 
11324 

31 
1 1 

:3 

ü 

ü 
0 
2 
ü 
0 

0 
0 
2 
2 
13 
0 

0 
0 
") 
'-

:31 
21 

20 4:3 
:3 1 
1 1 

0 
0 
1 

31 
1 1 

ü 
1 

:301 ü 
0 

512 
3 

3ü U'.l 
2048 

1 
·;: 1 
.-, 

(1 

62 

-1 
5D 

511 
1 1023 

-2 
512 102:3 

512 
1 1024 

-2 
511 

54 

1024 2048 
1024 

. 1 
512 

._11';1 

88 

DATA BLOCK EXTENSION 1 

SOURCE DISC FILE 

EXTENDS A 1024 BT.OCK OF DATA BY 512 POlNTS ON 
EACH END. EACH ADDITION IS THE MIRROR U1AGE 
AND FOLDED VERSION OF THE ADJACENT 512 POINTS . 

4 ::: ::: 5 ;;::: STORE EXTENDED BLOCK IN DISC FILE 56 
171 D 1] 
176 F 

1512 1562 DISPLAY OF FIRST FOLD 
.:....;.,..;..-.;.----"'---.:..;;;...::..=.._.....;..;;;..;;.;~--- DISPLAY OF LAST FOLD 

178 •, ,I'•, ,.·., / 

i::::i D 171 
1 ::: 6 M::; '3 1 
~.:.....;;....,.. _______ r_,1 __ 2_· (_·1(_·1 --- DISPLAYS FOURIER TRANSFORM. 

l ''.H3 t-1:3 1 1 
1 '?3 t·i::; ~::3 
1 ·~7 . ' 
.>..;;.::;-;w=---=-o----i:=-~ ::._·: ------- GALL F CORE 63 

2(H:'.1 



1 MS 1 ·3 89 
4 L (1 
7 M:3 :~: :3 6:3 llEAV COMPUNENT EXTRACTION 

11 B·-· ·=> 2048 CONTINU ED FROM FOURIER PROGRAM F62 
14 M::; 31 56 LOADS DELAY OUTPUT IN DISK FILES 57-61 
i ·-· ,_, r-1 ::; 1 1 INDEX FILE FROM DISC 
21 ,, ' ( 'o / 1 
24 - 0 512 
2:3 E: S 1024 
:31 MS 3 1 57 STORES Rl\W EDITED DELAY INDICES IN FILE 57 
:.:: :1 fol !:; C.: 1 
38 s·=· .... 2048 
41 'r'<' 1 
44 ~·~ > 3 
47 ~< > 2 
5(i CL 1 0 2046 
55 CL 0 1 2047 
60 $ 
62 ;.~ 

65 13 2047 
69 $ 
71 '.) 

" 1 
74 A- 1 
77 0 2048 
8 1 $ 
:3 :3 * 0 -1 
:37 ~-.:: > 1 TREND REMOVAL PRIOR TO FILTERING HEA\'E 

''0 ~<< 
. ., 
·-· 

•3:3 CL 0 2(147 
98 $ 

101) A+ 
un 1,), 

('o,/ 

106 ;:.::< 3 
pc1•:0 A-
112 :··~ > 
115 $ 
117 - 1) 2047 
121 CL 1) 1 2047 
126 $ 
128 13 2048 1.-..... '.) 1 .;oc. () 

1 :35 A- 1 
138 \}' .... .> 1 
141 .J 2 
144 L OPTIONAL ST ART TO l\PPLY NEW FILTER 
147 •..,•/ 

'" 150 L . ., 
'-- T5.3 - - - · 

155 D ü 
158 F 
161) - 0 512 
164 s·=· ·-· 1024 
167 M::; 31 ~o - ·-· HEAVE COMPONENT STORED IN DISC FILE 58 
1 ( 1 t-i::: c.: 1 
174 BS 204E: 
177 i« :3 
1 :::0 - 0 512 
1:34 BC· ·-· 11)24 
1:37 X> 1 
191) ~< > .., ... 
l '0<3 CL 1 1) rn22 
198 CL 0 1 11323 
203 $ TREND ESTIMATE. BS 1024 
205 X 1 
208 - 1) 102~: 
212 $ 
214 "' '" 1 
2 17 A- 1 
220 13 1024 
224 $ 
226 * fl -1 
230 :x: > 1 
2 :::~: MS 21 TREND STORED IN DISC FILE 59 
2:36 ;:.::< 2 
2::::9 CL ü 1023 
244 :t 
::: 46 M'ë; : 1 F'IRST PO TNT OHSET STORED IN DISC FILE 60 

249 " , .. , . .:::: 
252 - 0 1 o.::: :ë: 
256 CL (1 1 1023 
261 $ 
?f.-:: M'o: 2 1 Ll\ST POINT OFFSET STOREn TN llTSC FTL~; fi L 

bt. M::: 
68 M'o· ;: 1 ~ -

·-' 1 -.-, 1 .::. M·:. 11 
~~ 

,. ·-· M:3 ;::;: 56 
79 ... 

" . 1 JUMP TO l'ROCRAM F56 TO CENF.RATE TAPE n 
:::.:: 



Q. 

8 ..... 

1'3 
1 

90 

l~.:1 M::. 33 64 rr-,.,: .. .,-_. --:.:_""-·~j""'4"°'::;;.-: ---"'-'-----lRAW CUHERENC E FUNCTIUNS - S lNGLE FUNCT WN EXTRAC l'lUN 
·-• (AFTER COCHRANE 1980) SOURCE TAPE B, BR . 

17 V 
20 ;,;> 

8::: 21 LIGNED DATA 
1 

2·3 °1' ;38 21 
26 ~1· 8:?.2 1 
2'j \' 
3 2 >::<. 

:::824 
1 

:;: 5 D SET TO Fill.ST Af'r.. 0 11.0 NO. - I 

37 .,,7---='"L-=-------'-------- NORMAL START 
40 E:::; 204 :3 
43 'ï' 8821 
46 ._I 
49 L 
52 ~: 
54 L 
57 D 
5·;i s::: 
62 CL 
67 CL 
72 F 

·:i 

8 

40% 
0 
0 

74 MS :31 

1024 
0 

4096 
512 

! SIGNAL CONDITIONING OPTION 
JUMP 8 NO DI FFERENTIATION 
JUMP 9 WITH DIFFERENTI ATION 

_7':":7_.,..,M-F-S __ -=.2.:..1 _______ STORE FOURIER TRJ\NSFORM IN DISC FILE 0 
:::u 1~L 

82 L 
85 MS 

"' .J 

21 
_:::_:::_ # ___ -=-5 ___ ."-? __ ......;~.._ct_CLEAR DI SC FILE 1-9 

·~3 L :3 
96 E::3 ·~04::: 
99 \' :3:::21 

102 ._I 
105 L 
1 o::: ;-; 
110 L 
11::3 E: S 
116 M:; 
12~3 M:; 
123 CL 
12::: CL 
133 D 
137 ~·< > 
14(1 MS 
144 MS 
147 A+ 
150 D 
154 M:3 
1 ~:=: ['1::; 

161 ;,:< 
164 F 
166 MS 
1 70 M::: 
1 7:3 *-
1 75 >~ > 
1 78 M::: 
1:::1 A+ 
1 :::4 M:3 
1 ::: :3 MS 
191 M:; 
194 M:; 

25 1 r·E 
-·C' C' ..: _. __ , M·:. 

6 
7 

6 
4096 

31 
21 

0 
0 
~j 

1 
31 
11 

1 
0 

31 
?1 

1 

::: 1 
21 

1 
11 

1 
31 
21 

1 
3 1 
11 

-~5::: 11+ 1 
261 M·:. ::1 

(1 

1024 
4 

4 

4 
4 

2 

.-. -:.· 

512 

' 
' 

512 
4096 

!SIGNAL CONDITIONING OPTION 
JUMP 6 NO OIFFERF.NTIATTON 
JUMP 7 WITH DIFFERENTIATION 

ACCUMULATED STACKED BOTTOM RETURN IN OISC FILE 4 

ACCUMULATED POWER SPECTRUM ESTIMATE IN DISC FILE 2 

"'.'.-·-::-,:: ,-;c;_ M,·:: __ ..,_;;.2 .;:-1 _____ :...._ __ /\CCllMllLJ\TF.D NO TSF. SPECTR/\ Hl lll S<'. Fii F 7 
~ .. ,. L _, 1 
71 # ·3 "7'-:", ;:-t, r:r~--..,._. ;;,.., ---;.:...._.~.;..'. __ _;;IO.:._t _ SET NUMBER 01' SPECTRA TN ,\\'ER,\l;E 

JUMP TB PROr:RAM F66 1.INF. 1 

'"'"'"':~~:i-------------~ 



91 
CORRECTEO CllllERrnCE FUNCTlONS -

1 MS 13 SINGLE FUNCTION EXTRACTION FO LLOWS 
4 L 5 PROGRAM F54 . y 2 AND y R CORRECTED BY 

33 66 MULTIPLYING BY A FACTOR S + N 
~.,,..,,,...-......,4~0~.~~6,...----"=-------------1 --s~ 
7 MS 

11 BS 
14 MS 31 2 (MODIFIED AFl'ER COCHRANE) 
18 MS 
21 D 
d CL 
28 :ü 
3 1 MS 
35 MS 
3R D 
40 A-
43 )'; 

4.; y 
50 
53 * 57 CL 
62 CL 

11 
DISPLAY 1 . 

0 0 
1 

3 1 7 
11 

DISPI AY ? 

1 
1 

3012 4 
1 
0 -1 

RAW POWER 
3 1 SPECTRA 

NOISE SPECTRA 

0 0 90 
0 955 2048 

DISPLAY 3 S + N 
.,.-,.,.-,,,,.....--~3~1--------s~ 
b7 D 
b'~ J.1 :3 
73 
76 
79 
~:2 

MS 
MS 
'· ' " MS 

21 
11 

1 
11 

,..,__,_ __ .;;.D,;:;IS...,P._,.LA==Y-4.:...._ ____ CROSS SPECTRA 85 D 
:::, 
90 ',' 80 12 8 
94 ,._ 

DISPLAY 5 
'i6 
n X> 1 

1•31 MS 3 1 
105 MS 11 
108 •. , 

" 1 
111 * 1 
114 .. 1 
117 D 
11 '3 M·:: 

DISPLAY 6 
31 

~':--i'=----,,.-'-'-----..,.\3--- y
2 

CORR. 

123 MS 21 
126 M::; 31 2 
130 MS 11 
133 ~-: ) 1 
1:36 MS 3 1 4 
140 MS 11 
14:3 D DIS PLAY -----==o='-'--'------ STACKED BOTTOH 
145 F RETURN 
147 .;-

149 '( 3012 4 
153 1 
156 y :3012 8 
16•3 •3 4~1 
164 D 
16r:) .... DIS PLAY 8 YR REAL 

l 
169 MS 3 1 
173 MS 11 
176 X 1 
179 * 1 
182 D 
184 th pr~~/Ax 9 

5 YR CORR. 
"' 188 MS 21 

191 MS 3 1 2 
1 '35 MS 11 
198 X> 1 
201 MS 11 
204 'l 3•312 3 
208 1 
2 11 y 3012 8 
2 15 D 
217 ~~ > 

DIS PLAY 10 y 
1 

22•3 MS 3 1 
224 MS 11 
227 * 1 
230 D 
d3d M::. 

DIS PLAY 11 YcoRR :.:: 1 l l'.1 
236 MS 21 
239 X> 1 
242 MS 3 1 5 
246 MS 11 
249 ~'\ 1 
252 A- 1 
255 MS 2 1 
258 ., 

1 1111 0 
263 A- 1 
26,:: D 
268 .. 

DIS PLAY 12 (1 - YCOR R) 
l 

2;'1 MS 31 6 
-. ~e 1'1'3 _ , 0 11 
~ ........ 
·-· •":> 
.:<.-! " 1 

1 CAl.Clll.ATl ON OF Ys 
::; ul .! ·-· 

2:.:: 5 MS 31 11 
2::::9 1-1 :; 21 
2 ·~2 MS 33 54 
20:.. 6 / . 

i. '~ '-j 

1 l.JIJMP TO FOllR TER 
. l'l(Ut;RAM F!4 LINE l 

THIS PROr.RAM DTSPl.AYS INTERUf RF.SULTS 
FOR QUALITY CHECKS ON COHPUTl:'.D DATA. 
A TOTAL OF 12 DISPLAY

0

POINTS ARE 
PROVIDED. 

* _ _____ ACCUMULATED 

--
FINAL FUNCTION LOCATIONS 

DISC. FILE u FUNCTION 

0 Y' cor rected 

l S+N Correct Lon 
N Factor 

2 !tAW POWER SPECTRU~ 

3 RAW CROSS SPF.CTRU~ 

4 STACKED BOTTOM REl 

5 yR corrected 

6 (Y - YR) 

7 NOISE SPECTRUM 

8 s 
S+N 

9 ---
10 Y complex 

11 Ys 
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1 L 
4 t·J::; :~: ·3 6::: 

DIS PL/\ Y UR PLUT OF Cllf-tF:IU:N CE 
.-. M::. 31 

FUNCTIONS GENERATEO \HTH FOURIER 
·~ 

11 8:3 40'?6 
PRO\.RAMS F64 /\NO F66 

14 'l 5::: 1:3 O/\T/\ SOURCE OISC FILES 0 t o 11 

18 M::: 11 
21 'l 5810 1250 
26 " 5864 1 1 

3~3 'ï' 5:::(19 (1 ~1 2 
:36 '•' 5:314 
:3•3 '·1J 5800 PLOT 7 CORRECTEO 
4·-· .;, D 
45 'l 5820 
48 L 2 
51 M::: 11 
54 M::: 11 .,. ., 
·-· · M:; 11 
60 'l 5814 
6:3 'l 5:3t1'3 
66 TL 
68 'ï' 58L)Ü 
{~ 

PLOT RAW CROSS SPECTRA 

74 ',' 5820 
77 L :::: 
:::o M::: 11 
::::3 , .. 5864 1 

86 - 0 5:3ü 
·;..o E"=' ..... 64 
'?3 \' 580ü PLOT STACKED BOTTOM RETURN 
·~t. 1 

98 \' 5820 
101 L 4 
104 e·=· ' ·-' 4(1'Ô'6 
107 MS 11 
11 (1 '( 5864 
114 'l 5:3~3·3 0 0 
120 '/ 5::: 10 1250 1 
125 \' 5:314 -
12::: 'ï' 58~:10 PLOT '( R 
1 :3:::: 

CORRECT ED 

134 'l 5820 
137 L C" 

.J 

14(1 .... 
1 5:314 

143 M:3 :::: 1 11 
147 MS 11 
15(1 *-
152 CL ~) 0 150 
157 CL 0 9:;:~3 204:3 
162 'l 5:::~39 0 0 2 
16::: \' 5:::(1(1 1 P.LOT 7 

.· ·-· 
''-

s 

174 " 5:32ü 1 

177 L 6 
1 :30 M:3 :3:3 6:3 
1 ::: 4 MS ·:··:. 

~ .... 
i::: 7 



a. 
0 
0 
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L ___ () - ST/\RT OPTIONAL FILTER 
C" MS ·-' 

113 BS 
.;;.-.:,,:...:;.--..,....:;.3 .;;..3 ____ 7.;;..1 ____________ ~ Rl\W DATA EDIT - CONTINUUUS U,\l/\ 

204:3 SHIITS, FILTERS AND ALIGNS RAW 
14 M::: 31 26 MTA 
19 MS 11 EDITS TIMING LINES 
23 j 4 SOURCE TAPE A 
27 L 
:::1 8·· 
..,.-.,......-_,.,.....,. ... l ______ START NORMAL FILTER SOURCE TAPE B 

<::1:J%i 
31 
11 

4 

.:;. 

35 t'1:3 28 
40 M:3 
44 j 

=-=...,....-,.....,...,.'-_,.:· ______ START OPTIONAL FILTER 
21;J4::: 

:31 
11 

4 

4·=· L ._, 
52 B·-· ._, 
56 MS 30 
61 MS 
65 L 
6'3 MS 31 
......__._."------':_"-;· =-1------ STORES FILTER OR DISC 74 M·:: 
7:3 D 
81 B·=· ·-' 4096 
85 MS 
9(1 MS 
94 * 9'3 ::< > 

n ~"'3 GEN ERATE· AND STORE THRESHOLD LEVEL 
0 3130 .., 
~ . 

103 '·1> 8:334 
lü7 D 
110 L :3 
114 8'" ·-· 4096 
;;...;,,;,-;..;...;.--_.;..;;;;------ READ SEISMI C RECORD 118 M:3 
L::;;: ~{: ;> 

12 
1 

1 ~:~6 
1::: i E: ::. 

0 5(1Ü 
~IJ4::1 

;..;........_,,,__ ____ _,......----"------ INITIAL SHI FT 

1 :;:5 F 
13:3 CL 0 1) 50 
144 F 
147 * l ._.1~1 

1 Ë1 :_:: H-
15.' IF 

4 
lj ,::1J4u 

,..,_,,.,-,,,.---------- SQUARE 
,_..,~,.,----T------ 1NTEGRATE 
.,...,..--------~--~--'IJ.ffMPARE WITH THRESHOLD 

163 .J 
1 t.7 E":· 

"' ·-' 
40'36 

!..::::.:;;.-:::---~~--.----.,. JUMP IF DUMMY RECORD REQUIRED .. _, 
171 ~<< 1 
175 'y' 

ic:1:::1 ''( 

1:37 
1 ·:;; ;;: r·b 

t 'oH) l 0 
1 :::02 (1 

1:::1 ttD 
:.::1 1.:) 

"-"-'"--'----'-...._.__ __ -"--------- FINDS INDEX OF MOST POSITIVE PEAK 
;..;;;;;;........:..--...:.;::;..:.:;;:.----..;..,.------'~"'·1 I,_1 ----'f:'""~ (=-·1 ("-·1 CALCULATES SH IFT 
;..;..;,_..;;;...---..-:;;....---;;.;=--------- ALIGNS PEAK AT POINT 600 

1 ·37 MS 
20 1 .J 

21 
6 

::..:....'--'"'-=----=-:;,.------------- STORES ALIGNED RECORD IN DI SC FILE 0 

21'.15 
20'3 
21 :3 
2 1 :3 
221 
.-,.-. c: 
'-.::, ._! 

229 

L 
BS 
MS 
M:3 
MS 
L 
8 '-' ·-· 

41:::1 ~f ---:--1RECOVERS DUMMY RECORD IF REQUIRED 

11~ 
6 

204:3 .., 233 .J 
237 L 

JUMP 7 OUTPUTS FILTERED ALIGNED DATA 
OUTPUT OPTION JUMP 8 OUTPUTS ONFILTERED ALIGNED DATA 

~g._.:::!----J0.7------ JUMP 9 NO OUTPUT 

241 X> 1 
245 MS 31 
250 MS 
:::54 F 
:;,;;;,;;.--.;,;;:.--......:.1~i------LOADS FILTER 

258 * 2t.2 F 
:;.:;~~---..!.l ______ APPLIES FILTER 

265 L 
269 '( 

273 L 
277 # 
2:33 M::: 
2:::6 # 
2'?:?: M::: 
295 

8 

·:,. 
:3 ~l .-(1 .;;..0_....--"-0 __ SET RECORD COUNT 

;] (1 
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DATA BLOCK FILE 

RECORD HEAD ER RECORD HEAD ER 1 RECORD HEAD~R 

j 
J 

l<ESIJ L.TS Sw 1 
0 18 36 5 :=.. 01 8S4-09t 

1 19 37 6 = .OI l 

~f:lNE.t> on*' 
2 20 f>.ao~rlAW\S 38 6 :: .OIZ. 

3 21 39 es~.OL3 

~OR'(.~~ 
40 4 FIL-ES 22 6= , 0 l4 

5 23 41 6= .02.. 

6 24 
1 

42 6~ . Ô·.3 

1. S- l l le: tt.z. B~1·rt> 
7 25 ~S F1L.TG.R 43 6:: . 0'4-BS IOZ4-

1.3- H lct-h. BANb 
8 26 PAss FI l-'TER 44 ES= • 0'5 BS 2.04~ 

1. 3 - f\ k 1-ti. BAN l> 
45 6= .06 9 27 ~ FH .. :reR 

l!>S 409~ 

H16H PASS ~IL-TCR RE.sl.Jt.-TS Sc L. 2 
10 28 Bs .204~ 46 6 :::: .012.. 

11 29 UNlT L.Ev EL 47 6 =. ô l4 , BS 2c4~ 
~ CôMBINEb BANb 

i2 30 ?A~S FlLTél<. 48 6 : . Olb 
1 • .;, - li le: H'Z.. 

Rë-s&ll'l6l:> OT\\Q RESUL:rs 5CL.. 4 
13 P~flAM~ 31 

G:;. . D 07 6S4-ô~ 
49 6 = , QL<g 

14 32 5::. . OO~ 50 6~ .020 

15 33 6 =. 009 
1 

51 1 RA "' J:>t. '--"''/ l S1TE 1 
: 

j R.Aw DELA)' 1 

' 16 34 6 := .010 i 52 
5\Tel. 

! 
l 1 

1 1 

r<.Aw DB.A'/ ! 17 
1 

.35 ~ -:: • 0 ri 53 S\ TE .3 i 
t i 



95 

DATA BLOCK FILE (Cont'd) 

RECORD HEAD ER RECORD HEAD ER RECORD HEAD ER 

R/'(.W D&L-AY 
54 S1Te 4- 72 PS 'Sl\6. J' 90 

1 
0 2. 

1 
SITE. 3C\ 1 

55 r< f:!.,. w bE LA 'f 
73 es S1TE. I c. 91 7f R. ':S1TE: 3o. .SITE 5 

ThMPo~~"f .sro~e 
02. 56 e.x re"'beb Bt...o~ 74 S\Té le. 92 Ps S1Tt::.3.!::i 

Dea..Af' AU:. a!) 2.04-'i> 
TeMPcrtAfZ'/ sro~é 

OR 57 ffe.A"E. l>ATA 75 S\Té le. 93 es S\TE 3b 
es 1oz+ 

~o/!.All.'f STO~I! 
58 l·H6H FRe.&ùGNC'f 76 P.s SITt:24 94 0 l- S ITt: 3b 

Hé-A"e l>Pl.TA BS 102.4-

59 
î1:MPOieA#2.'f St"oRE 

77 "TREN!> BS lOlA- es :5\TE.lCt 95 o~ .5"1 Té 3b 

TEN\PcleA'2'( S lt>IZc 
60 f 1~ 'R:>1..ST OFFSlilT 78 02- S1TE.2ct 96 Ps .S 1 TE 3 c:. 

5S 102..4-

Tl:MPCCA~Y sroee 
61 LA~T POINTôFfS&T 79 oR. 5rreZ1:1 97 es s •Té: ,3c;. 

es 102.4-

°Tl::J'.1 p0f!AR'-1 sr~e 
62 oPÇ"ser Pet>Es rA1- 80 

es 1024 
Ps S \TE..Z.b 98 0 Z- S\TE 3c. I 

TEM POR.Ait"( STo~e 
63 DEL.AY DPI.TA 81 es srre:Z.b 99 d~ 5 ITe. 3c. 

6S 102-4· 

t> ISC.RETé SP6CrJ~A 
64 es s1a 82 02.- S\TE2b 100 PS s 1Te.4a. PS SlTE 1~ 

65 es srr~ 1~ 83 ë(R. S\TE2.b 101 Cs SITE. 4(Â 

66 01- s rrc. J'\ 84 Ps S 1jc.2c 102 02. . 
S\T€ 4'1 I 

67 OR S1iE. l'\ 85 ' es StTE.Z.c. 103 Ôg_ 'S lit:. 4-&>.. 

68 Ps SITE fb 86 (( 2. SITE. Z.c. 104 PS S\TE.4b l 
i 

0 /Z. 
1 

69 es StTe. lb 87 Slïf: Zc. 105 
1
cs Si-re. 4-b : 

~ 
' 

j l 

S1ïE3 4 1 
l 

1 
70 02- SI n::. lb 88 Ps 106 1 ô l- 5\TE 46 

i . 
1 

71 OR SITE: H: 89 es SITE 3o.I 107 ~ SlfE. 46 ! 
i 1 ! 
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DATA BLOCK FILE (Cont'd) 

1 RECORD · l RECORD 

1 
HEAD ER 1-!EADER RECORD HE AD'.::R 

1 
DISCRETE ~PEcrRA 

1 1 
108 (C:.O.JT1,..,,1JE.l::>) 4- 126 

PS SITE c. 

109 es S \TE., fc. 127 

110 02. SLTE. 4-c. 
i 

1 

l 

111 ofl.. S rrt::4c. 
1 
l 

112 PS S1IE 5o. 1 
1 

113 es SI Té. SCi 

114 2f 2.. SITe s~ 

' ' 

115 d"R. ~1ie 5Ô\ 

116 rs S1TE..5b 

117 es S rTE:Sb 

118 2f 2- S1TE Sb 

119 d'~ SITE 5b 

120 Ps s 1-ri: Sc 

121 es SliE5c.. 

122 0 ,_ S11i::S(;. 1 
l 

1 
123 

1 
6'°R sire s,,_I 1 1 

! 1 

124 1 
1 
l 

1 1 

125 





APPENDIX Al .11 

Fortran Program Listings 

1) ECHO 

2) SCL2 

3) SWl 



· L1 l lU 

UtHJ l 
ttü(12 
IJÜ\1.;: 

0004 
lHJ\J5 
tllH;Jf:Ô 
ü007 
0008 
cn:u::i9 
0(11 ü 
O\j 11 
\ÔHJ 12 
001 3 
0014 
üül5 
0016 
OO 1 7 
0 01 8 
0019 
0020 
0021 
0022 
0023 
0024 
üü25 
0026 
(H:::127 
0028 
00 29 
oo.::o 
OO ;: 1 
00 3 2 
(Hj .ë;:j 

Oü 3 4 
üü .35 
üü36 
ûü:37 
~::1ü ::.:::3 

Ü\J .3'3 
0040 
\.:i04 l 
0042 
004:3 
\)044 
0045 
0046 
0047 
lHo14:3 
ÜlJ.\'3 
(1(15~1 

ü051 
Oü52 
0053 
0054 
Ü1·):~5 

üü5 6 
üü57 
~::1üS 8 

oi:1~·~ 

00 ;; \:1 
00.:.1 
OO :· 
OO 3 
U(1 4 
u ~ 1 ~-

·-· l1Ü ~· 
C1ü , . 
OO .-, 

·~ 
üü ·~ 
ü1~1 0 
Of1 
Cuj 2 

97 

rftH , L 

1·· 

c 
c 
c 
c 
c 
c 

*':':'~ 

*** 
*** 
*** 
**'*' 

1 (1 

1 c-
·-' 

PF.:(1 GF.:AM ECHO 
DIMENSION X( 40 ) , Y( 40 ) ,RTEMP C40 ) 1SEC C? ) ,DEL C7 ) 
DIMEt·l S!O t·j IEC(2ü51)' LH'•/<. 1027>, rrnD < 102i) ' I8UF (20 4 :::) 

PROGRAM ECHO I:3 USED TO DISPLAY SEISMIC RETUFn is 
AND ASS OCIATED PARAMETERS. ALL DATA MUST BE STORED ON 
LU 8 IN DISC IMAGE FORMAT WITH BLOCK SIZE 2048. 
IF THE COHERANCE IS TO BE DISPLAYED, IT MUST BE 
STORED ON LU 9 IN BLOCK SIZE 512 

l·JR ITE (! .t 0 ) 

FOPMAT ( "F:EFLECT I \.' I TI ES DI :3PLA'i'ED'' ~' = 1, t·l=O" ) 
PEAD ( 1, +. > I F.:EF 
IF CIPEF . EQ . 0) GO TO 19 
l·lf<: I TE ( 1 ' 15) 
FOPMAT (" NO. OF TRACE S IN AVEPAGE") 
F:EAD C 1, * ) t·lîf<: 
HT=tHR 
TP=FLOAT ( Hm) 
M2t1=TR +. . 2+ 1-
N45=TR+.. 45+ 1 
tl55=TR+..55+1 
tl80=TP+. . :::+ 1 

1'3 I C2 =ü 
I H2=(1 
IT2=0 
:<L TS=0. 
l·lPITE ( 1,20) 

20 FOPMAT ( "IS COHERAMCE AVAILABLE? Y=l1H=0" ) 
READ(!, ;.:; IC1 
·lF ( !Cl . EQ . 0 ) GO TO 25 
l·JF.: ITE (1, 27) 

"-7 FORMAT ( "DO YOIJ l~AtH COH.EF:AHCE DI SF'LAVED? Y= 1, tl=0" > 
READ ( 1,+. ) IC2 
IF ( IC2.E0.0 ) GO TO 25 
l·lF.: ITE < 1, 26) 

~b FORMAT <"IMITIAL COHERAMCE OFFSET C# PECORDS )") 
READ<l1+.) me 
MF.: ITE(!,28 ) 

28 FORMATC"COHEPAMCE DISPLAY GAitl? " ) 
READ C!,+. ) COHG 

25 ~JF: ITE(l .:30 ) 
3 0 FORMAT C" IS HERVE DATA AVAILABLE? V=1•tl=0") 

F.:EAD Cto*> !Hl 
IF CIH!.EQ.0) GO TO :35 
l·JRITE C 11 :3:3) 

:3:3 FORMAT ~ " HEA'./E F'ARAMETER (-1, 0, 1) ") 
PEADC 1,·+:.o IH2 

:::: 5 l·JRITE < l 1 4~1 ) 
40 FORMAT C"IS DELAY DATA AVAILABLE? Y=!1M=O") 

F:EHDU>*) ITF.:1 
IF C!TPl.EQ . 0 ) GO TO 45 
l·lF.: !TE ( 1, 4:3 ) 

43 FOPMATC"DELAY PARAMETEP c- 1,0, 1)" ) 
F:EAD(!,+.) ITF.:2 
l·JR!TE <1 o44) 

44 FOF.'MAT '· "P EMO'·/ E LI MEAF: TF.:EH D·; Y= 1, t-1=0" ) 
F.:EAD<ld ) ILT 

45 !OF.: =(J 
l·JRITE ( 1, 4'3 ) 

4J FnPMATC"RELATIVE STAPf!tlG RECORD (0 FOP FIPST )"} 
~·Et=tD Ud.! ! OF.: 
HF.: !TE ' l 1 5ü • 

Sü FORM AT < "tW . OF :~ E ViM 1 C F.:ECOPD::.·;"') 
F.:EAD< l 1 * .• tiSR 
IF 'lREF.E Q.0 :.0 GO TO 65 
l·JF.' l TE!. l 1 6 0 ;o 

.OO F (1F.:MAT ( "GAI t·l OF F.:EC ORII?" > 
F.'EHD( 1 , * ·' GAIH 

t ·5 HR l TE•.: 11 :::(1) 

:é:O FOF.'M AT •. " HOF~ I :o.tHAL E:·WA tl:3 I OH FACTOF.'?" > 



1111, ·· j 

111.;'.1 
f1.i' ~ . 

•1•1, 1·. 

~_iü ' ' l 
0078 
00? '3 
(H:'.180 
0081 
(1082 
0083 
ÜfJ84 
(1085 
0086 
(1087 
0088 
0089 
0090 
0091 
(1(192 
[1093 
0ü94 
0(1•;.5 
ü096 
0097 
(H)9 :3 
(1099 
0100 
0101 
~j 102 
0H}:3 
Olü4 
0105 
ü106 
~11ü7 
0H1:3 
ülü9 
0110 
0 t 11 
(1112 
0113 
(1114 
0115 
0116 
0117 
0118 
0119 
(1120 
0121 
liH 22 , 
(1123 
0124 
0125 
0126 
~;; 127 
0128 
0129 
01 30 
0131 
0132 
0133 
0134 
ü 1:35 
01 :36 
01:37 
01 :38 
0139 
0140 
0141 
014 2 
üt·D 
0144 
0145 
0146-

f':E ATI •. 1, '* !HE 
HP [TE o.'t , J J 

98 

::: l rORH~I r '· " E:F:T [ CllL Er·: PHtfS IOM FACTOR?") 
i-:·r:1H1· · 1, •) f"/E 
MAX•20 4 8-~2048-512*CI C 2+IREF )~ / IVE 
~IRITE ( 1,90 ) 

90 FORMAT C"DISPLAY GAIN AT START1END OF RECORD" ) 
READ C11• > DISGS1DISGE 
~lRITE C 11 85) 

85 FORMAT ("OF FSET GREY LEVEL C0-15)") 
READ(11• ) !OFF 
ISP=1 
IF CMAX,EQ .0 ) GO TO 56 
l·lRITE C1155) MAX 

55 FORMATC"DISPLAY RECORD STARTING POINT 1<ISP(",I4) 
READ C1 1• >ISP 

56 ISN=1 
SEC<1 >=0. 
DEL( 1 ) =1ü~3. 
SEC(2)=FLOATCNSR) 
DEL(2 ) =1(H), 
IF CIREF.EQ.0) GO TO 99 
WRITE C1170 ) 

70 FORMATC"TIME VARYING DELAY? Y=1,N=0 ") 
READC 1, '*> ITVG 
IF CITVG.EQ.ü ) GO TO 99 
j,jF!:ITE0171 ) 

71 FORMAT ("HU MBER OF :3ECTI Dtt:3 ( 6 Mffr'.)" ) 
READC 1, •> !St~ 
WRITE C1172 ) NSR 

72 FORMAT C" FIRST RECORD # MUST BE 1•LAST MUST BE", 15 ) 
DO 73 J=ü, I St~ 
l·lRITE C1174 ) J 

74 FORMRT ("SAMPLE"1I31" RECORD #,TJME DELAY <MS ) " ) 
73 READ(l1• ) SEC(J+1)1DEL(J+l) 

SECCISN+1)=SEC CISN+1)+1, 
't9 CALL CODE 

l~RITE C IBUF, 57) 
57 FORMAT <" 

1 
IF <IREF. EQ . 1) GO Hl 91 
IF ( I C2. EQ. 1) GO TO 92 
CALL CODE 
WRITE(!BIJF111) 

11 FORMAT C60X,"MILLISECONDS" ) 
CALL ANPRTC!BUF172) 
CRLL AHSPC 
GO TO 93 

'32 CALL CODE 
l•lRITEC IBIJF112 ) 

12 FORMAT C40X,"MILLISECONDS"155 X1"COHERANCE" ) 
CALL ANPRTCIBUF1120) . 
CALL COD E 
MRITE C IBUF, 13 ) 

13 FORMAT C96X1"12. 5", 10)< , "KHZ", 13)<, "0") 
CALL ANPRTCIBUF1130) 
GO TO 93 

91 IF ( I C2 . HL 1) GO TO '3 4 
CALL CODE 
l·lRITE< IBUF, 14 ) 

14 FORMAT Clü6 X1 "REFLECTIVIT Y") 
CALL AHPRTCIBIJF1120) 
CALL COD E 
l·lRITE CIBUF116 ) 

16 FORMAT c' 40:x:, "MI LLI SECONDS", 50 X, "R20: )" , 10X1 "Rl <:·. ) ") 
CALL ANPRT <IBUF113ü) 
CALL COD E 
l·lRITE<IBUF117) 

17 FOR MAH9o :..:: . "30"1 3X , "20"1:3X1 "1ü" 12X 1 "0 75",3x, "50"1 
13x , ··2s 1·,2x, ··0·· > 

CALL ANPRT t IBUF1130 ) 
GO TO 93 

':l4 CALL CODE 
~~RITE < IBUF1 14 > 

") 



"' 

rn1 L 11t!P~'1 • .. JE:UF, 120 ! 

C~1LL 1 unE 
IW l l f. 0 IE:;ttF . ·;J) 

99 

IJ 1 • • '-1 

(1 1:::;1 
(l l 52 
ü t ~~ .::: 
1:) 154 
~:11 s:. 
0 l 5E: 
~) ] 57 
0 158 
lô)l 59 
0160 
0161 
l1l 62 
0163 
l1164 
I~ 165 
0166 
(1\ 67 
ü168 
016 9 
0170 
01 71 
(1172 
01 7:3 
0174 
01 75 
0176 
01 ?7 
0178 
0179 
018(1 
ü !B I 
tl 182 
ü 1 t:3 
01 t: 4 
(11 :::s 
0 186 
ü187 
tl 1:38 
01 :3 ·~ 

019ü 
0191 

·9 r URM H r· 2::::c: . "t'i!LLI ::.E cu trn ::."' :35:< , "CüH ERAHCE"' 1:3 ;,,:, "R2(\) "' 

c 

11 o: .; ' " p 1 (: . .i " ) 
CHLL HNPF.'. T<IE:UF, 130 ) 
C.f1LL 1J1D E 
~·lR ITE ( I8UF, 21 ) 

21 FOR MAT •.64 :•; , "12.5 " • 10 ;~ , "KHZ", 13 :~ , "13 3t1 " , 3X , "20",3;,< , 
1" l ~j" ' 2:.(: , "~j 75"' 3>~ , "50" ' :3:;.::, "25'', 2:;.;; , "0") 
CALL ANPRT <IBUF, 130 ) 

93 DO 22 1=112048 
22 I8UF ( I):10 

DO 23 I= <2048-512*CIREF+IC2)), 1, ( -50*I VE) 
23 I8UFo'.I ) =16 

DO 24 I = 1, 10 
24 CALL ANACC ( IBUF,2048 ) 

DO 7(10 I = 1, 2048 
700 I81JF ( I ) =16 

CALL ANA CC( I8UF12048) 
CALL ANACC ( IBUF,2(148) 
DO 100 I = 1 , 40 
X( I ) =0.0 

HW Y<I ) =ü. 0 
CALL PTAPE ( 8,0.roR ) 
IF < I C2 . NE . ~) INC=INC+I OR - ( IH1+ITR1 >*< IOR / l 02 4) 
IF <IC2 .NE.0 ) CALL PTAPE C910, INC ) 
ISHFT=51 2*( IC2+IREF ) 
IF <IH1.E Q.0 ) GO TO 101 
CALL EXEC <1,9, IHV11027 ) 
FACH=FLOAT <IHV C1026 )) / 32767 , / 32767 . 
FACH=FACH*l0. ** CFLOAT CIH V< 1025 )/64 )) 

101 IF <I TR1.EQ.0 ) GO TO 103 
CRLL EXEC C11 8 • ITRD11027) 
FACTR=FLOAT <ITRD ( 1026)) / 32767 , / 32767 . 
FACTR=FACTR*10 . ** ( FL OATCI TRD C1025 )/64 )) 
IF ( ILT.EQ.0 ) GO TO 103 
XLT S=FLOAT <ITRD ( NSR>- I TR D( l )) *FACTR / FLOAT <NSR) 

103 DO 202 MMM=l,ISN 
t·J·;T=SEC ( MMM ) 
NFIN= SEC <MMM+l ) -1 

102 DO 200 I=NST,NFIN 

C *** SEISMIC RE COR D ROUTINE 
c 

0192 DELA Y=CFLOAT CI >-SEC CM MM ))/C SEC ( MMM+l >-SEC<MMM)) 
0193 DELA Y=DELA Y• CDEL CMMM+l ) -DEL <MMM) ) +DEL CMMM ) 
0194 TGAIN=GAIN*DELA Y* .00735 . 
0195 CALL EXEC c1,e.rEc.2051 ) 
01 96 FACT=FLOAT CIEC. (2 050 ))/32767, / 32767. 
0197 FA CT=FAC T• 10.** ( FLOAT CIE CC20 49 )/64 )) 
0198 IHEA V= FL OAT CIH2•IHV <I ))* FAC.H 
0199 I TRND~ FL OAT<ITR2*I TRD ( l )) •FACTR-FLOAT ( ITR 2•I)*XLTS 
0200 IF <I.E0,1 ) ITF'. Nl=ITRND 
0201 ILO C=I HEA V+ITRND-ITRNl 
0202 DO 106 LLL=l,2048 
020 3 106 I8UF ( LLL ) =0 
0204 DO 300 J=ISP,2048 
0205 DGAIN=FLOAT (J)/2048 . •C DISGE-DI SGS >+DISG S 
021;11:3 DO 110 I '·/P= 1, I 1/ E 
0207 L= 2049-IVE •CJ-I SP>-I SHFT-ILOC-IVP 
(120:3 IF (L.Lî.1 ) GO TO 11 0 
0209 IBUF ( L) =!NT ( FL OATCI EC.( J ))* FACT•DGAIN >+IOFF 
0210 110 CONTINUE 
0211 .;: 01) COtH I tlUE 
0212 IF <I f;· EF.EC! . l ) GO TO 500 
0213 104 I F< ICl.EQ.0 ) GO TO 800 
0214 c 
021 5 1_. *""* COHEl':H t·KE F:OIJT I tlE 
1)2 l 6 (.. 
0217 IF<I C2 .E0.1 ) GO TtJ 105 
0218 GO TO 80 0 
0219 lü5 CAL L E:.: EC 1,9.IEC,515 ) 
0220 I SH =512• I EF 
02~1 FA CC =l ü. +. ( IEC. ~5 1 3) , 64 ) *FLOAT C IEC ( 514 ))/32~67.~•2 



t1222 
~1122 :3 
0224 
0225 
0226 
0227 
0228 
0229 
0230 
(J231 
0232 
1<1233 
(1234 
02 :3 5 
0236 
t12:37 
0238 
02 :3·;i 
024(1 
0241 
t1242 
0243 
0244 
0245 
0246 
0247 
t1248 
0249 
025t1 
0251 
0252 
025 .3 
0254 
0255 
0256 
0257 
0258 
0259 
1:1260 
0261 
0262 
0263 
0264 
t1265 
0266 
0267 
ü268 
0269 
0270 
0271 
0272 
1327:3 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
02::i 1 
ü282 
€128 :3 
0284 
ü.285 
~:::1286 

ü287 
ü288 
028 9 
1:12·;..0 
ü2'0' 1 
ü2 ·::i2 
0293 

c 

100 

DO 601 J=l151112 
L=204·:.<- I ::>H-J 
L1=L+1 
ILEV=INT<FLOAT<IECCJ )) •FACC•16.•COHG> 
IF CCOHG.LT.0) ILEV=16+ILEV 
IBUF(L) .. ILEV 

601 I8UFCL1)=ILEV 
IBUFC1536-ISH)=16 
I81JF(1535-ISH>=16 
GO TO 800 

C *** REFLECTIVITY ROUTINE 
c 

50t1 I MAX=0 
IPK=0 
DO 501 J= l, 2t14:3 
IFCIEC(Jl.LT.IMRX> GO TO 501 
IMAX=IEC (J) 
I PK= .J 

5ü l COtH I NUE 
IT0=IPK-16 
IT1=IPK+15 
IT2=IPK+63 
:3::<:0 . \:) 
S"i'=0. 0 
DO 502 J=IT01 IT! 
TEMP=FLOATtlEC(J))•FRCT•TGAIN 

502 SX=SX+TEMP•TEMP 
DO 503 J=<IT1+1)1IT2 
TEMP=FLOAT CIEC(J))•FACT•TGAIN 

503 SY=SY+TEMP*TEMP 
:•: C: NTI': .i =SORT ( SX) 
Y ( tHR ) =SORT (:;y) 
DO 504 J=l53712048 

504 IBUF (J) :::ü 
DO 5ü5 J=l 1 tHR 

505 RTEMP CJ)=X(J) 
CALL ORDERCRT EMP1NTR > 
M20=RTEMPCN2ü>•340. 
IF CM20 . L T. 1) M20=1 
IF<M20.GT.256) M20:::256 
M45=RTEMP CN45)•340. 
IFCM45. L T. l) M45=1 
IFCM45.GT.256 ) M45=256 
M55=RTEMPCN55)•340. 
IFC:M55.LT.1) M55=1 
IF CM55 .GT. 256) M55=256 
M80=RTEMPCN80)•340. 
IF <M8.0 . L T. 1 > M80=1 
IFCM80.GT.256 > M80=256 
DO 506 J=M213, M45 

506 IBUF C2049-J)=8 
DO 507 J= <M45+1)1M55 

507 IBUFC2049-J>=l6 
DO 508 J=CM55+1)1M80 

508 IBUF C20 49-J)=8 
DO 509 J=l 1 tHR 

509 RTEMP <J>=Y CJ) 
CALL ORDER<RTEMP1NTR> 
M20=RTEMP CN20 )•850 . 
IF<M20.LT. l) M213=1 
IFCM20.GT.256 ) M20=256 
M45=RTEMP CN45 )•850. 
IFn145.LT .1 ) M45=1 
IF CM45.GT . 256 ) M45=256 
r'155=RTEMP ( tl55 ) •850. 
IF CM55 . L T. 1) M55=1 
IFCM55.GT.256 ) M55=256 
M80=RTEMP CN80 )•850. 
IF CM8ü.LT. l) M80=1 
IF (M80.GT.256 ) M80=256 
DO '510 J=M2~1' M45 



" • 1 lt:: llF• t; ";u-J•=t: 
,, ··-, 111'1 ~i l..: _l "- •l·l'.:l:511;o.t·J:::t1 
.-,_ ~~· i 81JF < 179 3 -~1 ! =8 
o~ ~( DO 511 J =\M 45+1 ),M55 
0 2~8 !8UF (1? 93-J)=16 
A2~9 DO 513 J=l,(NTR-1) 
0300 X(J) =XCC J+l )> 
0301 Y(J)=Y((J+l)) 
0302 DO 520 J=153812048185 
0303 !8UF (J) =16 
0304 !8UF C1792 l =16 
0305 !8UF C1539 >=16 
0306 GO TO 104 
0:307 
•3:308 
0.30 '3 
031 (1 
0311 
0.312 
0:31.3 
(1 :314 
03 15 
0:316 
031 7 
0:318 
0:3 [ '3 
ü.32(1 
0::::21 
0 :32 2 

GR EY SCALE ROUTINE 

IBUF C 1 ) :=i16 
IBUFC2)=16 
IBIJF(2045)=16 
IBLIF C2044)=16 
Xl =FLOAT C! )/ 100. 
)''.2 =FLOAT CI / 1 Oü ) 
IF CX 1.NE. X2) GO TO 802 
ITIC=5tj 
Xl=FLOATC ! )~ lü00. 
:'~2 =FLOA T < I / 1000) 
IF CX 1.NE. X2) GO TO 804 
ITIC=100 

80 4 DO 803 J=l, !TIC 
IBUF (J) =16 

101 

ü.323 
0324 
l1.325 
0 :326 
(1 :327 
1'1:32:3 
t1 .32'3 
ü3 :?.ü 
03:31 
~1332 

0 :3:33 
(1:3.3 4 
ü.3.:::5 
~):3:36 

0:3:37 
1):';:3:3 
03:39 
o:::: -rn 
ü.Hl 
0:342 
034 .3 
0>-14 
0345 
(f346 
(1 :;::47 
0348 
0.::: 4·3 
~:::1 :;:5~:;:1 

0:351 
ü.352 

803 !8UF C2048-ISHFT-ITIC+J )=16 
802 Do 801 J=l1!H E 

c 

801 CALL ANACCC!BUF12048 ) 
200 COtÙ I NUE 
2t)2 C:OtH I tfüE 

t1 0 ·::.01 I = 1, 2048 
·~ü l IBUF(D=16 

CALL ANACC CIBUF12048 ) 
CALL ANA CC<IBUF,2048 ) 
DO '30 2 I = 1, 2tj48 

·31:,2 IBUF <I >=O 
DO 9ü3 l= C2048-512• CIREF+IC2 )) , l1 C-50•I VE) 

903 IBIJF(I ) =16 
DO 9t::l4 I=l, 10 

904 CALL ANACC CIBUF,2048 ) 
CALL ANSPC 
1:::ALL ANSPC 
CALL CODE 
~·JRITE C IBUF, '305) 

905 FIJR MAT C40X,"MEMORIAL UNIVERSITY OF NEWFOLINDLAND 
CALL ANPRTCIBUF,90) 
Do ·~O O .J=1,5 

'?!Jü CALL ANSPC 
CALL Atl~:S 
rnD 
SUB ROUTINE ORDER CRTEMP,NTR ) 
DIMEN SION RTEMPC40) 

C *"'* ROUTINE TO AR~: AtlGE ARF.:AY I tl ASC EtlD I tlG ORDER 
~:::1 J ~ :3 c 
0.354 DO 450 J=l, ( NTR-1 ) 
0:355 DO 451 K=CJ +l ) 1NTR 
0356 IF(RTEMP\K) .GT. RTEMP(J)) GO TO 451 
0357 T=RTEMPCK ) 
0358 RTEMP\K)=R TEMP CJJ 
0 3"i9 RTEMPCJ)=T 
Oë:..; o 4"i t 1··1·1 tlTitlUE 
ti.::r::: 1 4 ':5ü Cutn !HUE 
03r:i2 PETURN 
•.1 ::,:,.:;; Etrn 
0Jr:i4 ENDS 

1 ·:;.:::4") 
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0001 FHh L 
0(H'12 
(H)lj:3 

0004 
0005 
0(106 
üü07 
01)(18 
üüü9 

- ü010 
0011 
0012 
0013 
0014 
(11315 
üü16 
01) 17 
0018 
0(119 
0020 
(H'121 
1:1c122 
flü23 
(1024 
(H325 
(HJ26 
0027 
(1(12 ::: 
0(129 
003(1 
1:113:31 
00 32 
0033 
0(1 :2:4 
00 :35 
(11):36 
ûü :3 7 
~7H~ :38 

0039 
0040 
üü41 
0042 
0043 
(H:i44 
l)lj45 

0046 
0047 
0(148 
0ü49 
0(15(1 
13051 
0052 
0053 
0(154 
0 ~355 
€1056 
(1057 
0058 
0059 
0fJ60 
0061 
0062 
0063 
(1064 
0065 
1:11)66 
1)(167 
üü68 
Oü69 
Ü(17(l 
00;-'1 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
r· 
c 
c 
c 
c 
c 
c 
c 

c 

PROGRAM :3CL2 

PROGF:AM CALCULATES VERTICAL I tlC I DEtlCE SCATTEP I tir.; FF:OM A 
ROUGH GAUSS I At-l SURFAC E ASSUM !MG A POL '1'llOt1 IAL T'l PE TOPOGF.:t=IPH I 
CORR ELATION FUNCTION IN THE FIRST SUBAREA. ' 
PROGRAM DERIVED FROt1 THEOR Y OF CLAY & LEONG ( 1974) 

QUAN TITIES TO BE SPEC IFIED ARE: 
1. Rt1S SURFACE ROUGHNESS Ct1 ) 
2 . TOPOGRAPHIC CORRELATION DISTANCE CM) 
3 . SOURCE / RECEIVER HEIGHT ABOVE BOTTOM <M) , USUALLY 

NOT CRITICAL IN FAR FIELD OF SOURCE 
4. NORMALIZED COEFFICIENT OF LINEAR TERM IN BOTTOM 

CORRELATION FUNCTION 
5. NORMALIZED COEFFICIENT OF QUADRATIC TERM Ill BOTT OM 

CORRELATION FUNCTION 

ALOHG ~.; A >~ I S: 
CO RRELATI ON FUNC TION = 1 . 0-CL*ABSCX) / FL1-CQ*(X**2l / FL1*~2 
A LINEAR COEFFICIENT OF UNITY AND A QUADRATIC CO EFFICIENT 
OF ZERO YIELDS A CORRELATION FUNCTIOH DECREASING 
LI IŒARL Y TO ZERO AT BOUNDARY OF FI RS T SUBAREA Ot·l 
X OR Y AXIS <DISTANCE FL1 FROt1 THE ORIG IN ) . 
DIMENSION OF FIRST SUBAREA IS FL1*FL1 

NORMA LIZED STACKED ENE RGY OR REFLECTED COHERENCE 
ESTIMATES ARE STOR ED IN ARRAY INSE FOR OUTPUT 
TO MAGNETIC TAPE AND SUBSEQUENT PLOTTING UNDER 
THE FOURIER OPERATING SYSTEM. 

DIMENSION I NS EC4099 ) ,AS(2,2) ,88(2 , 2) , CS(2 ,2 ) ,E (3) 
WCS) =1.1283791 /( S+SQRT CS **2+1 .27324 )) 
I trn= 1 
IOD=6 
18=0 
D=8.0E-03 
c I s "I ELOC I T'l OF soutrn rn :3 EA~·lATER (tol/S ) 
C=1500. 
IE: =I8+1 
~·JRITEOOD, 10 ':> 18 

10 FORMAT ( " CLAY & LEONG SC ATTERING", // / , 
1" EtHER F.:MS ROUGHIŒSS FOF.: OUTPUT ", I 5) 

READ CIND•* > ROUGH 
IF CROUGH .LT.0.0 ) GO TO 999 
CORR ELATIOH DI STANCE FROM H-H RELATIONSHIP 
FL1=30 . 0*CROUGH**1.25) 
WRITE CIQD,2 ) ROUGH,FL1 

2 FORMAT ( " RMS ROUGHNE SS=" ,F 10 . 6 , 
1" H-H RELATION CORRELATION DISTANCE=" ,F10. 6) 

~·IF: ITE ( I OD, 3) 
3 FORMA T(/ " ENTER CORRELATION DISTANCE OVERRIDE ") 

F:EAD ( am'* ) FL2 
IF CFL2.GT . 0.0) FL1=FL2 
~JRIT E < IoD, 11 ) 

11 FORMAT( / " ENTER SOURCE/ RECE I VER HEIGHT ABOVE BOTTOM") 
RE AD CHlD>* ) R 
DO 15 I = 1, 2 
DO 15 .J=1•2 
AS( I' .J) =ü. 0 
8 $(1 , J)=0JJ 
CS( I, J) =ü.0 

15 CO tHHlUE 
EC1) =0.0 
EC2) =FL1 
EC3) IS LIMITING X OR Y COORDI NATE OF 2ND SUBAREA . 
E C3) SHOULD E: E MADE SUFFI CI Et HL Y LARGE THAT 
SCATTERING RESULTS ARE INDEPENDENT OF THIS PAPt=IMETER. 
E( 3) =3. Ü* FL1 
c::;' 1. 1)= 1. 1) 
~·lF:ITE{ IOD , 16 ) 



~.:.1~.:.1 • .,2 
ü073 
0074 
üü~5 
0076 
(H~1(( 

0078 
007".l 
oo::a:i 
0081 c 
ü082 c 
0083 
0084 
0085 
0086 
00:::7 
(Hë1:38 C 
(H:J89 
00'?0 
~3091 c 
oo·n 
009 :::: 
0094 
00·~5 
(Hë196 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
ü 1 t16 
0107 
0108 
0109 
01 u:i 
0 111 
0112 
0 1 13 
0114 
0115 
~3116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 c 
0124 
0125 c 
0126 1-· 
0127 c 
0128 
012 ·~ 
01 :':~) 
0 t::::t c 
0132 
01 :33 
01:34 
0135 
0136 
01 ~:7 
01 3:3 
01 3 '~ 
0140 

103 

16 FORMAT,../" EtHEF.: t·lUPM . LI t·lE.AR TEF.:M OF 80Tîut·1 CUFF:FUi r [ 11t1" ' 
READ <I t·lD' *) CL 
~·lF: ITE<IQD, 17> 

17 FOF:MAT(" EtHEF.: NOF:M. OUADF.:A T I c TEF:M UF BOTTOl·1 cor.·P EUH l (1t1" " 
F:EAD(IND,*) C1J 
88(1, l ) =CL / Fll 
A::;( 1, 1 ) =CG! / (FL1**2) 
~·lF: ITE < I OD, 4) 

4 FORMAT (//" FREO A NSE COH . ENER. 
EVALUATION OF SCATTEF.:ING PF.:OPERTIES AT 12.207 HEF.:TZ 
I tlCREMENTS . 

1" I COH . mm. TOT. EtiEP.. ",.") 
N=-1 
DO 70 M=l,16 
DO 50 K=l,128 
t·l=ti+ 1 
FREQ IS SOUF.:CE FREQUENCY IN HEF.:TZ 
Fl<:rn=12. 2ü7*ti 
IF <FF.:EQ,EQ.0.0 ) FREQ=l.0 
ANGF1 IS EFFECTIVE SOUF.:CE BEAMWIDTH IN F.:ADIANS 
ANGF1=2565 .6 / FREQ 
IF<At·lGF1. GE. 1. 3) AtlGF1=1. :3 
F2=TAN ( At·lGF 1) 
FK=6 . 2832*FREO/ C 
G=4.0* CFK*ROUGH )**2 
)< =R'-+F2 
)ff2=R/FK 
ECOH=E>~P <-G ) 
::;UM=~). 0 
DO 30 !=1•2 
DO 30 J=1,2 
AL=l.0 / SQRT((1 . 0+<XF2/X**2 ) **2 ) *(X**2) /( 2.0i( XF2**2 )) +G*ASfl 
BL=G*BS ( I,J) 
S:3=AL *BL .. ·" 2. 0 
OUMl=E ( l) / Al+SS 
l~VM 1 =E ( .J) / Al +:38 
CJU=E <I+1) / Al+SS 
OV=E ( .J+ 1 ) / Al +S::; 
US=EXPC- C< ECl) / AL>**2+E(l)*8L))*W(QUM1)-EXP(-((ECI+l' · AL'**2 

1 +E ( l+1)*8L) ) *W(01_1) 
VS=EXPC - C( E(J )/AL)**2+E (J)*8 L))* WCQV M1 )-EXP(-(fEfJ+l) / Al )**2 

1 +E(J+l)*BL))*W(QV) 
30 SUM=SUM+EXPC-G*(1 .ü-CS(J,J)))*(AL**2)*US*VS 

SL=CFK**2)*SUM/32 .0 
ETOT=16.ü*SL*CF2**2) 
EICOH=ETOT-ECOH 
Ftl:3E=ECOH .' ETOT 
tl2A1=2*N+1 
INSECN2A1)=32767*FNSE 
ItlSE CN2A1+1 )=0 

50 COtHINU E 
ANGD IS EFFECTIVE SOUF.:CE BEAMWIDTH IN DEGREE S 
ANGD=57.2958*ANGF1 
COHEF:EtH, 1 t·lCOHEF:EtH, Atm TOTAL F.:ETUF.:tlED EtlEF'G'1' AF.:E 
NOF.:MALIZED TO SPECULAF.: ENERGY RETURN FROM PLANE 
I tHEF:FACE . 
~·JF.: I TE CI OD, 55 ) FREGI' AtlGD, Ftl ::; E, ECOH, E I COH, ETOT 

55 FOF.:MAT C1X,2F9.2,2F9.6,F14.61F12.6> 
7(1 COtH I tlUE 

SCALING PAF.:AMETERS FOF.: FOUF.:!ER SYSTEM BLOCKS FOLLOW 
I t·l::; E ( 409 7) =4 
I tlSE ( 4~39 ::: > <:2767 
I tl:3E ( 4ü99 > =3'3 
CALL EXEC <2, 1108,INSE ,4099 ) 
GO TO 1 

999 CALL EXEC(3, 1108) 
CALL EXECC3,41ü8' 
Etrn 
Et ID:t 
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0001 FTN, L 
0002 
0003 c 
0004 c 
(H)05 C 
13~)0 6 c 
(1[1(17 c 
(100 :3 c 
~3009 r· 
OOHl C 
ü~::111 r· 
(1012 c 
(101 :3 c 
(1014 c 
OO 15 ,~ 

(H)16 C 
(1017 c 
0018 r· 
0019 c 
01320 c 
01321 c 
0022 
0023 
(Jl324 
(nn5 
0026 
üü27 c 
0028 
(H)2''.i C 
0030 c 
ü031 r· 
1)032 
0033 
M34 
0035 
0036 
0037 
0038 
(1(1 :39 c 
0040 
0041 
0042 
(1043 
0044 
(H)45 
OC146 c 
0047 c 
~:0H348 
(1(149 
005(1 
0051 
,3052 
fH353 
(1(154 c 
0(155 
1)1356 
~)057 
(1(158 
0059 
0(160 
0061 
0(162 

PRO GRAM CALCULATE S VERTI CAL IN CIDENCE SC AT TEPIN G FROM 
A SURFACE OF KNOWN GAUSSIAN ROUGHNESS AND KNOWN 
TOPOGRAPHIC CORRELATION DI STANCE . 
PROGRAM DERIVED FROM THEORY OF WELTON ( 1975 ) . 

INPUT PARAMETERS : 
1. RMS SURFACE ROUGHNESS CM) 
2. SURFACE CORRELATION DISTANCE (M) 
3. SOURCE / RECEIVER HEIGHT ABOVE BOTTOM (M) 

CORRELATION FUNCTION IS OF A GAUSSIAN FORM 
= 1.0-EXPC- CX ••2 )/FL1••2 ) IN X DIRECTION. 

THE NORMALIZED STACKED ENERGY FUNCTION OR REF LECTED 
COHEF.:mcE FUtKTI ON IS STOF.:ED rn ARRA't HlSE THEt1 
OUTPUTED TO MAGNETIC TAPE FOR SUBSEQUENT PLOTTING 
LINDER THE FOURIER OPERATING SYSTEM. 

DIMENSION INSE C4099 ) 
HŒ=l 
IOD=6 
I8=0 
D=B. OE-~33 
C IS VELOCITY OF SOUND IN SEAWATER (M /S) 
C=15(H), 
LIM IS NUMBER OF TERMS SUMMED. LIM SHOULD BE 
SUFFICIENTLY LARGE THAT SCATTERING RESULTS REM AIN 
UNCHANGED AT SHORT WAVELENGTH LIMIT. 
LI M= 100 
IE:=IB+l 
~lF: ITEC IOD, 10 ) IB 

10 FORMAT ( / // " WELTON SCATTERING", // , 
1" ENTER RMS ROUGHNESS FOR OUTPUT " ,I5 ) 

READ CIND•* > ROUGH 
IF CROUGH.LT . 0. 0 ) GO TO 999 
CORRELATION DISTANCE FROM H-H RELATION 
FL1=30.0• CROUGH••1.25 ) 
WRITE CIODi2 ) ROUGH1FLl 

2 FOF:MAT (" RM:; ROUGHNE :3 :ô:=", F 10. 6, " H-H F.:ELAT IO t·l " 
l" CORRELATION DISTANCE="1F10.6 ) 

MF.:ITE C IOD, 3 ) 

3 FORMAT (/ " ENTER CORRELATION DISTAN CE OVERRIDE " ) 
BY ENTERING NON-ZERO VALUE THE H-H DERIVED 
CORRELATION DI:3TANCE IS OVERRIDDEN. 
F:EAD ( rnn' *) FL2 
IF ( FL2 . GT.0.0 ) FL1=FL2 
~·lF:ITE(!OD1 11 ) 

11 FORMAT (/" ENTER SOURCE/R ECEI VER HEIGHT ABOV E BOTTOM") . 
READ ([N D•* > R 
MRITE CIQD,4 ) 
:3 UMMING SERIEE FOR FREQUE NCY INCREMENT S OF 12. 207 HERT Z 

4 FORMAT (//" FREQ A NSE COH. ENE R."1 
1" I t~COH . mER. TOT. mm. OPT. mm. " ) 

N=-1 
DO 70 J=!,16 
DO 50 K= 1, 12 :3 
tl=tH 1 
FF:EO= 12 . 207• N 
IF CFREQ,E Q.0.0 ) FREQ=l. O 
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ANGFl IS EFFECTIVE SOURCE BEAMWIDTH IN RADIANS 
ANGF1=2565 . 6/ FREQ 

(1(163 c: 
0064 
000:.5 c 
0066 c 
0067 
006:3 
Ot16'3 
0070 
tH)71 
0072 
(1073 
(1074 
(1(175 
(10 76 
(1077 
0ü78 
007'3 
0(1:30 
00:31 c 
00 ::: 2 c 
0ü83 
130:34 
üü:35 
OOE:6 
üü:37 
00t:8 
0(1:39 
0090 
00'? 1 
oon 
0093 
00'?4 
0095 
(H)'?6 
0097 

BEAM~lIDTH LIMITED TO PI .· 2 F.:ADIAt·J ·:; CO l·rnIIrIF:ECTIOtlAU AT 
LON FREQUENCIES. 

r 

IF CA NGFl . GE . 1. 5707) ANGFl=l . 5707 
F2=TAtl " ANGF 1) 
FK=6. 2832*FF.:EC! / C 
G=4 . 0*CFK*ROUGH)**2 
EC:OH=E>:P (-G) 
Ftl= ( ( Fl< *F2>**2+ 1. 0,... ( R*F2) **2 "• .. 2 . 0 
:3UM=0. 0 
GDL= 1. 0 
DO 313 L=l,LIM 
GDL=GDL*G / L 

30 SUM=SUM+GDL /( FLOAT CL)/FL1 ** 2+FN > 
EICOH=0,5* CC F2*FK )**2)•ECOH*SUM 
ETOT=ECOH+EICOH 
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FN SE=ECQH .. ·" ETOT 
EOPT IS ASYMPTOTIC FORM FOR REFLECTED ENERGY IN 
SHORT WAVELENGTH LIMIT . 
EOPT= <F2**2) / (8 , 0*(ROUGH , FL1)**2+F2**2) 
N2A1=2*N+l 
INSE CN2A1 >=32767*FNSE · 
IN SECN2A l+1 ) =0 
co~nitfüE 
ANGD IS EFFEC TI VE SOURCE BEAMWIDTH IN DEGREE S 
ANGD=57.295:3•ANGF1 

c 
c 
I~ 

COHERENT, INCOHERENT, TOTAL, AND OPTICAL CASE ENERGIES 
ALL NORMALIZED BY ENERGY OF SPECULAR REFLECTION FROM 

C'C' 
._1 ._1 

7(1 
c 

A PLANE INTERFACE. 
WRITE ( IQD,55 ) FREQ,ANGD,FNSE,E CO H,EICOH1ETOT,EOP T 
FORMAT< 1X,F7. 1,F7.212F9.6,F14.6,2F12.6 ) 
COtHINUE 
BLOCK SCALING PARAMETER S FOR FOURIER SYSTEM 
IHSE C4097 ) =4 

009 8 INSE ( 4098 ) =32767 
0099 INSE C4099)=39 
0100 CALL EXEC:(2,1108.INSE.4099 ) 
0101 GO TO 1 
0102 999 CALL EXEC ( 3,1108 ) 
ü103 CALL EXECC3,4108) 
(1t1H mn 
0105 mD$ 

WELTON SCATTERING 

EtlTEF' F:M:3 ROUGHt·ŒS:; FOR OUTPUT 1 
RMS ROUGHNES S= .012500 H-H RELATION CORRELATION DI STANCE= 

ENTER CORRELATION DISTANCE OVERRIDE 

ENTER SOURCE / RECEIVER HEIGHT ABOVE 8UITOM 

~~ 

155~:::1 . :3 
3112 . ::: 

A 
:::9 . ·~·3 
47 . 22 

t·J::; E 
. '?7:~:9:::::: 
. 99 6716 
. '?9 4429 
. ·~·:H'.:157~3 
, ';l84%8 
. 977~:::1:::·~ 
. 966ü 56 
1 '?5ü472 
. n:::1:;:2 

COH . mm . IH COH . mm. TOT. mm . OF'T . Et/EF.: . 

4675 . :3 
62:~:7 . 8 

10'?25 . :3 
124:::7 . ::: 
14050.3 
15612 . :3 
1?17:1 . 2 

2 1 86~: . 7 
2·::425 . 2 
24·:.i::: ~ . ~ 

:31. 44 
2:3. 57 
1 :3 . 85 
15 . 7 ~3 
13 . 45 
11. 77 
10.46 

'? . 42 
::: . 56 
-:0 .-.c
l • ·=··-' 
7. 24 
6 . 72 
6 . 2::: 
t:' ,·,,-, 
. .J . ·:.::··.:· 

. 84 7 6 79 

. 777:3 '31 

. 6774 77 

. ::::·;.:::·? 29 

• '373'318:3 
. :3'391 '3:3 

. 652662 

. 51:3125 
.-,,·, .-, .· ,,"'1,-. 

• ·~ ·:1c:, . .;:10 •:• 

. 270103 
• 1 :?,(1:::43 
.114767 
. 069(1 :~:6 
. ~3:39:.::6:3 
. ~::)2127:3 
. o 1 o:::·:<::: 
. 0052 '? 1 
. 0024 :ë:5 
. 001062 

• ~:::126ü 12 
. 002'362 
. 013441:1::: 
. 006213 
. 007:3 :;: 1 
. oo:::·366 
. 0094'?1 
. 00'?424 
. 0~:::1::::::87 
. 00:3(1 4::: 
. OU7073 
. ~~1 ~)61:'.:192 

• ~::1051 :::::: 
. 1~10440 :;: 

. 00 ::: 74 7 

. n1:r:.:,? 1 o 

1. 0001300 
. ·3~:::1215i; 
. 7'31269 

. 52ü'?56 
• 3 '? 1 :;:54 
. 27·35·;i4 
. 190266 
. 12%54 
• ~:::177~:1:::5 

. 0 l 6(1:::.:, 

. (H)9f.'~5 
, (Hit, [ :::2 
. 111.H.~72 

1. 000000 
. 226470 
. 0:::5663 
. ~:::14551 :~: 
. 02::: :3 6::: 
. 01'?41'? 
. 014 14 3 
. 010767 
. 008474 
. 0(16:::44 
. (HJ~l6·i5 
. 004 ;' :: i: . 
. 1_1(141_1 ·;: n 
. 11~1::.1.·1 
. 11<1 :: ~ 1,-· 1 
• ~Hl ~'r,r:, .l 
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Till' fl,!h)win).! n•marks appl.v tu tht• lir ... l ftiur ... ;11111'1'· pri·:~r:t1n~: '!'lu•·:•• ;1n· l!.P 
auto s:>cclrum summalion ~1vprag:l' pn11:ra111, cr11!->s JHt\\'Pr s1u·1·ln1111 ~111111nali1•11 
avl•r:\J.:C, aulo speclru1n t-;lahlt• avl'r:l).!f\ ;rnd :H1:11 spp1·trurn 1•x:111111•1 11i:dl\' 

lh'<·:tyin~ avC'r:l).!C. Ali lh<'s1• prni.:-r:un~ c1•n:.;isl of pow('r ~p1·dr;1 {11r li11P:1r 
sp<'clra) nvprag\.."I! in diff1•rt•nl w:1y~. 

f'C\'JCr Si;cctrum 

To ccun:mtr :1 pow1•r !->pr'<:lrum of a ranclum proc·pss, it is IH'i'Pss:ir.\· Io g••rwralr 

a positive quanliLy whü:h can hc avPrai.:t-<L 'l'lw r••sul lini.: av1•r;1J!t1 will tht.•n ln• 
a mt.•asure of lhc ent'rg.v in cach rn.•qut.•rn·y of llu.• ~1wl'lrum banù. 

The t.ypical random process yields a l'ouri,·r transfurm wliid1 will han• 1•11siti''tl 
:~ncl nt'!!alive rral, and positivC' :111d lll 'J.!:ilive i111:q!in:1 ry v:thws, ra11d1111il .\.· diH· 
trilmtt•d across llll' spt'<•lrum. Thus if tliP lr:1u:-:f"rm i~ nvt•r;q:l'd wilhoul a 
time syrwhronizalion, the rt'~mlts will nvC'r:1gt> out to 1.t•ru. 'l'o ol1t:1in tfw 
rcquino<l pusitivr qunntilil's, thc~rpfo rt\ lht• Fouri1•r lr: 11u;f11nn m11sl lw 1·011jugal(l 
mu!tiplil'd, yiddin~ :1 po~itive quanlity al 1·:wli fn•qu1 •ncv ""·hid1 ii;i lhP ••1wrirv 
nt lh~t fn."<1uency. lf \Ve sum a numbt•r of to;Ud1 :-:p1·d rn, and thrn dividt• t':-tl' h 
frequcncy channcl uy that numlwr, we nd1i~v .. tlw rlf'sin·d nvrrni:r. 

Thr. ('nmput.pr USt'S ICi·bil dal:i wurds (l!"i J, ::s pli:s ~if!l11 tlllll" prn\' idi1w :i r;P1w• 
of 0 lo tl:\!"l:\.1 numbcrs (-:t!.ïti7 lo +:~'2.Ï(iï). 1i:1.:):,.1 i~ ah11ul •LH d••1· :1d+•s . If 
we <.:nmputc Llw li1war sprd.rurn, wt- liavt' ~() dl\1d1•c·;ulp tinws ·IX 11r ~H; dH d .v· 
n:!mic ran~c. With the powr>r sp•·clrum · wf' h:tVf' IO dB ·'d1•1· ;11!1• li111rs ·I s 11r 
or.h· ·!,"\dB dyn:1mi<' ranl!P. lh1Wl'\'c·r. sirw•• ll w rr<.:11!1 of :t p11wf' r o.:1wdri1111 '"' 

in Jouhlc pn•eision, the snnw <1:-•n:unic: rani:c· Ï!"> 111:li11l:1inf'd. 

If tlH.' funl·tion is a r.:1ussian pr11l'1•ss ll11·11 the· r" ·d :11111 i111:11.~in·1n· 1·n111 p111w111 .. 

of the Fourier transfurm an• a Cau~si;m r:111d11m q11:111lilv. P:wh ln·q11Pq1·.,· 

COnlpOnC'nt havin!, a valw:• t'XJlrl'S!">(·d )1y : ;1 1 il1, W!H•rc.• a i!' Ll1P \':llill' of" liu• J"l';i( 

component nnd b the vnlue of the imn~innry. \\'hPn we Aqunrc thiM expn•a•ion 
by conjugale multiplicntion, we nrrive nt un exprt"fl~ion of the form a 2 + h2, 

whose stntiHtics are Chi·•quared with a d<'gree of frePdom for l'Rch Mqunred 
U!rm, or in other words, with two de~rreR of freedom. Thu• PRch lime rPcord 
yit•lcls one eMtimnte of a power Rpl'<·trum with two clei:r•e• of fr•'< '<lom. For the 
{ir•t eAtimate, the varinnce on the expeded vnlue of ench sprctrnl line ie 
N1ual Io the mean -value, which i• a very lnr~e Rts.tiRticnl vnrialion. llowever, 
the variation decreases as the number of eRtimntes incrPRRPA. That ie: 

X 100 

where: 

ais one stnndard deviation in percent. 

K is the number of estima tes. 

The same pro1,..,-amming stral.egy is employPd for ail four Apodrum averai:: ing 
programs. This stral.egy consista in reading data into block 0, forming the 
power 8pectrum there, and reAerving hlock l to R!ore the acrumulating sums of 
the estimai.es. Then the co ntenta of block l, which are 0 the first time, are 
added Io block O. Thus the current rf!<'ord is alwnys added Io the RUm of the 
past recorde. The reAult is stored back into block 1, nnd a new record ohtained 
in block O. The current record is worked on in block 0 hecause in ail arith
metic operations involving two blocks, one of them must be block O. 

A frature of the analog input commanù is that il pPrmits the u•n Io take 
in dat.a in one block (or two in the case of dual rhannel input) a nd display 
a different block. ln the Ci\Se of •prctrum avera~.;ng progrnmR, this permit.A 
the user Io observe the su m accumulatini:: in the stornge block, which is of 
more interest than obsPrvin~ the input block, Rince this would merely Rhow each 
record of a rand om procese. 

\\'ht>n runn ing- the summntion :-tvrrnce pro~~rrtmfl, thP lJRer will 11hi;orrvP the 
t;ums accumulatmg- in t.he ~l( •r:ll!e hlock. lf fh(' program Ïl-i ~tnpp('d in mid run. 
a calibrated avcrat.:e up ln that point cnnnot liP rrnrl . .-incr the diviHion J;1kPt-t 
place at the end. I I11wt! VPr, the user can c·ompulf' Uw rnlih r :1tNI <iv,•r:i..:1• hy 
firHt listing t.he COUNT linP of tlw prngram whirh will rtli;;o gÎvP Uw n11111h-:r 

of sums up Io that point. Then the blo>"k can ue manually uividt•d l1y Lli.Il 
number to i,;ive a cnlih ra te<l nvcrnge. 

T!\(• ~ta!Jlt! and the c!N·:l~·in;:: :\\'l'r;q . .'." p rogr:\ ms prnvid e n ralilu:1f1·d ; 1 v1· r ;1~P a:. 
every repetition, and thus no adùiLional vpt" rntions are required when tlw pro
g'ram Î8 stupped in mid·run. 

Power s;:iectrum 
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Exponen!!il lly Oecaylng Ave~;ige 

ln u Htahl~ uverul(~. ull enst•mhle eHti mates contribute equally to the final 
HVt·rui.:~ Thht ÎH tnttisfm:tory if the ~ignal HB a whol~ ÏH not changing with time. 
Hut if it i~ dwnging- eoinpan·<i tu une ~mm11le ri:cord, we may want to Kt·e whnt 
the avt"rage iM uver a Hhurt pcriu<l; in other word8 we may want to look at an 
avcrn11e that uppruachc• l11e fin11l value cxpont•ntially as (1 - e-nlk). That is: 

An Ar (1 - e -n/k) 

where: 

An= the 11veraKe after n estimai.es 

Ar= the final average 

n = the number of estimate1 

k ='the weighting factor 

It is clear that An is a close approximation to Ar only as n i;rows large 
compareJ t.o k. 

The clcrivntion of the ahovc "'JUation from the running averuge nli.:orithm is as 
follows: 

Therefore 

And 

A 
n 

But A()o the 1<verage after 0 estima te•. is O. Thcrcfore, by induclion, • 

where: 

E means "the m""" value of..." 

I; = the ;th estimate 

1 t E [r. (kk-1) n-1] 
k i=l 1 

1 ~ (kk-l)n-iE[I.] 
k ~ 1 

( )n 1 z=" (k--1) -1 E [1·1· ] kk-1 
k i=l k 

13ut since 

n-1 

~ 
' (r" - 1) 
a --r:-f 

Averag ing 



Averaglng 

Exp. decaylng .-

average 

(
k-1)-I and letting a = 1, r = k 

n ( )-i L:~ 
i=I k 

For k very large, 

k 
k-1 ' 

k-1 n] 
k 

For sufficiently large n, F:[Anl approaches An, E[lil approaches Ac- Thus: 

The exponentially decaying averai::e like the st.ahle 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. ThuR, each 
speclrum in an exponentially decaying average hae 2k dcgrccs of freedom. 

LISTING OF SPECTRUM 
EXPONENTIALLY DECAYING AVERAGE PROGRAM 

(K = 20} 

L 0 
4 CL 1 
7 L 1 

10 RA 0 
14 r 
16 ·-18 A- 1 
21 0 20 
25 A+ 1 
28 X> 1 
JI J 
34 . 

1 

'---~~~~~~~~~~~~~~~~~~~~~~~~~~--~ 
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