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1. INTRODUCTION

Acoustic techniques are widely used in the field of marine geo hysics as-a means of
obtaining detailed geophysical charts of the seabed, sub-seabeg (sub-bottom), and sea
bed surface. Although there are a wide range of instrumean used to obtain the basic
acoustic information, there is one common problem; how to present the data to allow
accurate analysis andinterpretation. ‘ - -

For many years the off-shore indus approach to seabed survey has relied on
analogue instrumentation for the col ection of data. During aconventionalisurvey '
data is acquired, displayed onto paper hard co y,.and sometimes stored onto anaiogue
tape. The paper record allows the operator to visually” set up‘the survey equipment
for optimum Performance during the data gather. It-is the paper record which usually
provides the media for geophysical interpretation. Unfortunately the quality of such
recordings is poor in terms of resolution and amplitude and often, much of the detail
or information of interest is lost. Due to commercial pressure, many surveys are
forced to roduce records which can be geoph sically interpreted on line, either as a
final prod‘hct or as an intermediate analysis. I?!more advanced ost processin and
analysis is required, data mustbe recorded on a replayable medium. The ro lem
with analogue recording is that it is still a poor medium and is not a comp ete record
(ie integrated data; navigation, acquisition parameters). Also,‘ before data can be
digitally post-processed the analogue data must be transferred onto an appropriate
com uter. Data'transcription and processing may take many hours to analyse even a
sma 1 region of seabed data.

Ideally, data should be acquired and stored in a digital format in the field, thus
overcoming most of the elementa problems described above. Until recently
however, such systems have only :1 available to the deep seismic market where
system cost and hysical size of the processors is not a constraint. Digital systems
offer many b'ene 'ts; ' ‘ i ‘

1m roved geophysical data interpretation
F calibrated, wide d namic range data capture
ReaK 'me ’in the field' ata processing.
Fast access to archived data X ' .
Less physical volume-for media storage . - - i _
Easy system expansion and interfacing to computer networks
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In 1986 GeoAcoustics Limited], started a collaborative research programme known as
the Sonar Image and Record Enhancement project (SIRE)2. The aims of the project
were to research and develo hardware and software tools to acquire, process and
display high resolution shal ow seismic and side scan data using pro rietary
algorithms and state of the art technology. From this early research e Sonar
Enhancement System was developed.

2. PROTOTYPE

Off the shelf processors and standard peripherals were chosen as the Iatforrn for
development as no alternative architectures were readily available w ich offered
sufficient processing power and flexible upgrade routes. Early develo ment of the
system was conducted on a UNIX3 workstation until the finer oints of3the design
could be finalised. Once this was achieved, a customised wor station was designed
and the software transferred. The 08-9 operating 5 stern" was chosen as it rovided a
real time operating EHVironment, seen as essential or this type of system. y mid
1988, after several iterations of hardware, the first prototype system was com leted.
As welt as fulfilling the aims of the original SIRE programme, the system ha also I)
this stage been influenced by the requirements of commercial survey companies an
the desire for a marketable product. Packa ed into a robust case, the Sonar
Enhancement System, was to be one of the irst of a new generation of geophysical
survey tools.

3. THE SYSTEM

 
The Sonar Enhancement System with GeoPulse Profiler System.
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The standard Sonar Enhancement System comprises of a work station, a colour
graphics monitor and an operator terminal. Optional extras include a thermal linescan
recorder and a secondary storage deviCe such as a rewritable optical disk drive.
Control is provided by a simple menu system on the operator terminal whilst the
colour graphics monitor is dedicated to displaying data.

The main features of the Sonar Enhancement System workstation are:

Four Channel data acquisition system
Lar e capacity on-line digital recording
Hig resolution colour gra hics display
Suite ofon-line geophysica processing tools
Interface to navigation systems
Interface to linescan and dot matrix printers

3.1 Data Ac uisition System .
The standar Sonar Enhancement System has a four channel data acquisition system.
Each channel has an analogue bandwidth of 20 kHz allowing connection to most
existing surveyquuipment. Samtpling is 12 bit resolution with a maximum sampling
rate of 10 us. ad ition to the our analo ue input channels, there are also
connections'for trigger input and output. he Sonar. Enhancement System uses a
trigger to swchronjs‘e the data acquisition, which may be external or internally
generated: ‘ hichever mode of trigger is used, the trigger output facility provides the
means of synchronising other equipment. ~

All the acquisition parameters (trigger rate, number of channels, sampling delay,
sam ling window, sampling rate) are fully user selectable allowing. maximum
flexi ility.‘ ' ' -

3.2 Digital-Recording
Digitised daiamay be stored in real time to either 8 mm helical scan tape, rewritable
opfical disk ofhard disk. The ta e 0 tion allows up to 2.3 GBytes of'data to be stored
which equates to between 4 and 5+ ours of data, depending on the data density.
The optical disko tion allows up to 1 GByte of storage or 2 to 12+ hours, and has the
advantage of ran‘ om access to any file or survey line.

All data is storied in the SEG—Y5 format, allowing easytransfer of data to other offline
processin Or inter reta'tion systems. Data may be stored raw (as digitised), or
rocesse (after enhancement). Systems e uipped with two storage devices may store
oth raw and processed data simultaneous y. i

3.3 Graphics Display 7
All digitised data may be displayed on the colour gra hics monitor as a 256 level grey
scale image, scrolling in real time. Up to four channe s can be displayed
simultaneously with any section zoomed as required. Because the system can acquire
and save up to 10,000 samples er channel per shot, zooming has the effect of
revealing more information ra er than simply stretching the original image.
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A range of gain and palette facilities are available to adjust the data to obtain the
optimum visual image. These include:

Base gain and offset (1 dB steps)
Time varied gain (dual slopes with variable rate and delay)
Rectification (positive, negative or full wave)
Contrast stretching (gamma control)
Four standard colour palettes
Any user defined palette (256 from 16 million colours)I

I
C
I
I
I

Status areas on the graphics screen show the settings of many of the above facilities
together with the status of key processes and the scale of the displayed data traces.
Again, all of the parameters are fully user selectable giving the operator the maximum
flexibility.

A real time wiggle trace of the current data line (oscilloscope type display) may also be
displayed alon side the grey scale image to allow analysis of the data signatures, and
help with initia system set up and data quality assurance.

 

Graphics screen showing raw and processed versions ofsub—battom prafiler data.
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3.4 Processing
One of the most important features of the Sonar Enhancement System is its ability to
perform data processing on line. All the (processes operate on a continuous trace to
trace basis in real time and can be applie to all, or selected channels as required. The
main enhancement facilities include:

Digital band-pass filtering
Automatic bottom tracking
Multiple su pression
Unjittering wave motion compensation)
Slant range correction (for side scan data)
DC component removal
Water column noise removal

Digital band-pass filtering; independent 11 per and lower frequencies and roll off rate
allow any band pass filter to be defined. his allows data which is corrupted due to
power supply interference, ship noise etc, to be cleaned up for display, whilst
preventing loss of information through the use of pre-digitisation analogue filters.

Bottom tracking; a bottom tracker is essential for man processes, especially multiple
suppression, unjitter and slant range correction. The ttom tracker detects and tracks
the sea bed and asses Hie position data to the other processes. The algorithm
automatically a just the search window, thus optimising its performance. Coloured
markers can be placed on to the image to assist the operator in fine tuning the bottom
tracker and also to check that it is detecting the bottom correctly.

 
Screen image showing efl'ects of multiple suppression on right hand side.
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Long multiple suppression; multiple echoes, due to multi~ ath reflections within the
water column, can often cause great problems durin shal ow seismic SurVeys by
masking the true data. A proprieta algorithm has een developed which can detect
the multiple position and suppress t e multiple interference so as to reveal the
underlying features. The first multiple position is estimated using the bottom position
from the bottom tracker. The data around this area is then correlated with the sea
bottom wavelet to determine the multiple position more accurately. The multiple
image is then suppressed in such a way so as to reveal any features which may have
been previously hidden.

Unjittering; this facility allows compensation for image jitter clue to wave motion
(heave/ swell etc) without the need for any motion detecting hardware (accelerometers
etc). By using the sea bed position from previous traces, a statistical analysis can be
made and the next seabed position redicted. By adjusting the bias of the bottom
position between the detected and t e predicted osition, the data can be smoothed
very effectively, without adversely affecting the athymetric information.

Slant range correction; a proprietary algorithm allows correction of side scan ima es to
compensate for geometric distortions due to the altitude of the fish above the sea bed.
By using the bottom tracker, variations in fish height can be continuously compensated
for, creating a correctly scaled image.

DC component removal; this is automatically applied by some of the other processes
such as multiple suppression. It may also be manually selected to remove any DC
offset which might on the signal and would affect the image quality.

Water column noise removal; assuming-file bottom has been detected successfully, it is
possible to blank out the data prior to e bottom. This is useful for generally tidying
up an image.

3.5 Navigation Interface
An R5232 port enables any string of ASCII characters to be added to the data for
annotation purposes. This data may originate from any source, such as a navigation
computer, and can be in any format 11 to 32 characters long. A more sophisticated
interface has been developed which i entities s ecific navigational information and
places it in special fields of the SEC-Y format. 11 certain cases the information (such as
water depth, fish altitude etc) may be used directly by processing algorithms. In
addition to inputs from external sources, annotation may be input from the keyboard
and numbered fix marks may also be entered using a "hot—key '.

3.6 Printer Interface
A parallel rintertplort allows connection to a wide selection of printers. The printed
image dup icates e ima e displayed on the colour graphicsscreen, therefore any
printer can display up to our c annals with full annotation. Since many thermal
printers can print up to 4096 points per line, and the system can acquire and store up
to 10,000 goints, the printed ima e is usually of a higher resolution than the screen
image an not merely a stretch replication. At resent, interfaces are available for
most popular linescan printers from suppliers suc as EPC, Dowty and Raytheon, and
common dot matrix printers.
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4. NEW DEVELOPMENTS

Recently, GeoAcoustics com leted a contract to ui the MV Ocean Surveyor, »
belonging to the Geological urvey of Sweden ( U5 with three specially developed
sysbms. New features include a multi-channel receiver and data acquisition system
which has up to eight channels, each with a complete set of analogue receiver
functions enabling direct connection to hydrophones. Receiver functions include:

Base 'gain -20 to +40 dB
Time varied gain 0 to +40 dB, variable delay and rate
High pass filter 2 to 20,000 Hz, 5 Hz steps
Low pass filter DC to 20,000 Hz, 50 Hz steps
Twelve bit A to D converter, 300 kHz maximum throughput

All of the above are controlled throu h the operator terminal and all of the parameters
are recorded with the data in the SE -Y format for each shot. An optimal gain control
allows the base gain to be adjusted automatically, maintaining a constant level from
channel to channel on a shot to shot basis.

The benefits in adopting a multi-channel approach over a single channel system are;
the si nal to noise ratio improvement to the data, the suppression of multiple signal
inter erence and the ability to determine velocity arameters for sediments below the
seabed. The principle behind marine seismic pro iling is to transmit a pulse of
acoustic si nal through the water into the seabed and to monitor the returned reflected
signals. Tl§ese reflected signals arise whenever the transmitted signal encounters a
change of impedance. Such impedance changes occur at the water to seabed interface
and underlying boundaries where there is a change in sediment type. In order to
make the most of this multi channel data set, special processing is required:-

4.1 Normal MoveoutCorrection and Stacking
Normal moveout (NMO) correction and stacking is a special case of seismic data
processing. The processin examples discussed previously can all be applied to the
incoming data one channe at a time. The NMO and stackin however, must be
applied to a group of channels. Presently, up to 6 received c annels of. data can be
processed in real-time.

Conventional high resolution seismic profiling is normally achieved using a surface
towed transmitter source followed by a streamer containing an array of receiving
elements. For shallow profiling the streamer arra elements are usually electrically
connected to ether to produce a summed output cm the acoustic signals received
from each ingividual receiving element. The source and receiver transducers are
chosen for their ability‘to optimise the acoustic signal energy in the downward vertical
plane, ie to achieve high resolution penetration into the seabed. -At the same time the
transducers are insensitive to the horizontal plane in order to minimise surface noise
and direct signal return effects. The distortion effects due to the eometry of the array
are not taken into account, for example the si nal arriving at the irst receiver in the
array travels a different propagation path to t e signal arriving at the last receiver in
the array.
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The desired effect of the NMO correction is to stippress the distortion on the positions
of the seismic horizons. In a multi—channel system, NMO corrected traces may be

stacked to improve the signal to noise ratio and to suppress seabed multiples.
Compaction processes in the sediment cause a velocity gradient to occur which affects
the transmission time of the si nal ro agating through the media. For constructive
stacking of the multi—channel ata e MO correction must apply an accurately
determined velocity profile. In order to maintain real-time processing the velocity ‘
gradient is approximated to linear gradient and a constant velocity profile is assumed
or the water column.6 -

5. CONCLUSION - '

The Sonar Enhancement System is rapidly becoming the preferred system for data
acquisition in both commercial and research geophysical surve fields. Through a
programme of continual development the system has evolved mm a basic research
tool, into a powerful, reliable, high specification survey tool. The chosen hardware
platform ensures that systems can be easily modified or upgraded to keep abreast of
developments.

Currently in development is a new data acquisition system, needed to fulfil the
demands of the commercial survey market New facilities will include;

- Independent, fully controllable front end.
a Multiple asynchronous triggering.
. Expandable number of am ogue channels (8, 16, 32 etc).

Flamed developments for the future include the addition of integrated facilities for
chirp profiling and multi frequency side scan sonar. The ultimate aim is to provide a
fully integrated high resolution survey system in a simple compact package.

1 GeoAcoustics Limited was known as Ferranti ORE Limited until May 1991.

2 The SIRE project was a collaborative research programme between GeoAcoustics Limited,
Heriot-Watt University and The British Geological Survey. Additional contributions were

made by Dr Larry Mayer of The University ofNew Brunswick, Canada.

3 UNIX is a trade mark of AT&T Laboratories Inc.
4 05-9 is a trade mark of Microware Inc.
5 Society of Exploration Geophysicists "Y" format.

K. M. Barry et a1, GEOPHYSICS, Vol. 40, No. 2, April 1975.

6 A. Settery 6: D. Tamsett. A Marine Survey System for Real Time Multi Channel Acquisition
and Processing of High Resolution Seismic Profiler Data. Presented at Hydro '92, Dec. 92,
Copenhagen.
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