
EDGETECH J-Star Chirp Sub-Bottom Profiler

The EdgeTech J-STAR, is an advanced Windows-based subbottom profiling system, fitted on the R/V GEOEXPLORER with 16 transducers in a hull-mounted configuration.  The topside workstation displays high-resolution reflection profiles of the seafloor, detailing up to 30-meters of the subbottom stratigraphy.

Chirp subbottom profilers maybe used in a wide-range of applications, including:

· Geological and geochemical studies for offshore oil surveys;

· Geotechnical surveys for pipeline and cable routing;

· Environmental site investigations;

· Site clearance and hazard surveys; and

· Sediment classification.

SYSTEM DESCRIPTION

The Edgetech J-STAR Full Spectrum Sonar is a versatile wideband Frequency Modulated (FM) subbottom profiler that generates cross-sectional images of the seabed and collects digital normal incidence reflection data over many frequency ranges.  J-STAR transmits an FM pulse that is linearly swept over a full spectrum frequency range (also called “chirp pulses”).  The reflections measured by the system are displayed as shades of gray or color on a computer monitor.

The J-STAR subbottom profiler system consists of several components:  the Deck Unit, Signal Cable, T/R Switch, and Transducer Array. The Deck Unit comprises of a PC workstation containing a DSP board is mounted within the deck unit.  The DSP board stores the transmitted waveform and the correlation filter, and performs the correlation processing and spherical range correction.  At periodic intervals, the DSP board sends the transmitted waveform to the D/A converter (via the DSP serial link).  This generates an analog pilot signal (using 20 bits) that is amplified by a 2 kW power amplifier in the Deck Unit to drive, via the Signal Cable, to the transmitters in the transducers of the array.  The acoustic returns from the seafloor are measured with the receiving arrays.  A preamplifier amplifies the output of the receiving arrays.  The output of the preamplifier is connected via the signal cable to a digitally controlled amplifier in the deck unit before being sampled by a 16-bit A/D converter.  The sampled acoustic return is sent to the DSP board via the DSP serial link.  The DSP board performs the correlation processing corrects for spherical spreading and transfers the data to the PC Workstation which performs display recording and printing functions.

The topside electronics are mounted in rugged steel cases and then installed in a 19” rack.  The J-STAR signal cable is made of six wires twisted and shielded in pairs and is 75-meters long.  The interface box contains a pre-amp, a matching transformer and the T/R switch.

THEORY OF OPERATION

FM pulses have been used in radar for more than 30 years and are sometimes called chirp or swept frequency pulses.  Its application in sonar systems has come with the availability of high speed Digital Signal Processors (DSP).

Full spectrum signal processing technology uses a matched filter (the correlation filter that is widely used to compress FM signals) to process wide band signals.  This matched filter uses special amplitude and phase weighting functions for the transmitted pulse and a pulse compression filter that maximizes the Signal to Noise Ratio (SNR) of the acoustic images over a wide band of operating frequencies.

One of the aspects of Full Spectrum signal processing is the use of a broad bandwidth transmitting pulse that sweeps out over a range of frequencies.  This generates a great deal of acoustic energy in the water.  Instead of trying to operate with one very sharp acoustic peak pulse, like conventional CW systems, the Full Spectrum sonar’s spread the transmission out over a long-time duration.  In addition, a resolution improvement, the process of correlation processing achieves a signal processing gain over the background noise.  This gain is approximately ten times the log of the time-bandwidth product.

Normally, when using long pulses the resolution of the seabed is lost.  However, resolution of the seabed is obtained after correlation processing the received signal.  This is because the output of the correlation is a very sharp wavelet that has duration of the order of the inverse of the sweep bandwidth.  Thus, the more bandwidth used, the sharper this pulse will become.

Another important feature, is the built-in de-convolution of the system response from the output pulse.  The sonar's system impulse response is measured at the factory and is used to design a unique output pulse that will prevent the source from ringing.  In addition to this, the Full Spectrum wavelet is weighted in the frequency domain to have a Gaussian like shape.  In the subbottom profiler as the Gaussian shaped spectrum is attenuated by the sediment, energy is lost but its bandwidth is nearly preserved.  Thus, even after being attenuated by 20 meters of sand, the Full Spectrum pulse has approximately the same resolution as a non-attenuated pulse.

Sonar side lobes are greatly reduced in the effective transducer aperture.  The wide bandwidth of the sweep frequency smears the side lobes of the transducer and thus achieving a beam pattern with virtually no side lobes.  The effective spatial beam width obtained after processing the Full Spectrum subbottom pulse is typically 20 degrees measured to the -3db points.  The frequency range of operation is determined by the acoustic characteristics of the transmitter and receiver array mounted on the vessel.  For side scan sonar, transmit frequency is selected based on the desired range and resolution required.  For subbottom profiling, the frequency is selected based on the subbottom conditions at the survey site and the type of subbottom features that need to be imaged.  The side scan sonar acoustic projector/receivers are designed for the wideband pulses and are a line array of piezoelectric elements.  The subbottom profiler contains arrays constructed from wideband piston type transducers that are a discrete line array of PZT crystals.  A T/R switch is used to alternate between transmit and receive of the acoustic pulse.  The acoustic array is mounted on the vessel and designed for profiling at ship speeds varying from zero (drifting) to 12 knots depending on water depth.

Because the FM pulse is generated by a digital to analog converter with a wide dynamic range and a transmitter with linear components, the energy, amplitude and phase characteristics of the acoustic pulse can be precisely controlled.  This precision produces high repeatability and signal definition required for sediment classification.  The frequency range of operation is determined by the acoustic characteristics of the transmitter and receiver mounted on the vessel.  Depending on the array size the system can transmit acoustic pulses with different center frequencies and bandwidths.  The selection of the pulse is made by the operator while profiling to achieve the best imagery.

TOPSIDE DISPLAY PROCESSING

The EdgeTech Topside Processor (ETP) is a modular acquisition and processing software package serving as the sonar image processing, display, storage and surface control.  It operates in conjunction with the EdgeTech FS-SB Signal Processor software, both of which operate in the Deck Unit hardware.  The sonar data from the acoustic array are displayed on a high-resolution color monitor and stored on a high capacity hard drive.  A CD-RW permits archiving the data to CD.  A hard copy of the data may be printed on a continuous feed thermal gray scale printer.  External Sensors Connection Support – Provision is made for interfacing to an RS-232 NMEA compatible GPS system.

Data Storage Capacity - The ETP computer has a 30 GB hard drive.  The average data flow is dependent on the sampling frequency and on the data window size and on the ping rate.  The acoustic profiling generates approximately 92 Megabytes of data per hour (80 milliseconds of recording length at 24 kHz sampling frequency and 8 pings per second).

Operating System - The operating system is Windows 2000 and all software is written in 32- bit multithread mode.  All the software is written in C or C++.

Software Operation

The software main features include:

Real-Time Video Display - In real-time, the software displays data in a dedicated window.  The navigation is monitored through a coverage map window that gives the operator the exact presentation of the insonification of the sea floor by the sub-bottom profiler.  

Real-Time Geo-Referencing – The sub-bottom data are geo-referenced when navigation information is supplied to the ETP.

On-line Help, Warnings and Error Messages

Real Time Processing and Data Interfaces – Real time processing includes removals of swell effect, adaptive automatic gain control and time variable gain.  Data are logged in real time in native EdgeTech format or SEG-Y format that is a generic open format allowing data exchange.

Navigation - One of the computer’s RS232 ports can be configured to receive navigation data from a navigation computer or from a GPS.  A NMEA 0183 string can be recorded through this interface.  Navigation information is stored in the trace header of the sonar data.  The navigation message is displayed on the screen and can be printed.  There is also a real time display of the navigation track, where the track line can be shown in the form of bottom hardness chart.

Reflection Coefficient – Since the sonar is linear; the measured refection coefficient can be used to identify the type of material (i.e. sand, clay, mud etc.) on the bottom.  A graph of the refection coefficient is displayed in real time.

Printer - A variety of printers can be utilized.  The hard copy is printed in black and white or in shade of gray in real-time as well as in post-processing.

Data Recording - The raw data received, is recorded in SEG-Y or EdgeTech format.  The data can be stored on any device that is identified as a hard drive by the operating system.

TVG Gain Control - The TVG gain control is a processing that improves visualization of seismic signals. The general principle is to compensate the variations in the signal envelope by the means of different functions:

Positive TVG

Negative TVG

TVG Gain

TVG Slope

Interactive Screen Interpretation - Using the mouse, the operator can track a second layer.  The values are stored in an ASCII file and position for each digitized point is inserted.

Display

Subbottom cross section

Bottom classification

Bottom hardness

Navigation display

Color vs. gray scale

Echo strength

Layer depth

Navigation coordinates, speed, course

Sonar return number, record number, file number, mark number

Event/Fix marks

Target information

Operator Controls

Two stage TVG

Bottom tracking

Layer tracking

Display gain

Preamp gain

Horizontal and vertical zoom

Waveform display of individual acoustic return

Direct path suppression

Swell filter

Smoothing

Display annotation & Event mark

Pulse selection, rate and power

A/D delay

Printer and mass storage control

TRANSDUCERS

The 16 transducers have a frequency response from 500 Hz to 12 kHz and are used for both transmit and receive (using the T/R switch).  There is a minimum time required for the switch to “switch.”  This along with the length of the pulse dictates the minimum water depth below the transducer that is needed to accommodate this time.  Depending on the pulse length this is about 25 meters.  Multiple transducers are mounted to give various beam width options. 

SPECIFICATIONS

Deck Unit

Pentium class CPU with high speed PCI bus & TMS320 DSP for signal processing

Memory:  128 MB RAM

Hard drive:  30 GB capacity

Floppy-drive:  1.44 MB, 3.5 inch

Operating System:  Windows  2000

Video Display:  17” High Resolution

I/O:  Ethernet

Data Acquisition (DSP & A/D-D/A Analog) Input & Output 16 bit resolution, 200 kHz max. sampling rate

Pulse Type:  Full Spectrum  FM

Pulse Length:  From 5 to 50 ms depending on the tow vehicle and application

Bandwidth:  From 400Hz to 24kHz depending on the tow vehicle and application

Trigger In:  TTL negative edge triggered

Trigger Out:  TTL negative edge triggered. Minimum 5ms long pulse.

Sampling Rate:  20, 25, 40,50 kHz depending on the pulse upper frequency

Acoustic Power:  212 dB ref 1 µPa peak at center frequency of system

Resolution:  4 - 50 cm of vertical resolution depending on pulse vehicle and bandwidth

Beam width:  10 to 30 degrees depending on vehicle and pulse center frequency

Input Power:  120 or 220 VAC

Power Amplifier:  Two channel, 33dB gain per channel, 2000 Watts peak output

Power input:  110-120V/60Hz or 220-240 V/50Hz Manually Switchable

Temperature:  0 to 40 °C (32 to 104 °F)

Humidity:  5% to 95% relative Environment

Vibration:  Normal ship environment

Portable aluminum case suitable for transit.  Unit can be 19” rack mounted.

Size:  50W x 60D x 33H cm (19.5x23.5x13 in) Enclosure

Weight:  46 kg (102 lbs.)

Transducers:  Sixteen hull-mounted

Frequency Range:  0.5-12 kHz, Center Frequency of 4.5 kHz or 6 kHz

Pulse Type:  FM

Pulse Bandwidth:  0.5-12 kHz

Pulse Length:  5 - 50 msec

Beam Width:  -3dB down

Output Power:  2000 W

Data Acquisition and Processing System  Software

Acquisition and Logging of Hull Mounted Sub-bottom Data

Interface to Ancillary Sensors

Spatial Convolution Filters

Control and Profile Mode

Multiple Pings in the Water Column

Filtering & Swell Filter

Horizontal Stacking, Picking of Subbottom Horizons

Seismic Data Analysis

Heave Compensator and Echo Sounder Interface for auto bottom tracking and auto data adjustment
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