
Sub-bottom profiler processing –

 A review

U.S. academic oceanographic ships have replaced depth echosounders with sub-bottom profilers.  Echosounders measured and recorded seafloor depth and typically used a constant waveform signal of 3.5kHz or 12kHz.  The replacement sub-bottom profilers emit a “chirp” signal which is typically several kilohertz wide and not only measure the two-way travel-time  to the seafloor, but penetrate the bottom to as much as several hundred meters.  Some of the chirp systems are hull mounted, as the echosounders were, and some are mounted on fish and towed behind a small boat or large ship.  Some of the hull mounted systems even use the same transducers left over from the depth sounders.


In the early days of chirp sub-bottom profiler development, the profilers required specialists or experts in order to operate them.  These days, general-purpose sea-going technicians operate the devices and nobody onboard ship has knowledge of signal processing or processing of the waveforms that are recorded in addition to the seafloor depth.


The profiler operator must choose recording and display parameters such as gain and chirp frequency.  Hull mounted profilers more than likely are on oceanographic ships with a swath mapping system operating at 12kHz and a current profiler operating at 50kHz.  Sub-bottom profilers get more depth penetration with low frequency,  thus, a chirp center frequency near the old 3.5kHz is used.


The “chirp” signal typically is 20-50 milliseconds in length and sweeps 3-4kHz frequencies in that time.  One profiler manufacturer uses a 4kHz wide signal with a center frequency of 3.5kHz (thus sweeping from 1.5 to 5.5kHz) and another sweeps from 3-6kHz (3kHz bandwidth with a center frequency of 4.5kHz).  Increasing the length of the outgoing signal increases the power of the outgoing signal.


Generally, the chirp signal takes the following path or steps:

1) Generated by the transducer.

2) Reflects back off some object.

3) Received by the transducer.

4) Digitized and processed.

5) Written to some storage medium and displayed.


The gain, or signal power, also may be adjusted at the transducer during send and receive stages.  The gain also may be adjusted during the processing stage, usually just prior to display.  The gain adjustments at the transducer are independent of each other, but are a constant shift in power; all signal amplitudes are adjusted by the same amount.  The gain adjustment during processing may vary with two-way travel-time and depend on the picked water bottom time (time varying gain or TVG).   Automatic Gain Control (AGC) may be an option for use when the water bottom can not be picked.

The chirp signal in principle is the same as the seismic industry “Vibroseis” sweep signal.  Most introductory courses in geophysics, Yilmaz’s book on seismic processing, and Sheriff’s geophysical dictionary cover the convolutional theory of acoustic signals traveling through the earth and Vibroseis processing.  The first signal processing step of sweep signals is “deconvolution” or correlation or match filtering, in which the “long” outgoing sweep signal is compressed.  This step is best left to the manufacturer’s recording device since it requires knowing the exact signal transmitted.


The marine sub-bottom profiler is different from the land Vibroseis system in that Vibroseis sweeps are much lower in frequency, often less than 100 Hz., vs. the marine chirp kilohertz systems.  The marine chirp systems use additional signal processing techniques to lower the frequency content so that the signals can be displayed the same way the classic seismic user is used to seeing them.


The correlated signal (the correlate) is divided into two parts.  The first part is untouched and the second one is phased shifted by 90 degrees.  The phase-shifted signal is called the Hilbert transform or quadrature.


A new signal is formed by interleaving samples from these two signals so that alternating samples are from the same signal.  The new signal is call an “analytic signal” or “complex signal”.  The analytic signal resembles a complex number in that each sample has two parts like a complex number.  The real part of each sample is the original signal and the imaginary part of each sample is the corresponding Hilbert transform.  The analytic signal has twice the number of computer words or bytes as the correlate because each sample has two words, the real and the imaginary. 


The complex modulus (square root of the sum of squares of the real and imaginary) of each sample then forms the “envelope” or “instantaneous amplitude” of the original signal.  The envelope contains positive numbers only and no longer has any phase information, but it is much lower in frequency and can be displayed as the geologist/geophysicist is used to.  The envelope is the same length and has the same sample interval as the correlate.


Sub-bottom profilers offer digital output in addition to a real-time display of the envelope data.  The digital output is often formatted similar to the Society of Geophysicist SEG-Y standard, BUT, the output may be from any of the intermediary processing steps.  The digital output may be:

1) The raw uncorrelated signal.

2) The correlated signal.

3) The analytic signal.

4) The envelope signal.


The raw uncorrelated signal requires significant further processing and should be left for the expert signal processor.


The correlate is required when advanced seismic processing is done that requires the phase of the signal to be present (e.g. seismic migration).  The correlated signal should be converted to analytic signal and then to the envelope before display.


The analytic signal must be converted back into the original real signal before using in the advanced seismic processes.  The analytic signal must be converted to the envelope before it can be displayed.


The envelope is ready for display, but can not be used in advanced seismic processes that require the phase of the signal.
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1. A correlate from a Knudsen 320B

2. Reals from the complex or analytic signal (same as the correlate)

3. Imaginaries from the complex or analytic signal (the Hilbert transform of the correlate)
4. The envelope formed from the complex modulus of the analytic signal.
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Frequency spectrum of a correlate and envelope
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Red: Knudsen correlate

Blue: Knudsen envelope
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