THE CEREUS ENGINE

The Cereus Engine
Cereus’ proven transducer
optimisation techniques build
on over 150 years of combined
electro-acoustics experience
within the team. The diverse
range of fields covered includes
sonar tracking and ranging,
underwater communications, target
characterisation, medical drug
delivery, inline oil and gas pipeline
and riser inspection and downhole
inspection.
Together this collective experience
has resulted in the development
of acoustic solutions that vastly

increase fidelity and clarity during
inspection and diagnostic imaging:
this is the heart of the Cereus
Engine.
Increased clarity is achieved
through optimisation of the
transducer’s transmit and
receive characteristics, and by
compensation for the medium. This
enables the system bandwidth to
be increased by up to a factor of 10
with a ‘brick wall’ response.
Transmit and receive system
characteristics are removed.

Figure 1 - Thickness profile of 8mm thick
steel pipe with machined internal defects
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A transducer’s natural transmit or receive response distorts the applied
input signals to it. It has its own filtering characteristic and removes
frequency components to which it is not sensitive.
For example, consider a perfect sinc pulse that has a brick wall response
over its bandwidth of 300 kHz to 3600 kHz:
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An unoptimized transducer will distort this perfect sinc pulse.
Take a transducer with a nominal 2000 kHz centre frequency with the
300 kHz to 3600 kHz sinc pulse applied. The transducer applies its own
characteristics to it and filters out the frequencies to which it is not
naturally sensitive. The medium also exhibits its own characteristics that
are imposed on the signal, degrading it further. The reduced bandwidth
that it then transmits is 700 kHz (1560 kHz to 2260 kHz @-3dB) and the
time domain signal is no longer recognisable as a sinc pulse:
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With the Cereus Engine installed, the bandwidth can be preserved;
yielding a near-perfect brick wall response while the sinc pulse time
domain shape is retained:

The sample transducer has had its transmit bandwidth retained at 3210
kHz (350 kHz to 3560 kHz) through the use of the Cereus Engine.
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Some transducers experience a greater effect than others. Bandwidths
increases of a factor of 10 or above are now possible, thanks to the
Cereus Engine.
The characteristics of a conventional receive transducer also distort
the received signal. The Cereus Engine can also be applied to the
receiver part of a transducer system to yield a significant broadening
of bandwidth and signal fidelity in receive mode. Take the same sample
transducer and send a 300 kHz to 3600 kHz sinc pulse (Figure 6 and
Figure 7) towards it and observe its response as a receiver to a perfectly
applied acoustic sinc pulse.
Without the Cereus Engine installed, the receive system (including the
medium) distorts the sinc pulse beyond recognition:
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Installing the Cereus Engine on the receive part of the system retains the
high fidelity with only a miniscule drop in the original bandwidth:

The sample transducer has had its receive bandwidth restored to 3270
kHz (310 kHz to 3580 kHz @-3dB) through the use of the Cereus Engine.
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How does the Cereus Engine work?
The transducer characteristics are
analysed from a simplified Mason
model perspective and optimised
in the hardware domain. In its
simplest form, this is achieved to
some degree by the design and
manufacture of components that
control the transducer. However, to
obtain the widest bandwidth while

ensuring constant amplitude across
this bandwidth, software is required
in order to generate optimised
transmit waveforms.
Where a system also includes a
receive section, similar processes
are performed to optimise the
received signal.
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