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The detection and location of objects embedded in the sediments of lakesspr coastal
areas is very important for various applications, e.g. archaeological examinations.
Sub-bottom profilers based on nonlinear acoustics offer many advantages comparedrto li
echo-sounders especially for object detection in shallow water ardascdimes possible 10
transmit very short pulses without ringing at narrow beams with vistuadl side lobes using
small lightweight transducers.

Using obliqgue sound beams for object detection will enhance the recégved fsom the
object compared to the echo signals from bottom and sediment layers. Farersedchc
sounders are able to achieve the overall sub-bottom information withinrshéefv metres
beneath the bottom surface over a large area at high resolution.

1. DIFFICULTIES IN ACOUSTICAL OBJECT DETECTION

In general, there are numerous problems which occur during theioetet embeddec!
objects. Some of the most important difficulties are:

small dimensions of objects and unknown or only imprecisely known positions,
unfavourable position near layer limits, such as the bottom or layer boundaries,
weak echo strength due to the acoustic attenuation in the sediment,

small reflection coefficients which means that the product ofdimsity and the
sound velocity of the objects differs hardly from the one of the surrounding material.

Some of these problems can be solved using nonlinear acoustics.



2. NONLINEAR ACOUSTICS FOR SUB-BOTTOM PROFILERS

Nonlinear echo-sounders transmit at least two signals of slidiffityent high frequencies
(primary frequencie§ andf,) at high sound pressures simultaneously. Nonlinear interactions
in the water column in front of the transducer cause the gemei@tinew frequencies [1-3]|.
One of them is the difference frequertey|f.-fi| (secondary frequency) which can be used
for sediment penetration. The reflected primary frequency Isignay be used for exa:t
determination of water depth even in difficult situations.

The difference frequency is generated in front of the transdiicersound pressure along
the acoustic axis grows continuously up to the length of the difiragbne and, after that,
sinks continuously. The smaller the ratio between mean primary #ededce frequency,
the higher the sound pressure of the difference frequency gets, see fig. 1.

The near-field length of a transducer depends on the transducerekited to the
transmitted frequency. Since the transducer of a nonlineansystnall and the transmitted
frequencies are high the near-field length is short comparaadetar lecho-sounders with the
same beam width.
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Fig. 1: Calculated sound pressure along the acoustical axis of a piston transducer (a)
and for different f/F ratios (b) using nonlinear acoustics

At nonlinear transmission the directivity for the differen@gbtiency is nearly the same as
the directivity for the primary frequencies. Therefore snielhsducers can be used “or
generating narrow beams at low frequencies. For differewindacy frequencies the beam
patterns are similar and there are no significant side lobesreBsing the secondary
frequency by two at the same mean primary frequencyypically increase the beam wid:h
by only 1.05 compared to a factor of two for linear sound generaBpnTherefore the
sounded bottom area will have nearly the same size for different secondary d¢regjuen

The absolute frequency-bandwidths of the primary and secondary freggi@nei nearly
the same. So very short low-frequent signals can be transmitted.

Due to the narrow beam and the high frequency-bandwidth the bottom dobies
nonlinear echo-sounders have a steeper slope than echoes from hiegaf loese steep:r
signals are better to detect at low signal to noise rat®8) areas with dredging activities
[4]. Detection of small changes in the acoustic impedance, liké covered wood, and a
high resolution of layers become possible [5, 6].

Short pulses, narrow beams and absence of side lobes of nonlineaissgseits in les:s
volume reverberation as well as less reverberation from thenbattirface compared 1o
linear systems. This gives a better signal to noise ratio, especiallyasaitl siltation [4].



Figure 2 shows the calculated echo strength and reverberatibndeses the thickness of
a sand layer above gravel at a water depth of 10m for two diffsegntencies using either
linear or nonlinear echo-sounders with the same source level. Datetlayers and objecis
becomes possible if the reverberation level is lower than the geimgth. It can be seen that
the reverberation level of the nonlinear system is lower thaortbeof the linear system in
most cases and even objects near the bottom can be detected.
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Fig. 2: Calculated reverberation level and echo strength vs. the thickness of a sand layer
above gravel (water depth 10m) for linear and nonlinear echo-sounder

Recapitulating nonlinear acoustics offers the following advantages:

It is possible to transmit narrow beams of low frequencies wsiradl and portable:
transducers.

A narrow beam results in less reverberation and increaseshi®/able signal to
noise ratio for the detection of weak reflectors.

The nonlinear transmission directivity has no side lobes.

Short signals without ringing effects can be transmitted.

High penetration depth and excellent resolutions in both the horizowtaleatical
direction are possible.

3. NONLINEAR ECHO-SOUNDERS SES-96, SES-2000 AND SES-2000 FAN

Based on fundamental research and components developed by the Und&caastics
Research Group of Rostock University, Innomar Technologie GmbH Rostoclopsyea
product line of nonlinear echo-sounders (SES-96 and SES-2000), used worldvadetfof
applications in water depths from 1m to 1,500m.

As explained before, nonlinear echo-sounders are particular usehlbjéxt detection ir
shallow water. The search width can be increased enormously using a mulsdizawitom
profiler. Nonlinear transducers can transmit fan-shaped low-frequseeyns by electroniz
beam steering in spite of small transducer dimensions without losses inioesolut

The detection of old wooden embedded objects is especially difficudt.differences o*
the acoustical impedance between the objects and the surroundingls)atetably mud, is;
very weak.

Small objects can be seen particularly well using oblique sound bgdmshe echo
strength from the bottom as well as from sediment layer bousddeereases because of
reflection at plane layers at higher incidence angles whédeback scattering level of small
objects remains, see fig 3.



Fig 3: Echo plots of vertical and oblique beams from the same embedded object

For generating narrow obliqgue sound beams in shallow water a nonlinesuldebottom
profiler is well suited. An experimental device was developed agtde@k University, &
commercial version (SES-2000 fan) is under development at Innomar GmbH.

The transducer of this fan echo-sounder consists of three part$)(fa@pvering a bearn
range oft45 degrees. It is possible to generate very short sound pulses (0.08). at Mary
high ping rates (up to 58susing frequencies from 4 kHz to 15 kHz.
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Fig. 4: Transducer of the nonlinear fan sub-bottom profiler SES-2000 fan (a)
and mounted at a small survey boat (b)

4. ARCHAEOLOGICAL EXPLORATION EXAMPLE

There is also a side scan option available for Innomar's echo-ssumidieh was used in
addition to the experimental fan sub-bottom profiler of Rostock University for the akpio-
of an archaeological site in a Northern German lake.

The echo plot examples in fig. 5 show a small part of the investigata. Objects near
the bottom surface are visible in the side scan echo plot ifotherage is thin. Other objects
are only visible in the sub-bottom profiler echo plots.

The objects are also visible in the oblique beam's echo plots @rtlseilb-bottom profiler.
In these echo plots the mud layer is nearly invisible because attiection at plane layers
for higher incidence angles. Small objects scatter the soukdabdcthe received signals are
therefore “enhanced” compared to the signals from sediment and mud layers.
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Fig. 5: Side-scan plot of an archaeological site and corresponding

fan-sub-bottom profiler plots (vertical and oblique beams)



5. CONCLUSIONS

The use of nonlinear sub-bottom profilers has many advantages compared to linefar ones
offers the possibility to get online survey results with droélvertical and horizontel
resolutions at acceptable penetration even in shallow water Bresgste of small transducer
dimensions very short low frequency signals can be transmittibtdawery narrow bearn
which results in low volume reverberation as well as low bottorfaseireverberation. The
sounded area at different generated frequencies will be néalgame and echo prints
become comparable.

Small objects can be detected particularly well using oblique soeachd Fan echc-
sounders are suitable to achieve the overall sub-bottom informatibm wite first few
metres beneath the bottom surface over a large area ateightion. They are particularly
useful for mapping large areas during archaeological examinations.
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