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There is an increasing demand for object location in shallow waters. Applications like
searching or monitoring pipelines and cables s well as risk mitigation at prospective
offshore building sites (e.g. windfarms, bridges, tunnels) are demanding tasks for the
survey industry. There is also an increasing interest in protecting the cultural heritage
and detailed site investigations to locate possible archaeological objects are required
by authorities before starting dredging activities e.g. for pipe laying or harbour
extensions.
All these applications require high spatial data density and accuracy. To fulfil this
demand, Innomar used it’s shallow-water parametric sub-bottom profilers SES-2000
compact with three transducers mounted as rigid line array. These transducers pro-
vide a 3dB beam width of less than four degrees for all adjustable low frequencies.
The transmit directivity of the parametric sound beam does not show any significant
side lobes, which reduces ambiguities during the interpretation of individual reflec-
tors. Very short transmit pulses without any ringing and high ping rates of up to 50
pings per second are further advantages which contribute to the very high spatial
resolution of this technology.
As proof of concept two geophysical investigations of archaeological sites in Northern
Germany have been carried out. The surveys were realized with a small boat and
standard positioning, heading and attitude systems. The line array of transducers is
rigid and fix mounted to the survey platform. Therefore no complicate offset and
attitude corrections are necessary, like for towed sensors. However emphasis must
be put on positioning accuracy in order to combine multiple survey lines into a com-
mon data set of high spatial resolution. Since transmitter and receiver are on identical
positions, no extensive migration processing is necessary for the acoustical signals.
The data set is immediately ready for 3D visualization with volume rendering
methods after data acquisition.
In the first survey example an elongated wooden structure of individual crates from
the Viking period is buried in the muddy ground of the Schlei near Schleswig. The
water depth at the site is around three meters and the burial depth is about one
meter. A small part of this structure was visible in sidescan records and previous SBP
surveys showed that the structure is much longer than the visible part. The achieved
data were processed with a bin size of 33cm laterally and 2cm vertically. The collec-
ted data has revealed information about the dimensions of the archaeological struc-
ture and the arrangement of individual crates, as well as possible locations for
scattered debris.
The second survey example is from investigating a harbour approach channel. A lot
of scattered debris is visible in sidescan records, but much objects can be located
below seafloor. Some interesting circular structures were found about 0.5-2m below
seafloor.
In both case studies it has been demonstrated that the technology of parametric sub-
bottom profiling is a useful acoustical technique applicable to three-dimensional
investigations of buried structures with high spatial resolution. Based on the shown
“proof of concept” Innomar will develop a new product for 3D sub-bottom profiling at
high spatial resolution.
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Sub-Bottom Profiler Applications

• Surveying of the morphology of the bottom surface and
muddiness for dredging tasks and environmental investigations

• Surveying of sediment structures (Route Surveys)

• Search for mineral resources (gravel, sand)

• Search for pipelines, cables, boulders and archaeological objects

• Investigation of building sites (bridges, tunnels, wind farms, …)
 “Risk Mitigation”
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• Search for pipelines and determination of

the thickness of the overburden sediment

• Monitoring of pipeline and cable routes

• Maintaining the security of waterways

• Archaeological exploration to determine the

position and dimension of embedded objects

Applications:

Difficulties:

• Objects often have small dimensions and unknown

positions within large survey areas

• Very weak echo signals due to the attenuation by the

overburden sediment material

• Sometimes bad reflectors due to small differences to

the acoustic properties of the surrounding sediment

Location of Embedded Objects
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Foot prints of 3 transducers with a separation of 50cm
at a distance of 5m

• Parametric acoustics gives

 Narrow beam foot prints don’t overlap

 Short sound pulses at high ping rates
 very shallow water operations

• Transducer array + high ping rate (up to 50pps)
 high data density

• Adjustable transducer separation to adapt to
required lateral resolution, water depth and
survey platform

• Rigid array of transducers gives easier
determination of position and attitude than
floating or towed receiver arrays with non-
directional sources

Parametric Multi-Transducer SBP
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• Wooden pieces found and dated into the Viking period
(~740 AD)

• Sidescan investigations showed rectangular structures
(length about 70m; water depth about 3m)

• Probably built as a barrier for military harbour protection
and several hundred metres long

• During SBP surveys in the late 1990’s more buried
reflectors were detected

1m

10kHz / 100µs

20m

130m x 40m

• 40 parallel lines

• Data gridded and
rendered
(bin size 0.3m x 0.3m)

• Time slice through volume

• Scattered debris localized

Survey Example 1
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Objects on sea bed

Objects in sea bed

• Harbour approach channel in Northern Germany

• Authorities demanded archaeological investigation
(heritage protection)

Water depth

0.5m

6m

12m

Survey Example 2
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Echo print showing an unknown structure

3m

4m

5m

3D data visualization

50m x 50m x 6m

Horizontal slice about 0.5m bsf

Horizontal slice about 1m bsf

Survey Example 2
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• Mapping of heritage to be protected (also at hydrographical surveys):

 pre-dredging surveys for harbour channel extensions, marine
constructions, coastal protection, wind farm installations, etc.

 pipeline and cable route surveys

• Risk mitigation for offshore construction sites (e.g. wind farms)

• MBES and sidescan sonars limited to seabed features,
interesting objects are located within the seabed

Applications of Multi-Transducer SBP
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• Parametric sub-bottom profiler successfully applied to the detection of buried
structures in shallow waters

• Narrow-beam sources in a multi-transducer configuration of a closely spaced
line array increases the data density and homogeneity

• The position and attitude of rigid and boat mounted line arrays is easier to
measure than for semi-rigid or floating receiver arrays

• Data sets from individual transducers do not require beam forming and are
immediately ready for volume rendering after acquisition

Conclusions: Test Results

5th workshop “Seabed Acoustics” 17.11.2011 Rostock-Warnemünde

• Based on the presented prototype Innomar will have a commercial system
available in near future

• This system will have four transducers with adjustable separation and a
fully integrated data acquisition system

• Data are made available for third-party processing systems and 3D data
visualization packages

Thanks for your attention!

Conclusions: Future Developments
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