
High-frequency multibeam echosounder classification for
rapid environmental assessment

Kerstin Siemesa, Mirjam Snellena, Dick Simonsb, Jean-Pierre Hermandc,
Matthias Meyerd,c and Jean-Claude Le Gace

aAcoustic Remote Sensing Group, Delft Institute of Earth Observation and Space Systems,
Delft University of Technology, Kluyverweg 1, 2629 HS Delft, Netherlands

bDelft University of Technology, P.O. Box Postbus 5048, 2600 GA Delft, Netherlands
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For shallow water naval operations, obtaining rapidly an accurate picture of the environmental cir-
cumstances often is of high importance. The required information typically concerns water column
properties, sea surface roughness, and sediment geo-acoustic properties. Hereto a multi-sensor approach
is required. In this context, the BP’07 experiment has been carried out south of Elba (Mediterranean
Sea), where several techniques of environmental characterization have been combined. A part of BP’07
was dedicated to measurements carried out with a multibeam echosounder. This system provides depth
information, but also allows for seafloor classification. The classification approach taken is model-based
employing the backscatter data. It discriminates between sediments in the most optimal way by applying
the Bayes decision rule for multiple hypotheses, implicitly accounting for ping-to-ping variability in
backscatter strength. For validating the resulting geo-acoustic estimates sediment samples were collected.
Here, besides the analysis of the depth measurements, the results of the seafloor classification using the
multibeam data and a preliminary comparison with the sediment sample analysis are presented.

1 Introduction

Coastal shallow water regions cover an area of approxi-
mately 3 × 107 km2 [5] and are characterized by a high
variability in sediment composition. Further, these re-
gions become more and more stage of human interaction
with the seabottom. Rapid determination of the sedi-
ment composition is therefore requested in many dis-
ciplines. For example, the impact of building offshore
wind turbines on the sediment has to be controlled or
areas consisting of a special sediment type need to be
detected.
As bottom grabbing is very time consuming (about 30
grabs of 0.1− 0.2 m2 can be taken per day [10]) and ne-
cessiates laboratory analysis afterwards this method is
not suited for rapid environmental assessment. Employ-
ing multibeam echosounders (MBES) promises to be a
suited alternative.
This article is based on the multidisciplinary BP’07 (bat-
tlespace preparation 2007) experiment described in [7]
that was carried out by several vessels in the Mediter-
ranean Sea south-east of Elba Island in 2007. Data
analysed here were collected during 12 days (23 April
- 4 May) from the Dutch HNLMS Snellius. Results
presented in this article are focused on MBES mea-
surements and bottom grabs taken during this period.
From the MBES, information on the bathymetry and
backscattering values can be obtained. The aim is to
use these data for seabottom classification, i.e. obtain-
ing information about the geo-acoustic properties. Ad-
ditionally, bottom grabs are used for ground-truthing.
In section 2 a brief description of the research area and
the equipment of the ship is given. After having cal-
culated the bathymetry of the MBES’s depth data in
section 3, seafloor sediments are classified by a Bayesian
approach using backscatter strength values in section 4.
The next step is the comparison with groundtruthing
data. An analysis of the bottom grabs taken in the re-
search area is presented in section 5. Finally results are
summarized and embedded in the context of the whole
research project in section 6.

2 Experimental Settings

2.1 Research Area

Measurements took place south-east of Elba Island. An
overview of the experimental area is given in figure 1.

Figure 1: Overview of the BP’07 reasearch area
(http:\\maps.google.de).

Coordinates of the research area in the system of WGS84
lie coarsly between 10.6 deg and 11.0 deg eastern longi-
tude and 42.55 deg and 42.8 deg northern latitude, cov-
ering an area of 33 km by 28 km. In this shallow water
area of the continental shelf, depths reach 10 m to max-
imal 160 m. Shallowest are the regions near to the coast
of Italy in the north-eastern part of the research area.

2.2 Instrumentation

Mounted on board of HNLMS Snellius was a SIMRAD
EM3000D dual head MBES operating at 300 kHz. This
sonar has an opening angle of 130 deg and covers there-
fore a swath between 40 m and 1000 m (dependent on
the water depth which lies in between 10 m and 200
m) when assuming a horizontal flat bottom. Along this
swath 254 beams are formed.
Data are provided in a binary raw-format. These raw-
files include different types of datagrams, containing dif-
ferent variables. For our purpose we are interested in the
depth and backscatter values.
Unfortunately, no positions are recorded with this sys-
tem. We obtain navigation data from GPS measure-
ments that were stored with singlebeam echosounder
data. Via time comparison positions can be added to
the MBES data.
Also on board was a Hamon grabber [7] for taking grab
samples of the upper seabottom sediments. Along the
whole track 24 bottom grabs of about 20 cm depth were
taken with this instrument.
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3 Bathymetry measurements

Bathymetry is obtained from the two-way travel time as
measured by the MBES for each beam and the sound
velocity profile in seawater.
As sound velocity in the water column determines the
behavior of sound propagation [1] it plays an important
role in measuring the range of every beam. Two ways of
accounting for the sound velocity profile are discussed
in the following. We will compare the more time con-
suming common ray tracing method and an approach
suggested by Geng and Zielinski [2] using an equivalent
linear sound velocity profile.

3.1 Ray tracing for depth error correc-
tion

Let us consider a sound velocity profile consisting of
multiple (n) linear segments as shown in figure 2. The
ray tracing approach calculates step-by-step the changes
in angle and position of the sound ray at each depth at
which a change in sound velocity occurs. Starting with
angle θ0 we can derive the angles at the other depths
via Snell’s law

cos θ0

c0
=

cos θm

cm
, for m ∈ {1, . . . , n} (1)

The position of the sound ray at the lower end of the
m-th segment can be calculated as follows.

xm = xm−1 + Rm · (sin(θm) − sin(θm−1)); (2)
zm = zm−1 + |Rm · (cos(θm−1) − cos(θm))|; (3)

Here, xm−1, xm denote the across track positions and
zm−1, zm the depth values at the upper and lower end
of the m-th segment respectively. And Rm is the radius
of the sound ray in the segment m.

Figure 2: Sound velocity profile consisting of multiple
linear segments taken at 42.37 N and 10.49 S versus
equivalent linear profile.

3.2 Equivalent linear profile

Again we start with a sound velocity profile consisting
of multiple linear segments. As the ray tracing method

is very time consuming, especially for sound velocity
profiles with a large amount of segments, it would be
an advantage to reduce the number of segments with-
out reducing the accuracy. Reference [2] introduced an
approach that makes use of simple linear sound veloc-
ity profiles, containing only one segment. According to
[2], the position at which sound impings on the seafloor
is almost the same for a family of sound velocity pro-
files. Such a family contains all sound velocity profiles
that include the same area between the profile and the
depth-axis.

The starting point (z0, c0) of the profile stays the same
as in the ray tracing approach. The soundspeed cn at
the endpoint of the profile results from the the area A
under the original profile and the known depth zn of the
profile and is given as

cn = 2 · A

zn − z0
. (4)

In this way the area under the original and the new
profile are equal as shown in figure 2.

3.3 Results

Depth values have been corrected for refraction accord-
ing to the ray tracing approach as well as the approach
which uses a linear profile. A comparison is shown in
figure 3.

Figure 3: Depth along a swath at a deeper part of the
reseach area at different stages of analysis: uncorrected
raw data and depth with refraction correction (full pro-
file and linearized profile).

It is seen that both approaches give almost the same
results, indicating the applicability of the approach de-
scribed in section 3.2. At depths of about 100 m, errors
of 2 m occur when not accounting for refraction. In the
shallower parts we do not notice remarkable differences
in the depth values, whether we account for changes in
sound velocity or not.
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4 Seabed classification by means
of backscatter values

Besides depth information as discussed in section 3 the
MBES provides the backscatter strength of the received
signal. According to the properties of the seabottom like
roughness and hardness the backscatter strength varies
with the sediment type. In this section we make use
of backscatter strength values to classify the seabed of
the BP’07 research area. The classification technique is
described in section 4.1. We apply a Bayesian approach
as suggested by [9]. Resulting classes are presented in
section 4.2. Note that these classes still do not give any
information about the sediment types that can be found
in the research area. Determining sediment types from
observed backscatter strength requires ground truth val-
ues e.g. taken by grabbing as discussed in section 5.

4.1 Classification technique

The parameter we use for seabottom classification is the
averaged backscatter stength BSθ per beam. Let Nθ be
the number of scatter pixels over which the averaging is
performed. The averaged backscatter strength in deci-
bel (dB) unit follows from backscatter intensity Iθ as

BSθ =
1

Nθ

Nθ∑
n=1

10 log10 Iθ. (5)

Assuming Iθ is exponentially distributed and single backscat-
ter vales are assumed to be independent, BSθ becomes
normally distributed for large Nθ. Therefore, we fit a
model f(BSθ|x) existing of a sum of scaled Gaussians
to the histogram of observed backscatter values BSθ.

f(BSθ|x) =
m∑

k=1

ck exp
(
− (BSθ − µθk)2

2σ2
θk

)
(6)

Parameters to be estimated are the scaling factor ck

and the mean µθk and standard deviation σθk of each
Gaussian probability density function (PDF). These are
contained in the factor x. The number of Gaussians em-
ployed is equal to the (unknown) number of seabottom
types.
First of all the number of classes has to be determined
iteratively. Starting with one curve the number of Gaus-
sians step-by-step is increased by one. A reduced χ2-
statistic helps us to decide on the goodness of fit. The
iteration is stopped if the reduced χ2 value falls below
a critical value. The number of classes will be m after
the m-th step.

Once the number of classes is known, classification is
done by applying the Bayes criterion for decision. Ac-
cording to the number of classes m simple hypotheses
H1, . . . ,Hm can be set up. Hj : x = xj is the hypo-
thesis that for a backscatter value BSθ the parameter set
xj is the one to choose. Bayes’ rule gives the a-posteriori
probabilities P (xj |BSθ) for observed BSθ.

P (xj |BSθ) =
fθ(BSθ|xj)P (xj)

fθ(BSθ)
(7)

with P (xj) = 1
m denoting the a priori probability, where

we assume all seafloor types a priori to be equally likely.

Therefore, using a ’maximum a-posteriori’ probability
criterion we have to accept the hypothesis Hj if the fol-
lowing is valid (i.e. we choose for the class which is most
likely):

max{fθ(BSθ|xk)P (xk)} = fθ(BSθ|xj)P (xj)
with k = 1, . . . ,m (8)

The acceptance region of a hypothesis is determined by
the intersection of its Gaussian curve with the neigh-
bouring Gaussians.

4.2 Results

Backscatter values are analyzed per angle. Basically we
are interested in lower grazing angles since beams at
these angles cover a larger beam footprint. This pro-
vides results in the shallower parts of the research area
only. To get an overview over the whole area we have
to extend our analysis to angles up to 40◦.
To avoid large overlapping of the Gaussian curves and
therefore reducing β, we restricted the number of classes
to three. The result of a Gaussian fit is shown in Fig. 4.

Figure 4: Fit of Gaussians (dashed) to the PDF of the
backscatter values BSθ.

Class boundaries are defined by the intersection of the
Gaussians. Fig. 5 shows these intersection points. Also
indicated in this figure are probabilities of incorrect de-
cisions, i.e. β12 is the probability that H1 is accepted,
whereas actually H2 holds. And β21 is the probability
that H12 is accepted, whereas actually H1 holds.

However, we find values for β21 up to 14%. Hence we
introduce ’mixed’ classes to weaken the strict bound-
aries and absorb statistical fluctuations. New bound-
aries were set at those points were β is 1%. Note that a
’mixed’ class not necessarily means a new seafloor type.
This approach results in a backscatter map depicted in
Fig. 6. ’Mixed’ classes are not shown in this figure. An
increase in backscatter strength can mainly be observed
from the coast to the deeper parts of the research area.
The obtained classes run nearly parallel to the coastline.
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Figure 5: Normalized Gaussians and probabilities of in-
correct decisions. The solid line gives one of the class
boundaries when not allowing for ’mixed’ classes. The
dashed lines indicate ’mixed’ classes.

Figure 6: Classification results at 34◦ grazing an-
gle. The three obtained classes have a mean value of
−35, −31, −26 dB respectively and run nearly parallel
to the coastline.

5 Bottom grab analysis for ground
truthing

During the BP’07 experiment 24 bottom grabs where
taken with a Hamon grabber to provide ground truth
data. Ground truthing is necessary to find the relation-
ship between sediment types and classes of backscatter
strength values from the MBES data.
These bottom grabs were analyzed at TNO, the Nether-
lands where they were dried, sieved with different sized
sieves and sorted by grain size. Documented is infor-
mation about the minimum (Dmin), maximum (Dmax)
and average (D) diameter of the sediment particles in
micrometer units as well as the particle size in φ-units.
The particle size (d) in φ-units results from the (average)
grain diameter in millimeter according to

d = − log2 D. (9)

The core results shown in this section are comparable to
those of the upper sediment layers of core samples taken
in the reasearch area at former experiments, which are
described in [3] and [4].

5.1 Classification of bottom grab sedi-
ments

The classification of bottom grab sediments based on
the Wentworth scale [11] is shown table 1.

maximum diameter [mm] sediment
2 very coarse sand
1 coarse sand

1/2 medium sand
1/4 fine sand
1/8 very fine sand
1/16 silt
1/256 clay

Table 1: Wentworth scale of sediment sizes.

In most parts of the research area clay is the dominating
sediment type, amounting to 60 − 70 %. Only near to
the coast in the north-eastern part somewhat coarser
sediments occur and the silt fraction increases up to 40−
60 %. Additionally, for these grabs even 5 % sand is
been found. It is to be said that the sum of all mass
frequencies does not reach 100 % because the analysis
method did not account for sediments smaller than 1
micrometer.

Figure 7: Sediment types of finer sediments as intro-
duced by Shepard. Sediments are differentiated by their
relative composition of sand, silt and clay [6].

To get a finer differentiation of the silt and clay types,
we will now consider sediment classes as introduced by
Shepard in 1954 [8]. They are obtained from the relative
proportion of sand, silt and clay. Fig. 7 shows Shep-
ard’s 10 different classes of finer sediments. From the
shallower coastal area to the deeper part (up to 200m)
the sediment composition changes from clayey silt (the
coarsest sediment in this area) over silty clay to clay (see
Fig. 8).
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Another approach in addition to the Wentworth classi-
fication employs mean grain size values in φ-units and
attains similar results. The mean grain size is calculated
from

Mz =
d16 + d50 + d84

3
(10)

with dx denoting the grain size (in φ-unit) at which x%
of the sediments in the sample are smaller. In Fig. 8 we
also see a gradient in grain size from the coast to the
deeper regions. Mean grain sizes do not reach values
below 7φ. According to Eq. 9 this means we are only
dealing with grain sizes less than 8 micrometer.

Figure 8: Position of bottom grabs and occuring sedi-
ments. Mean grain size is illustrated in the marker size
while color represent Shepard’s classes clayey silt, silty
clay and clay. In deeper parts of the research area clay
is been found. Closer to the coast, slightly coarser sedi-
ments with Mz = 7 φ can be found.

5.2 Comparison of sediment types and
backscatter values

Analysis of backscatter strength and sediment composi-
tion show comparable pictures of seabottom classes. In
both cases, backscatter analysis and bottom grab anal-
ysis, the classes run nearly parallel to the coastline with
a gradient towards the deeper parts of the research area.
Curiously, about 10 dB larger backscatter values occur
at sediments with smaller grain size. Increased volume
scattering in the clayey bottoms can be responsible for
this phenomenon.

6 Summary and future research

Our long-term objective is to obtain rapidly an accurate
picture of the environmental circumstances which accu-
mulate bathymetric and sedimentary information. By
now bathymetry has been recalculated accounting for
watercolumn sound velocity profiles.
With regards to classification aspects, we are able to
detect classes of backscatter strength per beam with
a Bayesian approach. A comparison with groundtruth
data gives promising results for detecting grain sizes up

to 9φ. The next step to be done is the combination of
classification results from different angles. Further, as-
pects of bathymetry can be taken into account as new
features in the classification. That is for example slope,
which could influence the occurence of specific sediment
types.
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