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Abstract —Mines placed on the sea floor are still a vast
threat in civil and military shipping. This potential risk is
typically encountered by advanced sonar signal
processing techniques and time consuming manual
evaluation of the sonar data by a human operator. Due to
mission specific time constraints a computer aided or
even autonomous analysis of the huge amount of data is
desired. Acoustic waves suffer much less in seawater and
therefore sonar sensors are the prevalent to be used
under water. A main difficulty is to extract informatio
side looking sonar (SLS). An overview of SLS app
to underwater imaging is given in this pape
outlook to the system operation is also prese
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finding, wreck hunting, recovery of drowned victims,
marine archaeology and geological surveys. SLS
reflections of isolated small objects give no indication of
shape or attitude [2]. Very strong reflectors may give
multiple echoes along a bearing line, and are identified by
being equispaced in range. The plan view does not show
how high an object is, unless an acoustic shadow is cast,
hich case the length of the acoustic shadow is related
height of the object. SLS images have been
ocessed using software originally developed
and terrestrial imaging missions [3]. These
pse programs were used to perform
ctions for slant range and ships speed as
g corrections for illumination gradients.
corrections are important steps in
or |nterpretat|on they are typically
mages to a cartographic base.
prerequisite in order to

ata (e.g. bathymetry,
ptential value SLS
e the output from
e recorders cannot be conveniently
tographic map base. It possesses many
n the image scannlng technlque Also

registered
distortions i
nless track

afloor. When available as a map
n, SLS images can be straightforwardly and more
compared to other map based data (for
ography, sediment type and grain size,
ts, etc). SLS image distortions also account
or the irreconcilable mismatches encountered in joining
jacent image swaths to create sonar mosaics [4]. The
igre.1 shows the sonar beam and footprint.

Figure.1 Sonar Beam and Footprint
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2. SIDE LOOKING SONAR OPERATION

There are three main type of SLS systems now used for
internal investigations and commercial contracts: 1.
Shallow water sonar system contains dual frequency SLS
and bottom profiler. It has operation depth 100 m and
uses multi wired tow cable. 2. Medium depth operated
sonar system contains SLS, bottom profiler, fish mounted
acoustic (12 kHz) interrogator for ultra short base
navigation system and compass system. It has operation
depth 2000 m and uses single coax or shielded wire tow
cable. 3. Deep tow sonar system is based on the mother
ship and is equipped by SLS, bottom profiler and long
base acoustic navigation transponder. It has operation
depth 6000 m and uses single wire coax tow cable. The
SLS is a powerful, versatile and low cost tool for surveying
the sea floor. The sonar emits fan shaped signals
perpendicular to the direction of travel. The signals scan
swath of sea floor from a point just below the towfish
limited distance away from the line of travel on both
[5]. The raw data are two time series of digitize
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of the towfish, because of the wa
spreads out. When the plxel is actually
than one fan shaped fo
we can introduce so
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the patched lines
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images are gen
transmits a n
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pulse travels outw
other objects reflect
direction of the sona
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display [7]. The topside c
from successive pulses, creati
of the seafloor as the SLS is tow

nto the pixel’s
smoothing effect, which
elves become false features.
is the background intensities
with high frequency noises. It
fan shaped acoustic pulse
tion of travel [6]. As the acoustic
the system, the seabed and
the sound energy back in the

its amplitude as a time
e for interpretation and
itches together dat

It show echoes of objects that reflect sound back to the
transducer, such that hard shiny surfaces are sometimes
only seen when they are at right angles and rough seabed
textures can blot out smaller targets completely. Materials,
such as metals, boulders, gravel or recently extruded
volcanic rock, are very efficient at reflecting acoustic
pulses (high backscatter). Finer sediments like clay and
silt, on the other hand, do not reflect sound well (low
backscatter). Strong reflectors create strong echoes, while
weak reflectors create weaker echoes. Knowing these
characteristics, the strength of acoustic returns we can
examine the composition of the seafloor and any objects.
The Figure.2 shows overview of SLS beam and the
numbers on the diagram are 1.Depth 2. Vertical beam
angle 3.Range 4.Swath width 5.Tow depth 6. Port and
d channel separation 7.Horizontal beam width.
ic signal is transmitted and received by a pair
s, which are deployed in the towfish. The
show narrow horizontal directivity (114
z: 0.3% and wide vertical directivity (114
Z: 40°). The beams intercept the seafloor
The backscatter values from the short

e recorded as time series across the
etric and textural differences of
built up with consecutive

optimum depth a ratio of up to 1:4
epth and tow cable length is needed.

of image maps, called side scan mosaics.
algorithm, making use of beam pattern and
formation, lead to automated texture clas-

, allowing the differentiation of bottom types and
jects [8]. For optimal post processing and normalisation
onar acquires data with 24 bit sample depth, which is
quivalent to a dynamic range of 144 dB. This includes
he complete range of underwater acoustics signals from
background noise to cavitation.
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Figure.2 Overview of SLS Beam

The energy broadcast by the sonar array should be
exactly the same for each ping. However, as the towfish is
pulled under the water, it is constantly moving because of
waves and currents. This causes the energy actually
incident on the sea floor to vary from ping to ping. For
example, rolling motion might cause the energy level to
rise on one side and drop on the other side.

The level of backscattered energy also changes with the
surface character of the seabed. To suppress this kind of
noise, each ping should have a similar energy level to the
pings before and after it [9]. For each ping, we find the
average energy level of the 20 pings before and after it.
This average is used as a reference value, and the total
energy of the ping is smoothed to match it [10]. The ping
energy level does vary in reality when the character of the
sea floor changes. That is why the smoothing must b
done with reference to a fairly short sequence of ping
the smoothing is too extensive, real changes in
floor will be obscured. Moreover the number o
not an independent variable proportional to the
occupation [11]. The surveying speed and footprin
are also involved, which makes the criteria for refe
window definition quite complicate [1

3. IMAGE FORMATI

The geometry of the image formatlon pro
shown in Figure.3. The
produces an ensonif
seafloor. Some of
seabed point p is
the sensor. The i
image will be

scattered back f
pulse is not isotr
@ that depends o
vector r from O to
scattering process
permits to derive

of the corresponding pixel o
ional to the amount of ener
e surface point. The illuminating
t follows a particular beam profile
razing angle a subtended by the
point p. In order to model the
aditional Lambertian model

parameters defining the observed scene. This simple
model for diffuse scattering assumes that the returned
intensity depends only on the local angle of incidence 6 of
the illuminating sound pulse, and not on the direction of
observation or on the frequency of the pulse. For the
problem to be manageable the surface describing the
observed scene has to be univalued. The intensity

I1(r)=K®(r)R(r) = K®(r)R(r)cos((r))

I |||| ||
)

Where ® represents the intensity of the illuminating sound
wave at point p, R is the reflectivity of the seafloor, 6 is the
dence angle of the wave front and K is normalization
Since most logged side-looking images already
ne kind of intensity correction, all the intensity
sed by the sensor's beam profile, the
eading loss and the TVG and other
supposed to be grouped under the beam
coordinate system centered at the sensor
being the across track ground distance
he sensor’s trajectory,

pattern O.

the points contained in the x-z
ote that although this does not

SA images are to all practical purposes
a side-scan image with constant resolution in

Figure.3 Data Model of SLS

Combination of expressions (1) and (2) yields the forward
model for the computation of the intensity | at any point P,
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given the model parameters R,Z and @ in ground range
coordinates x,y from the sensor.

I (X, y) = K(D(X’ y)R(X! y)
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Where the surface gradients can be approximated by finite differences for and where the normalization value K is
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Where the explicit dependencies on (x,y) have be
dropped for clarity.

4. BEAMFORMING

Images based directly on the raw time series data
blind zone in the center and needs to be processec
an image which roughly correspond
the sea floor. The most basic form

a plane area
cessing for the
data is slant range correction in e seabed is

as a perfect flat plane. The Figure.4 shows the
ion at sea. Then, given the altitude of the
he time at which the backscatter reaches the
e can calculate a position on the seabed.
g the data, the blind zone in the center of
ars and every datum is relocated to a
epresentative of the actual seabed. In
data allows more flexible contrast
n the 8 bit data set.

Towlish facing view showing beam pattem and depression angle

Figure.4 Overview of SLS operation at Sea

5. RESULT
The most prominent feature of SLS is the too strong this angle, rather than right below the towfish. To
intensity near the path of the towfish, and the weak compensate for the uneven illumination, we need to know
response at the outer edge of the swath. Across the the energy distribution function relative to the angle. One
swath, the amount of energy hitting the seabed will vary simple way to find the energy distribution is to sum up the
with the distance from the towfish. The angle at which the energy levels for each angle over the whole data series.
wave hits the sea floor also varies. The raw data are the Using this statistical result, we can calculate the average
backscattered energy from the seabed; both the level of energy for each angle; the inverse of this average can be
incident energy and grazing angle will affect the data. applied as a correcting factor to individual data in the time
Since the SLS is two sided sonar, each side has its own series. Most processing procedures for the same image
main lobe pointed outward from the vertical line about 45 correction purpose are executed by time variable gains
degrees, the maximum intensity therefore located around (TVG), either at source
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or in post processing. However, the time based functions
are not suitable to describe the variation of backscattering
energy which is basically controlled by the grazing angle.

DY y L@ 4 .
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a) Acquision
Figure.5 Mapping from SLS
CONCLUSION 5

In this work, the relations between sufface properties and
the images resulting when the surface is observed by SLS
(backscatter strength) are studied. The charaeterization of
this sonar imaging process can be usediin two,ways: by
applying the forward image formation model; conversely,
by inverting the imagefformation model. “The typical
imaging model considered here“is active SLS withya
frequency of hundreds of Kilohertz, which usually“allows
for sub-decimeter fesolution in range and azimuth.
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