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Abstract

The goal of this study is to generate high-
resolution sea floor maps using a Side-Scan Sonar
(SSS) on board of an Autonomous Underwater Ve-
hicle (AUV). This is achieved by explicitly taking
into account the SSS operation as follows. First,
the raw SSS data is corrected both in intensity,
by removing the effects of the uneven ensonifica-
tion pattern, and range, by projecting the data to
the sea floor. Second, the AUV pose is estimated
continuously. Third, a probabilistic SSS model is
defined and used to estimate the probability of each
sea-floor region to be observed. This probabilistic
information is then used to weight the contribution
of each SSS measurement to the map. Because
of these models, arbitrary map resolutions can be
achieved, even beyond the sensor resolution.

Keywords: Underwater, Side-Scan Sonar, Map-
ping

1 INTRODUCTION

1.1 OVERVIEW

Acoustic sensors (sonars) are the modality of
choice in underwater robotics. One of these sen-
sors is the Side-Scan Sonar (SSS) which provides
echo intensity profiles of the sea bottom. Side-
Scan Sonars are widely used in sea floor imagery,
and should remain in the near future, basically
for economic reasons, but also because of its ease
of deployment: in some cases they have a towfish
structure, so there is no need for complex mount-
ings on Autonomous Underwater Vehicles (AUV),
Remotely Operated Vehicles (ROV) or ships.

Traditionally, SSS have been used to provide un-
derwater imagery for human inspection, either on-
line or off-line, because the images they produce
have some properties that jeopardize automated
analysis [2]. For example, SSS provide misrepre-
sented slices of the sea bottom [4], especially in
non-flat terrains. Moreover, joining these slices
to produce dense acoustic maps requires accurate
AUV pose data and significant interpolation in

most cases. Additionally, SSS, as well as any other
kind of sonar, ensonify the observed region un-
evenly [1] and, thus, the sensor itself influences
the perception of the sea bottom.

The three aforementioned problems prevent,
among others, the use of SSS data to build large
scale sea-floor maps involving complex robot tra-
jectories [9]. In most cases, the AUV is forced
to move through straight transects to reduce the
need for accurate AUV localization and interpola-
tion. Even in these constrained scenarios some
problems arise when trying to fuse data corre-
sponding to overlapping regions.

A common approach to produce geometrically
meaningful maps is the occupancy grid [5]. Al-
though occupancy grids are aimed at distinguish-
ing free and occupied regions, similar approaches
have been applied with relative success in the con-
text of SSS mapping [8, 3]. Unfortunately, the oc-
cupancy grid techniques still present some prob-
lems when used to construct dense SSS maps.
These problems appear because most of the ex-
isting occupancy grid algorithms decompose the
high-dimensional mapping problem into a set of
one-dimensional problems, being the value of each
cell estimated independently [10].

1.2 PROPOSAL

Our goal is to generate high-resolution maps, be-
yond the SSS resolution, of large sea floor regions
using SSS by explicitly dealing with the aforemen-
tioned problems through the following three steps.

The first step, the Swath Correction, consists in
improving the individual data items provided by
the SSS. The second step, localization, consists in
estimating the AUV pose. During the last step,
Echo Intensity Map Building, a probabilistic SSS
model is used to weight the echo intensity contri-
bution of each measurement to the map, leading to
a meaningful representation of the sea floor. The
proposed approach produces high resolution maps,
even at higher resolutions than those of the SSS
because it is able to combine the echo intensity in-
formation coming from several SSS measurements
gathered at different AUV poses whenever they
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overlap.

The novelties in this proposal are the following.
First of all, the combination of the aforementioned
techniques. For example, the proposed physics-
based model to remove the uneven ensonification
pattern has never been used in the context of
dense acoustic map building.

Additionally, a probabilistic SSS is proposed. This
model provides information about the probability
of each map cell to be observed and takes into
account that the map cell represents a sea-floor
area that may be observed differently depending
on the AUV pose when the cell was ensonified.

Finally, the proposed approach to build the echo
intensity map deals with the problems of occu-
pancy grid building by adopting a technique based
on forward sensor models [10]. This approach
explicitly takes into account the horizontal SSS
opening, which is usually not considered in the
literature.

2 THE SIDE-SCAN SONAR

2.1 OVERVIEW

Figure 1 illustrates the operation of a SSS
mounted on a AUV navigating at an altitude h.
An AUV usually has two SSS heads, symmetri-
cally placed on port and starboard with a fixed
angle θ. Each sensing head periodically generates
an ultrasonic pulse which, after reaching the sea
floor, is partially scattered back to the sensor. The
SSS then analyses the received echo to obtain in-
formation about the ensonified region (ER). The
expansion of the sound wave with time is modelled
by the sensor opening α in the YZ plane and the
sensor opening ϕ in the XY plane.

Figure 1: Side-scan sonar characterization.

The sensor operation is as follows. After each ul-
trasonic pulse emission, the sensor records the re-
ceived echo intensities at fixed time intervals until
a new pulse is emitted. Henceforth, this recorded
data vector will be referred to as a swath and each
of its items, which store an echo intensity provid-

ing information about the structure and reflectiv-
ity of the sea floor, will be referred to as a bin.
The Time Of Flight (TOF) corresponding to each
bin determines the slant range rs of a point p in
the ER. The sampling period determines the slant
range resolution δs and the time between emitted
pulses, among other factors, determines the max-
imum sensor range rs,max.

The acoustic echo intensity recorded in each bin
is mainly influenced by the reflectivity of the sea
floor, but also it is attenuated depending on the
travelled distance and corrupted by the SSS en-
sonification pattern. Our proposal to reduce these
undesired effects is referred to as the intensity cor-
rection [1] and is described in Section 3.1.

The position of a point p in the ER is usually
expressed using the polar coordinates (rs, θs) in
the YZ plane. The angle θs is known as the grazing
angle and can be computed as follows:

θs = arcsin

(

h− hp
rs

)

(1)

where hp is the altitude of p. If hp is unknown then
θs cannot be computed, and the point responsible
for the echo at rs may be anywhere in the angular
interval [θ − α

2
, θ + α

2
]. Computing the elevation

map of the points in the sea floor using only SSS
data is a hard, time-consuming and error prone
task addressed by few researchers [4]. Because of
that, if no bathymetry is available through other
sensors, a common approach is to assume that all
the points in ER have zero altitude (hp = 0). This
assumption is known as the flat floor assumption.

Because of the sensor opening ϕ a similar prob-
lem appears in the XY plane. The bin with slant
range rs is due to the objects lying in an arc q,
as shown in Figure 1. One or more objects lying
inside q may be responsible for the received echo
intensity. This fact is usually neglected in the lit-
erature, assuming a pencil-like thin beam in the
XY plane because ϕ is very small in most SSS. A
novelty in this study is that the opening in the XY
plane is not neglected, but properly used to fuse
the information coming by overlapping ER.

The ground range rg of a point p is the projec-
tion over the Y axis of the vector ~op joining the
AUV reference frame and the point p. The ground
range is useful to properly map each bin to its cor-
responding position in the sea floor. The process
of computing the ground range for every bin is
the so called slant correction. Our approach to
this process is described in Section 3.2.
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Figure 2: Examples of (a) a single swath and (b)
an acoustic image.

2.2 THE SWATH STRUCTURE

A typical SSS has two synchronized sensing heads
and, thus, the swaths are provided in pairs: one
provided by the port sensing head and one pro-
vided by the starboard sensing head. Let us, for
the sake of clarity, join each two simultaneously
gathered swaths in a single vector. Henceforth,
the term swath will refer to this new vector.

Figure 2-a shows an example of a swath corre-
sponding to the port (bins 1 to 250) and starboard
(bins 251 to 500) sensing heads of a particular SSS.
The central region with low echo intensities is the
so called blind zone and it corresponds to those
distances from the sensor where no sea floor was
detected.

2.3 ACOUSTIC IMAGE FORMATION

As the AUV moves, several swaths are gathered.
By aggregating swaths, an acoustic image is built.
The most basic form of acoustic image building
consists in putting the swaths together, one next
to the other. Figure 2-b shows an example of
this kind of images, where each echo intensity is
mapped to a grayscale level so that lower inten-
sities are darker. The changes in the black strip
width, which is the blind zone, reflect changes in
the AUV altitude: the higher the altitude, the
wider the blind zone.

Although this approach may be sufficient for hu-
man inspection, it provides a distorted representa-
tion of the actual sea floor for two reasons. First,
it does not take into account the specific AUV
motion between swaths. Second, the vertical axis
does not represent the ground range but the slant

range. Solving the first problem involves AUV
localization or SLAM techniques, as well as the
use of interpolation and blending techniques to
fill gaps and combine overlapping swaths. This is,
precisely, the main goal of this paper and is going
to be described in detail in further sections. As
for the second problem, properly mapping slant
ranges to the sea floor consists in performing the
aforementioned slant correction.

3 SWATH CORRECTION

3.1 INTENSITY CORRECTION

It can be observed in Figure 2 that the echo inten-
sities are much higher in the regions surrounding
the blind zone. This effect is due to a non homo-
geneous ensonification leading to brightness varia-
tions in the resulting acoustic image that may dif-
ficult further automated processing. Some studies
deal with this problem, but mainly using some en-
vironment dependant heuristics [2].

Our proposal has a well founded theoretical basis
[1], as it relies on sea bed reflectivity and sound
propagation models. To remove the variable en-
sonification component from the acoustic image,
we model the sea floor as a Lambertian surface
[7, 4], which scatters incident energy uniformly in
all directions. Under this assumption, the echo in-
tensity Im(p) returned by a SSS measurement m
from a sea floor point p = (rs, θs) is modelled as
follows:

Im(p) = K · φ(p) · Rm(p) · cos(βm(p)) (2)

where φ(p) denotes the ensonification intensity,
Rm(p) is the reflectivity of the sea floor, βm(p)
is the incidence angle, which coincides with the
grazing angle θs under the flat floor assumption,
and K is a normalization constant.

We derived the ensonification intensity model
from the sensitivity pattern model proposed by
Kleeman and Kuc [6]. Accordingly, φ can be ex-
pressed as follows:

φ(rs, θs) =
Mfa4

r2s

(

2J1(
2π
λ
a sin(θ − θs))

2π
λ
a sin(θ − θs)

)2

(3)

where M is a proportionality constant, J1 is the
Bessel function of the first kind of order 1, λ and
f are the emitted pulse wavelength and frequency
respectively and a is the transducer radius.

As it may be difficult to find an accurate value
for the transducer radius a from the sensor specs,
we propose the following procedure. Let θ0 be
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the first occurring θs producing φ(.) = 0. Thus,
θ0 defines the main sonar lobe: the ensonification
intensities corresponding to grazing angles in the
interval [θ0, 2θ−θ0] are due to the main sonar lobe,
whilst those outside the interval are produced by
the secondary lobes. The value of θ0 can be de-
rived [6] from Equation 3 and is as follows:

θ0 = θ − arcsin

(

0.61λ

a

)

(4)

Let us assume that the whole sensor opening α
corresponds to the main lobe, which is reason-
able because manufacturers usually build sensors
in this way. The grazing angle corresponding to
the positive boundary of the ensonified region ac-
cording to the opening is θ − α/2 (See Figure 1).
Thus, using θ0 = θ−α/2 in Equation 4 leads to a
fair approximation of the transducer radius a:

a =
0.61λ

sin
(

α
2

) (5)

According to Equation 2, the measured echo in-
tensities, that is, the bin values in each swath,
depend on the sea floor reflectivity, the ensonifica-
tion intensity and the incidence angle. An acous-
tic image taking only into account the sea floor
reflectivity would be a more realistic representa-
tion of the environment, as it discards the effects
due to the sensor itself. As we have an ensonifica-
tion model and we know the incidence angles, we
can express the corrected value for each point p in
the ER as follows:

Rm(p) = K ′ ·
Im(p)

φ(p) · cos(βm(p))
(6)

where K ′ = (K · M)−1. Thus, the acoustic im-
age built from Rm(p) constitutes the intensity cor-
rected image of Im(p).

Further methods described in this paper make use
of the corrected swath Rm(p). However, all of
them can also use the echo intensities Im(p). Be-
cause of that, to ease notation, the terms Im(p)
and echo intensity will be used to refer to a swath
and the meaning of the values it holds respectively,
either if they are actually echo intensities or the
corresponding reflectivity values.

3.2 SLANT CORRECTION

As stated previously, the process of projecting
each bin to its corresponding position in the sea
floor is known as slant correction. Under the flat
floor assumption, this can be easily achieved by
expressing the slant range as a function of the
ground range:

rs(rg , h, hp) =
√

r2g + (h− hp)2 (7)

In this way, for every possible ground range, the
slant range can be computed and the correspond-
ing echo intensity value obtained. The ground
range resolution δg when performing the slant cor-
rection can be chosen depending on the desired
granularity. However, a good choice is to use the
same value as the slant range resolution δs, which
is sensor dependant, and that is the approach
adopted in this paper. Also, as the slant range
corresponding to a specific ground range may lie
between two bins, linear interpolation is used to
obtain the echo intensity.

For the sake of simplicity, henceforth the term
swath will refer to the ground projected swath and
denoted by Img (·).

4 LOCALIZATION

From the localization perspective, the roll and
pitch angles are assumed to be zero, which is
reasonable in most surveying missions where the
robot control is designed to keep these angles to
that value. Thus, the localization problem is a
4DOF problem where x, y, z and the yaw angle ψ
have to be estimated.

In this study, localization is not the goal but the
mean to produce accurate sea floor maps using
SSS. Thus, the localization modules have to pay
attention to the different sampling rates between
the different sensors. In our particular case, SSS
provides data at higher rate than the localization
sensors. Thus, the proposed approach has to be
able to provide the best possible pose estimate
even when no measurement from the localization
sensors is available. To this end, an Extended
Kalman Filter (EKF) localization framework is
used, similarly to [8], involving the following con-
stant velocity model in the prediction step:

Xt =

























xt−1 + (ẋt−1ct−1 − ẏt−1st−1)∆T
yt−1 + (ẋt−1st−1 + ẏt−1ct−1)∆T

zt−1 + żt−1∆T

ψt−1 + ψ̇t−1∆T
ẋt−1

ẏt−1

żt−1

ψ̇t−1

























(8)

where st−1 and ct−1 denote sin(ψt−1) and
cos(ψt−1) respectively. The subindexes denote the
time step and (ẋ, ẏ, ż, ψ̇) denote the velocities. By
means of this model, when no sensor data is avail-
able, the prediction step will assume that veloci-
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Figure 3: The SSS model.

ties are the same as the last time they were mea-
sured and provide a pose estimate accordingly.
Thus, an approppriate pose estimate will be avail-
able every time the SSS provides a new measure-
ment.

5 ECHO INTENSITY MAP

BUILDING

5.1 THE SSS MODEL

In the context of this paper, a map M is a matrix
of R rows and C columns where each cell repre-
sents a squared area of the sea floor of δM × δM
meters. For the sake of clarity, let the cells be re-
ferred to as pixels and δM as the map resolution.
Each pixel holds information about the echo inten-
sity of the sea floor area it represents. We would
like to emphasize that the term echo intensity may
refer to the raw echo intensity or to the corrected
one processed as described in Section 3.1.

Let us express a pixel q by the coordinates of its
four corners q0, q1, q2 and q3. Let q

m
i = (rmq,i, θ

m
q,i)

be the polar coordinates of the corner qi in the
ground plane with respect to the reference frame
of a specific SSS measurement m ∈ S, where S
denotes the set of all the gathered measurements,
projected to the ground plane. In order to com-
pute the position of the map pixel corners rela-
tive to the the SSS measurement, the position of
the SSS measurement with respect to the map is
required. This position is provided by the local-
ization modules and, as described in Section 4, it
is available at the desired frequency thanks to the
adopted constant velocity model.

Let imin and imax be the indexes of two pixels
corners so that θmq,imin and θmq,imax are the right-
most and the leftmost angles. Finally, let rmg,min

and rmg,max denote the minimum and maximum
ground range, respectively, that the SSS can reach.
Figure 3 illustrates these concepts.

The first step is to model the Probability Density
Function (PDF) p of a point qi to be observed by
the SSS measurement. A realistic, physics-based,
approach is to adapt Equation 3 to model the
probabilities so that the points in the ER receiv-

ing higher ensonification energy are more likely to
be observed. However, this approach is time con-
suming and the computation requirements when
building large maps may be extremely large. In-
stead, our proposal is to model the probabilities
as a Gaussian whose parameter is the angle θmq,i,
which captures the shape of the acoustic main
lobe. Accordingly, the PDF p(θmq,i) is defined as
follows if the point range is within the observable
range:

p(θmq,i) =
2

ϕ
√
2π
e

(

−(θm
q,i

)
2

2(ϕ
2 )

2

)

(9)

In this way the probability is maximum when the
point lies on the acoustic axis and decreases as
the angular position gets farther from the acoustic
axis. The standard deviation is set to ϕ

2
so that

the 95% of the probability lies in the sonar main
acoustic lobe.

The next step is to compute the probability of
a pixel q to be observed by the measurement m.
In other words, the goal is to compute the prob-
ability of a squared region of the sea floor to be
observed by m. Taking into account that the PDF
in Equation 9 only depends on the angle θmq,i and
that a pixel q lies in the angular interval [θmq,imin,
θmq,imax], the probability Pm(q) can be computed
as follows:

Pm(q) =

∫ θm
q,imax

θm
q,imin

p(θ)dθ (10)

As this Equation refers to a whole pixel, it may
happen that the pixel partially lies within the ob-
servable range. Our proposal in this case is to
compute the probability according to Equation 10
if the pixel is either fully or partially inside the
observable range and to assume the probability is
zero otherwise.

5.2 THE MAP

This section describes our approach to build the
echo intensity map M . The first step is to com-
pute the echo intensity value V m(q) for a pixel q
according to a measurement m. This is achieved
by linearly interpolating the values in Img for each
pixel corner and then computing the mean of the
four obtained values as follows:

V m(q) =











0,m 6∈ Sq
3
∑

i=0

(

w1I
m
g ⌈

rm
q,i

δg
⌉+w2I

m
g ⌊

rm
q,i

δg
⌋

)

4
,m ∈ Sq

(11)
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Table 1: Parameters of the SSS used in this paper.
α 30o

ϕ 3o

θ 20o

f 800KHz
λ 1.95mm

rs,max 30m
Resolution δs 0.12m
Bins per swath 250 port, 250 starboard

where w1 =
rmq,i
δg

− ⌊
rmq,i
δg

⌋, w2 = 1−w1 and Sq ⊂ S

is the set of measurements that may have observed
q. Sq can be built either using a geometric criteria
considering the SSS opening and maximum range
or probabilisticly, by considering those measure-
ments whose probability to observe the pixel q are
below a certain threshold. In case the pixel q is
not observed by measurement m, we assign it the
arbitrary value of 0.

Our approach to compute the echo intensity value
V (q) corresponding to a pixel q taking into ac-
count all the measurementsm ∈ Sq that may have
observed it is to weight the individual V m(q) ac-
cording to the corresponding probability Pm(q).
In this way, an echo intensity value corresponding
to one measurement is more influential in the final
value if the measurement has higher probability of
having observed the pixel. That is:

V (q) =
∑

m∈Sq

Pm(q)V m(q) (12)

By computing V (q) for all the pixels in the map,
the echo intensity map M is built.

6 EXPERIMENTAL RESULTS

6.1 EXPERIMENTAL SETUP

The experiments shown in this section have been
performed using an Imagenex SportScan SSS with
two sensor heads attached to an EcoMapper AUV.
The main parameters of this system are shown
in Table 1. The AUV was also endowed with a
Doppler Velocity Log (DVL), providing dead reck-
oning and altitude, and a Global Positioning Sys-
tem (GPS) providing position data when in sur-
face. Moreover, the DVL device also provides ab-
solute heading data by means of a compass.

The AUV mission consisted of a sweeping tra-
jectory along more than 4Km in Port de Sóller
(Mallorca, Spain). During the straight transects,
the AUV was underwater gathering SSS and DVL
data. During the turns, the robot emerged to ob-
tain the GPS position.

Along the experiments, some data regarding the
time consumption will be provided. In these cases
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Figure 4: Estimated ensonification intensity for
(a) one swath and (b) a transect
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Figure 5: Reflectivity corresponding to a single
swath.

the measured times correspond to a Matlab im-
plementation running on Ubuntu 14 and an Intel
i7 CPU at 3.1GHz.

6.2 SWATH CORRECTION

Figure 4-a shows an example of the ensonification
intensity for a whole swath according to the model
presented in Section 3.1 parametrized for our sen-
sor at an altitude h = 6.54m. In this case, bins
denote slant ranges. It provides a fair representa-
tion of the sensor behavior, as it shows two main
intensity peaks, one for each sensor head. The
intensity peaks correspond to the main acoustic
lobes, but they are also influenced by the distance
of each bin to the sensor. Because of that, each
peak is not symmetric with respect to its acoustic
axis. The central region clearly reflects low en-
sonification intensity of the blind zone because of
its proximity to the main lobe boundary.

Figure 4-b shows a set of 1000 ensonification inten-
sity curves corresponding to the the beginning of a
transect. During the first 330 swaths, the vehicle
altitude descended from h = 9.4m to h = 3.9m.
From swath 331 onward, the vehicle altitude was
almost constant and close to h = 3.9m. As the
AUV descends, the two intensity peaks are get-
ting closer and the region corresponding to the
blind zone becomes smaller, stabilizing when con-
stant altitude is reached. This is consistent with
SSS imagery, in which the blind zone changes de-
pending on the altitude.

By comparing Figure 4 and the swath exampli-
fied in Figure 2-a, it is clear that by removing
the ensonification intensity component the result-
ing swath will be a much more realistic represen-
tation of the sea floor.Figure 5 shows the swath
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(a)

(b)

(c)

Figure 6: Swath correction. (a) Raw SSS data.
(b) The ensonification intensity model. (c) Echo
intensity correction and slant correction.

in Figure 2-a corrected according to Equation 6.
It can be observed how the high intensity peaks
have been removed and, thus, the corrected swath
mainly holds information about the sea floor.

Figure 6-a shows the raw data provided by the SSS
at a particular place where a straight underwater
pipe was observed. The pipe appears clearly dis-
torted because SSS provides slant ranges. Also,
the effects of the uneven ensonification are clear,
leading to the bright areas surrounding the blind
zone. Figure 6-b shows the ensonification intensity
model evaluated for this particular set of measure-
ments. Finally, Figure 6-c shows the data after
applying the slant correction and the echo inten-
sity correction. As a result of that, the pipe is
now mapped correctly as a straight line and the
brightness has been significantly corrected.

6.3 ECHO INTENSITY MAP

BUILDING

Figure 7-a shows the echo intensity map corre-
sponding to a 190mx115m part of the explored
area using a resolution of 30cm. It can be ob-
served how our approach properly fuses overlap-
ping swaths, making it possible to observe struc-
tures measured in different transects.

Figure 7-b zooms into the red rectangle of the pre-
vious figure using now a resolution of 12cm. This
resolution is the same as the SSS resolution.

Finally, Figure 7-c also zooms into the red rect-
angle in the previous Figure using a resolution of
5 cm, far better than the one of the SSS. So, as
it can be observed, our proposal makes it possible
to obtain maps at better resolutions than those
of the SSS, showing more details than those in

(a) (b)

(c) (d)

(e)

(f)

Figure 7: (a) Region of 190m x 115m using a res-
olution δM = 30cm. (b) Region of 30m x 20m
using a resolution δM = 12cm. (c) Region of 5.7m
x 3.5m using a resolution δM = 5cm. (d) Raw SSS
data. (e) Raw SSS data. (f) Region of 36m x 11m
using a resolution δM = 0.09m

the raw data by combining overlapping measure-
ments. In this particular example, the mean of
SSS measurements involved in each pixel value is
24.88 and the standard deviation is 3.05. The raw
SSS data corresponding to this particular place
in the environment is shown in Figure 7-d. As
it can be observed, increasing the resolution also
results in blurred images when compared to the
raw data. This effect is due to the combination of
several measurements involving uncertainties and
also to small localization errors.

Another example is provided in Figures 7-e and 7-
f. In these images both the raw data (Figure 7-e)
and the corresponding echo intensity map (Figure
7-f) are shown. The improvements in resolution as
well as the benefits of the echo intensity correction
are clearly visible.

As for the time consumption, the results are shown
in Table 2. As it can be observed, the mean time
per pixel in the largest scenario is smaller than
in the other ones. This suggests that, algorithmi-
cally, the time spent in operations not depending
on the map size is predominant. Examples of oper-
ations not depending on the map size are discard-
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Table 2: Time consumption of the echo intensity
map corresponding to the images in Figure 7.

Region Resolution Total time Time per pixel
750m x 270m 30cm 3.78 h 0.0061 s/pix
30m x 20m 12cm 8.87 min 0.0131 s/pix
5.7m x 3.5m 5cm 3.07 min 0.0128 s/pix

ing SSS measurements not overlapping the map
rectangle or computing their coordinates with re-
spect to the global map frame. Also, the num-
ber of SSS measurements influencing the smaller
regions is proportionally larger than in the large
map and so is |Sq|, thus leading to proportion-
ally larger time consumptions in these particular
smaller maps.

In the two shown smaller regions, it can be ob-
served how the time per pixel is similar. This
shows that, in similar regions where |Sq| is likely to
be similar, the mean time per pixel barely changes.

7 CONCLUSION

This paper presents an approach to build high
resolution sea floor maps using SSS data. The
proposed approach operates in three main steps.
During the first step, swath correction, the raw
SSS data is corrected both in intensity and range
by removing the effects of the uneven ensonifica-
tion pattern and by projecting the data to the
sea floor. During the second step, localization, the
AUV pose is estimated. The proposed localization
method relies on a constant velocity model allow-
ing the obtention of pose information even when
no sensor data is available. During the last step,
map building, the corrected swaths positioned ac-
cording to the localization modules are fused to
build a meaningful representation of the sea floor.
The map building explicitly takes into account
the sensor opening and is based on a probabilistic
model providing information about the likelihood
of each cell in the map to be observed. Thanks to
this, maps can reach better resolutions than those
of the SSS.

Different experiments involving a large sweeping
trajectory (>4 Km) in a real subsea environment
have been presented, showing the quality of the
resulting maps and the ability of our proposal to
build high-resolution maps. Reducing the blur in
the resulting maps is now one of our current re-
search topics.
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