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Abstract—This paper proposes a method to build large scale
coverage maps of Posidonia Oceanica (P.O.) using the imagery
provided by an AUV endowed with a bottom-looking camera.
The process begins by detecting the regions containing P.O. in
each individual image. Afterwards, the overlap between images is
searched and the P.O. detection data in these overlapping regions
is fused to build a global detection map. The paper proposes
three different descriptors to detect P.O. in individual images and
five strategies to fuse the overlapping regions. The experiments,
performed in coastal areas of Mallorca, evaluate and compare
the proposed descriptors and fusion techniques, showing that our
approach surpasses the 91% detection rate.

I. INTRODUCTION

Nowadays, several industrial and touristic activities depend
on the preservation of the marine biodiversity. This preserva-
tion, which constitutes an important goal of the Horizon 2020,
involves tasks such as monitoring certain species of seaweed.

In particular, the Posidonia Oceanica (P.O.) forms large
underwater meadows that protect the shoreline against ero-
sion, provides food and shelter for many organisms and, by
absorbing large amounts of carbon, increases the water quality
and transparency [1]. For these reasons, the European Com-
mission’s directive 92/43/CEE defines the P.O. as a priority
natural habitat. Consequently, monitoring and mapping P.O.
is becoming increasingly important, especially in the Mediter-
ranean where intrusive species such as Caulerpa Taxifolia are
threatening the P.O. survival.

Most strategies aimed at monitorning P.O. rely on pho-
tographs taken by human divers. The extension of the mead-
ows is measured by means of markers and gauges placed in the
seabed. In some cases, acoustic localization is used to recover
the diver position [2]. Nonetheless, these approaches are slow,
inaccurate and limited in time by the scuba air tanks capacity.

Recently, multi-spectral satellite imagery [3] and acoustic
bathymetry [4] are becoming popular. However, these ap-
proaches present important flaws when trying to accurately
discriminate P.O. from other algae types. Other researchers
[5] use unmanned underwater vehicles endowed with cameras.
However, at the extent of the authors knowledge, a fully
autonomous detection and mapping of P.O. has not been
achieved.

The Augmented Reality Sub-sea Exploration Assistant (AR-
SEA) is a funded Spanish project aimed at facilitating un-
derwater monitoring using Autonomous Underwater Vehicles

(AUV) and Remotely Operated Vehicles (ROV). One of the
project goals is to autonomously or semi-autonomously build
coverage maps of the P.O. meadows using image sequences
obtained by a bottom-looking camera attached to the vehicle.
Thanks to this, both the state and the evolution of the meadows
can be measured.

This process involves three main steps. The first step,
presented in Section II, consists on detecting P.O. regions in
each of the gathered images [6]. The second step, discussed in
Section III, involves AUV self-localization in order to detect
the regions where the gathered images overlap. Finally, the
third step, described in Section IV, is aimed at improving
the P.O. classification by combining the individual detections
corresponding to overlapping images.

Thanks to this, a P.O. coverage map is constructed, making
it possible to quantify the extent of the P.O. meadows and their
growth with time. Section V shows the experimental results
validating our proposal.

II. DETECTION

In order to detect P.O., each gathered image is divided into a
set of 𝑀×𝑁 sub-images or patches. A descriptor is computed
for each patch and this descriptor is subsequently used to
classify it as P.O. or not by means of a supervised learning
schema.

In this paper, we propose three different descriptors. The
first one, 𝑑𝑅𝐺𝐵 , consists of three componentes, which are the
mean of the red, green and blue color channels respectively
within the patch under consideration.

The other two descriptors are based on 2D Gabor filters.
These filters, which approximate some characteristics of the
primary visual cortex of mammals, have been successfully
used to perform image segmentation and object classification
[7]. Moreover, they have predominant orientations, similarly
to the actual P.O. leaves and, thus, they are likely to provide
a strong response in front of this particular seaweed. As a
matter of fact, they have successfully been used to detect P.O.
in color enhanced imagery [6].

A Gabor filter is a sinusoidal plane wave modulating a
Gaussian kernel function and can be formulated as follows:
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where (𝑢0, 𝑣0) defines the central frequency and (𝜎𝑥, 𝜎𝑦)
denotes the standard deviation of the Gaussian kernel.

Our proposal is to generate a bank of 40 Gabor filters,
involving 8 different orientations and 5 different scales and
discretize each filter to an 8× 8 matrix.

In order to compute the second descriptor, 𝑑𝐶𝐺, the red,
green and blue channels of each patch are convolved with all
the discretized filters in the filter bank. From each convolution,
two significant values are extracted. On the one hand, the local
energy, defined as follows:

𝐸 =

𝑚−1∑
𝑖=0

𝑛−1∑
𝑗=0

𝑐(𝑖, 𝑗)2 (2)

where 𝑚 and 𝑛 are the number of rows and columns, respec-
tively, of 𝑐, which is the result of the convolution.

On the other hand, the amplitude is also computed for each
color channel of each patch as follows:

𝐴 =

𝑚−1∑
𝑖=0

𝑛−1∑
𝑗=0

∣𝑐(𝑖, 𝑗)∣ (3)

Being each color channel convolved with 40 Gabor filters,
a patch descriptor is composed of 240 values.

To build the third descriptor, 𝑑𝐺𝐺, each patch is first
converted to grayscale. To this end, each pixel value in the
grayscale image is computed as 0.2989 ⋅ 𝑅 + 0.5870 ⋅ 𝐺 +
0.1140 ⋅ 𝐵. The idea behind this weighted sum is to remove
hue and saturation while retaining the luminance. Afterwards,
the aforedescribed Gabor filter approach is applied. Thus, a
patch descriptor in this case consists of 80 values.

Overall, 𝑑𝑅𝐺𝐵 is solely based on color information, 𝑑𝐺𝐺

only takes into account texture information and 𝑑𝐶𝐺 considers
both.

Our proposal to classify the patches is to use a Support
Vector Machine (SVM) [8] although other classifiers could be
used. The effects of using each of the three aforementioned
descriptors to feed the SVM will be experimentally assessed
in Section V.

III. OVERLAP DETECTION

In this study, the AUV motion between pairs of con-
secutively gathered images is computed by means of the
multi-threaded mosaicking algorithm Binary Descriptor-based
Image Mosaicking (BIMOS) [9]. As these estimates are the
result of a global optimization process, the drift is almost
neglectable.

Let 𝑋𝑖
𝑖+1 be the obtained motion estimate from the refer-

ence frame of image 𝑖 to the reference frame of image 𝑖+ 1.
The pose of an arbitrary image 𝑗 with respect to another image
𝑖 can be computed as follows:

𝑋𝑖
𝑗 =

⎧⎨
⎩

⊕𝑗−1
𝑘=𝑖 𝑋

𝑘
𝑘+1 𝑗 > 𝑖
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𝑖−𝑘+1 𝑗 < 𝑖

(4)

Fig. 1. Coordinate transformation

where ⊕ and ⊖ denote the composition and the inversion of
transformations [10]. Thus, a point 𝑝 in the coordinate frame
of an image 𝑗 can be expressed in the frame of an image 𝑖 as
𝑞 = 𝑋𝑖

𝑗 ⊕ 𝑝.

Let 𝐵 = [𝑏0, 𝑏1, 𝑏2, 𝑏3] be the set of points defining the
boundaries of an image with respect of its own coordinate
frame expressed in pixels. As the coordinate frames used by
BIMOS are located at the top-left corner of each image, 𝐵 =
[[0, 0]𝑇 , [𝑤, 0]𝑇 , [𝑤, ℎ]𝑇 , [0, ℎ]𝑇 ], where 𝑤 and ℎ are the image
width and height respectively.

Having all the images the same resolution, the boundary
polygon of image 𝑗 with respect to image 𝑖 can be computed as
𝐵𝑖

𝑗 = 𝑋𝑖
𝑗⊕𝐵. Let 𝑏𝑥𝑖𝑗 and 𝑏𝑦𝑖𝑗 denote the 𝑥 and 𝑦 coordinates,

respectively, of the four points in 𝐵𝑖
𝑗 .

Our proposal is to select one of the gathered images,
namely 𝑖, as a global reference frame and then computing
𝐵𝑖

𝑗 for each of the other images. In this way, the bounding
box of the whole observed area with respect to 𝑖, 𝐵𝑖

𝑎𝑙𝑙 =
[𝑥𝑚𝑖𝑛, 𝑦𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥, 𝑦𝑚𝑎𝑥] can be easily computed from the
coordinates of all the resulting image boundaries.

Next step is to sample the whole bounding box at a desired
sampling resolution 𝛿 and, for each sampling point, check
if it lies within each of the individual boundary polygons.
The coordinates of a sampled point 𝑝𝑠 can be expressed with
respect to the frame of an arbitrary image 𝑗 as ⊖𝑋𝑖

𝑗 ⊕ 𝑝𝑠, as
illustrated in Figure 1. Thus, if a sampled point lies within
one or more images, the corresponding pixel intensities can
be computed and stored.

After applying this process, a collection of pixel intensities
𝑉𝑥,𝑦 is available for each sampled point (𝑥, 𝑦). If the input
images are the result of the classification described in Section
II, the value list 𝑉𝑥,𝑦 holds information of the P.O. presence
according to each image that observed the corresponding
sampled point. Figure 2 summarizes the process.

It is important to emphasize that determining whether a
sampled point lies within an image or not could also be
achieved by simply checking if⊖𝑋𝑖

𝑗⊕𝑝𝑠 is inside 𝐵. However,
by pre-computing 𝐵𝑖

𝑗 and using a fast Point In Polygon (PIP)
algorithm such as the crossing number algorithm [11] the time
consumption is significantly reduced.



Input: [𝑤, ℎ]: Image resolution
𝛿: Sampling resolution
𝑖: Index of the reference image
𝑋𝑖

0..𝑛−1: Relative poses
𝐼0..𝑛−1: P.O. classified images

Output: 𝑉𝑥,𝑦: Set of P.O. detections per sampled point
for 𝑗 = 0 to 𝑛− 1 do

𝐵𝑖
𝑗 ← 𝑋𝑖

𝑗 ⊕ [[0, 0]𝑇 , [𝑤, 0]𝑇 , [𝑤, ℎ]𝑇 , [0, ℎ]𝑇 ]
end
[𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥]← [min𝑛−1

𝑗=0 𝑏𝑥
𝑖
𝑗 ,max𝑛−1

𝑗=0 𝑏𝑥
𝑖
𝑗 ]

[𝑦𝑚𝑖𝑛, 𝑦𝑚𝑎𝑥]← [min𝑛−1
𝑗=0 𝑏𝑦

𝑖
𝑗 ,max𝑛−1

𝑗=0 𝑏𝑦
𝑖
𝑗 ]

for 𝑥 = 𝑥𝑚𝑖𝑛 to 𝑥𝑚𝑎𝑥 step 𝛿 do
for 𝑦 = 𝑦𝑚𝑖𝑛 to 𝑦𝑚𝑎𝑥 step 𝛿 do

for 𝑗 = 0 to 𝑛− 1 do
if (𝑥, 𝑦) inside 𝐵𝑖

𝑗 then
𝑝 = [𝑝𝑥, 𝑝𝑦]

𝑇 ← ⊖𝑋𝑖
𝑗 ⊕ (𝑥, 𝑦)

𝑉𝑥,𝑦 ← 𝑉𝑥,𝑦 ∪ {𝐼𝑗([𝑝𝑥], [𝑝𝑦]}
end

end
end

end

Fig. 2. Building the value list.

IV. DATA FUSION

The goal of the data fusion is to properly aggregate the
values in 𝑉𝑥,𝑦 = [𝑣0𝑥,𝑦, 𝑣

1
𝑥,𝑦, ..., 𝑣

𝑛−1
𝑥,𝑦 ]𝑇 in order to obtain a

single value for each sampled point stating the likelihood of
P.O. at these coordinates.

We propose five different aggregation strategies. The first
four ones, named 𝐴𝑚𝑒𝑎𝑛

𝑥,𝑦 , 𝐴𝑚𝑒𝑑𝑖𝑎𝑛
𝑥,𝑦 , 𝐴𝑚𝑎𝑥

𝑥,𝑦 and 𝐴𝑚𝑖𝑛
𝑥,𝑦 consist

on computing the mean, the median, the maximum and the
minimum of 𝑉𝑥,𝑦 respectively.

As, in our particular implementation the regions classified
as P.O. are labelled as zero and the regions not containing P.O.
are labelled as one, a single P.O. detection in 𝑉𝑥,𝑦 leads to a
P.O. result in 𝐴𝑚𝑖𝑛

𝑥,𝑦 . Similarly, a single value in 𝑉𝑥,𝑦 stating
that no P.O. was present will result in no P.O. in 𝐴𝑚𝑎𝑥

𝑥,𝑦 . These
are extremely conservative approaches that will be evaluated
experimentally. As for 𝐴𝑚𝑒𝑎𝑛

𝑥,𝑦 , the result is a number between
0 and 1 that must be thresholded. Regarding 𝐴𝑚𝑒𝑑𝑖𝑎𝑛

𝑥,𝑦 , a value
of zero or one is directly provided.

The fifth method, named 𝐴𝑊
𝑥,𝑦 weights each P.O. detection

according the the image classifier itself. Being our proposal
based on an SVM, further description assumes this particular
classifier. However, extending the approach to other classifiers
is straightforward.

Roughly speaking, an SVM considers each descriptor as a
point in an 𝑛-dimensional space, being 𝑛 the descriptor size.
Training our SVM consists on finding the hyperplane 𝑃 that
divides the space in two regions, one containing the descriptors
labelled as P.O. and another one containing the descriptors not
labelled as P.O. Afterwards, classifying a new descriptor is
achieved by determining in which side of the hyperplane lies.

However, additional information can be obtained during the
classification. In particular, the distance 𝐷(𝑑, 𝑃 ) from each
descriptor 𝑑 to the hyperplane 𝑃 can be easily computed.
Large distances mean that the descriptor is likely to be well
classified, as it is clearly sepparated of the threshold plane
𝑃 . Similarly, short distances suggest a possible wrong classi-
fication. In other words, the likelihood of an image patch to
be wrongly classified is inversely proportional to the distance
from its descriptor to 𝑃 .

Our proposal is to compute the inverse 𝐷−1(𝑑, 𝑃 ) of the
aforementioned distance for all the descriptors being classified
and normalizing the values to the interval [0,1]. Let 𝑈𝑥,𝑦 =
[𝑢0𝑥,𝑦, 𝑢

1
𝑥,𝑦, ..., 𝑢

𝑛−1
𝑥,𝑦 ]𝑇 be the set of these normalized values

corresponding to each of the classification values in 𝑉𝑥,𝑦.
In order to properly weight each detection according to

its uncertainty, a Kalman filter (KF) approach is adopted by
considering that 𝑉𝑥,𝑦 is the measurement. As a result, 𝐴𝑊

𝑥,𝑦

can be written as follows:

𝐴𝑊
𝑥,𝑦 = 𝐴0 + (𝑃0 ⋅𝐻𝑇 ⋅ (𝐻 ⋅ 𝑃0 ⋅𝐻𝑇 +𝑅𝑥,𝑦)

−1) ⋅
⋅ (𝑉𝑥,𝑦 −𝐻 ⋅𝐴0) (5)

where 𝐴0, 𝑃0, 𝐻 and 𝑅𝑥,𝑦 are defined as follows.
𝐴0 ∈ [0, 1] is the mean of the prior estimate. In absence

of any other information, 𝐴0 can be set to 0.5, meaning that
any point in the space has equal probability of containing P.O.
If the region to explore is known to contain large amounts of
P.O., 𝐴0 could be increased, or reduced if low amounts of P.O.
are expected.
𝑃0 is the variance of the prior estimate. We propose the

following heuristic to compute its value:

𝑃0 =

(
min(1−𝐴0, 𝐴0)

2

)2

(6)

As 𝑃0 represents the uncertainty of 𝐴0, the closer 𝐴0 is
to 0.5, the larger is the uncertainty. Also, by means of this
Equation, the 2𝜎 bound is always inside the [0,1] interval.

The parameter 𝐻 is in charge of projecting the prior 𝐴0

into the space of P.O. detections 𝑉𝑥,𝑦 . Thus, 𝐻 = [1]𝑛×1 is a
column vector of ones of the same size that 𝑉𝑥,𝑦 .

As for 𝑅𝑥,𝑦 , it denotes the covariance of the 𝑉𝑥,𝑦 . Our
proposal is to consider each item in 𝑈𝑥,𝑦 as a 2𝜎 bound as
follows:

𝑅𝑥,𝑦 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

(
𝑢0
𝑥,𝑦

2

)2

0 ⋅ ⋅ ⋅ 0

0
(

𝑢1
𝑥,𝑦

2

)2

⋅ ⋅ ⋅ 0

...
...

. . .
...

0 0 ⋅ ⋅ ⋅
(

𝑢𝑛−1
𝑥,𝑦

2

)2

⎤
⎥⎥⎥⎥⎥⎥⎥⎦

(7)

Let us define 𝐴𝑚𝑒𝑎𝑛, 𝐴𝑚𝑒𝑑𝑖𝑎𝑛, 𝐴𝑚𝑎𝑥, 𝐴𝑚𝑖𝑛 and 𝐴𝑊 as
the result of applying the mentioned aggregation criteria to
all the sampled points (𝑥, 𝑦). Both 𝐴𝑚𝑒𝑎𝑛 and 𝐴𝑊 provide



TABLE I
QUALITY INDICATORS FOR THE THREE DESCRIPTORS ACCORDING TO

MONTE CARLO CROSS VALIDATION

Indicator 𝑑𝑅𝐺𝐵 𝑑𝐺𝐺 𝑑𝐶𝐺

Hit ratio (𝜇) 90.95% 91.62% 95.39%
Hit ratio (𝜎) 2.9 1.84 2.24
True positives 48.32% 48.73% 49.27%
True negatives 42.63% 42.89% 46.12%
False positives 5.82% 6.2% 2.84%
False negatives 3.23% 2.18% 1.77%

values between 0 and 1 and, thus, they must be thresholded.
Our proposal is to use the Otsu method [12] to this end.

V. EXPERIMENTAL RESULTS

In order to experimentally assess the validity of our ap-
proach, two data sets have been used. The first one will be
referred to as base dataset and is composed of 69 images
of different resolutions gathered by an AUV with a bottom
looking camera in several coastal areas of Mallorca. These
images involve different illumination conditions and different
types of P.O. textures. One third of the images in the dataset
has only P.O. Another third has no P.O. at all, and the last
third contains patches with P.O. and patches without it. A hand
labelled ground truth has been built for each of these images.

The second one, called the mission dataset, is composed of
333 images with a resolution of 960x650 gathered during a
single mission by the bottom looking camera of our AUV in
Port de Valldemossa (Mallorca).

A. Training

In order to evaluate the training process, a Monte Carlo
cross validation schema is used on the base dataset as follows.
First, a 20% of the images has been randomly selected as the
training set and the remaining 80% as the test set.

Second, the descriptors 𝑑𝑅𝐺𝐵 , 𝑑𝐶𝐺 and 𝑑𝐺𝐺, described in
Section II have been computed for the training set and used
to train the SVM together with the ground truth. To this end,
each image has been divided into a set of 20×20 patches.
Taking into account that in some ground truth images it was
difficult to clearly state the P.O. perimeter, the SVM is trained
under the assumption that a 5% of the training samples are
outliers

Third, the descriptors have also been computed for the test
set and classified using the trained SVM. The quality of the
classification has been assessed thanks to the ground truth.

These steps have been repeated 500 times, randomly build-
ing the training and test sets each time. In other words, each
of the 500 tests involves classifying a random set containint an
80% of the images using an SVM trained with the remaining
20% of the images.

Table I summarizes the obtained results. In the context
of this study, true positives and negatives denote properly
classified patches containing P.O. and not containing P.O.
respectively. False positives and negatives denote the situations
in which the classifier output (P.O. and not P.O. respectively)
is wrong.

(a) (b)

(c) (d)

Fig. 3. An example of P.O. detection using the mission dataset, showing the
20×20 patch divisions. (a) Raw image and classifications according to (b)
𝑑𝑅𝐺𝐵 , (c) 𝑑𝐺𝐺 and (d) 𝑑𝐶𝐺.

The results show that the first two descriptors provide
similar results, being 𝑑𝐺𝐺 slightly more stable as the standard
deviation is smaller. To the contrary, a significant improvement
appears when using 𝑑𝐶𝐺, which surpasses a 95% hit ratio.

Being the percentage of P.O. in the dataset approximately
50%, the differences between positives and negatives for all the
descriptors show that detecting P.O. is slightly more accurate
than detecting regions without P.O. This is likely to be due
to the fact that all P.O. patches are similar whilst those not
containing P.O. may be very different as they may contain
other types of vegetation, sand or rocks among many other.

B. Coverage map

In order to evaluate the coverage map building, the SVM has
been trained using all the images in the base dataset and the
three descriptors. The trained SVM was then used to classify
the images in the mission dataset.

As an example, Figure 3 shows one of the images in
the mission dataset classified with each of the descriptors.
As it can be observed, 𝑑𝑅𝐺𝐵 performs poorly in this case.
Being the main difference between the base and the mission
datasets the illumination conditions, this suggests that color-
only descriptors are not approppriate.

A set of coverage maps for this dataset was built using
the overlap detection approach presented in Section III and
the five aggregation methods described in IV applied to the
three descriptors presented in Section II. To build the maps, a
sampling resolution 𝛿 = 1 was used and 𝐴0 = 0.5 was chosen
for the 𝐴𝑊 aggregation method. A hand labelled coverage
map was used as ground truth.

The obtained results when using 𝑑𝑅𝐺𝐵 to describe the
patches are shown in Table II. In this case, the aggregation
results are significantly below those obtained with indivisual
images. As suggested by the example in Figure 3, a change
in the illumination with respect to the training dataset renders
the 𝑑𝑅𝐺𝐵 descriptor unreliable. Moreover, being 𝐴𝑚𝑖𝑛 the
aggregation method providing the best results in this case



TABLE II
QUALITY INDICATORS FOR EACH AGGREGATION METHOD USING THE

DESCRIPTOR 𝑑𝑅𝐺𝐵

Indicator 𝐴𝑚𝑒𝑎𝑛 𝐴𝑚𝑖𝑛 𝐴𝑚𝑎𝑥 𝐴𝑚𝑒𝑑𝑖𝑎𝑛 𝐴𝑊

Hit ratio 60.86% 67.38% 55.94% 60.86% 61.25%
True positives 52.50% 51.49% 52.39% 52.51% 52.39%
True negatives 8.35% 15.89% 3.56% 8.35% 8.86%
False positives 39.14% 31.73% 44.06% 39.14% 38.75%
False negatives 0.00% 0.89% 0.00% 0.00% 0.00%

TABLE III
QUALITY INDICATORS FOR EACH AGGREGATION METHOD USING THE

DESCRIPTOR 𝑑𝐺𝐺

Indicator 𝐴𝑚𝑒𝑎𝑛 𝐴𝑚𝑖𝑛 𝐴𝑚𝑎𝑥 𝐴𝑚𝑒𝑑𝑖𝑎𝑛 𝐴𝑊

Hit ratio 90.04% 62.26% 82.20% 90.05% 90.79%
True positives 42.26% 14.70% 50.32% 42.26% 43.47%
True negatives 47.78% 47.56% 31.87% 47.79% 47.32%
False positives 0.27% 0.05% 15.74% 0.26% 0.29%
False negatives 9.69% 37.69% 2.06% 9.69% 8.92%

shows that 𝑑𝑅𝐺𝐵 is more prone to classify patches as not
containing P.O.

The use of 𝑑𝐺𝐺 significantly increases the detection rate, as
shown in Table III. In this case, 𝐴𝑚𝑖𝑛 is clearly surpassed by
the other aggregators, reaching a 90.79% hit rate when using
𝐴𝑊 .

The results when using 𝑑𝐶𝐺, shown in Table IV, slightly
improve the previous ones. In this case, 𝐴𝑚𝑒𝑎𝑛, 𝐴𝑚𝑒𝑑𝑖𝑎𝑛 and
𝐴𝑊 surpass the 91% hit rate.

Overall, these results show that color alone is not enough
to properly detect P.O. and that texture information is needed.
Moreover, switching from 𝑑𝐺𝐺 to 𝑑𝐶𝐺 do not lead to major
improvements, suggesting that adding color information to the
texture descriptor is not significant.

As for time consumption, the data shown in Table V
correspond to the total time spent to aggregate the data
while building the whole coverage map. The time, which
corresponds to a Matlab implementation running on a quad-
core i7 laptop at 3.1 GHz, does not depend on the specific
descriptor because, in all cases, the amount of values to
aggregate is the same.

It can be observed that, even though 𝐴𝑊 is slightly better

TABLE IV
QUALITY INDICATORS FOR EACH AGGREGATION METHOD USING THE

DESCRIPTOR 𝑑𝐶𝐺

Indicator 𝐴𝑚𝑒𝑎𝑛 𝐴𝑚𝑖𝑛 𝐴𝑚𝑎𝑥 𝐴𝑚𝑒𝑑𝑖𝑎𝑛 𝐴𝑊

Hit ratio 91.21% 62.22% 82.09% 91.22% 91.38%
True positives 43.20% 14.62% 50.40% 43.20% 43.93%
True negatives 48.01% 47.60% 31.69% 48.02% 47.44%
False positives 0.12% 0.01% 15.92% 0.12% 0.17%
False negatives 8.66% 37.77% 1.99% 8.66% 8.45%

TABLE V
TIME SPENT AGGREGATING THE DATA TO BUILD THE WHOLE COVERAGE

MAP

Method 𝐴𝑚𝑒𝑎𝑛 𝐴𝑚𝑖𝑛 𝐴𝑚𝑎𝑥 𝐴𝑚𝑒𝑑𝑖𝑎𝑛 𝐴𝑊

Time 10.92s 5.44s 5.60s 12.04s 21.19s

Fig. 4. Mosaic of the mission dataset built using BIMOS.

that 𝐴𝑚𝑒𝑎𝑛 and 𝐴𝑚𝑒𝑑𝑖𝑎𝑛, the time consumption is almost
twice the one of these methods.

Summarizing, if time consumption is not important, the
combination of 𝑑𝐶𝐺 and 𝐴𝑊 provides the best results, reach-
ing 91.38% hit rate. However, if time consumption is relevant,
𝑑𝐺𝐺 and 𝐴𝑚𝑒𝑎𝑛 lead to a similar hit rate of 90.04% with a
significantly lower execution time.

To illustrate the results, Figure 4 shows the BIMOS mosaic
corresponding to the mission dataset.

The fifteen coverage maps corresponding to the combina-
tions of the three descriptors and the five aggregators are
shown in Figure 5. The ones corresponding to 𝐴𝑚𝑒𝑎𝑛 and
𝐴𝑊 are depicted prior to the thresholding process.

VI. CONCLUSION

A method to build large scale coverage maps of P.O. from
underwater imagery has been presented. The proposal is to
first detect P.O. in each of the gathered images and then fuse
all the detections into a single, globally consistent, coverage
map.

Three different approaches to P.O. detection and five differ-
ent methods to perform the data fusion have been described
and experimentally evaluated. As for P.O. detection, the results
suggest that, although color provides useful information, it is
texture the truly discriminant feature. Regarding data fusion,
the KF approach slightly increases the detection rate at the
cost of larger computational requirements.

Overall, our proposal is able to build large-scale coverage
maps of P.O. with a hit ratio surpassing the 90%.
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