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Abstract: Marine litter poses a significant global threat to marine ecosystems, primarily driven by
poor waste management, inadequate infrastructure, and irresponsible human activities. This research
investigates the application of image preprocessing techniques and deep learning algorithms for
the detection of seafloor objects, specifically marine debris, using unmanned aerial vehicles (UAVs).
The primary objective is to develop non-invasive methods for detecting marine litter to mitigate
environmental impacts and support the health of marine ecosystems. Data was collected remotely
via UAVs, resulting in a novel database of over 5000 images and 12,000 objects categorized into
31 classes, with metadata such as GPS location, wind speed, and solar parameters. Various image
preprocessing methods were employed to enhance underwater object detection, with the Removal of
Water Scattering (RoWS) method demonstrating superior performance. The proposed deep neural
network architecture significantly improved detection precision compared to existing models. The
findings indicate that appropriate databases and preprocessing methods substantially enhance the
accuracy and precision of underwater object detection algorithms.

Keywords: marine litter dataset; underwater object detection; image preprocessing; deep learning;
environmental monitoring; RoWS method

1. Introduction

Marine litter is a pervasive global issue that affects all the world’s oceans. Poor solid
waste management practices, insufficient infrastructure, and irresponsible human behaviors
and activities have resulted in significant environmental, economic, health, and aesthetic
challenges. Most marine debris is characterized by its slow decomposition rate, leading to
extensive and gradual accumulation in both marine and coastal environments [1].

To alleviate pressure on marine environments, reducing waste production is crucial.
However, attention must also be paid to existing waste in these environments and devel-
oping methods to remove it before it accumulates and fragments further. The initial step
towards addressing this issue is the detection of marine litter.

This paper focuses on exploring algorithms for detecting objects in marine and coastal
areas utilizing computer vision and convolutional neural network technologies. Develop-
ing such algorithms necessitates accessing a substantial data set, achieved with minimal
disruption to the marine ecosystem. The preferred non-invasive method has been identi-
fied as remote data collection, specifically via an unmanned aerial vehicle or UAV. This
technology is envisioned for various applications, including the detection of marine debris,
monitoring marine flora and fauna, assessing pollution or environmental changes in coastal
microsystems, and exploring ecologically sensitive areas that are inaccessible to divers. The
overarching objective is to cleanse the seas, lessen the impact on marine environments,
and bolster underwater life. A notable challenge is the relatively unexplored nature of
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the underwater domain compared to terrestrial environments. Computer vision-guided
methods face limitations due to the sea’s physical and chemical properties, which hinder
the acquisition of clear data and images for analysis, influencing how photos are collected
and the methods applied for further data processing [2,3].

There are various databases that are used to detect objects under the sea or on the
surface of the sea, but there is no available database containing images of the objects in the
sea that were photographed by an unmanned aerial vehicle. Specialized algorithms and
networks adapted to solve the problem of undersea object detection in UAV photographs
have not been explored as object detection on the sea surface using UAVs or under the sea
using remotely controlled underwater vehicles. Furthermore, the detection of objects on
the surface of the sea achieves satisfactory results due to less influence of external factors.
The detection of objects under the sea encounters difficulties due to the physical properties
of the sea surface, weather conditions, the impurity of the optical medium, the biological
properties of the sea, and the influence of nature on the environment, so the area has not
yet been sufficiently explored.

Our contributions are detailed as follows: (a) An extensive database containing UAV
photos of marine debris on and below the sea surface and (b) Proposed procedure for pre-
processing UAV images of underwater objects that improves detection and classification
results of the seafloor objects.

The rest of this paper is organized as follows. In Section 2, related work is shown,
and in Section 3, the database, preprocessing methods, and the proposed approach are
introduced. In Section 4, the dataset and experiments conducted are presented. Finally,
Section 5 concludes this paper.

2. Related Work
2.1. Underwater Objects Images Databases

Kislik et al. photographed the river area using RGB UAVs at altitudes ranging from
19 to 104 m, capturing a total of 60 photographs, of which 32 were selected for processing.
The objects of observation were filamentous algae and macrophytes [4].

Politikos et al. used the database Integrated Information and Awareness Campaigns
for Reducing Plastic Bags in the Marine Environment. The database contains a total of 635
photographs, which were obtained using a towed underwater camera (TUC) mounted on a
small vessel [5].

Marin et al. conducted data processing using the JAMSTEC (Japan Agency for Marine-
Earth Science and Technology) database, which was supplemented with photographs from
the Google Images database. Google Images contributed to the final dataset, which contains
images from six different classes: glass, metal, plastic, rubber, other trash, and no trash. The
database contained 2395 photographs. Image preprocessing included converting images
from RGB to BGR format (for VGG19 and ResNet50 models) and scaling pixel values
between —1 and 1 (for InceptionV3, Inception-ResNetV2, and MobileNetV2 architectures).
For DenseNet121, pixel values were scaled between 0 and 1 and normalized with respect to
the ImageNet data [6].

Yabin et al. used photographs from Google Earth and the competitive platform
Kaggle [7]. They processed photographs where the observed objects were ships on the sea
surface, identified from a distance using satellites. The K-Means algorithm was used to
cluster the bounding box sizes of objects in the images, and the traditional Non-Maximum
Suppression (NMS) algorithm was replaced with the Soft-NMS algorithm to improve the
accuracy of object detection. The database consists of 150,000 photographs, of which 42,556
contain the target object [8].

The University of Rijeka and collaborators processed photographs of ships on the sea
surface taken from the Google image search and Google satellites, where their database
consisted of 5608 photographs [9].
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Lin et al. used the URPC 2018 database, which consists of 2901 training and 800 test un-
derwater photographs collected by autonomous underwater vehicles (AUV). The observed
objects are sea cucumbers, sea urchins, shells, and starfish [10].

Li et al. generated their database using WaterGAN, which consisted of aerial pho-
tographs taken at appropriate depths in color that were realistic and contained flora and
fauna. WaterGAN provides a solution for underwater image restoration by leveraging the
power of GANs to generate realistic training data. This approach enables the development
of a color correction network that can operate in real time, significantly enhancing the
quality of underwater imagery for various applications. WaterGAN works by estimating
depth and restoring color using depth information [11].

Hong et al. presented their database TrashCan [12], which was created by collecting
data from various sources, primarily from the JAMSTEC [13], which possesses a database
with a large number of underwater videos collected by AUVs. The TrashCan dataset
currently consists of 7212 annotated photographs containing labeled objects of underwater
debris, fauna, flora, and remotely operated vehicles (ROV). The authors presented two
versions of this dataset: TrashCan—Material and TrashCan-Instance [14].

In the next study, Hong et al. use a database containing photographs collected by
AUVs that depict labeled underwater debris. The photographs include objects made
of various materials, from plastic to metal, and were taken under different underwater
conditions [15].

Fabbri et al. used the ImageNet [16] database and diver videos taken from the YouTube
channel [17]. ImageNet is a database of images organized according to the WordNet
hierarchy. Each term, or synset (a set of synonyms), of which there are over 100,000 in
this database, is illustrated with an average of 1000 photographs. All photographs are
quality-controlled and annotated. The authors currently offer users 3.2 million photographs,
with the aim of offering tens of millions of photographs that will be sorted and annotated
for most concepts in WordNet [18].

The database used by Martin et al. [19] consisted of about a thousand photographs
taken by a commercial UAV at 10 m altitude, which were taken along the coastline of
sandy beaches along the Saudi Arabian Red Sea. The object of observation was beach
anthropogenic litter and, specifically, macroplastics from sandy, terrestrial parts [20].

Garcia-Garin et al. collected aerial footage using UAVs and manned aircraft, pho-
tographing floating debris on the sea surface. The database consisted of 3723 photographs [21].

The Enhancing Underwater Visual Perception (EUVP) [22] database is a collection
of unpaired and paired photographs of poor and good quality. The authors created this
database to facilitate the training of models for object detection in underwater photographs.
The paired dataset was prepared using the process proposed by Fabbri et al. [17] and has
been improved and updated. The paired dataset contains 24,840 photographs, while the
unpaired dataset contains 6665 photographs, of which 3195 are of poor quality, and 3140
are of good quality. The objects in the photographs include flora, fauna, and divers.

Naseer et al. used the Gulf of Cadiz database owned by the Spanish Oceanographic In-
stitute, which contained underwater video footage. From over 100,000 frames, they selected
those containing underwater habitats and burrows of the species Nephrops Norvegicus,
totaling 200 frames [23].

It can be seen that the mentioned databases are as diverse as possible in terms of the
method of photography, the observed object of photography, and the area of photography.
However, there is no database with images acquired by a UAV (or it is not publicly available)
that includes underwater litter as objects of observation.

2.2. Underwater Images Restoration and Their Cases

There is a growing demand for high-quality images that can be used for the detection
and analysis of underwater objects, prompting numerous studies into underwater photo-
processing techniques. These techniques are generally categorized into restoration and
enhancement. The primary distinction lies in the approach; restoration involves using the
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physical properties of environmental conditions (e.g., water turbidity, diffusion, sun angle,
light scattering, and absorption) and building mathematical models that can reverse those
effects, while enhancement techniques do not consider the physical properties, focusing
instead on improving image quality through various computer vision and image processing
adjustments [24].

Underwater photo restoration employs methodologies that leverage physical models,
constructing a framework based on an understanding of how the physical degradation of
photographs happens alongside the principles of light propagation. This approach hinges
on accurately determining key parameters from established knowledge of these physical
models, followed by reversing the degradation process to restore the image. Among
these, the simplified image blur model is recognized as both a standard and an effective
framework for underwater photo restoration. Restoration methods fall into two broad
categories: hardware and software approaches. Hardware-based restoration encompasses
polarization methods, stereo photography, and techniques utilizing a limited depth of
field. Conversely, software-based restoration encompasses methods that utilize the optical
characteristics of the image, approaches that rely on prior knowledge, and techniques
employing deep learning algorithms for photo restoration [24].

Investigations into enhancing the quality of underwater photographs typically employ
methods that act directly on the already existing images. These approaches focus on
enhancing color and contrast by adjusting the distribution of pixel intensities without
delving deeply into the principles of underwater imaging. Moreover, specific enhancement
techniques have been tailored to address common issues. Moreover, advanced techniques
such as convolutional neural networks and other deep learning approaches have been
utilized to refine underwater photos. These methods leverage the capability of models to
identify and learn from hidden features to bring about improvements in the photographs.
Underwater photo enhancement can be broadly categorized into four groups, each based on
a distinct approach: enhancements based in the spatial domain, those using the frequency
domain, techniques that maintain color constancy, and methods that incorporate deep
learning strategies [24].

Restoration methods typically involve simulating the photodegradation process and
then reversing this process to reconstruct the original image. Consequently, research in the
restoration of underwater photographs is primarily focused on creating a physical model
that captures the underlying principles of how underwater images are formed. While more
complex models may account for a broader range of factors influencing image capture,
simpler models often prove effective across a wider array of scenarios. The restoration of
underwater photographs draws on existing knowledge regarding the principles of image
degradation or is guided by statistical data analysis.

There are three principal categories of underwater photo restoration methods. The
first category is centered on developing a physical model that accurately reflects the process
of underwater photography. The second category utilizes prior knowledge, such as estab-
lished principles of degradation or statistical data, to enhance the precision in estimating
unknown variables within the imaging model. The third category creates a synthesis of the
physical imaging model with deep learning techniques, aiming to significantly improve
the restoration of underwater photographs [25].

Research studies exploring regions from shallow to deep seas encounter several
obstacles in imaging and observation, specifically struggling with the scarcity of natural
light in deeper marine environments. This often necessitates the use of artificial lighting for
underwater photography, which can compromise photo quality due to issues like weak and
patchy light distribution. The exploration of effective lighting strategies for underwater
filming is still in the foundational stage. Photograph restoration techniques for deep-sea
images fall into two primary categories. The first encompasses generic methods applicable
to addressing certain common issues in deep-sea imaging. The second category comprises
specialized methods explicitly crafted and optimized for processing images captured in
deep-water settings [25].
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The majority of current methods rely on underwater unmanned vehicles to capture
images of underwater litter, which is a slower and resource-intensive process requiring
skilled operators. Using UAVs to detect underwater objects presents unique challenges,
such as image distortion due to wave movement, varying water transparency, and changes
in color spectrum with depth. The techniques discussed in this paper are already reported
in the literature and are used to restore and enhance underwater images. This research
contributes by exploring those preprocessing techniques that mitigate image distortions,
thereby enhancing the accuracy and reliability of underwater litter detection using UAVs.
The obtained results show the potential to streamline the monitoring process and fill a gap
in the current methodologies.

3. Materials and Methods
3.1. Database

Before collecting photographs for the database, the following guidelines were set:

method of data collection has to be remote sensing using UAV

images should be taken in multiple altitudes—5 m, 10 m, 15m

subject of photography—marine debris (litter)

classes—various non-degradable objects

photography area—shallow benthic zone (photic zone) with visible litter

annual range—during the entire year, seasonal

time of day—from 6:00 to 20:00 (for various times of daylight)

parameters that should be recorded—date and time, season, GPS coordinates, wind
speed and direction, sun elevation, and azimuth

To create a database following the rules that are set above, UAVs DJI Mavic pro 2
camera Hasselblad 20MP 4K UHD and DJI air 2S camera 2.4 um 5.4K UHD (manufactured
by DJI, Shenzen, China) were used to collect images from 5 m, 10 m, and 15 m height.

The photos were taken in the coastal area of the Adriatic Sea in Split-Dalmatia County.
Twenty-three locations (stations) are located in the coastal area of the following cities:
Kastela, Vranjic, Split, Stobre¢, Podstrana, and Lokva Rogoznica, as shown in Table 1,
Figure 1 and zoomed in Figure 2.

Table 1. Location by city and GPS coordinates.

Location GPS Location

Kastel Luksi¢, Croatia 43.550427, 16.366794
Kastel Kambelovac, Croatia 43.548128, 16.385065
Kastel Gomilica, Croatia 43.546852, 16.397127
Kastel Suéurac, Croatia 43.543966, 16.412761
Vranjic, Croatia 43.531615, 16.465627
beach anan, Split, Croatia 43.500656, 16.482890
Stobre¢, Croatia 43.500646, 16.515163
Podstrana, Croatia 43.472911, 16.569938
Lokva Rogoznica, Croatia 43.406480, 16.787435

Data collection was conducted through all four seasons from December 2021 until
March 2023. During the winter, three trips to the field were made, five trips were made dur-
ing the spring, eight during the summer, and fourteen during the fall, so image distribution
was kept similar per season, as shown in Figure 3.

As shown in Figure 4, the earliest time for photography was at 7:10, and the latest
was at 18:30, while the wind speed ranged from 0 km/h to 35 km/h. The number of
images present in a specified bucket (by time of the day or by wind speed) is shown in
Figures 4 and 5.
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Figure 1. Locations of all images that are in the dataset (coastal region of Croatia).
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Figure 2. The zoomed-in location where each dot represents the location where the image was taken.

Another key factor in building this kind of database is the position of the sun. As
shown in Figures 6 and 7, solar elevation and azimuth were measured to be included in the
database (those values are averaged per station instead of per image).

Processing RAW images demands significant computational resources. Therefore,
all images were downscaled by a factor of two in both horizontal and vertical resolution
and subsequently converted to PNG format. This modified dataset is referred to as the
Half Size database. Also, most deep neural networks require smaller images than those
in RAW or half-size databases. Resizing again was not a feasible option since the images
contained small objects, and resizing would reduce these objects to a few pixels. Therefore,
a patch database was created from the halved one, as shown in Figure 8. This database is
referred to as the All Patches database. Parts of the images showing the objects were cut out
into patches, i.e., a part of the image where labeled objects are located. The patches have
dimensions of 640 x 640 pixels and contain one or more objects that are fully or partially
visible. This database has 6298 images that are smaller and easier to work with. Since the
classes are imbalanced, 9 classes were selected to train with, covering most of the litter
found on the seafloor, as shown. These classes were extracted from the All Patches database
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(summary data presented in Figure 8 and class distribution presented in Figure 9) to create
a final Selected Patches database used for preprocessing and training the models. The
selected Patches database, shown in Figure 10, consists of 4016 images of 640 x 640 pixels
containing the classes: Fragments, Construction material, Tires, Cans, Bottles, Cloth, Bags,
Caps and lids, and Cups as shown in Figure 11.

Distribution of images with object per season
800 722
694

600
400
200

o

Autumn Spring Summer Winter
Season

Figure 3. Distribution of images with objects per season.

Distribution of images per time of day
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Figure 4. Distribution of images per time of day.
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Figure 5. Distribution of images by wind speed.
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Figure 7. Distribution of azimuth (an angle between north and projected sun location).

3.2. Preprocessing Methods

Nine preprocessing methods that can improve image quality were selected. CLAHE,
ICM, ULAP, GC, MIP, DCP, RGHS, and GBdehazingRCorrection methods collectively ad-
dress a wide range of issues encountered in underwater photography, including contrast,
color distortion, haze, and noise. Each of these methods has been shown to be effective
in improving the quality of underwater images, offering reliable results. These methods
are adaptable to various underwater conditions, ensuring consistent performance across
different scenarios. Therefore, one can ensure a comprehensive and effective approach to
preprocessing underwater images, leading to significantly improved image quality [24-27].
Because underwater environments often suffer from poor visibility due to scattering and
absorption of light, which leads to hazy images with low contrast and color distortion,
we also chose RoWS, a method that aims to mitigate these issues [28]. Although, in the
literature, the mentioned methods are related to the improvement of images taken under
the sea surface, it is assumed that their application could also improve aerial images of the
seafloor collected by an unmanned aerial vehicle. Each method was implemented per the
paper description. Some methods can yield better results if applied after another prepro-
cessing method, so additionally, two methods were combined to test the composability of
the preprocessing methods. The proposed database features underwater objects, and while
the photographic acquisition process differs, these methods could be effectively utilized.

3.2.1. RoWS (Removal of Water Scattering)

ROWS [28] is a method proposed by Liu Chao and Meng Wang to restore the clarity
of underwater images using the dark channel prior. This technique addresses the common
issue of underwater images being affected by scattering and attenuation due to particles
in the water, which is similar to the effect of heavy fog in the air. The dark channel prior
assumes that in most patches of a water-free image, some pixels have very low intensities
in at least one color channel. This assumption helps estimate the depth of turbid water
and remove its effects, revealing the original clarity of the images. The method involves
estimating the background light and transmission map, which are then used to recover the
scene radiance. The results show significant improvement in image clarity, making objects
appear as if taken in a crystal-clear medium. However, the method does not address the
problem of absorption, which affects color restoration. The authors suggest that future
work could involve using a fast, soft matting algorithm to improve the transmission map
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and address the absorption issue. The paper concludes that while the dark channel prior
is effective, it may not work well in extreme cases where the scene object is similar to the
background light over a large region.

RAW Images Half Size

* Images: 5405 ¢ Images: 5405

e Labels: 12,786 e Labels: 12,786

* Size: ~193 GB » Size: ~33GB

e Format: DNG e Format: PNG

* Resolution: ~5k * Resolution: ~2K
* Classes: 31 » Classes: 31

—Downscale=—>

enerate patches—J

G
All patches Selected patches

* Images: 6298 * Images: 4016

e Labels: 17,913 e Labels: 10,958

* Size:3.3GB e Size:21GB

e Format: PNG e Format: PNG

* Resolution: 640x640 * Resolution: 640x640
» Classes: 31 e Classes: 9

Figure 8. Flowchart of the database creation process.
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Figure 9. Distribution of the number of labels per patch in the All Patches database.

Figure 10. Labeled image samples from the All Patches database.
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Figure 11. Distribution of classes in the Selected Patches database.
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3.2.2. ICM (Integrated Color Model)

ICM [29] is a methodology used to enhance underwater images. The approach involves
two main steps: Contrast Stretching of RGB Algorithm and Saturation and Intensity
Stretching of HSI (Hue, Saturation, Intensity). The first step is used to equalize the color
contrast in the images by stretching the range of the color values to make use of all possible
values. Each pixel is scaled using a linear scaling function to maintain the correct color
ratio. The second step is used to increase the true color and solve the problem of lighting
in underwater images. The HSI model provides a wider color range by controlling the
color elements of the image, which helps in enhancing the true color and brightness of the
images. The contrast stretching algorithm enhances image contrast by expanding the range
of color values to utilize the entire spectrum of possible values. This process employs a
linear scaling function to adjust the pixel values [30]. Each pixel is scaled according to this
function, as shown in Equation (1):

(b—¢)

POI(Pi—C>>< (d—C)

+a (1)

where P, is the normalized pixel value, P; is the considered pixel value, a is the minimum
value of the desired range, b is the maximum value of the desired range, c is the lowest
pixel value currently present in the image, d is the highest pixel value currently present in
the image.

3.2.3. CLAHE (Contrast-Limited Adaptive Histogram Equalization)

CLAHE [31] is a technique used in image processing to improve the contrast of images.
Unlike traditional histogram equalization, which applies the same transformation to all
pixels in an image, CLAHE operates on small regions in the image called tiles. Each
tile’s histogram is equalized, and the neighboring tiles are then combined using bilinear
interpolation to eliminate artificially induced boundaries. CLAHE is a modified version of
the AHE technique [32]. While AHE can cause excessive noise amplification in underwater
images, CLAHE mitigates this issue by dividing the image into several sub-blocks and
performing histogram equalization on each part individually. However, CLAHE has its
drawbacks, including the generation of ring and noise artifacts in the flat regions of images.
The new pixel value ] is calculated using the following Equation (2):

] = (jmax - jmin) X P(f) +jmin (2)

where j is the new value of the pixel, and P(f) is the cumulative probability distribution of
pixel values in an image. This distribution is used for various image processing techniques,
including CLAHE, to enhance the contrast of an image. Specifically, P(f) represents the
cumulative distribution function (CDF) of the pixel intensities in the image, which is used
to transform the pixel values to improve the overall contrast and visibility of details in the
image [24].

3.2.4. ULAP (Underwater Light Attenuation Prior)

ULAP [33] is a concept used in underwater image restoration to estimate scene depth.
The principle behind ULAP is that the scene depth increases with the higher value of the
difference between the maximum value of green (G) and blue (B) lights (simplified MVGB)
and the value of red (R) light (simplified as VR) in an underwater image. This difference
is used to train a linear model for scene depth estimation, which is crucial for restoring
underwater images by estimating background light and transmission maps. Based on the
ULAP, a linear model of the MVGB and VR for the depth map estimation is developed as
follows, as shown in Equation (3):

d(x) = po + prm(x) + p20(x) 3)
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where x represents a pixel, d(x) is the underwater scene depth at point x, m(x) is the MVGB,
v(x) is the VR.

3.2.5. GC (Gamma Correction Model)

GC [34] is a technique used to adjust the brightness of an image to improve its visual
quality. It changes the relationship between the input and output brightness of an image,
resulting in a more natural appearance. This means that darker parts of the image can be
brightened, and brighter parts can be darkened to achieve a balanced display. Applying
gamma correction can significantly enhance the contrast of an image, making details more
visible. This is particularly useful in situations where images are too dark or too bright. In
specific applications such as underwater photography, gamma correction can help restore
natural colors that are lost due to light absorption in water. It is simple to implement and
does not require complex calculations, making it practical for various real-time applications.

3.2.6. MIP (Maximum Intensity Prior)

MIP [35] is a concept used in image deblurring. The MIP algorithm was originally
proposed for the display of MRA imaging, where the interest is to show vessels over the
background of tissues in an image. It is based on the observation that the maximum value
of local patch pixels and gradients decreases during the blurring process. The MIP is a
combination of two priors: the local maximum intensity (LMI) and the local maximum
gradient (LMG). By combining these two priors, the MIP enhances the latent image, which
is beneficial for the estimation of the blur kernel and improves the quality of the deblurred
image. The MIP is used in a new energy function for image deblurring, which is optimized
using an alternating optimization strategy. This approach has been shown to be more
effective compared to state-of-the-art methods in various experiments.

3.2.7. DCP (Dark Channel Prior)

DCP [36] is a technique used in image processing, specifically for image dehazing. It
is based on the observation that in most natural haze-free images, some pixels (in a local
patch) have very low intensity in at least one color channel. This observation is used to
estimate the thickness of the haze and subsequently remove it from the image. The DCP
method operates under the assumption that the transmission is locally constant, which can
lead to halo artifacts at depth discontinuities. As shown in Equation (4), the Dark Channel
Prior asserts that the local minimum of the darkest color channel in a haze-free image of a
natural scene tends to be zero.

Jdark (x) = min ( min ]C(y)> -0 (4)

yeQ(x) \ce{rgb}

where J°(y) is intensity of the color channel c at pixel y, Q)(x) is a local patch centered at

X, mi(r)l finds the minimum value within the local patch, I{nin y finds the minimum intensity
ye ce{rgb

among the red, green and blue channels at pixel y. To improve the dehazing results, various
methods have been proposed to refine the transmission estimation, such as using guided
filters (GF).

3.2.8. RGHS (Relative Global Histogram Stretching)

RGHS [37] is a method proposed for enhancing shallow-water images, which often
suffer from low contrast, fuzziness, and color cast due to light absorption and scattering
underwater. In the RGB color space, RGHS first equalizes the green (G) and blue (B)
channels. It then redistributes each R-G-B channel histogram using dynamic parameters
that relate to the intensity distribution of the original image and the wavelength attenu-
ation of different colors underwater. Bilateral filtering is used to eliminate noise while
preserving valuable details and enhancing local information of the image. Color Correction
is performed by stretching the L component and modifying the 2 and b components in
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the CIE-Lab color space. This step aims to improve the saturation and brightness of the
image to obtain more vivid colors. RGHS can achieve better perceptual quality, higher
image information entropy, and less noise compared to state-of-the-art underwater image
enhancement methods. It effectively balances the chroma, saturation, and contrast of the
enhanced underwater images.

3.2.9. GBdehazingRCorrection (Single Underwater Image Restoration by Blue-Green
Channels Dehazing and Red Channel Correction)

GBdehazingRCorrection [38] is a method for enhancing the quality of underwater
images, which are often degraded due to light absorption and scattering in water. The
method involves two main steps: Blue-Green Channels Dehazing and Red Channel Correc-
tion. The blue and green channels of the underwater image are processed using a dehazing
algorithm. This algorithm is based on an extension and modification of the DCP algorithm,
which is commonly used for dehazing terrestrial images. The DCP algorithm helps in
estimating the medium transmission map and background light, which are then used to
recover the blue and green channels of the image, as shown in Equation (5):

0 =1- i, (2 (5 ®

where f(x) € [0,1] is the medium transmission map which represents the percentage of
the scene radiance reaching the camera, I°(x) is the observed intensity of the pixel x in the
channel ¢, where ¢ can be either green g or blue b, B is the background light intensity for

the channel ¢, rr{urll] } selects the minimum value among the green and blue channels, mi(r;
ce{g, xX€

computes the minimum ratio of the observed intensity to the background light within the
local patch.
The haze-free channel can be restored by Equation (6):

)= FO B g e (g h) 6)

where J¢(x) represents the restored channel.

The red channel, which suffers more from absorption in water, is corrected using

the Gray-World assumption theory. This theory assumes that the average color of an

image should be gray. By adjusting the red channel based on this assumption, the method

compensates for the color distortion and enhances the visibility of the red channel, as
shown in Equation (7).

avgRr + avgBr + avgGr

3

where avgRr, avgBr and avgGr are the normalized average values of the recovered red, blue,
and green channel, respectively.
The average value of the recovered red channel can be estimated as follows:

0.5 (7)

avgRr = 1.5 — avgBr — avgGr ®)
the compensation coefficient ¢ can be calculated as:

_ avgRr
0= avgR ©)

where avgR is the normalized average value of the original red channel.
The recovered red channel Rrec can be obtained by the following equation:

Rrec =R x ¢ (10)

where R is the normalized original red channel, and J is the estimated compensation coefficient.
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Additionally, the method includes an adaptive exposure map to address the issue of
some regions in the recovered image appearing too dim or too bright. This map helps in
adjusting the exposure of different regions of the image to achieve better visual quality.
The proposed method significantly improves the visibility, contrast, and color balance
of underwater images, outperforming existing methods in both qualitative and quantita-
tive evaluations.

3.3. Neural Networks for Detection and Classification

Image preprocessing methods were used to create 13 datasets on which models are
going to be trained. Some of the methods used to preprocess images are a combination of
other two methods, applying one method after another to aquire the final image. Those
models have two underscores in the name denoting which methods were used and in
which order. Separate models were built for each of the preprocessed datasets and trained
using the transfer learning method. The YOLOVS architecture was employed, with the
OpenlmageV7 68.7M (YOLOv8x-0iv7) model serving as the base, which was further refined
through transfer learning. Two other models were trained: one that contains original
patches (without any preprocessing) and one that does not include a transfer learning
method. The training was conducted within 100 epochs with patience set to 30, using the
AdamW optimizer, a learning rate of 0.000769, and a momentum of 0.937 [39]. Numbers are
recommended by YOLOVS researchers (based on empirical testing and existing research).
The dataset was divided into three splits: training, testing, and validation, with a commonly
chosen 60/20/20 ratio (2394/809/813 images) [40]. In total, fifteen different models were
trained, one for each prepared dataset and two with unmodified datasets. Models None and
None no transfer are used as a baseline to compare other results. RoWS, ICM, CLAHE, and
ULAP were selected because previous research has suggested positive and improved results.
Those preprocessing methods were used exclusively. Combinations (like CLAHE__GC and
others) were chosen by concluding what each method does and combining them on each
photograph to possibly achieve better results.

4. Results

This section verifies that the use of appropriate database and preprocessing methods
will improve the quality of images with underwater objects and thus improve the accuracy
and precision of the algorithm for detecting underwater objects.

4.1. New Database

Given that a database of underwater objects photographed by UAVs does not exist or is
not public, our own database was built, and the following link provides information about
the database https://codeasy.com/seafloor-litter-database (accessed on 28 August 2024).

The database consists of 5405 original images. Of those 5405 images, there are 2419 im-
ages, 44.8% of which have underwater litter present, while the rest, 55.2%, do not. In
addition to the date of photography, location, GPS coordinates, wind speed, type of wind,
and season, the angle of solar elevation and azimuth were calculated. Each station is
assigned a unique prefix and serial image number, as shown in Figure 12.

The database consists of 12,786 objects classified into 31 classes: Fragments, Construc-
tional material, Tires, Cans, Bottles, Ropes, Cloth, Bags, Fishing tools, Caps, and lids, Cups,
Buckets, Pipe, Footwear, Cartons, Dishes, Paper, Chain, Chair, Shopping carts, Trash can,
Road sign, Dumpster, Boats, Glove, Car parts, Traffic cone, Flipper, Scooter, Electric drill
and Cigarette butt as shown in Figure 13.

Many images have multiple different objects present at the same time, so the distribu-
tion of objects per image is also shown in Figure 14. It can be seen that most of the images
have one or two objects present, but there are images with more than 30 objects present.
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Figure 12. Stations metadata.
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Figure 14. Distribution of a number of labels per single image.

Images are in RAW format (DNG), which has been converted to PNG format, and they
have been resized to make them smaller (width and height have been halved). PNG images
are currently in two resolutions (depending on what UAV was used): 2732 x 1820 and
2732 x 1535. All the images have been hand-labeled and organized, as shown in Figure 15.

Figure 15. Samples from the database.

4.2. Preprocessing Methods Results
4.2.1. Metrics

In target detection, boxes can be classified as true targets or false targets, resulting
in four possible outcomes: true positive (TP), false positive (FP), true negative (TN), and
false negative (FN). If the Intersection over Union (loU) between the detected box and the
true box exceeds the threshold, the detected box is labeled as TP. Otherwise, it is labeled as
FP. If no detected box matches the true box, it is labeled as FN. TP indicates the number
of correctly identified targets, FP represents the number of incorrectly identified targets,
and FN denotes the number of targets that were not detected. The model’s performance
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is typically evaluated using precision (Pr) and recall (Re), which are calculated using
Equations (11) and (12).

TP

Pr=tp7Tp (11)
TP

Re=FNTTP (12)

Precision (Pr) and recall (Re) are interrelated metrics. When precision remains high
while recall increases, it indicates that the model is performing better. Conversely, a model
with lower performance may experience a significant drop in precision to achieve higher
recall. The Precision-Recall curve was used to describe model efficacy. It delineates the
relationship between precision (the proportion of true positive predictions among all
positive predictions) and recall (the proportion of true positive predictions among all actual
positives). The area under the Precision-Recall curve (AUC-PR) serves as an indicator of
a model’s capability to sustain precision across different recall thresholds. In this paper,
the threshold of the intersection over union (IOU) between the prediction bounding box
and the target bounding box is selected to be greater than 0.5 as the criterion for judging
target detection. All results are calculated for detections where confidence is more than
0.45, and IoU is more than 0.5. Those values are chosen for historical reasons (PASCAL
VOC Challenge uses this value) and comparability (because it is widely adapted, it allows
researchers to compare their results against others in a consistent manner).

4.2.2. Results

The model “None no transfer” refers to the model trained on a dataset without
any preprocessing and without using the transfer learning method. The model “None”
indicates that no preprocessing was applied, but transfer learning was used. The results of
the analysis of different models for image processing, precision, recall, and F1-Score are
presented in Table 2.

Table 2. Preprocessing method inference results.

Model Precision Recall F1-Score
RoWS 81.22% 44.80% 57.74%
None 77.42% 44.94% 56.87%
ICM 73.78% 44.99% 55.89%
CLAHE 77.89% 43.33% 55.68%
RoWS__ULAP 75.04% 42.10% 53.94%
CLAHE__GC 73.60% 42.34% 53.75%
CLAHE__ICM 66.15% 40.21% 50.01%
CLAHE__MIP 66.15% 40.21% 50.01%
ULAP 72.69% 37.65% 49.61%
DCP__MIP 75.99% 35.34% 48.24%
GC__ICM 65.81% 37.42% 47.71%
GC__RGHS 65.81% 37.42% 47.71%
None no transfer 65.06% 31.88% 42.79%
GBdehazingRCorrection__RoWS  76.56% 29.66% 42.75%
GBdehazingRCorrection_ UDCP  76.56% 29.66% 42.75%

The RoWS model achieved the highest F1-Score of 57.74%, while the model None no
transfer had the lowest F1-Score of 42.79%. Models like CLAHE and ICM showed solid
performance with F1-Scores of 55.68% and 55.89%, respectively. Models such as GC__ICM
and GC__RGHS had comparable results with an F1-Score of 47.71%. These data highlight
the variability in the performance of different models in image processing, emphasizing
the importance of selecting the appropriate approach for specific needs.

As shown in the confusion matrix in Figure 16, the highest values are concentrated
along the diagonal of the matrix, indicating that the model has correctly classified instances
for each category, which suggests an effective model. The confusion matrix indicates that
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the model performs very well in identifying fragments. However, there are instances where
Fragments or Construction materials were not identified at all (visible in the (none) column).
The concentration of positive values along the diagonal and zero values off-diagonal
suggests that the model performs well but has issues with missing detections.

450
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Constructional material- 0 152 0 0 0 0 0 0 0 400
Tires- 0 0 157 0 0 0 0 0 0 67 350
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Figure 16. Confusion matrix for RoWS model at IoU@0.5.

Figure 17 plots the Precision-Recall curve with IoU@0.5 and shows a single number
summary of the PR-Curve (representing the area under the curve, AP). Tires exhibit the
highest average precision, indicating that models can distinguish tires from other categories
effectively. Fragments and Cans show moderate performance. Bags, Bottles, and other
categories show lower AP. This can be attributed to the amorphous and semi-transparent
structure, which makes it difficult for models to extract object shapes and features.

As shown in Table 3, results reveal significant variability in the performance of object
recognition using the RoWS method across different object classes. The precision, recall,
and F1-score metrics indicate that the method is particularly effective for recognizing tires,
which achieved high precision (87%), recall (70%), and F1-score (78%). Conversely, the
method struggled with cups, which had the lowest metrics, with precision at 67%, recall at
14%, and an F1-score of 24%, which we can attribute to a database not containing enough
images with different variations of cups. Other objects, such as fragments, cans, and
bottles, showed moderate performance, with precision ranging from 75% to 84% and recall
between 43% and 54%, resulting in F1 scores around 54% to 64%. Construction materials
exhibited a high precision of 90% but a low recall of 25%, indicating that while the method
is accurate when it detects these materials, it misses many instances. Overall, the RoWS
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method demonstrates varied effectiveness, excelling in categories like tires while showing
limitations in others like cups and cloth.
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Figure 17. Precision-Recall curve for RoWS model at IoU@0.5.

Table 3. Performance metrics of object recognition using RoWS methods across different object classes.

Class Objects Precision Recall F1-Score
Fragments 3757 79% 54% 64%
Constructional material 3465 90% 25% 39%
Tires 1140 87% 70% 78%
Cans 1002 84% 50% 63%
Bottles 768 75% 43% 54%
Cloth 390 65% 39% 49%
Bags 262 80% 46% 59%
Caps and lids 104 78% 33% 47%
Cups 74 67% 14% 24%

5. Conclusions

This research presents a comprehensive approach to detecting marine debris using
UAVs through advanced image preprocessing and deep learning techniques. A significant
contribution of this study is the development of a novel database with over 5000 images
and more than 12,000 objects categorized into 31 classes. The database is enriched with
metadata such as GPS location, wind speed, sun elevation, and azimuth, which enhances
the context and usability of the data. The study introduces various image preprocessing
methods to improve the detection of underwater objects, with the RoWS method showing
the best performance. The YOLOVS architecture with the OpenlmageV7 68.7 M (YOLOv8x-
oiv7) model serving as the base for the transfer learning was implemented for the detection
and classification of seafloor objects. The proposed approach improves detection precision
compared to the original results without pre-processing of the input images. Future work
should focus on getting images from various locations and creating a larger database. Of
course, adding sea depth information to the metadata of images in the database could
be interesting for researchers, although these values are not immutable because they
depend on the tidal cycle. Also, it takes quite a bit of time to determine the precise depth
value in each image (location). Furthermore, some of the research should focus on novel
techniques to remove waves and optical distortion of the images by augmenting the existing
neural network with special ones. Overall, the findings demonstrate that the appropriate
use of databases and preprocessing methods can enhance the accuracy and precision of
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underwater object detection algorithms, offering a promising solution to the challenge of
marine litter detection and environmental monitoring.
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