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Abstract. In September 2019 small tar balls and oil slicks showed up affecting eleven
states, mostly in the Northeast region, which depends mostly on tourism and fishery
activities. The Brazilian National Contingency Plan (PNC) failed since the oil spread
subsurface making impossible to see thorough satellite images. To help out to discover
what happened, the Federal Government activated the Monitoring and Evaluation
Group (GAA) to study different aspects of this disaster and learn how to prevent and
mitigate a possible new event. This work is part of the Work Group 1, which deals with
the Monitoring and Modeling, and describes the dataset composed of SAR images used
to train the Artificial Intelligence (Al) and the future data that will be incorporated on
the database of the project.

1 - Introduction

In September 2019 small tar balls and oil slicks showed up at over 1000 locations along
the Brazilian’s coastline till December of 2020 (IBAMA 2020). Altogether, it affected 11 states,
mostly in the Northeast region (>80%) and 20% in the Southeast region (Soares et al. 2020). It
represented the worst oil spill disaster not only in Brazilian history, but also in any tropical
coastal region worldwide (Nasri Sissini et al. 2020).

The socioeconomic and environmental impacts of this event are not only a short term
problem, but also a long term situation, making it difficult to estimate the price of the damage
(Camara et al. 2021). In terms of socioeconomic matters, those states depend on tourism and
fishery activities. In the Northeast region approximately 724 fishery and mussels extraction
locations were spoiled, affecting 144 thousand artisanal fishers (IBAMA 2020), jeopardizing
their incoming for a long period. In less than 2 months of the disaster 40% of the tourism
movement decayed (FUNDAJ 2019). Studies show the public health issues which those places
are passing through, such as mental health, breathing problems and skin diseases (Carmo and
Teixeira 2020); (Pena et al. 2020); (CCI/ENSP 2021).

Despite the Brazilian National Contingency Plan (PNC) existing, it didn’t apply correctly
in this case. Firstly because it should be triggered with an emergency, but it took weeks for the
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government to act. Secondly, when specialists analyzed the satellite images to discover where
and who caused the spill, they couldn’t conclude what happened. This was because the oil spill
spread subsurface, so any satellite or radar could not identify the exact location of the incident
and inquire the indicted. With that scenario, the Federal Government activated the Monitoring
and Evaluation Group (GAA), jointly coordinated by the Brazilian Institute of Environmental
and Renewable Natural Resources (IBAMA), the Brazilian Navy and the National Petroleum
Agency (ANP). To help out to discover where and who committed the spill, the GAA created a
scientific coordination body composed of seven working groups (WGs) that collaborated with
scientists working from all over the country to study different aspects of this disaster and learn
how to prevent and mitigate a possible new event. To succeed in that, a combination of
technologies will be used.

Remote Sensing (RS) has been developed in the past decade, becoming a powerful tool to
monitor every spot in the planet with a high resolution and frequency of coverage. Multisensory
data has been collected for many years, making the lack of data no longer a limit factor for Earth
Observation (EO). The challenge nowadays is to analyze all that data. For that, Machine
Learning and Artificial Intelligence came to promise maximization of the work and to make
possible the monitoring of large areas 24/7.

This work is part of the WG 1, which deals with the Monitoring and Modeling, which
aims to develop situational analysis and Artificial Intelligence algorithm for detection of oil
slicks on the sea surface from orbital images, meteo-oceanographic fields of surface generated by
coupled ocean-atmosphere models and ship positions. To do that, all data must be on an
integrating platform that must be able to store, select and make these data available for analysis
in a geographic information system. Analyzes must be carried out semi-automatically, using
images processing algorithms associated with artificial intelligence techniques (Nobre et al.
2022). The aim of this paper is to describe the creation and dataset gathering for the Artificial
Intelligence (Al) training and the future data that will be incorporated on the database of the
project. This primary database set will nourish the ship and oil detection algorithms developed
by WG that will monitor the Brazilian coast and help to prevent and mitigate any spill like the
2019 event.

2 - Assembling Data for the Artificial Intelligence

Oil spill is one of the biggest problems that affect the environment since the industrial
revolution. Petroleum products have a wide range of short/ long-term impacts on the ecosystem.
Animals exposed to oil can have health problems and changes to their physiology and behavior
(Ober 2019). Fortunately, the amount of large spills declined over the decades. The International
Tanker Owners Pollution Federation (ITOPF) maintains a database of oil spill from tank vessels
since 1970, and shows the reduction of spills over the years. Despites that downward trend, due
to improvement on the standards of operations in sea-borne transportation, most of those
incidents occurred while the vessel was underway in open water (ITOPF 2022), where inspection
is a problem.
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Monitoring and detecting an oil slick as soon as possible is the key to a successful
contingency plan. Satellite-based remote sensing became the monitoring into remote areas, as the
middle of the ocean, possible. Radar images, like the Synthetic Aperture Radar (SAR) are the
best instrument to do that since it provides data regardless of the hour of the day and the weather
condition. Oil slick shows up as a dark area above a light gray color which represents water.
However, dark areas in SAR images do not always mean petroleum slicks. These oil spill
“look-alike” may represent: algae blooms; low wind track; cold upwelling water; divergent flow,
e.g., wave or tidal flow; turbulent water; and other kinds of oil, e.g. plant oils (Alpers, Holt, and
Zeng 2017).

One of the many techniques adopted to identify oil in SAR images is Machine Learn
(ML). It has shown an effective way to extract information from RS data in a semi-automatic
manner, turning the analyses of a massive amount of data faster, helping the right decision
making on the time. Al-Ruzouq et al. (2020) made a great review of this technique showing the
advantages and shortcomings, the preprocessing chain needed and the challenges of oil spill
detection.

As previously said, to differ what is oil from oil’s looks-alike it is the big issue. To
minimize that error, images from verified oily incidents were chosen within
meteo-oceanographic data from those episodes.

For now, the dataset is composed of twenty-six RADARSAT-1 images from Cantarell
(Gulf of Mexico) of 2020 (Figure 1). Cantarell is a heavy oilfield located 100km off the Yucatan
coast, in Mexico. It was once the second largest oilfield in the world, but currently occupies the
sixth position (Offshore Technology 2000; Wikipedia contributors 2022). All images were
pre-processed with an image segmentation technique that analyzed 409 features of oil, classified
in oil spill (349 features) or seepage slick (60 features) (Beisl et al. 2004; de Miranda et al.
2004).

Sixty Sentinel-1 images (Figure 2), being sixteen from the Suez Canal and four images
from the Red Sea contained verified oil spill events, related to ship incidents, within the period
2015-2019 (Abou El-Magd et al. 2020). Five images from the oil spill accident with the
Wakashio Japanese vessel in 2020 at Mauritius, an Indian Ocean island (Rajendran et al. 2021).

Four scenes from the period of 2017 to 2018, one close to Kamarajar Harbor, south India,
where two ships collided. One at Sharjah, United Arab Emirates, due to an oil well drilling.
Others from Kuwait coast, with an uncertain origin. And an image from Mubarak, Pakistan,
related to an illegal discard (Naz et al. 2021). Two scenes from the Black Sea, where a tanker
dropped oil, spreading for almost 80 km? on the sea in August 2021 (Voytenko 2021).

Thirteen images from Mediterranean Sea, seven from the Syrian oil refinery in Baniyas at
August 2021, tree images of Emerald tanker oil spill that roamed from Israel to Lebanon coast in
February 2021, and tree images from Cap Corse due to the collision between two vessels in 2018
(VisioTerra 2021; Surkes 2021; Bitelli 2019).

Eight scenes from the North Sea, near to the Brage oil platform, show water discharges
containing oil in it (Skrunes, Johansson, and Brekke 2019). And four images from the Caspian
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Sea, on the Azerbaijan coast. Two of them are from the fire incident on the gas pipeline in 2015,
and two are from irregular discharges in 2019 (Mityagina and Lavrova 2019).

Images from other satellite sources like ICEYE, MODIS and CBERS, COSMO-SkyMed
Constellation and TerraSAR-X with more oil spill cases will be incorporated, especially from the
event of 2019. Also, wind, chlorophyll and sea surface data related to the images sites, from
ERAS and MODIS models are being added to the database along with real time data from
PNBOIA/REMObs buoys to assist the Al to understand what is real oil spills from “look-alikes".
All images will be stored at GeoTift and the meteo-oceanography data in NetCDF formats.

RADARSAT-1 (22 July 2001)
ScanSAR Narrow 1 Beam Mode, Ascending Orbit
(00:11:10 GMT)

[ cCantarell oil seep

Figure 1. RADARSAT-1 image with seepage slick (highlighted in yellow) from Cantarell (2001).
Source: de Miranda et al. 2004.
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Figure 2. Sentinel-1 images with oil spills. a) Syrian coast 2021, b) Black Sea 2021 , c) Suez Canal
2019, d) North Sea 2019.

3 - Database Creation

To catalog the data, spreadsheets containing the necessary information to understand the
environment of the image were made. One describes the metadata of the image and another
describing the environment of the place at that time.

The information extracted from the images is:

-Location:

e |D data - is the Mercator zone where the center of the image is. The name
of the satellite and the date of acquisition. Used to connect with the others
worksheets;

ID_mercator: is the Mercator zone where the center of the image is.
Lat_dec central / Lon_dec central - decimal degrees from the center of
image;

e Sigla uf - states there are in the image, if it is in Brazil territory.
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-Images data:

Satellite - the satellite name;
Sensor - Instruments related to the acquisition of data or satellite mission.
E.g.: MUX, WFI, SAR;
Nome_arquivo_imagem - original name of the image;
e Bandas - refers to the spectral resolution at which the sensor operates.
Usually they are: infrared, blue, green, red;
e Orbita - the orbit of a satellite depends on the function used for it. Some
types of orbits are: circular elliptical, polar and geostationary;
Data - the date of the acquisition;
Process_Type - which level of processing it has undergoing;
Status - if it has oil spill, seepages slicks or false oil;
Features - how many oil features does the image contain.

The information extracted from the environment is:
-Locator:

e [D data - worksheets connector;

-Input:

e Lat dec/ Lon_dec - decimal degrees from the center of site related to the
image;

Sigla_uf - if it is in Brazil territory, the states within;

Data - date of the inputs data;

Hora - hour of the data acquisition;

Vento - minimum and maximum of wind on that quadrant;

Mare - minimum and maximum of tide on that quadrant;

Corrente - minimum and maximum of current speed on that quadrant;
Batimetria - better source of bathymetry to run an oceanography model of
the place;

To handle the capacity of storage and processing of all data that the project aims to deal
with, a Spatial Data Infrastructure (SDI) was chosen. SDI is a platform that facilitates the
management of EO data with an easy interface between the manager and the system. To improve
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the efficiency and performance to process the large amount of data, those platforms are using
their own system of Array Database Management System (Array DBMS) such as TileDB
(Papadopoulos et al. 2016) and RasDaMan (Baumann et al. 1998). They also developed their
own query language for multidimensional arrays, like AQL (Array Query Language) and
RasDaMan RasQL. The better fit to this project was the Open Data Cube (ODC), described next.

3.1 Open Data Cube

To choose the better platform for the project, some requirements and characteristics need
to be considered. Gomes et al. (2020) listed the capacities of the platforms, which helped to
select it. For that project, the capability of storage scalability should be easy; other interfaces and
applications must have access to data of other services, like OGC Services; the extensibility for
new tools; the capacity of sharing and reproducing the results among others researchers; and the
processing capability is essential.

The Open Data Cube (ODC) is an open source project born from the need to manage a
bunch of Satellite Data. It supports through command line tools and a Python API the cataloging,
access and manipulation of a huge EO datasets, distributed on git repositories
(https://github.com/opendatacube). Figure 4 shows the whole process of uploading the data, the
data cube infrastructure and application platform. To visualize products, statistics and retrieve
datasets on GeoTift and NetCDF formats, a web portal is available, which can be managed
through a REST API on Python Jupyter Notebooks which makes easy to access and manipulate
the data (Gomes, Queiroz and Ferreira 2020; Open Data Cube 2022).

At this moment, this platform is in the process of installation and configuration on the
project supercomputer, and soon will be available for access.
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Figure 4. Open Data Cube (ODC) platform architecture diagram. Source: (Lewis et al. 2017)

4 - Consideration

This work belongs to a project that aims to create a lifetime monitoring system of
Brazilian marine space using Artificial Intelligence and Satellite data. To do that many tests,
trials and work will be necessary. The database's first steps are to collect information from the
event of 2019 and other verified incidents to teach the Al to read oil in satellite images. Then,
nourishing the DB with new oil spills data from our country and afford an integrated platform so
users can have access to it, using the better SDI platform for that project.
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