
Robots to fight marine pollution
SEACLEAR  Collecting litter from the seafloor is a highly complex, yet ever more necessary matter. The  
SeaClear project aims to develop an autonomous robotic system for searching, identifying, classifying and 
collecting waste in the water column and on the seafloor in coastal areas. In the following article, Cosmin 
Delea, Research Associate “Maritime Technologies and Biomimetics” at the Hamburg-based Fraunhofer Centre 
for Maritime Logistics and Services (CML), underlines the idea of using autonomous robots in the form of 
unmanned vehicles for marine litter removal in coastal areas.

The world of robotics has undergone 
a rapid development in recent years. 
From aerial vehicles collaboratively 

playing table tennis and surface vehicles 
creating on-demand pedestrian bridges, 
to social robotics privately assisting the el-
derly in daily life. While these cases either 
present great scientific challenges or have 
an increased demand on the market, little 
focus has been channelled into making use 
of this cutting-edge technology in one of the 
world’s most pressing issues – marine pollu-

tion. With a clear goal in mind, a team of sci-
entists, industrial robotics developers, port 
authorities and regional development agen-
cies are working together to deploy the first 
marine waste removal system using autono-
mous robotics and to validate the test bed 
in two cases with opposing characteristics.

Every year 150,000 to 500,000 tonnes of 
macroplastics and 70,000 to 130,000 tonnes 
of microplastics enter European seas. This 
issue affects all seas around Europe, includ-
ing the North Sea and the Black Sea; how-

ever, the majority of the debris ends up in 
the Mediterranean Sea. The reasons are the 
natural conditions, as this semi-enclosed sea, 
surrounded by three continents and charac-
terised by intense human activity, constantly 
accumulates waste and has become one of 
the seas most affected by marine litter world-
wide. The magnitude of this problem is so 
great that the Mediterranean Sea is starting to 
be considered as the world’s sixth largest ac-
cumulation of marine litter, next to hotspots 
in the Atlantic, Pacific and Indian oceans.

Figure 1: The SeaClear robot fleet consists of an autonomous mothership with a collection basket, an aerial drone and two underwater 
robots, one of which identifies the waste while the other collects it    Source: S.Sosnowski – TU Munich
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Currently, seabed litter is surveyed us-
ing classical techniques, such as snorkel-
ling, scuba diving, trawl surveys, sonar sur-
veys and surveys using submersibles and 
remotely operated vehicles (ROVs), that in-
clude human workers or manned vehicles. 
In shallow waters along the coast and inside 
bays, where trawling is not possible, surveys 
have generally been limited to visual census 
from divers. 

While each method has advantages and 
disadvantages, the development of new 
technologies will  enable innovative and 
more efficient approaches to dealing with 
these issues. With the latest developments 
in machine and deep-learning techniques, 
and the increasing efficiency of digital im-
age processing algorithms, autonomous 
navigation has been made possible for on-
land transportation. While mass-market 
use of autonomous waterborne vehicles 
may not be as foreseeable in the near fu-
ture, one can use this technology to search, 
detect and classify objects in the water col-
umn. In comparison to air, the quality of 
the detection and classification is highly 
impacted by the water composition, turbid-
ity, marine traffic and sea state. Therefore, 
one cannot expect that the same sensing 
system can be used in all of the aforemen-
tioned marine litter hotspots. Moreover, 
training sets and duration may vary greatly.

Collecting coastal waste from the sea-
bed is highly complex. Even if the targets 
are correctly identified, their position and 
orientation can always change, especially if 
their buoyancy is not negative. Also, shapes 
and weights vary significantly, with the ten-
dency for plastic to decompose in smaller 
fragments, which are sometimes not visible 
even to the human eye. Unsurprisingly, the 
majority of the attempts have been target-

ing surface floating plastic fragments and 
have generally not been able to collect plas-
tic particles smaller than one centimetre. 
This means that the vast majority of plas-
tics estimated to be in the ocean are still not 
collected. 

One key element to keep in mind is that 
plastic pollution does not respect borders 
or boundaries but affects everyone and 
needs to be addressed collectively. Conse-
quently, the system developed in the Euro-
pean SeaClear project will be tested in two 
contrasting areas: a tourist area on the coast 
of Dubrovnik, Croatia, where the water vis-
ibility and turbidity are close to ideal, but 
the waste density is staggering; and an in-
dustrial area in the Port of Hamburg with 
water visibility below 20cm and unknown 
marine waste data and statistics.

A plethora of difficulties are seen as 
challenges in SeaClear – acronym for 
“SEarch, identificAtion, and Collection of 
marine LittEr with Autonomous Robots” 
– which tries to develop a technological 
advanced system for completing all the 
steps needed for marine debris removal 
(Figure  1). To contribute to resolving the 
pressing issue of marine waste, this project 
develops a network of collaborative hetero-
geneous robots to detect and collect ma-
rine waste in situ within the water column 
and on the seabed. A team of researchers 
in a consortium of eight European partners 
from Germany, the Netherlands, Croatia, 
France, and Romania are working together 
in order to find the optimal solution for a 
system composed mainly of autonomous 
robotics, that can be controlled from shore 
and used to carry out a typical clean-up op-
eration in a client-defined area. 

SeaClear makes use of both aerial and 
waterborne (surface and submerged) ve-

hicles in order to maximise the efficiency 
of the operation. The unmanned aerial 
vehicles (UAVs) are used for performing 
initial surface surveys. The unmanned sur-
face vehicle (USV) will act as an offshore 
control centre, from where the ROVs, each 
equipped with specific sensors and grip-
pers, will be deployed in water. After col-
lecting the waste in a custom-designed 
basket, the latter will be then transported 
to shore and picked up/collected/shipped 
further to various recycling facilities.

With the key role as the project’s techni-
cal coordinator, the team “Maritime Tech-
nologies and Biomimetics” of the CML is 
responsible for integrating the overall sys-
tem. The scientists from Hamburg are fur-
ther developing the waste collection basket 
as well as a virtual monitoring centre that 
sends commands to the robots and dis-
seminates their data. 

Considering the current drive to over-
come pollution around the world, modern 
and intelligent ideas must emerge as soon 
as possible so that ever-increasing human-
induced water pollution can be fought with 
a force of similar magnitude. The SeaClear 
project aims to serve as an example for us-
ing cutting-edge technology in solving a 
pressing environmental and social issue 
and proving its economic benefit at a large 
scale in coastal areas. 

Models of the automatic robotic systems used in SeaClear (left and right: ROV, centre: USV)    Source: Subsea Tech
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