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Introduction
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IMPRESSIVE is an Horizon2020 maritime 
pollution project implemented by  
a consortium of 12 partners from  
the European private and public sector.

The major goal of IMPRESSIVE is the deve-
lopment of remotely operated sophistica-
ted tools integrated with very high reso-
lution hydrodynamic models and Earth 
Observation data for pollution control in 
harbors and coastal areas. It is a gradua-
ted system of alerts to cope with a marine 
pollution event as quickly as possible. 

The aim of this consortium through 
this project is to achieve a graduated 
system of alert for the real time 
management of marine pollution events.

The IMPRESSIVE system consists of an 
integrated platform containing software 
modules for remote data (EO/ASV/UAV) 
incorporation, process and presentation 
to the user along with a marine pollution 
forecasting system based on hydro-
dynamic models, in a web and mobile 
interface.

1. satellite 
2. mathematical model 
3.	 flying	drone 
4. drone boat

1.

2.
3.

4.

The Impressive system

The tools and methodology of 
IMPRESSIVE are tested and validated in 
three selected European harbors that 
are modelled as pilot areas: La Luz Port 
(Gran Canaria, Spain), Taranto Port 
(Italy),	and	Rafina	Port	(Greece).
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Synthetic Aperture Radar (SAR)
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Oil Spill Monitoring Service

SAR satellite data is a crucial asset for the 
IMPRESSIVE platform as it is processed 
automatically for the monitored area to 
retrieve alerts for oil spills. In case of high 
probability of a formation to be an oil spill 
additional mechanisms (UAVs, ASVs) are 
triggered for evaluation. The information 
provided by SAR Sentinel-1 are images 
that are suitable for monitoring oil spills 
providing  direct observation of extended 
areas that are available under all weather 
conditions during night and day. 

The	first	IMPRESSIVE		pilot	stage	was	to	
confirm	the	appropriate	use	of	satelli-
te facilities (Sentinels) and operational 
services such as the Copernicus Marine 
Environment Monitoring Service (CMEMS). 

Synthetic  
Aperture  
Radar (SAR)

“The	first	element	that	will	trigger	the	
other components is the information 
provided by SAR Sentinel images. “

Waste Waters Discharge Monitoring  
Service

Waste water spill can be detected from 
SAR and HR radiometric images when 
they are large enough, have high buo-
yancy – due to low density – and  
therefore with the capacity to produce 
changes in the water surface roughness. 
As occurred to oil spills not all obser-
ved water surface anomalies are waste 
water	spills	until	they	are	verified	by	any	
other observation from ASV, drone or 
other satellite image.

Remotely-Operated Vehicles Service 
(ASVs + UAVs)

Remotely operated emergent vehicles 
for pollution monitoring include the de-
velopment of new Autonomous Surface 
Vehicles (ASV). 
Oil spill and waste water monitoring 
and sampling can be addressed by 
deploying a new adapted version of the 
A-TIRMA	ASV,	with	specific	sensors	and	a	
new designed sampling device installed 
on board.
On the other hand, a drone equipped 
with a hyperspectral camera is also 
used inside harbour areas for characte-
rizing and tracking spills, as well as to 
help validate high resolution hydrody-
namics models.

“Oil spill and waste water sampling can 
be addressed by deploying the ASV”

Image acquired at and around 
Rafina	port,	showing	the	cha-
racteristic formations in the sea 
(the land is masked in yellow).

7
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Serious marine pollution events such as 
oil spill accidents and waste water di-
scharges constitute a common challenge 
across regions’ ports that severely impact 
the environment at a European and global 
level.
In response to this, IMPRESSIVE project de-
veloped a universal relocatable geoportal 
which tracks the marine pollution events in 
the ports of the European Union and their 
areas	of	influence.

“IMPRESSIVE project developed a universal 
relocatable geoportal to track the marine 
pollution events in the ports of the Europe-
an	Union	and	their	areas	of	influence.”

An ultimate goal of IMPRESSIVE’s innova-
tion action is to foster the exploitation of 
Copernicus by supporting efforts to redu-
ce the amount of pollutants, to improve 

Impressive  
portal  
focus
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the quality of waters and to provide grea-
ter access and information to citizens. To 
achieve this, the IMPRESSIVE web applica-
tion is built on different innovative techno-
logies/techniques for earth observation, 
robotics and advanced mathematical 
models, for the development of this inte-
grated, universal and replicable system, 
based on satellite images and Copernicus 
Marine products.

Each	event	has	a	unique	identifier	and	
represents	a	potential	oil	spill	identified	by	
satellite	in	the	date	and	hour	defined.
It is also characterized by a probability 
that	represents	the	level	of	confidence	
that the event is an oil spill. When the pro-
bability	is	over	a	defined	parametric	thre-
shold, the system automatically sends a 
request for forecast. Users can also search 
events	in	a	specific	time	range.

A	first	pilot	in	Rafina	Port	successful-
ly integrated into a unique geoportal 
three sub-systems, the one for the 
Sentinel-1 processing hosted by NOA 
in Greece, the forecast modelling ho-
sted by ICMAT/CSIC in Spain and the 
web portal for visualization and con-
sulting hosted by Planetek in Italy.

IMPRESSIVE Portal provides end-users 
with a common friendly web interface 
that allows the access to and use of 
the IMPRESSIVE operational services.
This portal provides a set of products 
and tools that includes thematic 
maps, parameters, in-situ measure-
ments, analytics, alerts and forecasts, 
for the effective monitoring of marine 
pollution events (i.e. oil spill and wa-
ste water discharges) within harbours 
and their nearby areas.

Impressive portal FOCUS
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During the last decade, CMEMS have 
provided an ocean forecast service, fre-
ely available for both public and private 
stakeholders. Nevertheless, the resolu-
tion of these services, around 4 Km at 
European	waters,	does	not	fit	with	the	
needs of IMPRESSIVE. Therefore, one of 
the key aspects of the project has been 
to	develop	high	resolution	fit-for-purpo-
se coastal circulation forecast systems.

IMPRESSIVE has integrated these new 
state of the art numerical modeling 
forecasting services, for both circulation 
and oils spill, into its platform. Built on 
these developments, the platform is now 
able to produce forecasts of the evolu-
tion	of	the	oil	spill,	after	being	identified	
by satellite data, drone and the other in-situ 
instrumentation developed at the project.

The oil spill models will be validated with 
SAR images and images taken also from 
a Unmanned Aerial Vehicle (UAV) drone 
with a hyperspectral camera on board.

The use of hyperspectral cameras mounted 
on remotely manipulated Unmanned Aerial 
Vehicle (UAV) achieves a second level vali-
dation	of	alert,	with	the	aim	to	confirm		that	
what was initially monitored by the satellite 
services is an oil spill or waste waters.
The	drone	has	been	configured	to	accom-
plish missions in harbour areas under ma-
ximum safety conditions. Besides, the drone 
that has to be used has to be light weighted, 
but with capacity to carry enough payload 
for its missions. In this scenario, the octo-
copter DJI MATRICE600 model is the most 
suitable option in relation to the selected 
hyperspectral sensor.

One of the key factors during the de-
velopment of the numerical modeling 
forecasting services has been validation. 
This has been done, for example, with HF 
radar for La Luz Pilot, with drifting buoys 
for Taranto and with satellite images for 
Rafina.	The	results	of	these	validation	
exercises demonstrate the reliability of 
the developed services. 

Hyperspectral data provided by the sensors 
will be adapted to screen harbour spills at very 
high spatial resolution (less than 1 meter).  The 
data generated by the hyperspectral camera 
is hundreds of bands, which are transformed 
to value-added products in a color palette that 
indicate the value of magnitude of the spill with 
respect to the variation of color in the image.

Finally, all these pieces of information 
are assembled in our unique user-frien-
dly platform that can be remotely ac-
cessed by the end user, an operator at 
the Harbour Control Tower.

Unmanned  
Aerial Vehicle  
focus

Hydrodynamic 
and Spill Modelling 
focus
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Unmanned Aerial Vehicle FOCUS
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(UAV) Unmanned 
Aerial Vehicle
Flight time between takeoff and landing give 12-15 minutes. 

Maximum	flight	height	120	m	

Maximum spatial resolution 5 x 5 cm2 

Average	area	obtained	in	a	flight	10	hectares.

-0,0500 
  0,1875 
  0,4250 
  0,6625 
  0,9000 

Hyperspectral camera
Spectral Range 400 - 1000 nm

Spectral Resolution 2.1 nm

Spectral Channels 281

Dimension per Pixel = Spectral Sampling 1.07 nm

Spectral Pixels 561

Spatial Channels 900

Max Frame Rate 249 fps

Signal-to-Noise Ratio (peak) 368 (2x bin) to 520 (4x bin)

Bit Depth 12

Connection Options USB 3.0

Power Requirements 3.4W

Weight 1.3 lbs

Dimensions (in) 3.9 x 4.9 x 2.2 

Dimensions (cm) 10.0 x 12.5 x 5.3

Operating Temperature 41-104 F, 5-40 C

f / # 1.3 lbs

Avg. RMS Spot Radius 6 μm

Smile (peak to peak) 4 μm

Keystone (peak to peak) 5 μm

Pixel size 5.86 μm
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Oil spill and wastewater monitoring and 
sampling can be addressed by de-
ploying	our	ASV,	a	specifically	designed	
Autonomous Surface Vehicle (ASV). This 
drone is equipped with remote sensing 
instruments and a sampler device on 
board. The ASVs can be remotely ope-
rated from the Headquarter Control 
Post for operational monitoring missions 
and/or accidental/illegal oil spills and 
other polluting events. Once the problem 
is reported, the vehicles may be de-
ployed to target and support monitoring 
and sampling tasks on the ground. 

ASVs piloting is addressed via a common 
control system that will offer two distinct 
interfaces. The main interface provides 
full control of the vehicles and on board 

Autonomous  
Surface Vehicle 
focus

sensors and it’s accessible only to au-
thorized operators. The second interface 
allows any user of the system to view 
the development of a mission, including 
vehicles’ telemetry and sensor data.

ASVs	generate	a	real-time	data	flow	to	
monitor their performance and provide 
sensor data (ASV schema). Data volume 
and frequency of communication will 
depend on available communication 
channels, which may vary between the 
two foreseen contexts of application, 
i.e. harbour inner waters and exterior 
open waters. In any case, the control 
and communication system will offer a 
subscription service to allow IMPRESSIVE 
modules to receive this telemetry and 
data packets.

(ASV) Autonomous 
Surface Vehicles

1

2

3

4

5

6

7

2.0 m

1. meteo sensors  
2. camera  
3. aerial water sensors  
4. twin hulls: battery &            
    electronics containers  
5. sensors  
6. PV marine grade  
    solar panel  
7. shrouded electric  
    thruster
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La Luz Pilot
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The Port of Las Palmas (also called La 
Luz Port) is a sheltered harbour strate-
gically located halfway between Euro-
pe and the other two continents (Africa 
and America) within the island of Gran 
Canaria, Canary Islands, Spain. It hosts 
activities	of	fishing,	commercial,	passen-
ger	and	sports	boats.	La	Luz	Port	is	offi-
cially considered the third in importance 
of Spanish ports, but is also considered 
one	of	the	first	ports	in	the	Mid-Atlantic,	
and	handles	for	some	of	the	traffic	at	
the crossroads between Europe, Africa 
and America.

La Luz Pilot

The technology of the IMPRESSIVE project 
has been fullyhwas fully demonstrated 
in La Luz Port.  
 
A pilot activity was performed that in-
cluded both satellite images and those 
obtained by unmanned aerial vehicles, 
oil spill model forecasts based on the 
high resolution hydrodynamic models, 
and their validation with in situ measu-
rements from the ASV.
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Big harbours are “hot spots’’ regarding 
both chronic and accidental oil pollution 
and unlike other areas in the open oce-
an not only the marine environment is 
affected but also public health is at risk.

IMPRESSIVE methodology allows for a 
more effective intervention commen-
surate with the real disaster extension 
and reduces the times for a decisive 
response to contain the environmental 
damage and to prepare, as a preven-
tive measure, the necessary resources 
commensurate with the level of appre-
ciated risk.

A local rapid-response integrated sy-
stem of near real time satellite/ASV/dro-
ne/model/forecast/risk mapping survey 
information and products, to support/
improve the decision making process 
in any particular spilling event that may 
occur inside or outside the harbor or in a 
near coastal area.

Conclusions

IMPRESSIVE system 
benefits many 
stakeholders: 

Port authorities will 
improve sustainability 
and secure safer 
activities through 
a better pollution 
control management 
in the ports; local and 
regional authorities 
will enhance industry 
competitiveness and 
innovation thanks 
to job creation and 
technology transfer 
of new skilled human 
resources with EO-
data expertise able to 
support the end users; 
maritime industry 
and SMEs will get 
a better corporate 
image concerning their 
operation.
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