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PROJECT AIMS
The focus of the project were cyanobacteria in
freshwater bodies, their detection and in-lake control.

The primary goal of the project was to demonstrate the
operation of two robotic vessels with accompanied
boathouses and docking stations in two freshwater
bodies with a different pattern of cyanobacteria
occurrence.
The aim of the vessels` operation was to enable early online detection and differentiation of cyanobacteria from
the rest of the phytoplankton in the water and to prevent
further unwanted cyanobacteria proliferation directly in
the lake without the addition of chemicals. For this
purpose, electrolytic cell was used producing hydroxyl
radicals, which are strong oxidants, directly from water.

PROJECT BACKGROUND
AND GOALS
Cyanobacteria can release dangerous cyanotoxins and
are the source of the unpleasant odour and taste of
water. Their massive occurrences in water are called
cyanobacterial blooms. The cause of the blooming is
water eutrophication. The presence of cyanotoxins in the
water can lead to the closure of water bodies for
recreation, problems in the provision of clean drinking
and irrigation water, economic damage in aquacultures,
etc.
To reduce such threats it is first and foremost necessary
to ensure measures to prevent water pollution. As
preventive measures are often not sufficient, the
solutions for the early detection of the occurrence of
cyanobacterial hazards and prevention of their bloom is
necessary regardless of the status of water bodies.

PROJECT
METHODOLOGY

ROBOTIC VESSEL
FUNCTIONING

Detection of cyanobacteria in the lake

The robotic vessel is powered by solar energy. The vessel
can automatically follow the points on the water
specified by the user by a computer program. The threedimensional localisation, concentration, as well as
information about the physiological status of
cyanobacteria is obtained by measuring the fluorescence
of cyanobacterial pigments.
With the electrolytic cell, prevention of further
cyanobacteria proliferation is achieved. Selecting
different intensity and duration of the electrolysis, a
degradation of cyanotoxins is achieved, cellular
decomposition of cyanobacterial cells or only an
inhibition of their further proliferation.
A specially developed mechanical system allows the
collection of water samples from variable depths for
accurate laboratory processing.

A specific fluorescence of photosynthetic pigments was
used in the project to detect cyanobacteria and
eukaryotic algae directly in the water body. The
simultaneous use of chlorophyll and phycocyanin sensors
has enabled the differentiation and quantification of
cyanobacteria and algae in real time. In this way, we
gained a large amount of data on the spatial and
temporal
occurrence
of
phytoplankton
and
bacterioplankton by substantially less laboratory work..

In-lake control of the growth of
cyanobacteria

The vessel reports real-time data to the user via GSM
communication. The user, therefore, obtains an accurate
picture of the current state of the water body, which can
also be followed via a web application. In addition to
fluorescence sensors, the vessel reports the information
on water temperature, electrical conductivity, pH,
dissolved oxygen concentration, the position in the
water body, the strength of the wind and the
photographic image. User-friendly software allows
processing of measured data and their graphical display.
The vessel is equipped with an advanced system for
automatic docking and charging of the spare battery
during inactivity.

Information system for transfer and
presentation of measured data
Integrated information system enables a 3-D view into
the state of the water body. A vessel with its sensors
reports to the operator about its GSP location, depth, the
presence of algae and cyanobacteria and other water
parameters. The vessel sends the data in real-time via
GSM communication for their presentation at the
website. GSM module sends the data also to a distant
TCP/IP server of the operator, where the data is saved in
MySQL database. User-friendly program tool enables
data analysis and graphical presentation.

For immediate prevention of further growth of
cyanobacteria in the lake, we choose the method of
electrochemical oxidation with the use of electrolytic
cells. The cells were equipped with advanced electrode
materials with a high capacity of hydroxyl radicals (HO°)
formation directly from water. The HO° are short lasting
and very powerful oxidising agents to which the
cyanobacterial cells are more sensitive than the other
organisms.
The installation of both systems into a robotic vessel
enabled the establishment of early warning system on
harmful cyanobacteria occurrence and simultaneous
prevention of their proliferation without the addition of
chemicals, which would contribute to the formation of
the sediment.

INNOVATIVE TECHNOLOGY SOLUTIONS,
DEVELOPED WITHIN THE PROJECT

WIND METER, DATA TRANSFER
MECHANISM, COMPASS, CAMERA

Online
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INTEGRATED WATER MEASURING, TREATING AND SAMPLING
SYSTEMS in the vessel enable pumping of water from various depths, decision-making upon
activating electrolytic cell or sampling the water for further laboratory analysis.
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3, 4 WATER AUTOSAMPLER WITH
MOTORIZED HOSE REEL
AUTOMATIC DOCKING SYSTEM
The vessel can be navigated manually or by remote control using the computer. After the
accomplished mission, the vessel returns to the vicinity of the docking station where automatic
docking starts with the help of a compass and robotic vision.

1 MEASURING CHAMBER
FRONT CAMERA

1 CONTINUOUS FLOW
CHAMBER
FOR
MEASURING
WATER
PARAMETERS enables parallel
measuring with five sensors (e.g.
phycocyanin,
chlorophyll,
temperature, oxygen, conductivity,
pH).
Submersible
fluorescence
sensors with automatic cleaning
brush are used for algae and
cyanobacteria quantification.

Sampler allows withdrawal of six one-litre water
samples by winding the hose. Electronics of the sampler
enables the time and depth adjustable water
abstraction and a detection of possible defects (leaks of
the containers, pump damage, clogging of a pipe) to
avoid spillage by automatically shutting off the
operation.

3 MOTORIZED HOSE REEL

5 SMART VALVES
4 AUTOMATIC SAMPLER
2 WATER FLOW REGULATION BY
SMART VALVES
Water flow system in the vessel and the automatic
sampler are equipped with smart valves. The motor
of the valves and integrated electronics enable an
automatic control and integration of valves into a
bigger system with synchronised functioning. Flow
regulation is carried out with a stepwise
compression of the hose. The design of the valves
allows for easy replacement of the hose, the use of
hoses of different diameters and mechanical
properties.

•

•

EVALUATION OF THE CAPACITY
The existing boat size and the capacity of the photovoltaic panels used in the project would
allow installation of 3 electrolytic cells with the 60 cm2 electrode surface. This would serve for 9
and 2.8 m3 of water, if we would like to treat the detected affected water volume in one week
and two days, respectively and achieve 80% reduction of cells in the treated cloud of
cyanobacteria. This would allow controlling 1 and 0.27 hectares of water surface if we presume
that the treatment of upper 10 cm water layer would be needed and that cyanobacterial cloud
covers 1 % of the water surface. The applied current density of 50mA/cm2 was taken into
account.
Since the goal is to keep the cyanobacterial population below the critical level (and not to
completely destroy the cells), a lower reduction efficiency could be needed, which allows the
control of a larger surface area.
Treatment would need to be repeated several times during the cyanobacterial blooming season.

for electrochemical stimulation of cyanobacteria directly in water. Shortlived hydroxyl radicals (HO°) are produced with supplied current inside
the cell. BDD electrodes are advanced inert electrodes with the highest
potential of generating HO°, which inhibit and degrade cyanotoxins
and prevent cyanobacterial overgrowth.

Monitoring
•
•
•

TCHNOLOGY
TRANSFERABILITY

•

Established two boathouses with automatic docking stations and robotic vessels with
accompanying equipment for monitoring of phytoplankton, other water parameters and
cyanobacterial control.
Two-year demonstration and optimisation of the navigation and information system for online measurements and remote control. Software development for data transfer analysis and
presentation.
Proof of appropriateness of simultaneous use of submersible phycocyanin and chlorophyll
fluorescence sensors in continuous flow monitoring chamber for on-site and online detection
and quantification of cyanobacteria.
Demonstration of a selective efficiency of electrochemical oxidation on cyanobacteria,
preventing their further proliferation and enabling controlled release and inactivation of
cyanotoxins.

2 ELECTROLYTIC CELL FOR CYANOBACTERIA
GROWTH
CONTROL
AND
CYANOTOXIN
DEGRADATION contains boron doped diamond (BDD) electrodes

BENEFITS OF THE TECHNOLOGY

MAIN RESULTS
•

2 ELECTROLYTIC CELL

Lakes and reservoirs:
measurements of algae,
cyanobacteria and basic
physical and electrical
parameters

Aquaponics,
biotechnology (algal
biomass and
biomolecules
production): sensing
variety of water
quality parameters
(nutrients, organic
load)

•
•
•
•
•
•
•

Lake and reservoirs:
cyanobacteria control with
electrochemical oxidation

Robotic vessel to operator data
transfer

Electrochemical
oxidation in
wastewater and
drinking water
treatment: removal
of persistent
organics

Bigger scale mapping
applications

Real-time information on the state of water.
Even accessibility to all parts of the water body and collection of
samples at a selected location.
Higher spatial and temporal resolution - a three-dimensional snapshot
of the water body.
Optimised sampling strategies allowing a reasoned decision on the
further time and location of sampling.
Quantitative and qualitative detection of phytoplankton.
Assessment of the physiological state of the phytoplankton.
Determining the presence of stress and stressors in the aquatic
environment.
Establishment of early warning.
Detecting and tracking the position and movement of cyanobacterial
bloom.
Obtaining detailed data with lower costs and less labour-demanding
way.
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In-lake cyanobacteria control
•
•
•

Localized control in selected areas.
Preventive action based on synchronised cyanobacteria monitoring and
growth control.
Curative actions with simultaneous cyanobacteria and cyanotoxins
destruction.

Automated energy efficient operation
•
•
•

Cost competitive and technologically advanced robotic vessel.
Sustainable energy use with solar powered operation without artificial
chemicals input.
Standalone use of the individual components of the vessel.
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