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PROJECT
METHODOLOGY

Detectionof cyanobacterian the lake

PROJECT AIMS

The focus of the project were cyanobacteria in
freshwaterbodies,their detection andin-lake control.

The primary goal of the project wasto demonstratethe
operation of two robotic vessels with accompanied
boathouses and docking stations in two freshwater
bodies with a different pattern of cyanobacteria
occurrence

A specificfluorescenceof photosynthetic pigments was
used in the project to detect cyanobacteria and
eukaryotic algae directly in the water body. The
simultaneoususe of chlorophylland phycocyaninsensos
has enabled the differentiation and quantification of

Theaim of the vesselsoperationwasto enableearlyon- _ _ : :
cyanobacteriaand algae in real time. In this way, we

ROBOTIC VESSEL
FUNCTIONING

Therobotic vesselis poweredby solarenergy. Thevessel
can automatically follow the points on the water
specifiedby the userby a computerprogram Thethree-
dimensional localisation, concentration, as well as
information about the physiological status of
cyanobacterids obtainedby measuringthe fluorescence
of cyanobacterialpigments

With the electrolytic cell, prevention of further

line detection and differentiation of cyanobacteriafrom
the rest of the phytoplanktonin the water andto prevent
further unwanted cyanobacteriaproliferation directly in
the lake without the addition of chemicals For this
purpose, electrolytic cell was used producing hydroxyl
radicals which are strongoxidants, directly from water.

PROJECT BACKGROU
AND GOALS

Cyanobacteriacan release dangerouscyanotoxinsand
are the source of the unpleasantodour and taste of
water. Their massive occurrencesin water are called
cyanobacterialblooms The cause of the blooming is
water eutrophication Thepresenceof cyanotoxinsn the
water can lead to the closure of water bodies for
recreation, problemsin the provision of clean drinking
and irrigation water, economicdamagein aquacultures,
etc.

Toreducesuchthreatsit is first and foremost necessary
to ensure measuresto prevent water pollution. As

preventive measures are often not sufficient, the

solutions for the early detection of the occurrenceof

cyanobacteriahazardsand prevention of their bloom is

necessaryegardlessf the statusof water bodies

INNOVATIVETECHNOLOG®OLUTIONS,

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 samplesfrom variable depths for
accuratelaboratory processing

gained a large amount of data on the spatial and
temporal occurrence of  phytoplankton and
bacterioplanktonby substantiallylesslaboratory work..

In-lake control
cyanobacteria

of the growth of

N E? immediate prevention of further growth of
anobacteriain the lake, we choose the method of
electrochemicaloxidation with the use of electrolytic
cells The cellswere equippedwith advancedelectrode
materialswith a high capacityof hydroxyl radicals(HCO)
formation directly from water. The HO are short lasting
and very powerful oxidising agents to which the
cyanobacterialcells are more sensitivethan the other
organisms

The installation of both systemsinto a robotic vessel
enabledthe establishmentof early warning systemon
harmful cyanobacteria occurrence and simultaneous
prevention of their proliferation without the addition of
chemicals,which would contribute to the formation of
the sediment

DEVELOPBDI

HINTHE

INTEGRATEMWATER MEASURING,TREATINGAND SAMPLING

SY STEM®B the vesselenablepumpingof water from
activatingelectrolytic cellor samplingthe water for further

AUTOMATIOOCKINGYSTEM

The vesselcan be navigated manually or by remote control using the computer After the

accomplishedmission,the vesselreturns to the vicinity of

dockingstarts with the help of acompassandrobotic vision

PROJEC

WIND METER, DATIRANSFER
MECHANISM, COMPASS, CAMERA

Online

variousdepths,decisionrmakingupon
laboratory analysis

The vesselreports 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
fluorescencesensors the vesselreports 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 Userfriendly software allows
processingof measureddata and their graphicaldisplay.
The vesselis equipped with an advanced system for
automatic docking and charging of the spare battery
during inactivity.

Information system for transfer and

presentationof measureddata

Integrated information systemenablesa 3-D view into

the state of the water body. A vesselwith its sensors
reportsto the operatoraboutits GSRocation,depth, the

presenceof algae and cyanobacteriaand other water
parameters The vesselsendsthe data in reattime via
GSM communication for their presentation at the

website GSMmodule sendsthe data alsoto a distant
TCP/IPserverof the operator, where the datais savedin

MySQL database Userfriendly program tool enables
data analysisand graphicalpresentation

LAKES
LIFTING ELECTRIC PONDS RESERVOIRS
PROPULSION
SYSTEM

harmful algal
bloom
prevention

PHOTOVOLTAIC PANEL,
BATTERIE

1 MEASURING CHAMBER

1 CONTINUOUSFLOW
CHAMBER FOR  ~_ /™
MEASURING  WATER
PARAM ETERéﬁabIesparaIlel

measuring with five sensors (e.qg.
phycocyanin, chlorophyll,
temperature, oxygen, conductivity,
pH).  Submersible fluorescence
sensors with automatic cleaning
brush are used for algae and
cyanobacteriaguantification

the dockingstation where automatic
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5 SMART VAL%E

2 WATERFLOW REGULATIONBY
SMARTVALVES

Water flow systemin the vesseland the automatic
samplerare equippedwith smartvalves The motor

N of the valvesand integrated electronicsenable an
o automatic control and integration of valvesinto a

bigger systemwith synchronisedfunctioning Flow

regulation is carried out with a stepwise
< compressionof the hose The designof the valves
allowsfor easyreplacementof the hose the use of

hoses of different diameters and mechanical

2 ELECTROLYTIC CELL
2 ELECTROLYTICELL FOR CYANOBACTERIA

GROWTH CONTROL AND CYANOTOXIN
DEGRADAT IOMntainsboron dopeddiamond(BDD)electrodes

for electrochemicattimulationof cyanobacterialirectly in water. Short

lived hydroxylradicals(HO ) are producedwith suppliedcurrentinside
the cell BDDelectrodesare advancednert electrodeswith the highest
potential of generatingHO , which inhibit and degrade cyanotoxins

properties and prevent cyanobacteriabvergrowth
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that the treatment of upper 10 cm water layer would be neededand that cyanobacteriatloud
covers 1 % of the water surface The applied current density of 50mA/cn¥ was taken into

account

Sincethe goal is to keep the cyanobacterialpopulation

completelydestroy the cells),a lower reduction efficiencycould be needed,which allows the

control of a largersurfacearea

Treatmentwould needto be repeatedseveraltimes during

: : destruction
Bigger scale mapping

applications

Robotic vessel to operator dat
transfer

Automated energyefficient operation

x  Costcompetitive andtechnologicallyadvancedobotic vessel

X  Sustainablesnergyuse with solar powered operation without artificial
chemicalanput.

X  Standaloneuseof the individualcomponentsof the vessel

below the critical level (and not to

the cyanobacteriabloomingseason

Earlywarning
system

3, 4 WATER AUTOSAMPLERNITH
MOTORIZEBIOSEREEL

Sampler allows withdrawal of six onelitre water
samplesby windingthe hose Electronicsof the sampler
enables the time and depth adjustable water

FRONT CAMERA abstractionand a detection of possibledefects(leaksof

the containers,pump damage,cloggingof a pipe) to
avoid spillage by automatically shutting off the
operation

3 MOTORIZED HOSE REEL

4 AUTOMATIC SAMPLER
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