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Project Project PartnersPartners

Fraunhofer Institute ofFraunhofer Institute of
ReliabilityReliability and Mikrosystem and Mikrosystem

Integration (IZM)Integration (IZM)

Institute of Institute of FreshwaterFreshwater  EcologyEcology
and Inland and Inland FisheriesFisheries (IGB) (IGB)

Institute of Agricultural and Institute of Agricultural and 
Urban Urban EcologicalEcological Projects (IASP) Projects (IASP)

Electronic Electronic ComponentsComponents GmbH  GmbH 
(ELBAU)(ELBAU)
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Project Project ObjectivesObjectives

ll DevelopmentDevelopment of an innovative  of an innovative measurementmeasurement and  and diagnosticdiagnostic
systemsystem  forfor  thethe  earlyearly and   and  detaileddetailed  analysisanalysis of  of fishfish  healthhealth and and
fitnessfitness in an  in an aquaculturalaquacultural  productionproduction  processprocess

ll RecordingRecording and  and telemetrictelemetric  transmissiontransmission of  of physiologicphysiologic  datadata of of
monitor fishesmonitor fishes  byby  autonomousautonomous, , injectableinjectable  microsensormicrosensor  systemssystems

ll AutomatedAutomated  long-termlong-term  monitoringmonitoring and  and controlcontrol of  of fishfish  stocksstocks

ll ReliableReliable and  and cost-effectivecost-effective  diagnosticdiagnostic  evaluationevaluation of  of physiologicphysiologic
alterationsalterations and /  and / oror  behaviouralbehavioural  irregularitiesirregularities in  in fishesfishes

ll OptimisationOptimisation of  of fishfish  productionproduction  methodsmethods and  and qualityquality  assuranceassurance
of of aquaculturalaquacultural  productsproducts
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Potential Potential DevelopmentDevelopment of  of thethe  MarketMarket (1) (1)
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ll    AquacultureAquaculture  is growingis growing and  and gaininggaining  moremore  importanceimportance in  in thethe light of  light of thethe  rapidrapid
     breakdown   breakdown of  of naturalnatural  fishfish  ressources,ressources,  especiallyespecially in  in thethe  marinemarine  sectorsector

ll    TheThe European Commission  European Commission forecastsforecasts  forfor  thethe  aquaculturaquacultur  developmentdevelopment
          areaarea a growth rate of 4% per  a growth rate of 4% per yearyear and 10,000 additional  and 10,000 additional jobsjobs

ll  Growth potential   Growth potential onon  aa global as well as  global as well as locallocal  scalescale



5FischFIT – microsystems in water; AquaLife 2008

www.fischinfo.dewww.fischinfo.de

14.8
20053

14.3
2003

13.8
20042

15.614.015.313.7per capita
cons. [kg]

20063200220012000Year1

Per Per capitacapita  consumptionconsumption of  of fishfish in Germany in Germany

11 Data  Data fromfrom 2004 on  2004 on notnot  comparablecomparable to  to previousprevious  datadata  relatedrelated to  to thethe  EU-enlargementEU-enlargement..
22  CorrectedCorrected..
33  ProvisionalProvisional..

Potential Potential DevelopmentDevelopment of  of thethe  MarketMarket (2) (2)

http://www.fischinfo.de
http://www.fischinfo.de
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ApplicabilityApplicability in  in AquacultureAquaculture

ll AquaculturAquacultur as an innovative  as an innovative branchbranch of  of animalanimal  productionproduction

ll AcceptanceAcceptance  forfor  innovationsinnovations  promotedpromoted  byby high  high qualificationqualification  levellevel

ll RelativelyRelatively  youngyoung and  and dynamicdynamic

          branchbranch of  of productionproduction

ll High High riskrisk of  of losseslosses

ll PoorPoor  observationobservation  andand
monitoringmonitoring  conditionsconditions
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Project Project PartnerPartner    / Competence/ Competence

ll IGB IGB Dr. Daniela Dr. Daniela BaganzBaganz

Dr. Georg Dr. Georg StaaksStaaksBiology and Ecology of FishesBiology and Ecology of Fishes

Long-Long- and  and short-termshort-term  behaviouralbehavioural changes in fishes changes in fishes
ChronobiologyChronobiology, swimming physiology, respiration and metabolism, swimming physiology, respiration and metabolism
Fish diseasesFish diseases
Aquaculture Aquaculture techniquestechniques and  and technologytechnology

Time series and fitted Cosinor regression for the whole data set
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Project Project PartnerPartner  /   / CompetenceCompetence

l IASP   Prof. Hans-Ullrich Balzer

Chrono-psycho-biological
regulatory diagnostics

Signal analysis and differentiation of rhythmic components of 
overlapping signal datasets
Analysis and evaluation of ECG, breathing rhythms and 
changes in the electric skin potential
Combinatoric evaluation of biological rhythms
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Project Project PartnerPartner  /   / CompetenceCompetence

ll Fraunhofer IZM Fraunhofer IZM Dr. Volker GroDr. Volker Großßerer

System Design & IntegrationSystem Design & Integration

Functional Functional demonstratordemonstrator  unitsunits of  of miniaturisedminiaturised  sensorsensor  systemssystems in  in cooperationcooperation  withwith  
thethe  technologicallytechnologically  orientedoriented IZM  IZM departmentsdepartments

Simulation Simulation electricelectric, , electromagneticelectromagnetic, , thermicthermic and  and mechanicmechanic  characteristicscharacteristics  
of of complexcomplex  microelectronicmicroelectronic  wiringswirings
Design and Design and developmentdevelopment of  of electronicelectronic  microsystemsmicrosystems
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Project Project PartnerPartner  /   / CompetenceCompetence

ll ELBAU GmbH ELBAU GmbH Dipl.-Ing. Thomas Dipl.-Ing. Thomas SichtingSichting  

System development & integrationSystem development & integration  of sensorsof sensors

Main Main characteristicscharacteristics of ELBAU  of ELBAU productsproducts  areare  sensor-specificsensor-specific  constructionconstruction and  and 
connectionconnection  technologiestechnologies, , application-specificapplication-specific  integratedintegrated  datadata  aquisitionaquisition and  and 
analysisanalysis, and , and thethe  developmentdevelopment up to a  up to a ready-to-goready-to-go  productproduct  designdesign

Service Service delivererdeliverer  forfor::
microsystemmicrosystem technology,  technology, sensorsensor technology,  technology, circuitcircuit  boardsboards  oror  platesplates, , 
specialspecial  electronicelectronic  technologiestechnologies
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Main Main ResearchResearch  TopicsTopics

ll DevelopmentDevelopment of  of methodsmethods  forfor  long-termlong-term  monitoringmonitoring of  of physiologicphysiologic
parametersparameters ( (breathbreath  frequencyfrequency, , heartheart rate,  rate, bodybody  temperaturetemperature, , electricelectric  skinskin
potential) and potential) and behaviouralbehavioural  parametersparameters ( (swimmingswimming  activityactivity))

ll DevelopmentDevelopment of a  of a procedureprocedure to  to elaborateelaborate  diagnosesdiagnoses of  of thethe  healthhealth and and
fitnessfitness  statusstatus of  of fishfish  automaticallyautomatically on  on thethe  basisbasis of  of thethe  chronobiologicalchronobiological
regulatoryregulatory  diagnosticsdiagnostics

ll DevelopmentDevelopment of an  of an appropriateappropriate  non-reactivenon-reactive  aapplicationpplication technology technology

ll DevelopmentDevelopment of an  of an enhancedenhanced  low-powerlow-power  sensorsensor technology technology

ll DevelopmentDevelopment of intelligent  of intelligent autonomousautonomous  telemetrictelemetric  communicationcommunication
modulesmodules
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PlannedPlanned  DesignDesign of  of thethe  MicrosensorMicrosensor

 

electrodes for 
measuring electric potential

pressure and temperature sensor

acceleration
sensor

processor

battery

communication
unit

biocompatible housing

••    smallsmall  25 x 6 x 2.5 mm25 x 6 x 2.5 mm
••    injectableinjectable
••    longlong  livingliving - 1  - 1 yearyear +  + rechargebilityrechargebility

•• Electric  Electric skinskin resp.  resp. tissuetissue potential,  potential, 
•• Body  Body temperaturetemperature,,
••  3D-3D-accelerationacceleration,,
••  BreathBreath and  and heartheart  frequencyfrequency

MeasurementMeasurement of: of:
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BioMARBioMAR –  – ExperiencesExperiences

Multi-sensorMulti-sensor system for penguins and whales: system for penguins and whales:

Kompaß Differenzdruck-Sensor

Absolutdruck-Sensor

Batteriefach

Leitwert-Elektroden

pH-Elektrode

Sauerstoff-Elektrode

Temperatur-Sensor

Licht-Sensoren

IrDa-Schnittstelle

ExperiencesExperiences: : - - long-termlong-term  reliabilityreliability in ( in (sea)watersea)water
- - biocompatibilitybiocompatibility  forfor  thethe  animalanimal

DisadvantageDisadvantage: : - - tootoo  bigbig and  and tootoo  heavyheavy  forfor  fishesfishes
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AutonomouslyAutonomously  CommunicatingCommunicating  SensorSensor  NetworksNetworks

ASNsASNs - new dimension of network functionality - new dimension of network functionality
e.g. by ad-hoc networkinge.g. by ad-hoc networking

No No networknetwork  infrastructureinfrastructure  requiredrequired



15FischFIT – microsystems in water; AquaLife 2008

AutonomouslyAutonomously  DistributedDistributed  MicrosystemsMicrosystems (AVM) (AVM)

Integrated processor power, Integrated processor power, 
energy supply and energy supply and 
communication modulecommunication module

Up to 2010 so called "Up to 2010 so called "eGrainseGrains" " 
with a size of ca. 2 x 2 x 4 mmwith a size of ca. 2 x 2 x 4 mm

New dimension in New dimension in miniaturisationminiaturisation  
by multi layer technologyby multi layer technology Wireless Wireless networknetwork  enabledenabled  

micromicro  sensorsensor at a flexible  at a flexible 
foldedfolded  substratesubstrate  withwith  
6 mm 6 mm edgeedge  lengthlength

Power Power supplysupply  byby  
„„GoldcapsGoldcaps“ “ oror
micromicro  generatorsgenerators
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Sketch of Sketch of SensorSensor  CommunicationCommunication  FunctionalityFunctionality

IntegratedIntegrated  transmissiontransmission and  and receiverreceiver  unitsunits
IntegratedIntegrated  microprocessormicroprocessor
Self-organisingSelf-organising  networksnetworks
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FishFish  DistributionDistribution and  and DistancesDistances of  of SingleSingle  SensorsSensors

Fisch-Positions
Tagged Fish

TheoreticalTheoretical  distributiondistribution of  of taggedtagged and  and untaggeduntagged  fishfish
in a in a raisingraising  basinbasin

BasinBasin  sizesize                8x2x1 m                8x2x1 m

BasinBasin  volumevolume          20 m³          20 m³

StockingStocking  densitydensity      50      50  kg/m³ kg/m³

Body Body massmass  kg/fishkg/fish            0,40,4

FishFish / m³ / m³ 125125

NumberNumber of  of fishfish                      20002000

NumberNumber of  of monitormonitor  fishfish ( (betweenbetween 1-5 % of  1-5 % of thethe stock) stock)
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FishFish  DistributionDistribution and  and DistancesDistances of  of SingleSingle  SensorsSensors
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FishFish  SpeciesSpecies
••  SpeciesSpecies  withwith a  a longerlonger  raisingraising time, an  time, an individuallyindividually high  high bodybody  massmass  
  and   and economiceconomic  valuevalue

15  €/kg

9 €/kg

8 €/kg

400-2000 €/kg
6-8 €/kg
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EconomicEconomic  EffectsEffects

••  MinimisationMinimisation of  of requiredrequired  foodfood
    amountsamounts

••  AvoidanceAvoidance  oror  minimisationminimisation
  of   of losseslosses

••  EnhancementEnhancement of  of productproduct  qualityquality of  of fishfish
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PossibilityPossibility  of Lossof Loss  PreventionPrevention (1) (1)
Normal Normal losseslosses in  in aquacultureaquaculture    accountaccount up to 0.1% per  up to 0.1% per dayday
StochasticStochastic  processesprocesses  leadlead to a  to a certaincertain  dailydaily  variabilityvariability
ObjectiveObjective::

EarlyEarly  diagnosisdiagnosis of  of diseasedisease  outbreaksoutbreaks  withwith a  a circaseptanecircaseptane time time
advancementadvancement

Fish stock 10,000 individuals, normal losses < 0.1%/d, and a simulated
accidental or desease related raise of losses from day 65 on

Time [days]

Lo
ss

es
 [I

nd
iv

id
ua

ls
 / 

da
y]

a
c

5

7

9

11

13

15

17

19

0 20 40 60 80 100

b

d

a – real a – real dailydaily  losseslosses

b – b – lossloss  curvecurve  calculatedcalculated  byby  
            chronobiologicalchronobiological  methodsmethods

c – c – alarmalarm point  point byby traditional  traditional 
            methodsmethods ( (meansmeans))

d – d – alarmalarm point  point byby  chronobiolchronobiol..
            methodsmethods
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Diagnosis of disturbances or impairments in periods of hours
Made possible by an analysis of shifts in the biological rhythms of an
organism

Expl. Toxic influence of cadmium and phenol on medakas

a) Cd 1 mg/l   b) Phenol 10 mg/l

Time series and fitted Cosinor regression for the whole data set
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Potential Potential End-UsersEnd-Users and  and ManufacturersManufacturers

l Fischerei Müritz-Plau GmbH

l CAVIAR CREATOR Manufaktur GmbH

l Peitzer Edelfisch Handelsgesellschaft mbH

l automation & software Günther Tausch GmbH

l SWISSBIT GERMANY AG, Berlin

l HEIDENHAIN-MICROPRINT GmbH, Berlin

 Advisory council for research project
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Long-TermLong-Term  PossibilitiesPossibilities  forfor  ApplicationApplication

•• OptimisationOptimisation of  of fishfish  aquacultureaquaculture, , integrationintegration in  in aquaculturalaquacultural
managementmanagement  systemssystems

•• MonitoringMonitoring of  of thethe  healthhealth  statusstatus of  of aquaticaquatic  animalsanimals in larger  in larger scalescale
pondsponds

•• PhysiologicPhysiologic  telemetrytelemetry in  in thethe  fieldfield ( (riversrivers, , lakeslakes, , oceansoceans) to) to
monitormonitor  waterswaters and  and fishfish  stocksstocks

•• Health Health monitoringmonitoring and  and diseasedisease  prophylaxisprophylaxis in larger  in larger farmedfarmed  oror
wild wild animalsanimals

•• ApplicationApplication in human  in human medicalmedical  monitoringmonitoring
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PossibilitiesPossibilities  forfor  ApplicationApplication in  in thethe  WaterWater  SectorSector

•• Integration in Integration in ““DriftersDrifters””, following water currents or movements, following water currents or movements

•• DetectionDetection of  of pollution pointpollution point  sourcessources  byby  bringingbringing out  out sensorssensors in in
thethe  areaarea of  of interestinterest  oror  underunder  observationobservation

•• MonitoringMonitoring  shipship  oror  boatboat  movementsmovements

•• FollowFollow  shoolsshools of  of fishfish  movingmoving in  in openopen  waterswaters ( (fresh waterfresh water  oror
marinemarine in  in thethe  long-termlong-term in  in combinationcombination  withwith  RobofishRobofish  datadata
aquisitionaquisition  stationsstations
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WhatWhat  areare  thethe  fishfish  thinkingthinking  aboutabout  itit??

ThankThank  YouYou ! !
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Bestimmung von Regulationszuständen

Ø Erregung

Ø Labilität

Ø stabil Ø stabilØ instabil

Ø Niveau 1

Ø Niveau 2

Ø Periode 1

Ø Periode 2

Ø Arbeitsweise biologischer Systeme

Ø multiplikativer
Ø Periodenwechsel
Ø demultiplikativer

Ø Relaxation 
Ø Ruhe
Ø Stabilität

Ø Stress

Ø Mittelwert 1

Ø Mittelwert 2

Regulationsperiodekurz lang

Auftrittshäufigkeit

Aktivierung

Beanspruchung
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Ethogram

Psychophysiological Behaviour

Start: 11:31:00 Uhr
Stop: 11:34:00 Uhr

laying
standing

sitting
running
jumping

emotional
reaction / SYM
nerval
reaction / SP

muscular
reaction / EMG

Parameter

-1

-0,8

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

0,8

1

11:31:00 11:32:00 11:33:00

Synchronisation of body functions

dog: MK
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FischFIT-eGrain

Smart-Middle-
Ware

(Receiver/Repeater)

Expert systemAir

Water

z.B. 150 MHz

z.B. 2,4 GHz
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Integration in das Integration in das ProFit-FörderprogrammProFit-Förderprogramm

„FischFit-Monitor“

•  Innovatives Berliner FuE-Projekt

• Interdisziplinäre Kooperation zwischen Ingenieurwissenschaften, 

Biowissenschaften / Veterinärmedizin und Fischereitechnologie

• Bündelung regionaler Kompetenzen vorrangig aus dem Raum 

Berlin / Brandenburg

• Stärkung der Berliner Forschungslandschaft 

• Technologietransfer von den beteiligten Forschungseinrichtungen

in produzierende Berliner und Brandenburger Unternehmen

• Wirtschaftliche Verwertung von FuE-Ergebnissen vorrangig in

Berlin möglich


