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The visionThe vision

•• Smart DustSmart Dust……..
–– Monitor the environment and object with Monitor the environment and object with 

smart wireless sensorssmart wireless sensors
–– Combination of sensing, distributed Combination of sensing, distributed 

processing and wireless communicationprocessing and wireless communication

–– OkOk……., but in water?., but in water?



Underwater monitoring applicationsUnderwater monitoring applications

•• surveillance of coastal borders and harbourssurveillance of coastal borders and harbours
•• oil and gas explorationoil and gas exploration
•• earthquake and seaquake predictionearthquake and seaquake prediction
•• water environmental monitoringwater environmental monitoring
•• water pollutionwater pollution

Oil and gas exploration and Oil and gas exploration and 
productionproduction



Environmental monitoringEnvironmental monitoring

•• Global warmingGlobal warming
•• PollutionPollution
•• BiodiversityBiodiversity
•• Where?Where?

–– Great Barrier ReefGreat Barrier Reef
–– WaddenzeeWaddenzee
–– HarboursHarbours
–– OceansOceans

ObjectiveObjective

•• Design and develop a versatile, efficient, Design and develop a versatile, efficient, 
and robust underwater monitoring and robust underwater monitoring 
platformplatform
–– Wireless networkingWireless networking
–– SensingSensing
–– EffectiveEffective

•• Protocols, modeling, architecture, IC, Protocols, modeling, architecture, IC, 
experimentsexperiments



Consortium Consortium -- academiaacademia

•• University of Twente (coordinator)University of Twente (coordinator) ‏‏
–– distributed sensing and event detectiondistributed sensing and event detection

•• University of Rome University of Rome ““La SapienzaLa Sapienza””
–– distributed medium accessdistributed medium access
–– polution control and CO2 storagepolution control and CO2 storage

•• University of PadovaUniversity of Padova
–– multimulti--hop routing protocolshop routing protocols

•• CINICINI
–– architecture and system evaluationarchitecture and system evaluation

Consortium Consortium -- industryindustry

•• Microflown TechnologiesMicroflown Technologies
–– acoustic vector sensors (receiver)acoustic vector sensors (receiver) ‏‏
–– beamformingbeamforming

•• Kongsberg MaritimeKongsberg Maritime
–– acoustic communication (transducer)acoustic communication (transducer) ‏‏
–– industrial case studiesindustrial case studies

•• SINTEF ICTSINTEF ICT
–– underwater channel modeling (PHY)underwater channel modeling (PHY) ‏‏
–– validation and expeditionvalidation and expedition



State of the artState of the art

•• Underwater modemsUnderwater modems
–– Point to pointPoint to point
–– Low data rate, long delaysLow data rate, long delays
–– Energy hungryEnergy hungry
–– UnreliableUnreliable
–– Large, bulky, expensiveLarge, bulky, expensive
–– Hard to deployHard to deploy

•• SensorsSensors
–– ExpensiveExpensive
–– High energy consumptionHigh energy consumption
–– Lack of low power acoustic sensorsLack of low power acoustic sensors



Research aspects Research aspects 

•• Wireless communicationWireless communication
–– Channel modelingChannel modeling
–– Efficient transmissionEfficient transmission
–– Hybrid underwater networking protocolsHybrid underwater networking protocols

•• Distributed sensingDistributed sensing
–– LowLow--power acoustic vector sensorspower acoustic vector sensors
–– Reasoning and data aggregationReasoning and data aggregation

ChallengesChallenges

•• Wireless communication in extremesWireless communication in extremes
–– LatencyLatency
–– MultipathMultipath
–– BandwidthBandwidth
–– EnergyEnergy

•• Harsh environmentHarsh environment
–– very dynamic channelsvery dynamic channels

–– floating devicesfloating devices

–– high pressurehigh pressure
•• Packaging, operation, and maintenancePackaging, operation, and maintenance
•• Reliable and versatile sensorsReliable and versatile sensors



Hierarchical sensor networkHierarchical sensor network

LowLow--power acoustic vector sensors power acoustic vector sensors 
for underwaterfor underwater

•• Hydroflown, dual functionalityHydroflown, dual functionality
–– passive monitoring acoustic signals and passive monitoring acoustic signals and 

vibrationsvibrations
–– Active communication receiverActive communication receiver

•• Packaging and integrationPackaging and integration



Efficient communication and Efficient communication and 
information dispersioninformation dispersion
•• TransducerTransducer

–– PHY modelingPHY modeling
–– OFDM modulationOFDM modulation

•• Communication protocolsCommunication protocols
–– dynamic MAC protocolsdynamic MAC protocols
–– MultiMulti--hop routinghop routing

•• Collaborative networkingCollaborative networking
–– BeamformingBeamforming
–– Reasoning and data aggregationReasoning and data aggregation

ConclusionsConclusions

•• A truly multidisciplinary projectA truly multidisciplinary project
•• Unexplored research domainUnexplored research domain
•• Lots of challengesLots of challenges

–– ScientificScientific
–– PracticalPractical

•• International collaborationInternational collaboration
–– EU project HydroflownEU project Hydroflown
–– EU project UANEU project UAN
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