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What isWhat is a Sensor  a Sensor Network?Network?

Scientific American Scientific American 

Courtesy of Crossbow TechnologyCourtesy of Crossbow Technology

“..“...a .a wwirelessireless  netwnetworork k coconsistinsistingng  ofof  spatiallspatially y 
distribdistribututed ed autonomouautonomous s devicesdevices  usinusing g sensosensorsrs  to to 
cocooperoperativeatively ly monitor monitor physicaphysical l oror  envirenvironmental onmental 

dditions, itions, such such as temas temperature, soundperature, sound, , 
ration, ration, pressurepressure, , mmotion otion oror  pollupollutants, tants, at at 
ererent ent localocations.”tions.”



EPA Strategic Plan 200EPA Strategic Plan 20066--20112011

 “Through“Through  distribdistribututed ed sensosensor r netwnetwororksks, , we cowe coulduld  
cocollect llect and and transmittransmit  data fdata fasteraster  and and moremore  
frfrequenequently, tly, imimprovprove e data data ququality, ality, enhanenhance dce data ata 
intintegration, egration, and imand improvprove e data sharing…data sharing…””

 “This techn“This technologyology  cocoulduld  suppsupporort t our our ReporReport t on on ththe e 
EnvirEnvironmenonment, t, advance our advance our foforeresighsight t capabilcapabilities, ities, 
and provand provide ide data that data that accaccurately urately portrportrayays s 
envirenvironmental onmental cocondinditions tions on on a reaa reall--time bastime basis.”is.”

 Advanced sensoAdvanced sensor r techntechnologies ologies was was ththe e one one 
emeremerginging issg issue tue that hat ararosose e mosmost t frfrequently equently duringduring  
a a serseries of ies of futures/strafutures/strategic tegic planplanninning g workworkshopsshops
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Traditional Sampling 

Sensors 

→ 

Travel to Site 
Collect Sample Pkg. Sample for Shipment Mail Sample to Lab. 

Prepare Sample for Analysis Analyze Sample Review Results 

Sensor Collects Data in Field; 
Without Discrete Sample -
Transmits Info. Directly 



EnabEnable Dramle Dramatic atic ImprovemImprovementsents
Performance Performance MeasMeasururement,ement,  ProgrProgram am ManageManagementment

& & EnvEnvironironmental mental MonitoringMonitoring

•• More More easily understand dynamicseasily understand dynamics
 SpatialSpatial  and temporal complexityand temporal complexity

ReRealal--time datatime data
 Enable quick notification and response Enable quick notification and response time to worsening time to worsening 

conditionsconditions

Smart sensorsSmart sensors
 Automate responses to threats to human health and the Automate responses to threats to human health and the 

envienvironmentronment

Reduce costsReduce costs
 Minimize traditional Minimize traditional monitoring when sensors show that monitoring when sensors show that 

conditions are within acceptable tolerancesconditions are within acceptable tolerances

Target sampling times and frequenciesTarget sampling times and frequencies
 Produce data best suited Produce data best suited to achieve complianceto achieve compliance

••

••

••

••



Sensors Sensors & Tradi& Traditiontional Monial Monitorintoringg

•• TrTraditional aditional sasamplmplinging and and a analysnalysis is methodsmethods

 ForFor  now now –– peperhaps rhaps momorere  preprecicisision of on of iindindivividualdual  
memeasureasuremementnt

 BBut ut can can bebe  mimislsleeadiading ng aboabout ut a a sisitete

•• SensorSensors gs gather mather much uch moremore  datadata

 UseUsefufull  iinfnforormamatition on on on temtemporporalal  and and spatispatialal  varvariiatiations ons iin n 
cocontamntamiinant nant lleevevellss

 ReRealal  titimeme data  data avaavaiillabiabilliityty

 AbiAbilliity ty to to eevalvaluate uate tretrendsnds

 SeSensors nsors mamay cost y cost momorere  at at fifirstrst

•• LoweLower r analanalyticayticall costs  costs oveover r titimeme



SensorSensor Dat Data a IsIssuessues

•• Data Quality & AcceptabilityData Quality & Acceptability
 Data comparability to traditional methodsData comparability to traditional methods
 Accuracy & precisionAccuracy & precision

Certification and Regulatory acceptanceCertification and Regulatory acceptance

What is More ValuableWhat is More Valuable
 More More significant digits or significant digits or timelinesstimeliness
 SystemSystem--level level characterization of a site or characterization of a site or ecosystem?ecosystem?

Depends on the Decision to be MadeDepends on the Decision to be Made

••

••

••



Moving ForwarMoving Forwardd
Demonstration Demonstration Projects Projects ShouldShould

•• BBee  a a cacataltalyst yst forfor  changechange

 BroadBroad  natinationalonal  iinternteresestt

•• ContContriribute bute to thto thee  adoadoptiption on of of advaadvanced nced sesensor nsor 
technoltechnologiogiees s iin n a a reregulgulatoatory ry eenvirnvironmonmeentnt

•• ExExiististing ng momonitonitoriring ng eefforts fforts alalreready unady undederway rway for for 
cocommpaparirisoson n purppurpososeess

•• SeSensor(s) nsor(s) chosechosen n must must bebe  rerelliiablablee  and and durabldurablee

•• DemDemonstraonstrate te abiabilliity ty to to capturecapture  spatispatialal and/or  and/or temtemporporalal  
comcomplpleexixityty



PotentialPotential Ar Areas eas of Appliof Applicaticationon
in in Aquatic Aquatic EcosysEcosystemstems

 Septic SSeptic Systemsystems

NoNonn--Point Point SoSoururce ce RunRunoffoff

BeachBeach  WaWater Quater Qualitylity

Combined SewCombined Sewer Overflowser Overflows

ConConcencentratedtrated  AnAnimal imal FeedinFeeding g OpOperaerationtionss

Rapid Rapid tractracking king grogroundwateundwater r plumesplumes
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TYPES TYPES OF SENSORSOF SENSORS

 Sensor CategorySensor Category ParameterParameter Cost Cost ($)($) FieldField--
ReadiReadinessness

PhysicalPhysical TemperatureTemperature 5050--100100 HighHigh

Moisture, Moisture, ContentContent 100100--500500 HighHigh

Flow Flow Rate, Rate, Flow Flow VelocityVelocity 1,0001,000--10,00010,000 HighHigh
PressurePressure 500500--1,0001,000 HighHigh

Light Transmission (Turbidity)Light Transmission (Turbidity) 800 800 --2,0002,000
HighHigh

ChemiChemicalcal Dissolved OxygenDissolved Oxygen 800800--2,0002,000 HighHigh

Electrical ConductivityElectrical Conductivity 800800--2,0002,000 HighHigh

pHpH 300300--500500 HighHigh

ORPORP 300300--500500 MediMediumum
-Major Ions (ClMajor Ions (Cl-, , +)NaNa+) 500500--800800 LowLow--MedMed
-Nutrients (NO3Nutrients (NO3-, , +)NH4NH4+) 500500--35,00035,000 LowLow--MedMed

Heavy MetalsHeavy Metals NANA LowLow

Small Small Organic CompoundsOrganic Compounds NANA LowLow

Large Organic CompoundsLarge Organic Compounds NANA LowLow

Examples of environmental sensors: cost (NA=Not Available). (From: Distributed Sensing Systems for 

Water Quality Assessment and Management, WWC & UCLA/CENS; February 2007)
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