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Types of Temporal GIS DataTypes of Temporal GIS Data

DynamicDynamic
something that movessomething that moves

Discrete Discrete 
something that something that ““just just 

happenshappens””

StationaryStationary
stands still but stands still but 

records changesrecords changes

ChangeChange
change or growthchange or growth

•• PopulationPopulation
•• DistributionDistribution

•• PlanesPlanes
•• VehiclesVehicles
•• AnimalsAnimals
•• SatellitesSatellites
•• StormsStorms

•• CrimesCrimes
•• LightningLightning
•• AccidentsAccidents

•• Weather StationsWeather Stations
•• Traffic Sensors Traffic Sensors 



Time and Track CorrelationTime and Track Correlation

TimeTime
Allows Allows ““CurrentCurrent”” data to be showndata to be shown

CorrelationCorrelation
Allows grouping by sourceAllows grouping by source

Traffic AccidentsTraffic Accidents Animal MigrationAnimal Migration



Tracking ServerTracking Server



Tracking Server Tracking Server –– Big PictureBig Picture
Temporal Processing for GIS DataTemporal Processing for GIS Data

CollectCollect

ProcessProcess

DistributeDistribute

TrackingTracking
ServerServer

SDESDE



Tracking Server FunctionsTracking Server Functions
Supporting Data FlowSupporting Data Flow

•• CollectingCollecting
–– BuiltBuilt--in Support for: XML, CSVin Support for: XML, CSV
–– Any protocol can be supported through custom datalink developmenAny protocol can be supported through custom datalink developmentt
–– Datalink & Connector SDKDatalink & Connector SDK’’s for:  C++, C#, Javas for:  C++, C#, Java

•• ProcessingProcessing
–– ““ActionsActions”” –– framework to inspect or modify an observationframework to inspect or modify an observation

•• DistributingDistributing
–– Tracking Clients subscribe to a named Tracking ServiceTracking Clients subscribe to a named Tracking Service
–– Tracking Server pushes updates to subscribed clientsTracking Server pushes updates to subscribed clients
–– Web Client APIWeb Client API’’s: Flash, Silverlight, Javas: Flash, Silverlight, Java
–– Desktop Client APIDesktop Client API’’s: C++, C#, Java  (ArcGIS Engine)s: C++, C#, Java  (ArcGIS Engine)



Sensor NetworksSensor Networks



Characteristics of a Sensor NetworkCharacteristics of a Sensor Network

•• Low PowerLow Power
–– Low cost / deployed in bulk  (smart dust)Low cost / deployed in bulk  (smart dust)
–– Self organizingSelf organizing, , faultfault--toleranttolerant networknetwork
–– Sensor location could be GPS linked, or set through surveyingSensor location could be GPS linked, or set through surveying

•• High endHigh end
–– Devices are targeted more for industrial or military useDevices are targeted more for industrial or military use
–– MultiMulti--sensor fusion in one device (may include GPS + compass)sensor fusion in one device (may include GPS + compass)
–– Integrated with other systems (surveillance, control systems)Integrated with other systems (surveillance, control systems)

From low end to highly capable systemsFrom low end to highly capable systems…… sensors in a networksensors in a network
usually share the communication responsibilitiesusually share the communication responsibilities



Networks of Small Scale Networks of Small Scale -- Connected at Larger ScaleConnected at Larger Scale

National Science Foundation  (nsf.gov) National Science Foundation  (nsf.gov) –– NEON Project  (neoninc.org)NEON Project  (neoninc.org)



Types of SensorsTypes of Sensors

•• EnvironmentalEnvironmental
–– SampleSample--based:  Wind, Precipitation, Temperature, Stream Gaugesbased:  Wind, Precipitation, Temperature, Stream Gauges
–– Event driven:  Lightning, EarthquakesEvent driven:  Lightning, Earthquakes

•• Vehicles / TrafficVehicles / Traffic
–– Event per vehicle Event per vehicle –– then processed into samplesthen processed into samples

•• Specific Object Detection SystemsSpecific Object Detection Systems
–– Event driven detection:  Heat, Vibration, MotionEvent driven detection:  Heat, Vibration, Motion
–– Electronic Signals: Radio, RFIDElectronic Signals: Radio, RFID

•• Mobile DevicesMobile Devices



Sensor Network Example Sensor Network Example –– Detecting LandslidesDetecting Landslides

Amrita University Amrita University -- Munnar, Idukki, Kerala, IndiaMunnar, Idukki, Kerala, India



Sensor Network Example Sensor Network Example –– Bedrock MonitoringBedrock Monitoring

www.PermaSense.ch  www.PermaSense.ch  -- Universities of Zurich and Basel  & Swiss National Science FounUniversities of Zurich and Basel  & Swiss National Science Foundation dation 



Sensor Network Example Sensor Network Example –– Bedrock MonitoringBedrock Monitoring



Sensor Network Example Sensor Network Example –– Bedrock MonitoringBedrock Monitoring



Sensor Network Example Sensor Network Example –– Bedrock MonitoringBedrock Monitoring



Sensor Network Topology Sensor Network Topology –– MatterhornMatterhorn



Sensor Network DataSensor Network Data

•• Matterhorn & JungfraujochMatterhorn & Jungfraujoch
•• Data collected approximately once per minuteData collected approximately once per minute

•• DEMODEMO



Sensor Network Example Sensor Network Example –– CalTrans Coverage AreaCalTrans Coverage Area

• Over 30,000 sensors 
in 10,000 locations

• Sensor pulses are 
collected every 5 sec.

• 30-second sum is 
reported regionally

• Each region reports 
to CalTrans



Sensor Network Example Sensor Network Example –– Weather StationsWeather Stations

•• APRS Protocol APRS Protocol –– ““Amateur Packet Reporting SystemAmateur Packet Reporting System””
•• Amateur Radio operators use this for 2Amateur Radio operators use this for 2--way text messagingway text messaging
•• Heavily used for weather beacon informationHeavily used for weather beacon information



AnalysisAnalysis



Want to Learn More?Want to Learn More?
ESRI Training and Education ResourcesESRI Training and Education Resources

•• InstructorInstructor--Led TrainingLed Training
–– Implementing Tracking ServerImplementing Tracking Server

http://www.esri.com/traininghttp://www.esri.com/training



Questions?Questions?

•• Please fill out the Session Survey formPlease fill out the Session Survey form

•• Thank You!Thank You!


