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•• Overview of Spatiotemporal dataOverview of Spatiotemporal datap pp p
•• Storage and management of temporal dataStorage and management of temporal data

–– FeatureFeature
R tR t–– RasterRaster

–– ArrayArray

•• Visualization of temporal dataVisualization of temporal data
•• Analysis of temporal dataAnalysis of temporal data
•• Working with realWorking with real--time datatime data
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GIS Integration of TimeGIS Integration of Time
New Ways to Manage, Visualize & Analyze GeographyNew Ways to Manage, Visualize & Analyze Geography

MultiMultiVi li ChVi li Ch•• Extended Data ModelExtended Data Model Multi Multi 
Dimensional Dimensional 

Data (netCDF)Data (netCDF)

Visualize ChangeVisualize Change
•• Tools for ManipulationTools for Manipulation

–– QueryQuery
–– VisualizationVisualization

AnimationAnimation
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TT•• AnimationAnimation

•• ChartingCharting
–– Iterative ProcessingIterative Processing
–– Tracking AnalysisTracking Analysis

Di F t M d lDi F t M d l xx
FilesFiles–– nDim Forecast ModelsnDim Forecast Models

–– Change AnalysisChange Analysis
DBMSDBMS

TT11

SimulationSimulation

Real TimeReal Time
Sensor NetworkSensor Network
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Time is SpecialTime is Special

•• LinearLinear
–– Wednesday always follows TuesdayWednesday always follows Tuesday

•• CyclicalCyclical
–– June 20June 20thth happens every yearhappens every year

•• UniUni directionaldirectional•• UniUni--directionaldirectional
–– Events which happen today don’t affect yesterdayEvents which happen today don’t affect yesterday
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Time can be difficult to work withTime can be difficult to work with

•• Its not metric or base 10 so its messyIts not metric or base 10 so its messy
–– A Year is 365, or sometimes 364 daysA Year is 365, or sometimes 364 days
–– A Month can be 28 days to 31 daysA Month can be 28 days to 31 days
–– A Day is 24 hrs, but hours are 60 minutes, and minutes are 60 A Day is 24 hrs, but hours are 60 minutes, and minutes are 60 

secondsseconds
–– Don’t forget time offsets from GreenwichDon’t forget time offsets from Greenwich

•• Can be stored as Integer, Double, String, or DateCan be stored as Integer, Double, String, or Dateg , , g,g , , g,

•• DATE is a special field type specific to timeDATE is a special field type specific to time
–– Specific code for that type make it easier to use and fasterSpecific code for that type make it easier to use and faster
–– Not all database support the same type and operatorsNot all database support the same type and operators
–– Use DATE fields whenever possible for your temporal dataUse DATE fields whenever possible for your temporal data
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Storage and management of temporal dataStorage and management of temporal data

•• What is temporal dataWhat is temporal data
•• How to represent temporal data in a relational systemHow to represent temporal data in a relational system•• How to represent temporal data in a relational systemHow to represent temporal data in a relational system
•• How to access temporal dataHow to access temporal data

–– What applications work with temporal dataWhat applications work with temporal data
–– Constructing queriesConstructing queries

•• IndexingIndexing
PerformancePerformance•• PerformancePerformance

–– Access pathsAccess paths

•• StorageStoragegg
–– Single tableSingle table
–– JoinsJoins
–– DBMS partitioningDBMS partitioning
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TemporalTemporal
Time Dates SpatialTime Dates Spatial--temporal Historytemporal HistoryTime, Dates, SpatialTime, Dates, Spatial--temporal, Historytemporal, History

•• First problem First problem –– the meaning is overloadedthe meaning is overloadedpp gg

•• Each of us have our own definition and requirementsEach of us have our own definition and requirements

•• Implementations may be unique, but all of them have  Implementations may be unique, but all of them have  
man similaritiesman similaritiesmany similarities…many similarities…

–– How to modelHow to model
–– How to storeHow to store
–– How to accessHow to access
–– How to optimizeHow to optimize
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What are “some” meanings of temporalWhat are “some” meanings of temporal

•• PointPoint--inin--timetime
–– A specific momentA specific moment
–– Event drivenEvent driven

•• Duration of timeDuration of time
–– An intervalAn interval

D ib h t i ti i d ( t t d tD ib h t i ti i d ( t t d t d d t )d d t )–– Describes characteristics over a period (start date Describes characteristics over a period (start date –– end date)end date)

•• Transactional timeTransactional time
–– System generated, auditing (in the database)System generated, auditing (in the database)

•• Valid timeValid time
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Valid timeValid time
–– Legal representationLegal representation



Based on one’s needs…Based on one’s needs…
How to represent temporal dataHow to represent temporal dataHow to represent temporal dataHow to represent temporal data

•• Of course it all depends on the objectiveOf course it all depends on the objectivep jp j

•• PointPoint--inin--timetime
–– Individual attributeIndividual attribute

•• DurationDuration
–– Multiple attributesMultiple attributesMultiple attributesMultiple attributes
–– Requires a start date and an ending dateRequires a start date and an ending date

•• TransactionalTransactional
I di id l tt ib tI di id l tt ib t–– Individual attributeIndividual attribute

–– An auditAn audit

•• Valid Valid 
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What does ArcGIS offerWhat does ArcGIS offer

•• PointPoint--inin--timetime
–– Simply a DATE attributeSimply a DATE attribute
–– MetadataMetadata
–– Can be leveraged by many geoprocessing toolsCan be leveraged by many geoprocessing toolsCan be leveraged by many geoprocessing toolsCan be leveraged by many geoprocessing tools

•• TransactionalTransactional
V i iV i i–– VersioningVersioning
•• Multiple representations of the data for historical views or Multiple representations of the data for historical views or 

whatwhat--ifif--scenariosscenarios
A hi iA hi i–– ArchivingArchiving
•• System maintained for tracking individual objects changing System maintained for tracking individual objects changing 

through timethrough time
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PointPoint--inin--timetime

•• Simply a DATE attributeSimply a DATE attributep yp y

•• User maintained attributeUser maintained attribute
–– Representing a moment event occurredRepresenting a moment event occurred
–– Domain specificDomain specific

•• Likely indexed for quick data accessLikely indexed for quick data access
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TransactionalTransactional

•• VersioningVersioninggg
–– Provides the ability to create versions of your data representing Provides the ability to create versions of your data representing 

specific “views” of the data for a given momentspecific “views” of the data for a given moment
–– Benefits no data duplicationBenefits no data duplicationpp
–– Limitations are potentially the number of historical versions createdLimitations are potentially the number of historical versions created

•• ArchivingArchivingArchivingArchiving
–– Provides the capability to view an individuals object’s changes Provides the capability to view an individuals object’s changes 

through timethrough time
–– System maintains the moment (timestamp) when the change occurredSystem maintains the moment (timestamp) when the change occurredSystem maintains the moment (timestamp) when the change occurredSystem maintains the moment (timestamp) when the change occurred
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ArchivingArchiving

•• Archiving represents time as the transaction timeArchiving represents time as the transaction time
–– Transaction time:Transaction time: DBMS time the change was saved (DEFAULT version)DBMS time the change was saved (DEFAULT version)

Valid time:Valid time: RealReal--world time that the event occurredworld time that the event occurred–– Valid time:Valid time: RealReal--world time that the event occurredworld time that the event occurred
•• Example: A parcel was sold on April 6, 2006; due to backlog, Example: A parcel was sold on April 6, 2006; due to backlog, 

the new owner was not entered until April 30, 2006the new owner was not entered until April 30, 2006

•• Valid time Valid time andand transaction timetransaction time are rarely the same are rarely the same 
–– Option: Add user maintained column to enabled class to maintain valid Option: Add user maintained column to enabled class to maintain valid 

tititimetime

•• Objects archived in the order they are modified (posted Objects archived in the order they are modified (posted 
t DEFAULT)t DEFAULT)to DEFAULT)to DEFAULT)

–– Transaction time may be out of order from real world eventTransaction time may be out of order from real world event
–– Example: Work orders saved out of sequence are archived out of Example: Work orders saved out of sequence are archived out of 
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ArchivingArchiving

•• Preserves change to dataPreserves change to data
January 1st

2001

RO

R 1 65

R-1-65

gg
•• Persistent historyPersistent history

–– Change maintained Change maintained 
separately in archive classseparately in archive class

2001R-1-65

separately in archive classseparately in archive class

•• Archive class can persist if Archive class can persist if 
object unregistered as object unregistered as 

July 16th,
2002

RO

R-1-65

versionedversioned
•• Requirements varyRequirements vary

–– Which object needs archiving?Which object needs archiving?–– Which object needs archiving?Which object needs archiving?
–– What granularity of changeWhat granularity of change

is needed?is needed?
May 31st

2004

C-2

R-1-65
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Archive classArchive class

•• New feature class createdNew feature class created

PARCELS

New feature class createdNew feature class created
–– Built when archiving enabledBuilt when archiving enabled
–– Not visible in ArcCatalogNot visible in ArcCatalog

Same schema as enabled classSame schema as enabled class

PARCELS_H

•• Same schema as enabled classSame schema as enabled class
–– Plus attributes for timestampPlus attributes for timestamp
–– Any schema changes on enabled Any schema changes on enabled 

l ill ff t hi ll ill ff t hi lclass will affect archive classclass will affect archive class

•• Archive class is Archive class is not not registered as versionedregistered as versioned
•• During registration, all rows part of During registration, all rows part of DEFAULTDEFAULT lineage lineage g g , pg g , p gg

copied to archive classcopied to archive class
–– All archived with same timestampAll archived with same timestamp
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Historical versionsHistorical versions

•• Read only view of geodatabaseRead only view of geodatabase•• Read only view of geodatabaseRead only view of geodatabase
–– Transactional versions Transactional versions 

are used for editingare used for editing

R f ti l tR f ti l t•• References particular momentReferences particular moment
•• Historical markerHistorical marker

–– Created by userCreated by userCreated by userCreated by user
–– References specific timeReferences specific time
–– Like a Like a bookmarkbookmark

•• Specific date and timeSpecific date and time•• Specific date and timeSpecific date and time
–– Pick date and time from calendarPick date and time from calendar
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Accessing temporal dataAccessing temporal data

•• How to construct the correct query…How to construct the correct query…q yq y

•• PointPoint--inin--timetime
–– WHERE event = ’12WHERE event = ’12--44--2006’2006’

•• DurationDuration
–– WHERE start time >= ‘JANWHERE start time >= ‘JAN--11--20052005WHERE start_time >  JANWHERE start_time >  JAN 11 2005                                                                     2005                                                                     

AND end_time <= ‘DECAND end_time <= ‘DEC--3131--2005’2005’

•• TransactionalTransactional
WHERE audit date BETWEEN (’11:15:00’ and ’11:45’)WHERE audit date BETWEEN (’11:15:00’ and ’11:45’)–– WHERE audit_date BETWEEN ( 11:15:00  and 11:45 )WHERE audit_date BETWEEN ( 11:15:00  and 11:45 )

•• ValidValid
–– WHERE since_date = ‘MAY 12, 2007’ WHERE since_date = ‘MAY 12, 2007’ 
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Importance of indexingImportance of indexing

•• Required for efficient/fast data retrievalRequired for efficient/fast data retrievalqq
–– Index search verses full table scansIndex search verses full table scans

•• When to create depends on the lifecycleWhen to create depends on the lifecycle•• When to create depends on the lifecycleWhen to create depends on the lifecycle
–– Wait till the data is loadedWait till the data is loaded
–– Drop indexes during large data appendsDrop indexes during large data appends

•• Cost of maintaining the indexCost of maintaining the index
–– On each insert, update and deleteOn each insert, update and delete
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Why isn’t the index being usedWhy isn’t the index being used
SelectivitySelectivitySelectivitySelectivity

•• How would the DBMS How would the DBMS optimizeroptimizer determine the best determine the best pp
access path for the following statementaccess path for the following statement

–– (recording_date has a non(recording_date has a non--unique index)unique index)

SELECT * FROM river_flow WHERE recording_date = ‘6-15-07’

Index scan?Index scan?
Full table scan?Full table scan?
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Answer: It depends!Answer: It depends!

•• How many rows are in the tableHow many rows are in the tableyy
–– 1 1 –– Full table scanFull table scan (less (less i/oi/o))
–– 1,000,000 1,000,000 –– might still read the entire tablemight still read the entire table

•• How many rows in the table where How many rows in the table where 
recording_date = ‘6recording_date = ‘6--1515--07’07’

–– 1 of 1,000,000 1 of 1,000,000 –– Index scanIndex scan
–– 900,000 of 1,000,000 900,000 of 1,000,000 –– Full table scanFull table scan
–– 50% of the table 50% of the table –– Index scanIndex scan or or Full table scanFull table scan
–– 25% of the table 25% of the table –– Index scanIndex scan or or Full table scanFull table scan
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Importance of database statisticsImportance of database statistics

•• Optimizer leverages table and index statistics to Optimizer leverages table and index statistics to p gp g
determine the optimal access pathdetermine the optimal access path

–– Statistics inform the optimizer about…Statistics inform the optimizer about…

–– CountsCounts
–– Occurrences/frequencyOccurrences/frequency
–– DistributionDistribution
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Temporal storage modelsTemporal storage models

•• When to use just one tableWhen to use just one tablejj
–– Data access typically to one table is highly efficientData access typically to one table is highly efficient
–– Consequences of storing redundant attributesConsequences of storing redundant attributes

•• Same location but different values for the moment beingSame location but different values for the moment beingSame location, but different values for the moment being Same location, but different values for the moment being 
recordedrecorded

•• Can generate millions of entriesCan generate millions of entries

•• When to use a layer and a second attribute table for When to use a layer and a second attribute table for 
joiningjoiningj gj g

–– Data access might be impacted by the join operationData access might be impacted by the join operation
–– Provides better data access for the feature class, no redundant Provides better data access for the feature class, no redundant 

storage of geometriesstorage of geometries
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Leveraging DBMS storage optionsLeveraging DBMS storage options

•• Optimize data accessOptimize data accesspp

•• Table partitioningTable partitioning
–– DATE attributes are perfect attributes for partitioning tablesDATE attributes are perfect attributes for partitioning tables
–– Partition by rangePartition by range

•• All JAN recordings in partition 1All JAN recordings in partition 1
•• All FEB recordings in partition 2All FEB recordings in partition 2
•• All MAR recordings in partition 3…All MAR recordings in partition 3…All MAR recordings in partition 3…All MAR recordings in partition 3…

Based on predicate value optimizer knows Based on predicate value optimizer knows 
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Temporal Raster Data StorageTemporal Raster Data Storage

Raster catalogs:Raster catalogs:
•• Use a date/time field Use a date/time field 
•• Use an index field (i.e. ObjectID)Use an index field (i.e. ObjectID)

Note: The layer will initially draw as a wire frame if Note: The layer will initially draw as a wire frame if 
more than 9 rasters. more than 9 rasters. 
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Temporal Array Data in ArcGISTemporal Array Data in ArcGIS

•• ArcGIS 9.2 reads/writes netCDFArcGIS 9.2 reads/writes netCDF
•• An array based data structure for storing An array based data structure for storing y gy g

multidimensional data.multidimensional data.
•• NN--dimensional coordinates systemsdimensional coordinates systems

–– X coordinate (e g longitude)X coordinate (e g longitude) TT–– X coordinate (e.g. longitude)X coordinate (e.g. longitude)
–– Y coordinate (e.g. latitude)Y coordinate (e.g. latitude)
–– Z coordinate (e.g. altitude)Z coordinate (e.g. altitude)
–– Time dimensionTime dimension

ZZ YY

–– … other dimensions… other dimensions
•• Variables Variables –– support for multiple variablessupport for multiple variables

–– Temperature, humidity, pressure, salinity, etcTemperature, humidity, pressure, salinity, etc

XX

Temperature, humidity, pressure, salinity, etcTemperature, humidity, pressure, salinity, etc
•• Geometry Geometry –– implicit or explicitimplicit or explicit

–– Regular grid (implicit)Regular grid (implicit)
–– Irregular gridIrregular grid
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–– PointsPoints



NetCDF in ArcGISNetCDF in ArcGIS

•• NetCDF data is accessed asNetCDF data is accessed as
•• RasterRaster
•• FeatureFeature
•• TableTable

•• Direct readDirect read
•• Exports GIS data to netCDFExports GIS data to netCDF
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NetCDF ToolsNetCDF Tools

Toolbox: Multidimension ToolsToolbox: Multidimension Tools
•• Make NetCDF Raster LayerMake NetCDF Raster Layer
•• Make NetCDF Feature LayerMake NetCDF Feature Layer

Make NetCDF Table ViewMake NetCDF Table View•• Make NetCDF Table ViewMake NetCDF Table View
•• Raster to NetCDFRaster to NetCDF
•• Feature to NetCDFFeature to NetCDF
•• Table to NetCDFTable to NetCDF
•• Select by DimensionSelect by Dimension
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NetCDF Layer/Table PropertiesNetCDF Layer/Table Properties

RasterRasterRasterRaster

F tF tF tF tFeatureFeatureFeatureFeature
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Using NetCDF DataUsing NetCDF Data

Behaves the same as any layer or table Behaves the same as any layer or table 
•• DisplayDisplay•• DisplayDisplay

•• Same display tools for raster and feature layers will work on netCDF Same display tools for raster and feature layers will work on netCDF 
raster and netCDF feature layers.raster and netCDF feature layers.

G hiG hi•• GraphingGraphing
•• Driven by the table just like any other chart.Driven by the table just like any other chart.

•• AnimationAnimation
•• Multidimensional data can be animated through a dimension (e.g. Multidimensional data can be animated through a dimension (e.g. 

time, pressure, elevation)time, pressure, elevation)

•• Analysis ToolsAnalysis ToolsAnalysis ToolsAnalysis Tools
•• A netCDF layer or table will work just like any other raster layer, A netCDF layer or table will work just like any other raster layer, 

feature layer, or table. (e.g. create buffers around netCDF points, feature layer, or table. (e.g. create buffers around netCDF points, 
reproject rasters, query tables, etc.)reproject rasters, query tables, etc.)
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Temporal VisualizationTemporal Visualization

•• The most effective way to convey changes The most effective way to convey changes 
over time and space is through temporal over time and space is through temporal 
animation.animation.

T l A i ti i A GIST l A i ti i A GIS––Temporal Animation in ArcGIS coreTemporal Animation in ArcGIS core

Temporal Animation with the Tracking AnalystTemporal Animation with the Tracking Analyst––Temporal Animation with the Tracking Analyst Temporal Animation with the Tracking Analyst 
extensionextension
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ArcGIS 9.2 Temporal AnimationArcGIS 9.2 Temporal Animation

•• Sequence display of one or more layers on the same Sequence display of one or more layers on the same 
time step or indextime step or index

–– ArcMap, ArcScene, and ArcGlobeArcMap, ArcScene, and ArcGlobe
–– Layers and GraphsLayers and Graphs

•• Supported dataSupported dataSupported dataSupported data
–– Feature Layers Feature Layers 
–– Raster Catalog LayersRaster Catalog Layers
–– netCDF LayersnetCDF Layers–– netCDF LayersnetCDF Layers
–– TablesTables
–– Historical archive layers Historical archive layers 
–– Tracking Analyst layersTracking Analyst layers–– Tracking Analyst layers Tracking Analyst layers 
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Animation exampleAnimation example

•• The sequential display of data with time stampsThe sequential display of data with time stamps

NetCDF Data Source: Ramankutty N and Foley JNetCDF Data Source: Ramankutty N and Foley JNetCDF Data Source: Ramankutty, N. and Foley, J.NetCDF Data Source: Ramankutty, N. and Foley, J.
Center for Sustainability and the Global Environment, Center for Sustainability and the Global Environment, 
University of WisconsinUniversity of Wisconsin
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Animation examplesAnimation examples

Data source: Cavalieri, D., C. Parkinson, P. Gloerson, Data source: Cavalieri, D., C. Parkinson, P. Gloerson, 
and H.J. Zwally. 1996, updated 2005. Sea ice and H.J. Zwally. 1996, updated 2005. Sea ice 
concentrations from Nimbusconcentrations from Nimbus--7 SMMR and DMSP SSM/I 7 SMMR and DMSP SSM/I 
passive microwave data, June to September 2001. passive microwave data, June to September 2001. 
Boulder, CO, USA: National Snow and Ice Data Center.Boulder, CO, USA: National Snow and Ice Data Center.

Data provided courtesy of Declan Data provided courtesy of Declan Butler Butler -- http://declanbutler.info/blog/http://declanbutler.info/blog/

Sea ice concentration Solar InsolationSolar InsolationSolar InsolationSolar Insolation
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Where is temporal animation in ArcGIS?Where is temporal animation in ArcGIS?

•• Animation toolbar Animation toolbar 

•• ArcMapArcMap

•• ArcSceneArcScene

•• ArcGlobeArcGlobe

•• No 3D Analyst licenseNo 3D Analyst license•• No 3D Analyst licenseNo 3D Analyst license
is required to animateis required to animate
in ArcMapin ArcMap
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NewNew Create Time Layer AnimationCreate Time Layer Animation
9.2 sample and in 9.39.2 sample and in 9.39.2 sample and in 9.39.2 sample and in 9.3

•• Very simple single panel interface to create a Very simple single panel interface to create a 
temporal animationtemporal animationtemporal animationtemporal animation

•• Only 2 required inputsOnly 2 required inputs
–– Layer you want to animateLayer you want to animate
–– The field containing the timeThe field containing the time
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Animation is based upon Animation is based upon recordsrecords in a Tablein a Table

•• With one table, features repeat for each time stamp With one table, features repeat for each time stamp 
•• Each time stamp has an attribute valueEach time stamp has an attribute valueEach time stamp has an attribute valueEach time stamp has an attribute value

E g 5 features 3 time stepsE g 5 features 3 time stepsE.g. 5 features, 3 time stepsE.g. 5 features, 3 time steps
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Animating with Joined TablesAnimating with Joined Tables

•• With two tables, if your table relationship is:With two tables, if your table relationship is:
–– OneOne--toto--manymany
–– OneOne--toto--one one 
–– ManyMany--toto--oneone

OneOne--toto--manymany ManyMany--toto--oneone
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Supported time field formats for AnimationSupported time field formats for Animation

•• Any DATE fieldAny DATE field

•• String fields of these formats:String fields of these formats:•• String fields of these formats:String fields of these formats:
–– YYYYMMDD YYYYMMDD 
–– YYYY/MM/DD YYYY/MM/DD 

YYYYYYYY MMMM DDDD–– YYYYYYYY--MMMM--DD DD 
–– YYYYMMDDhhmmss YYYYMMDDhhmmss 
–– YYYY/MM/DD hh:mm:ss YYYY/MM/DD hh:mm:ss 

–– YYYYYYYY--MMMM--DD hh:mm:ssDD hh:mm:ssYYYYYYYY MMMM DD hh:mm:ssDD hh:mm:ss

•• Numeric fields of these formats: Numeric fields of these formats: 
–– YYYYMMDDYYYYMMDDYYYYMMDD YYYYMMDD 
–– YYYYMMDDhhmmssYYYYMMDDhhmmss

•• 9.3 adds YYYY and YYYYMM9.3 adds YYYY and YYYYMM

UC2008 Technical WorkshopUC2008 Technical Workshop 3838



What if your time is not one of those formats?What if your time is not one of those formats?

•• Use the Add Field and Calculate Field toolsUse the Add Field and Calculate Field tools

EXAMPLE: For a string field [StrDate] formatted as EXAMPLE: For a string field [StrDate] formatted as 
DD/MM/YYYY hh:mm:ssDD/MM/YYYY hh:mm:ss, add a new string field , add a new string field 
(StrDateNew), then using the field calculator, populate (StrDateNew), then using the field calculator, populate 
its values asits values as YYYY/MM/DD hh:mm:ssYYYY/MM/DD hh:mm:ss using:using:its values as its values as YYYY/MM/DD hh:mm:ssYYYY/MM/DD hh:mm:ss using:using:

StrDateNew =StrDateNew =
Mid( [StrDate], 7, 4) & "/" & Mid( [StrDate], 4, 2) & "/" & Mid( [StrDate], 7, 4) & "/" & Mid( [StrDate], 4, 2) & "/" & 
Left( [StrDate], 2) & " " & Right( [StrDate], 8)Left( [StrDate], 2) & " " & Right( [StrDate], 8)
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Do you need an End Date? Do you need an End Date? 

•• If your Start Time is not regularly If your Start Time is not regularly 
spaced, use an End Time for better spaced, use an End Time for better 
animation appearanceanimation appearancepppp

•• Start time Field is requiredStart time Field is required
•• Optionally, set an end time field Optionally, set an end time field 

when irregular time stamps are when irregular time stamps are 
presentpresent

Th C l l t E d D t t lTh C l l t E d D t t l
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The Calculate End Date tool The Calculate End Date tool 
creates this field for you.creates this field for you.



What if your time is stored in columns?What if your time is stored in columns?

•• ArcGIS animates across records, not columnsArcGIS animates across records, not columns
•• Use the Transpose Time Fields toolUse the Transpose Time Fields toolUse the Transpose Time Fields tool Use the Transpose Time Fields tool 

to reformat the tableto reformat the table

I t t blI t t blInput table:Input table:

Output reformatted for time animation:Output reformatted for time animation:pp
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Animating data in graphsAnimating data in graphs

•• Create a graph using a layer or table Create a graph using a layer or table 
•• Create an animation in the usual way, attaching the Create an animation in the usual way, attaching the 

layer or table to a time layer tracklayer or table to a time layer tracklayer or table to a time layer tracklayer or table to a time layer track
•• When the animation is played, When the animation is played, 

the graph will animatethe graph will animateg pg p
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Tracking Analyst ExtensionTracking Analyst Extension

•• ArcGIS Desktop ExtensionArcGIS Desktop Extension
•• Historical and RealHistorical and Real--Time Time 

DisplayDisplayDisplay Display 
•• Track SymbologyTrack Symbology
•• Animation ToolAnimation Tool
•• Playback Manager with Playback Manager with 

temporal event histogramtemporal event histogram
•• ActionsActions•• ActionsActions
•• Temporal OffsetTemporal Offset
•• Data Clock Data Clock 
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Tracking LayerTracking Layer

•• Unique to Tracking AnalystUnique to Tracking Analyst

•• Data SourcesData Sources
–– ShapefileShapefile
–– Personal GeoDatabasePersonal GeoDatabasePersonal GeoDatabasePersonal GeoDatabase
–– File GeoDatabase (9.2)File GeoDatabase (9.2)
–– ArcSDEArcSDE
–– RealReal--Time FeedsTime FeedsRealReal--Time FeedsTime Feeds

•• Required FieldRequired Field
/ ( f )/ ( f )–– Date/Time Field (Windows format)Date/Time Field (Windows format)

–– EventID (if you want to organize into tracks)EventID (if you want to organize into tracks)
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Advanced Symbology OptionsAdvanced Symbology Options

•• Smooth tracksSmooth tracks

•• Text symbolText symbol

•• Multiple attribute displayMultiple attribute display

•• Directional VectorDirectional Vector

M t C tM t C t•• Most CurrentMost Current
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Tracking Analyst Playback ManagerTracking Analyst Playback Manager

•• Temporal HistogramTemporal Histogramp gp g

•• SlidebarSlidebar

•• Playback RatePlayback Rate

•• Playback Multiple Layers at OncePlayback Multiple Layers at Once
–– Concurrently Using Temporal OffsetConcurrently Using Temporal OffsetConcurrently Using Temporal OffsetConcurrently Using Temporal Offset
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Using Actions with Tracking AnalystUsing Actions with Tracking Analyst

•• Layer ActionsLayer Actions
–– Highlight Highlight 

SS–– SuppressSuppress
–– Run a VB script (realRun a VB script (real--time only)time only)

•• Service Actions (ArcCatalog)Service Actions (ArcCatalog)Service Actions (ArcCatalog)Service Actions (ArcCatalog)
–– Filter the event from further action Filter the event from further action 

processing (ArcMap)processing (ArcMap)
–– Filter events you receive from Tracking Filter events you receive from Tracking 

ServerServer
–– Run a VB script (realRun a VB script (real--time only)time only)

•• Rules check forRules check for
S tt ib t i th d t t blS tt ib t i th d t t bl–– Some attribute in the data tablesSome attribute in the data tables

–– Location of the event in relationship to Location of the event in relationship to 
polygonpolygon

–– BothBoth
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Temporal AnalysisTemporal Analysis

•• Conflict detection in Tracking AnalystConflict detection in Tracking Analyst
•• Custom processing tasks in Tracking ServerCustom processing tasks in Tracking Server

•• Temporal ModelingTemporal Modeling
–– Looping and iteration in ModelBuilder and PythonLooping and iteration in ModelBuilder and PythonLooping and iteration in ModelBuilder and PythonLooping and iteration in ModelBuilder and Python
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Working with RealWorking with Real--Time DataTime Data

•• GPS Unit GPS Unit 
–– Integration with GPS ToolbarIntegration with GPS Toolbar

•• Tracking ServerTracking Server
–– Can receive multiple feeds from multiple serversCan receive multiple feeds from multiple servers

•• SDK: Connection Wizard (9.2)SDK: Connection Wizard (9.2)
–– Applications that don’t require Tracking ServerApplications that don’t require Tracking Server
–– Existing servers sending temporal dataExisting servers sending temporal dataExisting servers sending temporal dataExisting servers sending temporal data
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Developer framework supports real time dataDeveloper framework supports real time data

•• ArcGIS Server Extension ArcGIS Server Extension 
••Optimized for wireless data transferOptimized for wireless data transfer
••Connects to GeodatabaseConnects to Geodatabase
••.Net framework.Net framework

PDAPDA Tablet PCTablet PCBrowserBrowser

ArcGISArcGIS
ServerServer
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Tracking ServerTracking Server

•• Acts as RealActs as Real--time message hubtime message hub
•• Performs serverPerforms server--side processingside processing

P bli h d t t GIS li tP bli h d t t GIS li t•• Publishes data to GIS clientsPublishes data to GIS clients
–– Tracking AnalystTracking Analyst
–– Tracking ViewerTracking Viewer

Custom ClientsCustom Clients–– Custom ClientsCustom Clients
•• Built with an open architecture for customizationBuilt with an open architecture for customization
•• Sold as a Services productSold as a Services product
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Tracking ServerTracking Server

•• ManagesManages
–– Data LinksData LinksData LinksData Links
–– ActionsActions
–– Tracking ServicesTracking Services

Gateway SettingsGateway Settings–– Gateway SettingsGateway Settings
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Future directionsFuture directions

•• Temporal reference frameworkTemporal reference frameworkpp
•• Temporal metadataTemporal metadata
•• Temporal data managementTemporal data management

–– Gap filling, time synch, etc.Gap filling, time synch, etc.

•• Temporal analysis toolsTemporal analysis tools

•• What do you need?What do you need?
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The most important points to leave with today…The most important points to leave with today…

•• Basic guidelines for working with temporal data in   Basic guidelines for working with temporal data in   
ArcGISArcGIS
–– Use DATE fields whenever possibleUse DATE fields whenever possible
–– Don’t store time steps as separate fieldsDon’t store time steps as separate fields

•• The DBMS can affect performance, its not a black boxThe DBMS can affect performance, its not a black box

•• Temporal visualization and animation is easyTemporal visualization and animation is easy
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Questions & AnswersQuestions & AnswersQuestions & AnswersQuestions & Answers

Please fill out the session evaluation formsPlease fill out the session evaluation forms

Thank youThank youThank youThank you
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