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Integration Of ObservationsIntegration Of Observations
From A Variety Of SensorsFrom A Variety Of Sensors

Users desire the ability 
to discover and integrate 

observations from any 
sensor that meets their 

needs.
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SWE Operations ConceptSWE Operations Concept

Sensor Web 
Enablement 
Sensor Web 
Enablement 

Network ServicesNetwork Services

• Distributed self-describing sensors and 
related services
• Link sensors to network and network-
centric services
• Common XML encodings, information 
models, and metadata for sensors and 
observations
• Access observation data for value added 
processing and decision support 
applications
• Users on exploitation workstations, web 
browsers, and mobile devices

Vast set of users and applicationsConstellations of heterogeneous sensors

Enterprise ServicesEnterprise Services
Weather

Chemical
Detectors

Biological
Detectors

Sea State

Surveillance

Airborne

Satellite
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What is OGC?What is OGC?

• Open Geospatial Consortium 
(OGC)
– Not-for-profit, international 

voluntary consensus 
standards organization

– Industry, government, and 
university members

– Founded in 1994, with 8 
Charter members

MissionMission
To lead the global 

development, promotion and 
harmonization of open 

standards and architectures 
that enable the integration of 
geospatial data and services
into user applications and 
advance the formation of 

related market opportunities. 
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OGC TodayOGC Today

• >300 members worldwide – 31 countries 
& 5 continents
– 100 European members 
– 34 Asia-Pacific members

• 90+ Academic and Research Members 

• 16 approved, publicly available 
Implementation Specifications fielded in 
hundreds of products

• 20+ candidate Implementation 
Specifications in work

• Significant interaction with ISO and many 
other standards organizations 



Helping the World to Communicate
Geographically

Approved OpenGISApproved OpenGIS®® SpecificationsSpecifications

• Tightly coupled:
– Simple Feature Access – OLE, SQL, CORBA
– Grid Coverages 1.0
– Coordinate Transformation 1.1
– GO-1 Application Objects

• Focus on Web Services
Catalog 2.0 
Web Map Service (WMS 1.3) 
Web Feature Service (WFS 1.1)
Web Coverage Service (WCS 1.0)
Filter Encoding 1.0 
Geography Markup Language 3.2 (GML)
Style Layer Descriptors 1.0
Web Map Context 1.0
OGC Web Services Common
Open Location Service Specification Set 1.0

Available free of charge at
www.opengeospatial.org

(Documents)
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OGC Impact on Geospatial MarketplaceOGC Impact on Geospatial Marketplace

• Several hundred products are implementing 
OpenGIS Specifications

– See OGC “Registered Products” List under 
“Resources” at www.opengeospatial.org

• Formal Compliance certification is increasing 
in importance
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OGCOGC’’s Approach for Advancing Interoperabilitys Approach for Advancing Interoperability

• Interoperability Program (IP)
– Global, innovative, hands-on prototyping and 
testing program to accelerate interface 
development and validation, and bring 
interoperability to the market

• Specification Development Program
– Consensus processes similar to other 
Industry consortia (World Wide Web 
Consortium, OMA, OMG, etc.).

• Outreach and Community Adoption 
Program – education and training, encourage 
take up of OGC specifications, business 
development, communications programs

Rapid Interface
Development

Standards
Setting

Market
Adoption
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OGC Web Services, Phase 3 (OWSOGC Web Services, Phase 3 (OWS--3)3)

• OWS-3 Testbed Objective 
– Work collaboratively to extend the OGC baseline to enable an 

interoperable, multi-source decision support environment

• OWS-3 Schedule
– Call for Sponsors November 2004
– RFQ February  2005
– Develop and Testing 6 months
– Demo and Reports October 2005

• Involvement 
– 12 Sponsoring organizations
– 45 Participating organizations
– 178 Individual participants
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OWSOWS--3 Sponsors (12)3 Sponsors (12)

• BAE Systems
• GeoConnections (Canada)
• Ionic Enterprise
• Lockheed Martin
• MAGIC Services Initiative
• National Aeronautic and Space Administration (NASA)
• National Technology Alliance (NTA)
• NAVTEQ
• Oak Ridge National Laboratory (ORNL)
• Questerra
• US Geological Survey (USGS)
and other organizations.
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OWSOWS--3 Organization3 Organization

Sensor Web Enablement (SWE)

Geo-Decision Support Services

Geo-Digital Rights Management

Sensor Alert Service Interoperability Experiment

Open Location Services

Common Architecture Catalogs & Workflow

Integration 
& 

Demo



OWSOWS--33 SWESWE
Sensor Web EnablementSensor Web Enablement
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Sensor Web ConceptSensor Web Concept

Diagram courtesy Steve Liang, York University

SWE Architecture

Observations & 
Measurements 

SensorML 

Transducer 
Markup Language 
(TML) 

Sensor 
Observation 
Service (SOS) 

Sensor Planning 
Service (SPS)
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Enabling Sensor Webs with SWE FrameworkEnabling Sensor Webs with SWE Framework

SP
S

SO
S

W
N

S
W

A
S

C
SW

Mission
Control
System

Registered sensor and observation metadata
Metadata for a sensor and observations, and a URL

Metadata for a sensor observations, and a URL

Metadata for a sensor observations, and a URL

Metadata for a sensor observations, and a URL

Metadata for a sensor observations, and a URL
………

!

SWE Architecture

Observations & Measurements

SensorML 

Transducer Markup Language 
(TML) 

IEEE 1451
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SWE Participants and Work itemsSWE Participants and Work items

• SWE Information Engineering
– 3eTI (IEEE 1451)
– CSIRO (GML, O&M, ISO 19130)
– IRIS (TML)
– Univ. Alabama Huntsville (UAH), 

(SensorML, ISO 19130) 
– Univ. Muenster IFGI (SPS messages)
– ESA/Spot: in-kind
– NGA: in-kind
– NASA Ames: in-kind

• Sensor Planning Service (SPS)
– Univ. Muenster/IFGI
– NASA Ames: in-kind
– Spot/ESA: in-kind

• Sensor Observation Service (SOS)
– 3eTI
– IRIS
– UAH
– IFGI

• SWE Client
– York Univ./GeoTango
– Univ. Alabama Huntsville (UAH)

• SWE Demonstration
– York
– Intergraph
– 3eTI
– UAH
– IRIS
– IFGI
– NASA Ames: in-kind
– ESA/Spot: in-kind
– SAS IE coordination
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SWE Information ModelSWE Information Model
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SWE Consumers and Producers 
(Clients, SOS, SPS, processing services)

om: Observation and Measurements
sml: Sensor Markup Language
Tml: Transducer Markup Language
IEEE 1451 Smart Transducer - TEDS
ISO 19130 Sensor and Data Model for Imagery
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Observation and Measurement (OGC 05Observation and Measurement (OGC 05--087)087)

• Observation →
Act of estimating 
a value of a 
phenomenon, 
involving a 
procedure, 
instrument or 
algorithm
• Defines the 
information model 
for SWE
• Consistent with 
Measurement 
Theory
• Consistent with 
OGC GML and 
Feature Model
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Sensor Model Language (Sensor Model Language (SensorMLSensorML) (OGC 05) (OGC 05--086)086)

• Process Model and Process Chains
– Framework for process models and chains as serializations 

of executable components.
– All processes include inputs, outputs, and parameters

• System Description
– System provides connectivity of a process chain to the 

real-world by including position information.
– Geometry Characteristics

• Size, shape, spatial weight function (e.g. point spread function) 
of individual samples

• Geometric and temporal characteristics of sample collections 
(e.g. scans or arrays)

– Documentation
• Overall information about the system
• History and reference information

• Observation characteristics
– Physical properties measured (e.g. radiometry, 

temperature, concentration, etc.)
– Quality characteristics (e.g. accuracy, precision)
– Response characteristics (e.g. spectral curve, temporal 

response, etc.)

P1

P2

P3

P4
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TransducerML TransducerML (OGC 05(OGC 05--085)085)

-generates

• A language for 
exchanging sensor data 
and metadata between 
a sensor system and a 
sensor processor based 
on XML. 

• Sensor data requires 
little or no pre-
processing. 

• Metadata describes 
how to process 
associated data from 
any sensor.

• Sensor agnostic, uses 
a common model for 
describing all sensors.
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SWE ServicesSWE Services

• Sensor Observation Service (SOS)

• Sensor Planning Service (SPS) 

• SWE Registry 

• Sensor Alert Service (SAS)

• Web Notification Service (WNS)
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Sensor Observation Service (SOS) (OGC 05Sensor Observation Service (SOS) (OGC 05--088r1)088r1)

SOS

getCapabilities

getObservation(ObsOfferingName,Filters,ResponseMode)
O&M (TML, Image, etc)

describeSensorSystem(sensorID|Xpath)
sensorMLregisterSensor(sensorML)

Capabilities Document

insertObservation(Observation)

SOS provides access to sensor system, observations 
and measurement data via a spatio-temporal query.

getResult(observationID|time|geometry)
om:result

om:result
getFeatureOfInterest(featureID|location)

om:result
getFeatureOfInterestTime(featureID|spatialOps)

Other optional operations
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SOS Reference ModelSOS Reference Model

Client

Observation Cache/Repository Tier

Data Source Tier

Sensors

adapter
RS232

Sensors

adapter
1451

adapter
protocol x

MCSNCAP

1) http://GetObservationRequest(Query)

2) http://GetObservationResponse -> O&M

3) protocol://request (URI)
1 2 3 4 4) protocol://data (MIME, other)

Sensors

Note: Steps 3 & 4, provisioned by an 
“Internet Data Server”, are optional 
and only required if Observation 
returned in Step 2 is of type 
“ResultPointerObservation” (i.e., out-
of-band result).

Note: An Internet Data Server makes 
different types of data available via a 
variety of protocols and data 
representations. Support for  Internet 
standards are critical.

SOS
Internet

Data Server

XMPP RTP Other

Note: MCS = Mission Control 
System (e.g., proprietary or 
legacy); NCAP = IEEE-1451 
Network Capable Application 
Processor

Note: All or parts of the 
components shown here can be 
separately distributed on 
networks. Details of this 
distribution are implementation 
choices. Italicized elements are 
abstract and their realizations 
are opaque to client.

Service Tier

Sensor System Tier



Helping the World to Communicate
Geographically

Sensor Planning Service (SPS) (OGC 05Sensor Planning Service (SPS) (OGC 05--089r1)089r1)

SPS

getCapabilities

getFeasibility()
FeasibilityResponse
describeCollectionRequest(platform, requestType)
taskID

CapabilitiesResponse

submitRequest(userID,notifyURL,collectionRequest)
taskID
updateRequest(userID,notifyURL,taskID,collectionChangeRequest)
UpdateResponse
cancelRequest(userID,notifyURL,taskID)
CancelResponse

SPS is used to determine collection feasibility for a desired set of 
collection requests for one or more sensor systems and to submit

collection requests directly to these sensors systems.

describeTasking()
TaskingDescriptionResponse
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SPS Reference ModelSPS Reference Model
Client

Schema/Message Translation Tier

Mission Control Tier
adapter

TIM(s)

adapter
1451

adapter
MCS

MCSNCAP

1) http://GetFeasibilityRequest
http://DescribeCollectionReques
http://SubmitRequst
http://UpdateRequest
http://GetStatusRequest
http://CancelRequest
2) Request response

1 2 3

3) protocol://notice  (HTTP, SMTP, XMPP)

Sensors

Note: Step 3, provisioned by an 
“Internet Notification Server”, are 
optional (only if required).

Note: An Internet Nofication Server 
makes different types of data 
notifications via a variety of protocols 
and representations. Support for  
Internet standards are critical.

SPS
Internet

Notification
Server

WNS SMTP XMPP

Note: MCS = Mission Control 
System (e.g., proprietary or 
legacy); NCAP = IEEE-1451 
Network Capable Application 
Processor

Note: All or parts of the 
components shown here can be 
separately distributed on 
networks. Details of this 
distribution are implementation 
choices. Italicized elements are 
abstract and their realizations 
are opaque to client.

Service Tier

Sensor System Tier

Sensor Collection Task 
Message (SCTM)

Sensors

RS232
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SPS

QuickTime™ and a
TIFF (Uncompressed) decompresso

are needed to see this picture.

Ground Control

WMS

Request

Aircraft and sensor 
control stream

Write 
imagery

Read 
imagery

Onboard image processing,
georectification, and comms 

package

CDE
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The ScenarioThe Scenario

 An Emergency Response Center in Southern California receives notification of 
a fire in the hills east of San Diego.  It threatens to breach an industrial 

storage facility near some inhabited regions.  Recognizing the risk that the 
resulting plume may contain toxic components in addition to the particulates 

and combustion products typical of a wildland fire, the professionals act 
quickly to find and deploy resources to track the plume and evaluate its 

composition, as well as to support the response effort.

 The Actors:
– NG1 = National Guard #1 at ERC - Refractions
– FS1 = Forest Service #1 at ERC - Intergraph
– NG2 = National Guard #2 at ERC - UAH
– FS2 = Forest Service #1 at ERC - York
– EMT = Emergency Response Team - Skyline
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National Guard builds framework map from various 
interoperable data sources …

NASA

USGS

Roads Data

Critical Infrastructure
WFS… saves sharable context document

ALERT

Alert arrives: probable fire in Pine Hills area

<Map>
<More Info>

<abc>
def

</abc>
</More Info

</Map>

Scene 1 Scene 1 -- Alert / NotificationAlert / Notification

CONTEXT
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Forest Service reads context document …
NASA

USGS

Roads Data… loads data to present same view

<Map>
<More Info>

<abc>
def

</abc>
</More Info

</Map>

… queries symbol catalog

CS-W

Critical Infrastructure
WFS

DAS
…and translates using 

Data Aggregation Service

Scene 1 Establish Common Operational PictureScene 1 Establish Common Operational Picture

CONTEXT
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Scene 1Scene 1
Establish Common Operational Picture …

National Guard and Forest Service use 
their Sensor Web (SWE) clients to view 
Area of Interest from high-altitude …

… and zoomed-in perspectives

“Forest Service” SWE Client
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Scene 2Scene 2
Prepare to Deploy - Identify Resources

Query for 
sensor 
systems

CS-W

Mobile Video Unit

???

Airborne Toxin Sensors
Smoke / Heat Detectors

Web Cam

UAV-Based Cameras
and ScannersProprietary Maps 
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National Guard adding data, including National Guard adding data, including GeoDRMGeoDRM
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Predicting potential plume with Weather RadarPredicting potential plume with Weather Radar
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Analysis
Sensor Client detects plume,
develops polygon representation …

… for viewing in DSS Client
… to develop evacuation areas
… and avoidance zones for ERT

Deploy 
Emergency Response Team

&
Task UAV

SPS

Scene 3 Plan DeploymentScene 3 Plan Deployment

EXPORT
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Deploy and Track Emergency RespondersDeploy and Track Emergency Responders
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Forest Service Client Tasks NASA SPSForest Service Client Tasks NASA SPS

NASA
NASA

UAV 
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Sensor Planning Service for NASA UAVSensor Planning Service for NASA UAV
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UAV swath over DRG over TerrainUAV swath over DRG over Terrain
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Web Map
Server

Aerial Imagery
Telemetered to
Web Coverage

Server

Web Feature
Server

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

OLS Tracking Service

Command/Control
Center

Sensor Service

Scene 4Scene 4
ERT Deployment
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4.1 Emergency Response Team4.1 Emergency Response Team
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Tracking service and terrain viewTracking service and terrain view
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UAV Video over TerrainUAV Video over Terrain
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NG continues to monitor after situation is NG continues to monitor after situation is 
securedsecured

Review UAV over location Review UAV over location -- note red dotnote red dot
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4.4 NG1 (Refractions)4.4 NG1 (Refractions)
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Sensor Web ConceptSensor Web Concept

Diagram courtesy Steve Liang, York University

SWE Architecture

Observations & 
Measurements 

SensorML 

Transducer 
Markup Language 
(TML) 

Sensor 
Observation 
Service (SOS) 

Sensor Planning 
Service (SPS)
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Questions?Questions?

George Percivall
percivall@opengeospatial.org

(301) 560-6439

Open Geospatial 
Consortium, Inc

www.opengeospatial.org


