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. Sensor Web Enablement (SWE) Concept
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Sensor Webs are
characterized by:

* Constellations of
heterogeneous sensors

* Distributed self-
describing sensor
systems and services

* Sensors linked to
networks and network-
centric applications and
services

e Common XML
encodings, information
models, and metadata
for sensors and
observations

» Access to observation
data for value added
processing and decision
support applications

* Broad range of users
and applications with
exploitation
workstations, web
browsers, and mobile
devices

OGC

Sensor Web

Airborne Remot nsin
irborne Remote Sensing Spaceborne Remote Sensing

Sensor Web Sensor Layer

Sensor Web
Communication and
Information Layer

Traditional Terrestrial/Aquatic
Sensor Networks
Wireless Sensor Nemy-

0
b b b Low-cost, off-the-shelf
b sensors (e.g. web cams)
i

Diagram courtesy Steve Liang, York University
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OWS-3 SWE Project Objectives

1. Integrate multiple, independent sensor and sensor support systems,
allowing users to reach-out, access and use any sensor and any
system.

a) Quickly discover sensors and sensor data (secure or public) that can meet
the users needs — location, observables, quality, ability to task
b) Task sensors, when possible, to meet the users’ specific needs

c) Obtain sensor information in a standard encoding that is understandable
by the user and their software

d) Readily access sensor observations in a common manner, and in a form
specific to the users’ needs

2. Enable a standards-based “plug-and-play” sensor framework based
on existing specifications (including integration of IEEE 1451 and
TransducerML into the SWE framework).
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O OWS-3 SWE Participants and Work items

« SWE Information Engineering e Sensor Observation Service (SOS)

— 3eTI (IEEE 1451) — 3eTl
— CSIRO (GML, O&M, ISO 19130) — IRIS
— IRIS (TML) — UAH
— Univ. Alabama Huntsville (UAH), — IFGI

(SensorML, 1SO 19130)
— Univ. Muenster IFGI (SPS messages) WE Cli
o . len
— ESA/Spot: in-kind S Client
— NGA: in-kind
— NASA Ames: in-kind

— York Univ./GeoTango
— Univ. Alabama Huntsville (UAH)

e Sensor Planning Service (SPS) * SWE Demonstration

— Univ. Muenster/IFGI : IT}?SF raph
— NASA Ames: in-kind _ 3e-|-|g P
— Spot/ESA: in-kind _ UAH

— IRIS

— IFGI

— NASA Ames: in-kind
— ESA/Spot: in-kind
— SAS IE coordination
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OWS-3 SWE Project Deliverables

." Software and Schema

Schema Repository in “Subversion”

Client Implementations

SOS and SPS Implementations

Demonstration of Client and Server Components

* Interoperability Program Reports

Observations & Measurements (OM) IPR (05-087) - describes updates to the O&M discussion
paper for submission to the Specification Program.

Sensor Model Language (SensorML) IPR (05-086) - describes updates to the SensorML
discussion paper for submission to the Specification Program.

Transducer Markup Language (TML) IPR (05-085) - describes the TML schema for

submission to the Specification Program.

Sensor Observation Service (SOS) IPR (05-088rl) - describes the SOS interface using XML
Schema and XML examples; includes interaction diagrams showing example uses of the SOS; for submission to
the Specification Program as a candidate RFC.

Sensor Planning Service (SPS) IPR (05-089r1) - describes the SPS interface using XML
Schema and XML examples; includes interaction diagrams showing example uses of the SPS; for submission to
the Specification Program as a candidate RFC.

Change proposal for URN ‘def’ (05-091r1l) -. Extend OGC def URN scheme: a change proposal to
05-010.

Change proposal for URN ‘category.label’ (05-092) - Extend OGC category.label URN scheme: a
change proposal to 04-013r4.
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SWE Information Model Layers

SWE Consumers and Producers
(Clients, SOS, SPS, processing services)

£ .5 S om:Observation {}
$i%| o | E
sEE| 8 2 sml:System |
FTE| S| 8 sml:Process
SEE| 7|0 ' \/

© 2 f4b)
o = tml: Transducer
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Qbservation and Measurement (OGC 05-087)

e Observation — 2"t/
ACt Of estimating +precedingEventD.m +fn|lnwingEuentD.m

a value of a e — S IR <Union»
0 Lacafior
phenomenon, wFeature Typew + time:. Tl‘u1_l:lbje.|::t + geometryLocation: GM_Object
- - AhsfractiFeafune +featureDfInterE& location: Location + namelocation: EX_GesgraphicDeseription
InVOIVIng a : 1 + responsible:; Cl_ResponsibleFarty [0..7] ’ -
procedure, .=
Instrument or : 0.
algorithm ",}r' B i ochea:;:Type:;.
sfracilbservafion

1 . wFeature Typex
© Deflnes the “'i?éi‘:g:f;” 1 +genertes | * quality: D0Q_DataQuality [0..1] +Emember ObserwvationCaollection
- - " 1.7
information model Frepedure O ——

for SWE JI'E-\ ICancrete specializagn MUST carry 3 result]
« Consistent with |

I\. -xFEatureTy.rpEx-
Measurement g ———
Theory E +observedProperty +  result: anyType
- . Dedfirition
* Consistent with ovjesten |

OGC GML and Phenormeanon
Feature Model
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~Sensor Model Language (SensorML) (OGC 05-086)

« Process Model and Process Chains

— Framework for process models and chains as serializations P2 |—»[Pa}—>
of executable components. & 3
— All processes include inputs, outputs, and parameters Pl

e System Descripton e
— System provides connectivity of a process chain to the ‘w

P3
real-world by including position information.

— Geometry Characteristics ll

* Size, shape, spatial weight function (e.g. point spread funct|on) ""m ~~~~~~~~~~~~~~~~~~
of individual samples ‘

 Geometric and temporal characteristics of sample collections

(e.g. scans or arrays) L
— Documentation
e Overall information about the system _ '_‘_\___,_:\ Sk
» History and reference information S
¢

* Observation characteristics

— Physical properties measured (e.g. radiometry,
temperature, concentration, position, etc.)

— Quality characteristics (e.g. accuracy, precision)
— Response characteristics (e.g. spectral curve, temporal

response, etc.)
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_Process

i)

G

metadataGroup

SensorML Process and System Models

+referenceFrame

U..*

+inputs

_CoordinateReferenceSystem

InputList

0.1

+outputs

+input [1..%] - anyData

OutputList

0.1

+parameters

+ gutput [1..%] - anyData

ParameterList

Process
System
N PositionData
0..* | +positions N (from swe)
PositionList +DGSI:IG? or
- PositionProcess

0.1

+method
1"*

ProcessModel

A process is a serialization of an executable
component... describing the inputs, outputs,
parameters and methods of linkable chains

of pracessing steps.

+ parameter [1.%] - anyData

ProcessMethod

+ metadataGroup [0..1]
+ algorithm [0_1] : text

+ implementation [0_*] : anyURI
+ processChain [0..1] : Process

+DFGCESS<‘>

_Process

System derives from process
and connects a process chain
to the real-world through
position
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sml:Sensor Modeled as a Process

sml:SensorType

- -? zmil:procezsMetadataGroup

» sml:Local SpatialCRS [

[N}

,smI:Lo-c:aITimeCFtS [

L

.....

smlnputList @ smlinput ;--fsxve:AnyDﬂta

5
D
|
T

_____

_____

|
|
|
|
|
|
I ey Yot =N
|
|
|
|
|

sensor I;I-l— iy
L--' sml processes El- '—"'—El—

h--- sml parameters EI— '—'"—EI—

sml:OutputList @ sml:output !;I--fsxve:hnyﬂata

sml:ParameterList @_
sml:ProcessList @—

sml:parameter I%] -f swe AnyData

-

smlprocess E%]

1.0

sml:PositionList @

sml:position [

— I

- __
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SWE Common Data Elements

o=

e Data Component Description

+ definition [0..1] - anyURI + definition [0..1] : anyURI
+ axisCode [0..1] : axisType +fixed [0..1] : boolean

» Data Encoding Description e B
* Encoded Data Values | |

Quantity Count
+ definition [0..1] : anyURI + definition [0..1] : anyURI
*+uem :anyURl +axisCode [0..1] ; axisName
+scale [0.1]: double +min [0..1] : integer
+ axisCode [0.1]  axisName +max[0.1]; integer
+min[0.1]: double +fixed [0..1]: boolean
O +max [0.1] - double +value [0.1]: integer
anyData +fixed [0..1] : boolean
QuantiyRange ___ Cognt_]RangeURl +value [0..1]: double
— + definition [0..1] : an
+ definition [0..1]: anyURI + axiscode[[u ‘I]] : ax\ifsName
+uom : anyURI o
+scale [u.};] - double * fixed [0.1] - boolean O |
anyScalar + axisCode [0.1] - axisName +value [0.1]: integerList [2] neGroup TimeQuantity
+fixed [0..1] : boolean IsoDateTime +uom : anyURI
+value [0..1] : doubleList [2] + definition [0..1] : anyURI + definition [0..1] : anyURI
+fixed [0..1] : boolean +referenceTime ; timeReference
+value [0.1] : token +localTime ; timeReference
+scale [0..1] : double
_DataGroup DataGraoup _DataArray DataArray +fixed [0..1] : boolean
+ definition [0..1] - anyURI - + definition [0..1] - anyURI +component : anyData +value [0..1] : double
+fixed [0.1] : beolean +compenent[1.71-anyData | |, fiyed [0.1] : boolean <} +tupleValues [0..1]: TupleType
+ arraySize : positivelnteger

i

ConditionalValue RoTR Alle SOV Huncti Curve
= — +inputGain [0..1] : Quantity unctan
+ condition [1..%] - anyData +inputBias [0.1]: Quantity +tupleValues : TupleType
lue Dat o
it + outputGain [0..1] : Quantity
+ outputBias [0..1] : Quantity
+definition

Coordinates
+axis [1..*]: anyScalar
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Data Description with swe:DataGroup

swe:Boolean

EIL

swe:Count

eI

zweAnyScalar |- =

swelAnyNumerical [-] = ,swe:l}uantityr

gwe Time

sweiCategory

ETL

g . . =i = swe: i
DataGroup [} - —===— ,\S\'-'E.Aﬂ‘;fnﬂtﬂf = —ste.ﬁuantlwﬂange‘

1.m

swe:CountRange

swe:_DataGroup

<swe:DataGroup>
<swe:component name=""time""> , Sei Datshrray
<swe:Time definition=""urn:ogc:def:phenomenon:ogc:1.0.3:time*
referenceTime=""1970-01-01T00:00:00Z" uom=""urn:ogc:unit:second"'/>
</swe:component>
<swe:component name=""latitude"">
<swe:Quantity definition=""urn:ogc:def:phenomenon:ogc:1.0.3:angle”
uom=""urn:ogc:def:unit:ogc:1.0:degree"'/>
</swe:component>
<swe:component name=""longitude"'>
<swe:Quantity definition=""urn:ogc:def:phenomenon:ogc:1.0.3:angle*
uom=""urn:ogc:def:unit:ogc:1.0:degree"'/>
</swe:component>
<swe:component name=""altitude">
<swe:Quantity definition=""urn:ogc:def:phenomenon:ogc:1.0.3:distance*

Irn:ogc:def:unit:ogc:1.0:foot"'/> Heloing the World to Communicat
elping the vworla to Communicate
0 </swe:component> Geographically s
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SWE Common Data Encoding Types

()

N\_/ —
7\ DataDefinition
\_’{/ + dataComponents : anyData

StandardFormat

+ mimeType - MimeTypeEnum

——

+encoding

==Abstract==
_Encoding

AsciiBlock

=<=zEnumeration==
CompressionEnum

= + tokenSeparator : token

BinaryBlock

+ byteLength | positivelnteger

OGC

+ bitOffset [0._1] : ipositivelnteger
+ bitLength : positivelnteger

+gzip + byteEncoding - EncodingEnum
+ bzip + byteOrder | EndianEnum
+rle + encryption [0..1] - EncryptionEnum
+ compression [0..1] : CompressionEnum
=<Enumeration==
MimeTypeEnum
+ imagefjpeq
+ image/tiff
+ image/png 0.1 | +structure
+ image/gif ==Abstract==
+ video/mpeg +component _Binary +component
+ video/avi + byteOffset - int
+ texthml + byteLength - int
=<Enumeration==
EndianEnum
+ bigEndian :
+ littlieEndian BinaryGroup BinaryArray
+ size int
==Enumeration==
EncryptionEnum
+ MD5 Binan/\Value
+ XOR + dataType - DataTypeEnum

==Enumeration==
EncodingEnum

+ baselb
+ basebd
+ raw
+ hex

==Enumeration==
DataTypeEnum

+ float

+ double

+ signedByte

+ unsignedByte
+ signedShort
+ unsignedsShort
+ signedint

+ unsignedint

+ signedLong

+ unsignedLong
+ UTF-string

+ boolean

+ padding
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’TransducerML (TML) Components (OGC 05-085)

Physical System Description
— Physical properties of transducer system
— Relates data to physical features (matter or energy)

Data System Description

— common system clock

— data structure, encoding and transport info

— response and geometric characteristics

— time, space and value of transducer data (what, when and where)

— pre- and post-processing of data

— external relationships of transducers and processes within a system

Data Product Description
— Describes how to parse, sequence and decode the data cluster sent

Data Stream

. Y 4 Helping the World to Communicate
Geographically 15



O
K
N
\ g | tml:transducerType _i
EE==RENEE g = |
| - miidentifiction (| | [mgentcatonrype ||
| T | | - Eimiesciption® | |
: T Y e——— -
| ;- tmksysClk - | | -2 tmlidentification [J T | |
| N — | | e @ |
| Lo tml:dataSystem ' | = | |
i At | e |
| ; 0.2 | | ; B —" |
| T E 4
| ] fmidrensducorrow B | | i - tmb:seriaiio £ I
: 0= | | T —
@@_: R _L tmltcfTriggerSource - |
. o tmlt d i | @ D Mmoo |
| L-- tmltransducer
D;r | : - tml:sysClkState H |
| s | o e |
| L-- tmlprocessGroup - | ___________ |
| g —— PR | | mil:dataArrayType | |
1
[ e—— | | - |
| B ' trrll process | |
: F ______________________ iyl | | __________________ |
| E 0.= | """"""""" tml numSubStruc‘t1 | |
| A | | pimdeATey B st |
-}, mbdependencies | | Sgsnm— T
| s Tl | | [Emm———_— N
SR : | S B
| | L4 tmi:dataSet ] | I
| | | |
|
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N/
L 4
\__// \
\ J

\“ /

tmldataProductDescType

tml:identification

o

1.

tml:dataProduct [

|

-

...............

4| tml:prodDataCluster

dataType [

. TML Data Product Description and Data

Bl sttributes

------------

------------

------------

------------
------------
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~An Exa

mple TML System and Data Stream

Digital . JPEG
Camera i: Compress > Base64
' | IMAGE_SIZE |
GPS
IMU
Compass
Process Transducer

TML Node

Sys
clk

Produces Base64
L 3 JPEG Video
clusters

Produces
- »IMAGE_SIZE
clusters

Produces
L »GPS clusters

Produces
L »IMU clusters

Produces

Ly Compass
clusters

<data clk="28118774" ref="IMU">22.8,1.1,3.4</data> <!—IMU: true heading, pitch roll-->
<data clk="28118792' ref="COMPASS>21.1</data> <!—COMPASS: mag heading-->
<data clk="28118795' ref='"GPS'>516866,-4702126,4264297.2005-08-26T16:31:49Z</data>
<I--GPS: X,Y, Z, Time-->
<data clk="28118800' ref="IMAGE_SIZE'>49094</data>

<data clk="28118800' ref="CAM'>...base64 JPEG video...</data>

0( ;C <data clk="28118874' ref='IMU'>23.9,2.7,-1.1</data> ...

Helping the World to Communicate
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Processing TML Data Clusters

Transducer

System 1
m clusters:
1234 > 13457
Transducer

usters 5 6
System 2 CI;SZeGrS clusters:
4,6,9,10

Iusters
9,10,11

Transducer
System 3

Data are time-tagged to enable sequencing of multi-
channel and asynchronous samples and interpolation
between updates.
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SWE Service Model

Registered sensor and observation offerings

Metadata for a sensor and observations, and a URL

Metadata for a sensor observations, and a URL

CSW = Catalog Service for the Web
SPS = Sensor Planning Service
WNS = Web Notification Service
SOS = Sensor Observation Service
SAS = Sensor Alert Service

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

Metadata for a sensor observations, and a URL

S

Mission

Control =»
System

I E

The SWE Framework is comprised of
conceptual models, data encodings,
messages and Web services enabling
interoperable access to sensor systems,
observations and processes for use by a
broad range of applications and users.
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IEEE 1451 — OGC - OASIS Stack

Transducer —

Elecironic

Data Sheet
(TEDS)

Smar Transducer InterTace

Modube (STIM) Trangducer
Independent
KOCR A Interfaca (TI}
] e L =
| 1 I‘ ! Netwaork Capable
Mg = r .
|:m:~n|.-.--.-.| o |__ _.”. Application
S Procoessor
KDCR T {HCAR)
i

|
Functan!
(R T

OGC

Motk

OGC Sensor Web
Enablement
Standards

<

OASIS
Common Alert
Protocol

”Decision Maker/
Analyst
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