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Tutorial 1

Description of a
Weather Station

using SensorML
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Tutorial Objectives

Learn how to describe a simple Detector
Learn how to use SensorML Metadata for discovery
Learn how to group several detectors in a System

Learn how to describe System components positions
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SensorML Definitions

Detector: Atomic part of a composite Measurement System
defining sampling and response characteristic of a simple
detection device. A detector has only one input and one output,
both being scalar quantities. In SensorML a detector is a
particular type of Process Model.

System: Composite model of a group or array of components,
which can include detectors, actuators, or sub-systems. A
System relates a Process Chain to the real world and therefore
provides additional definitions regarding relative positions of its
components and communication interfaces
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Weather Station Description

Inspired from a Davis Instruments weather station.

Measures 5 quantities: temperature, pressure, wind speed,
wind direction and rain fall amount.

Using 4 different modules: thermometer, barometer, wind
sensor and rain gauge.

Also includes a monitor station which reports measurements
on an LCD screen. (barometer is included in the monitor)
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Weather Station Mounting Diagram
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Each Detector = Process Model

Reference frame
will be used to give

the detector
position.
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\_ simply link to it.

UAH

T ewE F anam B ST



Detector XML Structure

<Detector>
<metadata ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<parameters>
<ParameterList>
<steadyStateResponse ... />
<error ... />
<frequencyResponse ... />
<integrationTime ... />
<latencyTime ... />
</ParameterList>
</parameters>
<method “urn:ogc:def:process:detector”/>
</Detector>
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Thermometer = Temperature Detector

Temperature Detector
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Temperature Detector — Metadata

<Detector>
<metadata/>
<referenceFrame/>
<inputs/>
<outputs/>
<parameters>
<ParameterList>

<steadyStateResponse/>

<error/>
<latencyTime/>
</ParameterList>
</parameters>
<method/>
</Detector>

<identification>
<ldentifierList>
<indentifier
<Term
</identifier>
<indentifier
<Term
</identifier>
</ldentifierList>
</identification>
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In this example, we define a name and a model
number for the detector.

Each Term is well defined by the URN.

“longName”>
“urn:ogc:def:identifier:longName”>Davis Thermometer</Term>

“modelNumber’>
“urn:ogc:def:identifier:modelNumber’>7817</Term>



Temp. Detector — Reference Frame

<Detector>
<metadata/>

<referenceFrame/> . g . .

S It is needed to provide a textual description of how

parameters> the reference frame is attached to the hardware.
e esponsel> This is useful for future reference (i.e. mounting).
raramaterList The ‘id’ will also be used when specifying position.

</parameters>
<method/>
</Detector>

<referenceFrame>
<gml:EngineeringCRS “THERMOMETER_FRAME">
<gml:srsName>Temperature Detector Spatial Frame</gml:srsName>
<gml:usesCS "urn:ogc:def:cs:xyzFrame"/>
<gml:usesEngineeringDatum>
<gml:EngineeringDatum “THERMOMETER_DATUM">
<gml:datumName>Temperature Detector Spatial Datum</gml:datumName>

<gml:anchorPoint>
Origin is situated at the connector/case junction.
X,Y,Z are undetermined since orientation is not critical.

</gml:anchorPoint>
</gml:EngineeringDatum
</gml:usesEngineeringDatum>
</gml:EngineeringCRS>
</referenceFrame>
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Temperature Detector — Inputs

<Detector> A detector has only one scalar input.

<metadata/>
<referenceFrame/>
<inputs/>
<outputs/>

s It is used to define what type of

<ParameterList>

<steadyStateResponsel> phenomenon the detector measures, using
<latencyTime/>

<IParameterList the definition attribute, as well as the unit of

</parameters>

Detactor>. measure in which it is expressed.

<inputs>
<InputList>
<input “temperature”>
<Quantity
“urn:ogc:def:phenomenon:temperature”
“urn:ogc:def:unit:celsius”/>
</input>
</InputList>
</inputs>
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Temperature Detector — Outputs

<Detector> A detector has only one scalar output.

<metadata/>
<referenceFrame/>
<inputs/>
<outputs/>

<parameters> It is used to define what type of phenomenon the

<ParameterList>

<steadyStateResponse/> detector outputs, using the definition attribute, as

<error/>

<latencyTime/> well as the unit of measure in which it is

</ParameterList>
</parameters>
<method/> expressed.

</Detector>

<outputs>
<QOutputList>
<output “measuredTemperature”
<Quantity
“urn:ogc:def:phenomenon:temperature”
“urn:ogc:def:unit:celsius”/>
</output>
</OutputList>
</outputs>
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Temperature Detector — Parameters

Calibration

out

The steady state response
curve (or calibration curve)
gives mapping of input
values to output values at a
steady state regime.
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Random Error

%

The error curve characterizes
the accuracy of the measure-
ments with respect to some
physical quantity, which can
be the input itself or another
external quantity.



Temperature Detector — Calibration

<Detector> <steadyStateResponse>
<metadata/> el
<referenceFramel> <ConditionalCurve>
<inputs/> <condition “calibration_time">
outputs/> . ]
<parameters> <Time>2004-10-05T04:35:00</Time>
<ParameterList> .-
<steadyStateResponse/> </condition>
<error/>
<latencyTime/> <data>
</ParameterList> <Curve>
</parameters> A
<method/> <definition>
</Detector> .
<Coordinates>
<axis “input_temp”>
<Quantity “urn:ogc:def:unit:celsius”/>
</axis>
<axis “output_temp”>
<Quantity “urn:ogc:def:unit:celsius”/>
</axis>

</Coordinates>
</definition>
<tupleValues>-50,-50 140,140</tupleValues>
</Curve>
</data>
</ConditionalCurve>
</steadyStateResponse>
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Temperature Detector — Error

<Detector>
<metadata/>
<referenceFrame/>
<inputs/>
<outputs/>
<parameters>
<ParameterList>
<steadyStateResponse/>
<error/>
<latencyTime/>
</ParameterList>
</parameters>
<method/>
</Detector>
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<error>
<ConditionalCurve>
<condition “cable_length”>
<Quantity “urn:ogc:def:unit:meter’>10</Quantity>
</condition>
<data>
<Curve>
<definition>
<Coordinates>
<axis “input_temp”>
<Quantity “urn:ogc:def:unit:celsius”/>
</axis>
<axis “abs_max_error’>
<Quantity “urn:ogc:def:unit:celsius”/>
</axis>

</Coordinates>
</definition>
<tupleValues>-50,1 140,0.01</tupleValues>
</Curve>
</data>

</ConditionalCurve>
</error>
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Temperature Detector — Latency Time

<Detector>
<metadata/>

R Latency time specifies the amount of time

. between the phenomenon is sampled and the

<ParameterList>

<steadyStateResponse/> availability of the corresponding value at the

<error/>

<latencyTime/> OUtpUt

</ParameterList>
</parameters>
<method/>
</Detector>

<latencyTime>
<ConditionalValue>
<condition "medium">
<Category>air</Category>
</condition>
<data>
<Quantity
"urn:ogc:def:phenomenon:duration”
"urn:ogc:def:unit:second">10</swe:Quantity>
</data>
</ConditionalValue>
</latencyTime>
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System = Group of Detectors

Weather Station System

Discovery Metadata

Weather —\\

System Reference Frame

Phenomena
Thermometer

Barometer

Anemometer

Rain Gauge
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System XML Structure

<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contact ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>
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Weather Station — Identification

<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>

<identification>
<ldentifierList>
<indentifier
<Term
</identifier>
<indentifier
<Term

</identifier>
<indentifier
<Term
</identifier>
</ldentifierList>
</identification>
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In this example, we define the name, the
manufacturer and the model number of the
weather station.

Each Term is well defined by the URN.

“longName”>

“urn:ogc:def:identifier:longName”>Davis Thermometer</Term>

“manufacturer™>

“urn:ogc:def:identifier:manufacturer’>Davis Instruments</Term>

“modelNumber”>

“urn:ogc:def:identifier:modelNumber’>7440</Term>



Weather Station — Classification

<System>
<description ... />
<identification ... />

P In this example, we define the intended

documeniaton .../ application of the system as well as sensor types
<referenceFrame ... /> . 5 5

<inputs . /> Included in this system.

<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />
</System>

<classification>
<ClassifierList>

<classifier “intendedApplication”>

<Term “urn:ogc:def:classifier:application”>Weather</Term>
</classifier>
<classifier “sensorType”>

<Term “urn:ogc:def:classifier:sensorType”>Thermometer</Term>
</classifier>
<classifier “sensorType”>

<Term “urn:ogc:def:classifier:sensorType”>Barometer</Term>

</classifier>

</ClassifierList>
</classification>
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Weather Station — Validity Period

<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />

il The description of the System is valid from the
e start date until now.

<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />
</System>

<validTime>
<StartTime>2004-10-05T04:35:00</StartTime>
<StopTime>currentTime</StopTime
</classification>
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Weather Station — Contacts

We define a primary contact organization for this
System. Here it is the weather station
manufacturer. (This is based on 1ISO19115)

<contact “urn:ogc:def:identifier:manufacturer">
<ResponsibleParty>
<organizationName>Davis Instruments</organizationName>
<contactinfo>
<phone>
<voice>+01-510-732-9229</voice>
<facsimile>+01-510-732-9188</facsimile>
</phone>
<address>
<deliveryPoint>3465, Diablo Avenue</deliveryPoint>
<city>Hayward</city>
<administrativeArea>CA</administrativeArea>
<postalCode>94545-2778</postalCode>
<country>USA</country>
<electronicMailAddress>sales@davisnet.com</electronicMailAddress>
</address>
</contactinfo>
</ResponsibleParty>
</contact>
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<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contact ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



Weather Station — Documentation

<System>
<description ... />
<identification ... />

<classification ... /> In this example, we list the user manual as a

<validTime ... />

LA reference document for this System. The online
<referenceFrame ... /> g g oo
<inputs .. > location is specified.

<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />
</System>

<documentation>
<DocumentList>
<member “manual”>
<Document>
<description>
<Discussion>Weather Station User Manual</Discussion>
</description>
<fileLocation “http://www.davisnet.com/manuals/7440.pdf’/>
</Document>
</member>
</DocumentList>
</documentation>
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Weather Station — Reference Frame

<System>
<description ... />
<identification ... />
<classification ... />

valdTime .. > It is needed to provide a textual description of how
SETEEA the reference frame is attached to the hardware.
e This is useful for future reference (i.e. mounting).
enrnacions .l The ‘id’ will also be used when specifying position.

<positions ... />
<interfaces ... />

</System>
<referenceFrame>
<gml:EngineeringCRS "STATION_FRAME">
<gml:srsName>Weather Station Spatial Frame</gml:srsName>
<gml:usesCS "urn:ogc:def:cs:xyzFrame"/>
<gml:usesEngineeringDatum>
<gml:EngineeringDatum "STATION_DATUM">

<gml:datumName>Weather Station Spatial Datum</gml:datumName>

<gml:anchorPoint>
Origin is at the base of the mounting.
Z is along the axis of the mounting pole - typically vertical.
X and Y are orthogonal to Z but undetermined.

</gml:anchorPoint>
</gml:EngineeringDatum
</gml:usesEngineeringDatum>
</gml:EngineeringCRS>
</referenceFrame>
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Weather Station — Inputs

: : , : <System>
There is an independent virtual input for each “descipiont L
measured phenomenon. aldTime 5

<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />

<inputS> <outputs ... />
<InputList> romectons I
<input “ambiantTemperature"> :ﬁﬁ:‘ff';’g:s -. .’7>
<Quantity “urn:ogc:def:phenomenon:temperature”/> </System>
</input>
<input “atmosphericPressure">
<Quantity “urn:ogc:def:phenomenon:pressure”/>
</input>
<input “windSpeed">
<Quantity “urn:ogc:def:phenomenon:windSpeed”/>
</input>
<input “windDirection">
<Quantity “urn:ogc:def:phenomenon:windDirection”/>
</input>
<input “rainFall">
<Quantity “urn:ogc:def:phenomenon:rainFall’/>
</input>
</InputList>
</inputs>
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Weather Station — Outputs

Output group includes all measured values and a time tag.

<outputs>
<QOutputList>
<output “weatherMeasurements™
<DataGroup>
<component “time”>
<Time “urn:ogc:def:phenomenon:time”
“urn:ogc:def:unit:iso8601"/></component>
<component “temperature">

<Quantity “urn:ogc:.def:phenomenon:temperature”
urn:ogc:def:unit:celsius”/></component >

<component “barometricPressure">
<Quantity “urn:ogc:def:phenomenon:pressure”
“urn:ogc:def:unit:pascal’/></component >
<component “windSpeed">
<Quantity “urn:ogc:def:phenomenon:windSpeed”

“urn:ogc:def:unit:meterPerSecond’/></component >

</DataGroup>
</output>
</OutputList>
</outputs>
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<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



Weather Station — Internal Processes

List of all detectors constituting the System.

Can be either included inline or in a separate
document referenced using an xlink pointer.

<processes>
<ProcessList>
<process “thermometer”>
<Detector id=“DAVIS_THERMOMETER”> ... </Detector>
</process>
<process “barometer”>
<Detector id=“DAVIS_BAROMETER"> ... </Detector>
</process>
<process “‘anemometer”>
<Detector id=“DAVIS_ ANEMOMETER”> ... </Detector>
</process>
<process “windDirection” xlink:href="URI to detector document”/>
<process “rainGauge” xlink:href="URI to rainGauge document”/>
</ProcessList>
</processes>
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<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



Weather Station — Internal Connections

The list of connections describes all internal
connections in the System.

<connections>
<ConnectionList>
<connection “‘inputToThermometer”>
<Link>
<source “this/inputs/ambiantTemperature”/>
<destination “thermometer/inputs/temperature”/>
</Link>
</connection>
<connection “thermometerToOutput”>
<Link>
<source “thermometer/outputs/measuredTemperature”/>
<destination “this/outputs/weatherMeasurements/temperature”/>
</Link>
</connection>

</ConnectionList>
</connections>
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<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



Weather Station — Positions

The position list specifies the position
(location and orientation) of each
detector and the System itself.

<positions>

Alexandre Robin -

<PositionList>

<position
<position
<position
<position
<position
<position

</PositionList>
</positions>

2006

“stationPosition”> ... </position>
“thermometerPosition”> ... </position>
“barometerPosition”> ... </position>
“anemometerPosition”> ... </position>
“windDirectionDetectorPosition”> ... </position>
“rainGaugePosition”> ... </position>

<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



Weather Station GeoPosition

<position
<Position
<location>
<GeolLocation>
<latitude>
<Quantity
</latitude>
<longitude>
<Quantity
</longitude>
<altitude>
<Quantity
</altitude>
</Geolocation>
</location>
<orientation>
<Orientation>
<coordinate
<Quantity
</coordinate>
</Orientation>
</orientation>
</Position>
</position>
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“stationPosition">

“#STATION_FRAME”

“urn:ogc:def:unit:degree”

“urn:ogc:def:unit:degree”

“urn:ogc:def:unit:meter”

“trueHeading”>

“urn:ogc:def:unit:degree”

“urn:ogc:def:crs:epsg4329”>

“Y>34.724</Quantity>

“X">-86.945</Quantity>

“Z">20.11</Quantity>

“Z">87.0</Quantity>



Thermometer Position

“#STATION_FRAME">

“thermometerPosition”>
“#THERMOMETER_FRAME”
“X">0.02</Quantity>

<position
. <Location
1 <coordinate “X">
S T memometer <Quantity “urn:ogc:def:unit:meter”
— </coordinate>
2 ol e <coordinate “y>
" - <Quantity “urn:ogc:def:unit:meter” “¥">0.02</Quantity>
S8 NI </coordinate>
‘ <coordinate “z">
S B <Quantity “urn:ogc:def:unit:meter” “Z">1.1</Quantity>
anc Baromete </coordinate>
</Location>
</position>
- 2006

Alexandre Robin



Wind Direction Detector Position

<position “windDirectionDetectorPosition”>
<Position ““WIND DETECTOR_FRAME”
<location>
<Location>
<coordinate x>
<Quantity “urn:ogc:def:unit:meter”
= v </coordinate>
S <coordinate “yr>
oFo | T Anemometer i i
= <Quantity “urn:ogc:def:unit:meter”
</coordinate>

jl — Thermometer .
- <coordinate

&, <Quantity
</coordinate>
) : </Location>
;ﬁf:ﬁi?nﬂeter </location>
<orientation>
<Orientation>
<coordinate
<Quantity
</coordinate>
</Orientation>
</orientation>
</Position>
</position>

11lm 0.6m : /
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HZ”>
“urn:ogc:def:unit:meter”

“theta”>
“urn:ogc:def:unit:degree

“#STATION_FRAME">

“X">0.0</Quantity>

“Y7>-0.1</Quantity>

“Z">2.0</Quantity>

“Z">-87</Quantity>



Weather Station — Interface

Defines a serial interface for communicating with the
station (get measurements).

<interfaces>
<InterfaceList>
<interface “serialPort”>
<InterfaceDefinition>
<applicationLayer>
<Protocol “urn:davis:def.weatherLink"/>
</applicationLayer>
<physicalLayer>
<Protocol “urn:ogc:def:protocol:RS232">
</physicalLayer>
<mechanicalLayer>
<Connector “urn:ogc:def:connector:DB9">
</mechanicalLayer>
</InterfaceDefinition>
</interface>
</InterfaceList>
</interfaces>
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<System>
<description ... />
<identification ... />
<classification ... />
<validTime ... />
<contacts ... />
<documentation ... />
<referenceFrame ... />
<inputs ... />
<outputs ... />
<processes ... />
<connections ... />
<positions ... />
<interfaces ... />

</System>



More Advanced Features

j> Advanced properties of detectors such as Frequency
Response, Spatial Response and Temporal Response.

Possibility of using index mechanism to describe large
> arrays of detectors (several thousands in the case of a
frame camera) with variable parameters within the array.

j> Possibility of using processes to describe variable
positions of components (like in the case of a scanner)
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