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What is SensorML?

The University of Alabama in Huntsville

* Models and XML encodings for describing processes

— Detectors, actuators, etc. are modeled as processes

— Can be used to describe “left-side” processes (“how were these observations obtained?”)

and “right-side” processes (“what can | derive from these observations?”)
e Vision:

— Discovery of transducers and processes / plug-n-play sensors — SensorML is the

means by which sensors and processes make themselves and their capabilities known

— Observation lineage — SensorML provides sensing and processing history of observations;

supports quality knowledge of observations

— On-demand processing — SensorML supports on-demand derivation of higher-level

information (e.g. geolocation or products) without a priori knowledge of the sensor system

— Intelligent, autonomous sensor network — SensorML enables the development of

taskable, adaptable sensor networks

— Network and software friendly — SensorML is ideal for distributing processing demands

throughout the network/command hierarchy

— Extensibility — SensorML provides easy means for meeting various community needs
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SensorML Concepts - ProcessModel

The University of Alabama in Huntsville

In SensorML, everything is modeled as a Process

« ProcessModel | - { smimetadataGroup [

— defines atomic process modules

(detector beingoney | T ATUTEETEREE A o
— has five sections _@, --E:é;r;l_:i_n_;::dt-s"
+ metadata E

|
|
|
|
|
|

o inputs, outputs, parameters
ProcessModel E}l_
e method simiple atomic proce |

— Inputs, outputs, and parameters defined

using SWE Common data definitions
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SensorML Concepts

The University of Alabama in Huntsville

* Process
— defines a process chain

— includes:

metadata

inputs, outputs, and parameters
e processes (ProcessModel, Process)
« data sources

e connections between processes and between

processes and data

e System

— defines a collection of related processes along

with positional information
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Process/Sensor/System Metadata

The University of Alabama in Huntsville

: " Metadata is primarily for discovery and

assistance, and not typically used within

- -4 smi:generalinfo & = e

process execution

* Includes
— ldentification, classification, description
| — Security, legal, and time constraints
(provessietdataGroup T == - . o
s — Capabilities and characteristics
— Contacts and documentation

— History

U r
L Famlreferences EI—E—:E} -
; L
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How SensorML can be used -1-

The University of Alabama in Huntsville

o “Left-side” versus “Right-side” use
— “Left-Side”
» Describes how existing data was obtained

* Traditional approach

» Relies on software that has knowledge of sensor system and how to apply particular

parameters
» Useful for defining lineage of observations
» Useful for simulations of sensor system
“Right-Side”
» Describes how to take existing data and derive on-demand higher level information

« Our vision on how we support discovery and processing of previously unknown observations

without a priori knowledge of the sensor system

» Can utilize process models and parameters from left-side processes
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How SensorML can be used -2-

The University of Alabama in Huntsville

« Time instance of process versus process factory

— Time instance of process
» Typically might accompany a particular instance of an observation and be valid for that time
» All parameter values for the process are defined inline
* SPOT DIMAP and NITF approach
— Process Factory
* Process is defined but variable parameter values may not be specified

* One treats process like factory assembly line; supply appropriate parameter values and then

pump through the input values to obtain appropriate output values
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Viewers for SensorML (XML, Tree View)

The Univers
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Process Models

The University of Alabama in Huntsville

Transducers (detectors, actuators, samplers, etc.)

Spatial transforms (static and dynamic)
— Vector, matrix, qguaternion operators

— “Sensor models”
e scanners, frame cameras, SAR
* polynomial models (e.g. RPC, RSM)

* tie point model
— Orbital models

— Map projection and datum transformations
 Digital Signal Processing / image processing modules
« Decimators, interpolators, synchronizers, etc.
« Datareaders, writers, and access services

e Human analysts
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System Example — Simple Weather Station

The University of Alabama in Huntsville

Weather Station
Thermometer
Tr.1
Real | . Measured
Temperature / "~ Temperature
T
Barometer

Pr.1
Real Measured
1 >
Pressure Pressure
Py
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System Example — More explicit weather station

The University of Alabama in Huntsville

Weather Station
Thermometer (Davis 7811) Barometer (Davis 999) Real
Real Pressure
Temperature N - /, y /
T. Ps
i resistance i volts
Console (Davis Weatherl.ink Console)
Tr.1 PM
| - /
R vV
Measured Measured
Temperature Pressure
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System Example — Basic UAV-AIRDAS system

Radiation

Scan Rate

Mike Botts — March 2006

The University of Alabama in Huntsville

UAV — AIRDAS System

AIRDAS

¥

band 1 — response model

Data
Stream
(e.g. TML)

Digital

v

L 4

Scanner Model

Number

scan start

¥

positian

Inertial Navigation Unit

GPS

IMU

fime

Flatform
, Position &

Attitude
(ECEF CS)

OGC

Open GIS Consortium, Inc.
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System Example — AIRDAS with derivable data

The University of Alabama in Huntsville

OGC

Open GIS Consortium, Inc.

» Measured

Radiance

. Target

Derivable Data System
UAV — AIRDAS System Data
Stream
AIRDAS Inverse Calibration
band 1 — response model » Digital . Rad
- Number
Radiation »f DN i
/\, -
Radiances A
Scan Rate N Scanner Model sample index » Geolocation
scan start »| Process
time Chain
' position
Y
Inertial Navigation Unit
Platform
Position & .
e S Attitude
(ECEF C8)
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General Detector Model

The University of Alabama in Huntsville

Detector fLREF

Calibration

Real

Quantit out The Calibration gives the mapping of input to output t Measurled
Y values for a steady steady state regime. Two curves Quantity

are used lo deseribe an hysleresis behavior.

N

— Potentially one of the most "

Random Error

I d I The Random Error describes the relative or

C 0 m p eX p ro C eS S m 0 e S % absolute accuracy of this detector output with
respect lo other environmental conditions. This can

be one way of describing the effect of external

disturbances on this detector,

— All parameters expressed :

MNoise Figure

The Noise figure specifies the rafio of noise power
dB to undisturbed signal power (signal 1o noise ratio).
This can be expressed relative to other external
environment conditions.

in SensorML as curves

Conversion Stage

— Describes response of a single

Spectral Response
The Speciral Response is used to specify dynamic
d etecto r (e.g . th erm O m eter y dB characteristics of the detector in the frequency
domain. It gives the sensifivity of the detector
versus the frequency or wavelength of the input
signal,

B

pixel, etc.)

I Laplace Transform

Impulse Response
The Impulse response can also ba used to describe

B the dynamic behavior of the detector in the time
domain. It represents the normalized output of the
detector for an impulse (A function) input

1

Latency Time, Demodulation stage...

Temporal Response

Sampling Stage

dB
—

Intgration
time:

1
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General Detector Array Model

Sensor (CCD array) ‘iim
l I The University of Alabama in Huntsville
Look Up Table
Table Data Cormrective
Call Index Gain
[

Y [ —
@ DN (3000) |

— Detector Array modeled as a

System

— Constant properties of individual Detector iG o

V
Calibration

detectors supported by the Raderce L on gt

[ ek o
Detector ProcessModel g

— Variable response of individual Srat Sty

detectors supported by index

dependent curves (e.g. gain

vs. index)
. . . Position (R1 vs. R0) (Sampling)
— Spatial variability (e.g. Look — ——
ray direction) also supported i dl |
using index driven curve { L=
! !
| |
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AIRDAS UAYV Geolocation Process (Chain)

Ray Index I Scan Start I
The University of Alabama in Huntsville
— Inputs: v v
Generic LUT Generic LUT Jsu?i'::‘ ?Enne
_ Ray |ndeX Positioning Timing
{index -> ray pos) (index -> ray time)
— Scan start time
Time relative to ¥
Scan Start Time
— Outputs: '()
— Ray index S ulan Tene
ay position
in SENSOR CRS !
— Latitude, longitude, altitude conorie LUT
Positioning
— Ray time {time > INS pos)
Latitude, True Heading,
— Process Models used Longiuds, | Pich.
Altitude Raoll,
—LUTs ! INS position .
l;li_cnrdlnam in ECEF CRS ?rmrdlnala
— Index to ray direction SENSORto ECEF | LLA to ECEF
— Index to ray time offset Ray posiion
In ECEF CRS
— Time to UAV state
— Coordinate Transforms t
. o ) Ray / Ellipsoid
— Ray-Ellipsoid intersection intersection
Y \ Y Y ¥

Ray Index - ] [ p ] [ i
—@—' Latitude | ILonglLude | | Alfitude Ray Time
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AIRDAS UAYV Geolocation Process (Chain) Demo

The University of Alabama in Huntsville

U

/»] airdas_STT test.avi - Camtasia Player =S
Fie Play Help
PR KW ] [0
= ~
ME TOOLKIT EEE5
Emrmimulmwxidmm.m—(‘mmphyer mLayer Tools Help
Fle Play Help § - .
PR KW o | | o
&Imagery & e oata

time: 1.068088825E9
latitude: 32.6014
longitude; -116.6837
altitude: 13810.0
trueHeading: 0.0
pitch: 6470047 265625 vid)
roll: -0.406494140625

on:no:00

on:no:01

o000

S

0:00:00

late Enabled

|i

Current Time ‘ 0ct03, 2005 22:29:49 H|ew |"DRea\T\me

‘ 0000 000 00:01:00 H| Set ‘

Paused 00:34/00:44

AIRDAS data stream geolocated using

= SensorML-defined process chain
AIRDAS data stream (consisting of navigation (software has no a priori knowledge of
data and 4-band thermal-IR scanline data) sensor system)

Mike Botts — March 2006 18



OGC

Open GIS Consortium, Inc.

Standard Earthquake Engineering Data Standard (SEEDS)

The University of Alabama in Huntsville

— THE standard for seismic sensor data
— Currently starting to implement in SensorML
— Design of SEEDS allows easy implementation in SensorML

— consist of chain of process module descriptions and

parameters

SEED volumes usually use complex-valued functions of frequency in response functions. Usually, these functions
will not be single expressions, but rather the products of several expressions. Most seismic systems can be regarded as
cascades of stages — for example, a seismometer, followed by an amplifier, followed by an analog filter, followed by
an analog/ digital converter, followed by a digital filter. A blockette’s stage sequence number shows the order of the
stages, as shown in figure 1 below:

Slage 1: Stage 2: Stage 3: Stage 4: Stage 5:
mis Volis Valts Volte ADC Counts Counts
Seismometer Amplifier Analog Filter (Digitizer) Digital Filter

Figure 1: Example of a sequence of stages.
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Status of SensorML Specification

The University of Alabama in Huntsville

SensorML Core
— Core framework models and encoding complete and stable

— SensorML document OGC 05-086 approved as Best Practices document in Bonn (Nov 2005)
« Approved as Public Discussion Paper (2002)
* Approved as Recommended Paper (2004)

— SensorML on track for OGC Technical Specification
e Initiator (OGC Voting Member): Intergraph (?)
e Initial committee formed
* Beginning to obtain Letters of Support
* Gathering and documenting current implementations

e 90 day formal process

SensorML Process Models
— Have established a SensorML Forum for information exchange
— Have established SourceForge project for ProcessModel submission and download
— Have developed Open Source SensorML parser and process execution environment
— Have developed API for Java process model software

—  Writing initial Implementation document for defining process models and processes (initial draft

available in 1 week)

20
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IEEE P1541 within OGC SWE

The University of Alabama in Huntsville

IEEE 1451 TEDS description to SensorML
— TEDS parameters map to Detector parameters
— TEDS info on chip can be combined with SensorML profile description

— Include interface description

IEEE 1451 data description to support data stream

— Adaptor can use IEEE 1451 data description and easily convert to Common Observation or TML

description

. SensorML and Observation become discoverable

Mike Botts — March 2006 22



Mew capabilities

Subscribe

available for
search
Client
Get updated
| csw | z capabilities
5 document from
& —_— Data center
G __-‘_‘—\—\__
o T -
GetCapabilities
.
.
ebRIM Forward
« capabilities
changed » Alert
Public Regist
gty Send Alert
“_"““-—-______
« capahilities @ Send Alert =
changed » Alert ; — a Database
d @
-
GelCapabilities
Data Center
/ Get capabilities
@ document from
/ | Node SOS
f

node N

Data center IP
@ manually when ——
installing the Subscribe

r
|

IEEE 1451 NCAP

@

Generata SensorhdL
document from |IEEE
1451 TEDS and update
capabilities document

Plug in new
@ IEEE1451
enabled sensar

Node 1
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UUser can discover
NEW SENSOT

Client

/
Search Request

User requests
data by time or
request real
time stream

Lo |

QGC Client

ebRIM

Public Registry

\““\\

GetData (time=... )

= GeiDataStream
<- Stream Data

Data is retrieved
from the archive
or forwarded
directly from the
node stream

Getl'.'lataStreamf
- Stream Data™
/’ﬂ

Connect to receive
real time stream
and start achiving

This connechion is kept
permaneanty befween
Node and RDC

7

IEEE 1451 NCAP

Node 1
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User discovers
SFS service

—

Search Haq'uest

csw

OGC Client

ebRIM

Public Registry

Client
- T User tasks the
HHH_H @ Sensor fora
- specific mission
SendCommand
|
\ \
\ \
\ Mission center
\ schedules this
Motify mission
[automatic or
\ human)
Maotifies user of
@ beginning of
missian
"-\—\.._\___\_\_
— I

®

Motifies user of

end of mission
SendCommand—
. (Real time})
/
Misssion center

sends itself
commands to the

Mode 5PS

|IEEE 1451 NCAP I

IEEE 1451.2 STIM

Node 1
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EDXL and OGC SWE

The University of Alabama in Huntsville

« EDXL based on envelope model
— Sender role, receiver role, keywords
— Can be used within a publish/subscribe paradigm, but appears to be a last option (if all else fails)

— Requires sender to be aware of what receivers would be interested

. OGC Sensor Alert Service / Web Notification Service
— Based fully on a publish/subscribe

— Any user can subscribe to any alerts based on any parameters

« keywords, sender, alert type, geographic region

— Various types of notification are available through WNS

*  XMPP, SMS, email, URI
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CAP and OGC SWE

The University of Alabama in Huntsville

« CAP could be supported as an alert encoding type in SAS

« Converter between CAP and OGC Observation/TML data
— It would be easily possible to create a CAP profile in OGC Observation (but that may be irrelevant)

— Very easy to convert between CAP and Observation

e CAP could include link to SensorML process instance

— Provide sensor and process lineage of the alert/observation
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Relevant Links

The University of Alabama in Huntsville

OpenGeospatial Consortium —

http://www.opengeospatial.org

SensorML —

http://vast.uah.edu/SensorML

Space Time Toolkit —
http://vast.uah.edu/SpaceTimeToolKit
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