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Part 1. Introduction

1.1. Scope

For the purpose of this discussion, SensorML is considered as one key component of the
Sensor Web Enablement. With regard to observations and measurements, we assume
three fundamenta components of informetion:

1. Thereare properties of physica entities and phenomena that are capable of being
measured and quantified. Within the OGC Open Web Services context, properties
that are capable of being measured are considered as* Observables’. Each of
these can be classified as an * ObservableType” and can be referenced in an
“ObservablesDictionary”. ObservableType definitions include, for example,
properties such as temperature, count, rock type, chemica concentration, or
radiaion emissvity.

2. There are sensorsthat are capable of observing and measuring particular
properties. Either by design or as aresult of operational conditions, these sensors
have particular response characteristics that can be used to determine the values of
the measurements, aswell as assess the quality of these measurements. In addition
to the response characteristics, the sensor system has properties of location and
orientation that alow one to associate the measured values with a particular
geospatid location at a particular time. Therole of the SensorML isto provide
characterigtics required for processing, georegistering, and ng the quality of
measurements from sensor systems.

3. Finaly, there are data values that are returned by a sensor system or are derived
from sensor measurements. These measurements may be accessed directly from
the sensor, or from data stores that distribute and possibly process these data to
various products. The processing and georegigiration of these measured vaues
require knowledge of the properties of the sensor system. Within the context of
the OGC Sensor Web Enablement initiative, values returned by sensors are
accounted for within the Observations and Measurements schemas.

All three of these components are intimately linked within the Sensor Web Enablement
concepts. While these links will be discussed within this document, only the second
component is within the scope of this document.

SensorML provides an XML schema for defining the geometric, dynamic, and
observational characteristics of a sensor. Sensors are devices for the measurement of
physica quantities. There are agresat variety of sensor types from smple visua
thermometers to complex eectron microscopes and earth observing satellites.
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The purpose of SensorML isto:

provide general sensor information in support of data discovery
support the processing and andysis of the sensor measurements
support the geolocation of the measured data

provide performance characteristics (e.g. accuracy, threshold, etc.)
archive fundamenta properties and assumptions regarding sensor

To this end, the information provided by SensorML includes:

Observation char acteristics

- Physica properties measured (e.g. radiometry, temperature, concentration,
€tc.)

- Qudity characterigtics (e.g. accuracy, precison)

- Response characteristics (e.g. spectral curve, temporal response, €tc.)

Geometry Characteristics
- Size shgpe, goaia weight function (e.g. point spread function) of individua
samples

- Geometric and tempora characteristics of sensor and sample collections (e.g.
scans or arrays) that are required for metric exploitation

Description and Documentation
- Ovedl information about the sensor

- Higtory and reference information supporting the SensorML document

The use of such asensor mode arisesin severd possible ways, including:

The sensor description (model) is used to process the raw vaues obtained by the
sensor dement into a useful physical quantity and to provide support for
georegidration of remotely sensed data.

The sensor interndly performs the * converson” to physical quantities. The sensor
description is used to congtruct the conversion equations. In some cases the sensor
description might be used “post facto” to examine the data obtained from a sensor
when it is behaving in an gpparently “unreasonable’ manner, or to assess inherent
limitsin the sensor’ s sengitivity and qudity of measurements.

The sensor does some interna processing, but additiona externa processing is
required to take account of things that the “sensor” e ement and description may
not be not aware of. The latter can include the measurement of other quantities, as
well asthe pogtion and orientation of the sensor itsdlf.
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SensorML does not provide a detailed description of the hardware design of a sensor but
rather it isa general schema for describing a functional model of the sensor. The schema
is designed such that it can be used to support the processing and geolocation of data

from virtualy any sensor, whether mobile or dynamic, in-situ or remotely sensed, or

active or passive. This alows oneto develop genera, yet robust, software that can

process and geolocate data from awide variety of sensors ranging from smple to

complex sensor systems.

For the purpose of this discussion, we separ ate the description of the sensor from that of
its platform. In cases where confusion is likely we will uses the term * sensor system” to

refer to the sensor and its associated platform(s). The platform isthe carrier for the

mounted sensor and is of mgor concern for mobile sensors. Common plaformsinclude
ground stations, automobiles, aircraft, earth-orbiting satdllites, ocean buoys, ships, and

people. A deployed sensor is mounted to a gtatic or dynamic platform (or an assembly of
nested platforms).

The detailed description of the mechanical structure of the platform(s) is outsde the

scope of the sensor description. From our perspective, the main role of the platformisto
define the (possibly dynamic) coordinate system(s) in which the sensor measurements

are taken, s0 that these measurements can be related to some relevant externa coordinate
gystem. Thus, it is only through the association of a sensor with its platform(s), thet
measured values can be georegistered.

While the description of the platform is not a part of the sensor description, per s, it is of
vital importance to our ability to georegister sensor measurements. Thus, an initid Smple
schemafor defining platformsis provided in this document.

Aswill be discussed further, SensorML is suitable for both in-situ and remote sensor,
whether mounted to static or mobile platform. The origind SensorML, developed before
any involvement of OGC, focused primarily on defining the geometric and dynamic
properties of remote sensors. In contrast, Phase 1 of the OGC OWS activities have
focused the SensorML development primarily on in-Stu sensors. Because of this focus,
and because of the intent to redesign the geometry and dynamics description in the next
release of SensorML, this release of the document will not cover the geometric and
dynamic properties of the sensor. However, the concepts surrounding sample geometry
and sample collection geometry (e.g. scan properties) will be discussed briefly in the
concepts section. Furthermore, “placeholders’ for these properties will be left in the
schema design sections, but their description is reserved for future document rel eases.

1.2. Conformance

Conformance and Interoperability Testing for this OGC Interoperability Program Report
may be checked using dl the rlevant tests specified in Annex A (normative). The
framework, concepts, and methodology for testing, and the criteriato be achieved to
clam conformance are pecified in 1SO 19105: Geographic information — Conformance
and Tedting.
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1.3. Normative references

The following normative documents contain provisons, which through reference in this
text, condtitute provisions of this part of OGC 02-026. For dated references, subsequent
amendmentsto, or revisons of, any of these publications do not gpply. However, parties
to agreements based on this part of OGC 02-026 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated
below. For undated references, the latest edition of the normative document referred to

applies.

1.4. Terms and definitions

For the purposes of this document, the following terms and definitions gpply /the terms
and definitions givenin ... and the following apply.

Observable

A phenomenon to that can be observed and measured, such as temperature, gravity, chemical
concentration, orientation, number-of-individuas. The equivaent term is measur and when the
values are determined by measurement.

Observed Value

A value describing a natural phenomenon, which may use one of a variety of scalesincluding
nominal, ordinal, ratio and interval. The term is used regardless of whether the value is due to an
instrumental observation, a subjective assgnment or some other method of estimation or
assignment.

Sensor

An entity capable of observing a phenomenon and returning an observed value. A sensor can be
an instrument or aliving organism (e.g. a person), but herein we concern ourselves primarily with
modeling instruments, not people.

M easur ement

An instance of a procedure to estimate of the value of anatural phenomenon, typicaly involving
an instrument or sensor. Thisisimplemented as a dynamic feature type, which has a property
containing the result of the measurement. The measurement feature a so has alocation, time, and
reference to the method used to determine the value. A measurement feature effectively binds a
vaue to alocation and to a method or instrument.

(Sensor) Platform

An entity to which can be attached sensors or other platforms. A platform has an asoociated local
coordinate frame that can be refernced to an external coordinate frame and to which the frames of
attched sensors and platforms can be referenced.

1.5. Conventions

1.5.1. Symbols (and abbreviated terms)
The following symbols and abbreviated terms are used in this document.
AP Application Program Interface
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CEOS Committee for Earth Observation Sensors
COTS Commercid Off The Shelf

GML Geographic Markup Language

SO Internationa Organization for Standardization
JPL Jet Propulsion Laboratory

ODM Observation Dynamics Model

OoGC Open GIS Consortium

ows Open Web Services

UML Unified Modding Languege

SensorML Sensor Model Language
WGS84 World Geodetic System 84

XML eXtended Markup Language

XS* type definitions within XML Schema 2002
1D One Dimensiona

2D Two Dimensond

3D Three Dimensond

1.5.2. UML Notation

The diagrams that appear in this document are presented using the Unified Modding
Language (UML) dtatic structure diagram. The UML notations used in this document are
described in the diagram below.
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-
Class #1 [ Class #2 |
role-1 role-2
Association Cardinality
Class i Class
Only one
—r
0.* Class Zero or more Class
0.1 Class

Aggregation between classes

Aggregate
ggth

Optional (zero or one)

Association between classes

One or more

Specific number

Class Inheritance (subtyping of classes)

¢
| |

Component Component
LClass#1 1 | Class#2

Superclass

T

Component
ClassHn

Subclass #1

Subclass #2

Figure 1.1 — UML notation

In this diagram, the following three stereotypes of UML classes are used:

a) <<lInterface>> A definition of aset of operationsthat is supported by objects having
thisinterface. An Interface class cannot contain any attributes.

b) <<DataType>> A descriptor of aset of valuesthat lack identity (independent

existence and the possibility of sde effects). A DataTypeisaclass with no

operations whose primary purpose is to hold the information.

Subclass #n

C) <<CodelLis>> isaflexible enumeration that uses string vaues for expressing alist of

potential values.

In this document, the following standard data types are used:
a) CharacterString — A sequence of characters

b) Integer — Aninteger number

¢) Double— A double precison floating point number

d) Hoat — A sngle precison floaing point number
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1.6. Background

1.6.1. Motivation

The importance of long-term monitoring of the Earth’s environment and the development
of improved data processing techniques, has raised awareness of the need for preserving
low-level sensor data and the information required for reprocessing this data.
Unfortunately, such information is often logt or difficult to find five to ten years after
completion of asensor’sorigind mission life. The proposed SensorML is one step
toward preserving part of the vitd information required for geolocation and processing of
sensor data for both real-time and archival observations.

Web-enabled sensors provide the technology to achieve rapid access to accurate
environmentd information from the field. Streaming sensor data in sandard formats
faciliates integration, anadlys's, and creation of various data “views’ that are more
meaningful to the end user and avoids the drawbacks of locating and accessing
incompatible archived data. This provides a Significant advantage in that it reduces the
time lag between making measurements and gpplying those measurements in decison
meaking. Time savings are particularly noticable in the management of time critical events
such as emergency response, advanced warning systems, and forecasting. A second
benefit isin the routine use of data for everyday decison-making. Together, these
developments will advance the redlization of an integrated, yet distributed, monitoring
and assessment system used by government, researchers, businesses, and the public in
improving decison making based on high qudity, near red time data and informetion.

Furthermore, recent research and development activities have demonstrated severd
sgnificant benefits of providing ondemand sensor geolocation within desktop or on+
board tools. These include:

(1) Significant reduction of distributed data from Earth observation sensors; large data
volumes resulting from the didtribution and storage of per-pixd latitudes and
longitudes, aswell as other preprocessed geometric relationships can be replaced with
the cdculation of these values on-demand

(2) Improved capabilities for visudly integrating and andytically comparing multi- sensor
data

(3) The &bility to more eadly correct geolocation errors from within the end- user tools
and to redigtribute these corrections to the user community

(4) The ability to take advantage of severa adaptive methods in computer graphics for
improving interactivity within visudization tools

(5) Gresatly improved capabilities for search and query of spatiad-tempora sensor data
without the need to request and perhaps store large data sets.

Traditiondly, the geolocation of low-level sensor data has required writing or utilizing
software specificaly designed for that sensor system. The availability of atandard
model language for describing platform pogtion and rotation, as wel as instrument
geometry and dynamics, dlows for the development of generic multi- purpose software
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that can provide geolocation for potentidly dl remotely sensed data. The availability of
such software, herein referred to as an Observation Dynamics Mode (ODM), in turn
provides asmple, sngle Application Programming Interface (A1) for tool developersto
incorporate sensor geolocation and processing into their gpplication software.

One intent of astandard SensorML isto alow the development of software libraries that
can parse these files and calculate required look angles and timing for each sensor pixd.
Other efforts are establishing standards for storage and transmission of sensor platform
location and rotation in order to insure that such formats are dso maintained, available,
and readable by smilar APIS[CCSDS, 1999].

1.6.2. Importance to archival needs

A standard description format for sensorsis important for the long-term definition of the
sensor model’ s fundamental characteristics and assumptions for use in future
reprocessing and refining of sensor data.

We are currently entering an eraof Earth observation in which we have redized the
importance of long-term observation of the Earth’ s environment. Thus, archiving the raw
or low-level sensor data for future reprocessing has taken on greater importance. Equaly
important is that we preserve the characteristic metadata and assumptions required to
reprocess the sensor data. The characteristic data include what is needed for geolocetion,
cdibration, and radiometric processing of the remotely sensed data. Smply archiving the
latitude and longitude vaues will not only be expensive, but will dso proveto be highly
inadequate. It is anticipated that further efforts within organizations such as the CEOS
Data Subgroup, 1SO TC211, and the OpenGI S Consortium, will be directed toward
insuring proper standardization and archiving of other required data, such as platform
position and rotation, and target or planet models. This current paper is directed
specificaly at the adequate description and standardization of fundamental geometric,
dynamics, and measurement characteristics of the sensor.

As an example, sensor ook angles have traditionaly been ether pre-caculated and
stored within a data array structure, or are calculated as needed within software systems
developed specificaly for that sensor. With time, unfortunately, the actua parameter
vaues for the geometric and dynamic characterigtics of the sensor are often lost as
contract reports and software become obscure, and as look angle arrays and hardwired
software prove difficult to deconvolve into the characteristic sensor parameters. Once the
initia misson has been completed and the processing teams dispersed, reprocessing,
correction, or refinement of the sensor data thus become very difficult, if not impossble.
For example, this was the case for reprocessing of the archived Optica Line Scanner
(OLS) data (Ken Knowles/University of Colorado, persona communication), aswell as
for the 20 year old data from the Viking Misson to Mars (Bill Taber/JPL, persond
communicetion).

1.6.3. Importance to software support

The standardization of a Sensor Model Language (SensorML) and the availability of
SensorML documents for all Earth observing sensorswill allow for significant
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opportunities for software systems to support the processing, analysis, and visual fusion
of multiple sensors.

Traditionaly software that supported multiple sensors has been forced to ded with
proprietary software designed for each individua sensor. When such software systems
gl exist and can be located, the software developer is often faced with trying to merge
incompetible software architectures and development languages, or with rewriting the
software to meet the requirements of his or her software. Even then, the addition of each
new sensor system that the devel oper wishes to support requires the development of
individua software modules specific to that sensor, often resulting in redundant code for
manipulating and transforming the deta.

In contragt, the availability of sandard SensorML files dlows for the devel opment of
generd navigation software capable of geolocating and transforming any sensor data for
which a SensorML file exists. Referred to as an Observation Dynamics Mode (ODM),
this concept is built around the availability of separate description filesfor providing
sensor-system specific information regarding platform position and rotation, instrument
geometry and dynamics, target planet shape and position, and perhaps other time-tagged
information, such as data dropouts, instrument modes of operation, or spacecraft clock
adjustments.

The second part of the Observation Dynamics Model concept consists of ageneric
software library for parsing thesefiles, and calculating the transformations required to
geolocate and perhaps process the sensor data. A significant advantage of the ODM
concept for the developer and ultimately the end user, isthat it provides asingle source,
sngle AP, for the geolocation and processing of any sensor system, rather than requiring
the developer to locate and implement proprietary software for each sensor system.

In addition, the ODM dlows for tools that can provide dl the benefits of ondemand
geolocation and mapping. As ODM capable application software becomes more
common, there will be less need to store and didtribute volumetricaly costly latitude,
longitude, dtitude, and incident angles vaues per pixel. Furthermore, with an ODM,
correction of sensor geolocation requires only the redigtribution of much smdler
description files, rather than the redigtribution of large collections of reprocessed sensor
data. Infact, correction or refinement of geolocation can be conducted by the end user as
necessary, rather than relying drictly on the instrument team. Finaly, the ability to
provide spatia-temporal knowledge of the sensor’ s coverage, independent of the on-line
presence of sensor data, alows much needed search and query capabilities for
determining sensor coverage for given alocation or time, or for determining coincident
sampling between two or more sensors.

In addition to the significant benefits discussed above, on-demand processing of
geolocation has been shown to be as fast or faster than reading in and processing pre-
caculated location values. With CPU power increasing faster than 1/0 rates, the
improvement in the calculation of geolocation information will increase even further in
the future, with the added benefit of not wasting vauable RAM capacity with sorage of
blocks of Iatitude and longitude values.
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1.6.4. Importance to Sensor Web Enablement

Issue Name: [| NCOMPLETE. (meb, 2002-04-16)]
I ssue Description: Providetext regarding:

Sensor autonomy and communication between sensors

Web friendly access to information required to find, process, and geolocate
sensor data

Ability to bypass time consuming process of collecting data a a data centers,
geolocating and processing al datato given detalevel, and then aggregating
datainto a data product that meets genera needs of data community. Insteed
can enable immediate access to subset of the data of interest to the user and
alow processing and mapping to custom desires.

Resolution:

1.6.5. History

The concepts proposed in this paper have been successfully tested and implemented in
limited studies, and have been shown to provide significant benefits to both the devel oper
and user of sensor data systems.

The SensorML was origindly concelved as a sensor description language that would aid
in the processing and geolocation of multiple sensors. Being driven by the remote sensing
community, the origina focus was on providing propertiesto assst in the geolocation of
individud pixels within scanners and cameras.

The concept for the standardized description files for al aspects of sensor geolocation
was first proposed by the planetary science community and was implemented in the
SPICE software system, that was devel oped and maintained by the Navigation and
Andillary Information Facility (NAIF) a NASA JPL. Written in FORTRAN and utilized
by the planetary science community for nearly every misson since Gdileo, SPICE has
proved beneficid by reducing redundant programming for each misson, and by
providing additiond benefits not previous experienced before the implementation of
SPICE.

In 1993, the University of Alabamain Huntsville (UAH) in cooperation with NASA JPL,
implemented and tested the SPICE concepts for application within the Earth observation
community. Termed the NASA EOS Interuse Experiment, this research effort focused on
improving the integration of multiple sensor data by avoiding the need to distribute data
as incompatible map projection grids. The results of the Interuse Experiment proved that
the ODM concept for Earth observation sensors was well within our abilities, and
provided perhaps even more significant benefits to the Earth observation than had been
experienced within the planetary community.
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With subsequent funding, the UAH VisAnayss System Technology (VAST) team has
been implementing amore lightweight ODM directed principaly for the Earth
observation community and developed in Java.

In April 1998, the Globd Mapping Task Team (GMTT) within Committee for Earth
Observation Satellites (CEQOS) released the following recommendation:

April 1998 - Recommendation to CEOS: Interoperability of Multiple Space
Agency Sensor Data from the Global Mapping Task Team — Bernried,
Germany

Definition of Problem: There is an increasing realization by Earth observation
scientists that data from space-borne sensors are not adequately nor easily
georeferenced to meet their requirements. The consequence of this is that it is
currently extremely difficult or impossible to combine data from different space-
borne sensors or ground-based data. The first impediment is the lack of
adequate, publicly available data on the spatial-temporal extents of data from
space-borne sensors.

Recommendation: We, the CEOS Global Mapping Task Team, recommend
that the space agencies seriously consider the production, storage, public
access, and interoperability of adequate data for describing the dynamics and
geometry of the sensor system. These data might include satellite position
(ephemeris), satellite rotations (attitude), sensor model (dynamics, geometry, and
calibration), relevant planet models, and spacecraft clock model. This data
should be made available in real-time. There should also be an effort to provide
publicly available software to ingest the above data using a common API. Any
recommendations for the most appropriate propagation model should be
adequate documented or algorithms provided.

In September, 1998, Mike Botts introduced the beginnings of a“ Sensor Description
Format” to the CEOS GMTT and recelved recommendations to consder XML asa
description framework. In September 1999, the initial XML-based version of the
SensorML was introduced to the CEOS GMTT by Dr. Botts. In March 2000, he was
awarded a contract through the NASA AIST program to complete, implement, and test
the SensorML (funding was actudly received in December 2000). Initia focus of the
SensorML was focused on the geolocation and description of remote sensing instruments,
with minor attention given to measurement characteristics such as radiometry [Botts,
2001].

In Fall 2000, Liping Di (a CEOS GMTT member) proposed to the ISO TC211
Committee to establish a standard sensor and data model framework. This was approved
in December 2000 and Dr. Botts was asked to serve as ateam member. Thefirst meeting
was scheduled for June 2001. 1t is expected that the SensorML will both influence and be
influenced by the SO activities. The intent is that the SensorML will be acompliant
implementation of the ISO standard.

In March 2001, Dr. Botts was accepted to participate in the OpenGI S Consortium (OGC)
Military Rilot Project (MPP-1) with an emphasis on introducing the concepts of the
SensorML and ODM into the OGC SensorWeb initietive.

In September 2001, the OGC initiated the Open Web Services (OWS) project with one of
three threads focused on the initial design and testing of Sensor\Web concepts. Within that
initiative, the SensorML provides a key component for describing the characteristics and
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capabilities of any sensor, whether designed for in-Stu or remote observation. The result
of theinitid phase of this activity has been to drive the development of the SensorML
into severd directions, including:

Generdizing the structure and grammar to support both in-stu and remote sensors

Providing more generdized and more robust support for describing measurement
characterigtics, regardless of whether the sensor measures radiation, chemica
concentration, velocity, temperature, or any other physca phenomena

Further migration toward an XML schema, with inheritance from other schema,
such as OGC GML

Providing more robust support for non-scanning sensors, such as profilers and
frame cameras
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Part 2. Design and Specification

2.1. Design Criteria and Assumptions

2.1.1. Basic definition of a sensor

Sensors are devices for the measurement of physical quantities. There are agreet variety
of sensor types from smple visud thermometers to complex electron microscopes and
radiometers on-board earth orbiting satellites. 1n some cases, sensing may be
accomplished by a person rather than a device, and the result of the “measurement” may
be a category rather than a numeric quantity.

Typicaly, sensorsfal into one of two basic types. InStu sensors measure a physica
property within the areaimmediately surrounding the sensor, while remote sensors
mesasure physica properties at some distance from the sensor, generdly by measuring
radiation reflected or emitted from an observed object. Regardless, any geometric
properties described within the SensorML schema are defined within the sensor’ s loca
coordinate frame and are only related to the geospatia domain through it frame's
associaion with the platform, mount, and their association with some geospatid
reference frame. For example, to fully describe awind profiler’s wind speed and
direction measurements, the height of the sensor needs to be known as that sensor could
be stuated on the roof of a building, mounted to a 10-meter tower, or Stting at ground-
leve.

A SensorML document can be consdered a“living” description of a sensor. The
SensorML document begins as a template document, which isinitidly crested usng the
sensor model design and i's then gppended or dtered during the manufacturing,
cdibration, deployment, maintenance, and ultimatdly the remova of the sensor from
service. Much of the specification of a sensor is shared by dl sensor instances of the
same model- number from the same manufacturer. Thiswill typicaly indude a
description of measured properties, sample geometry, and the geometry and dynamics of
any internal sampling arrays (such as scan patterns or frame camera properties. This
initid template may include in addition some cdlibration parameters.

However, a SensorML document describing a particular sensor instance will acquire
additiond information that will distinguish it from other indances of the same modd. In
particular it may acquire unique identifiers such as 1D and serid number. It will further
be attached to some platform that will provide it with location and orientation within a
known geospatia-tempora frame. In many cases the sensor ingtance will dso have (for
example) additional cdibration information specific to the ingtance. Asasensor
progresses through these stages, it’s document will not only gain additiond property
information, but it will aso record the changes to the sensor and the document itsalf
through the inclusion of a history description.
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Issue Name: [COMMENTS — living document  (sc, 2001-12-16)]
I ssue Description:

In this object-oriented view of a sensor much of the descriptive information is attached

to the sensor class. In a strict trandation of such a view to a serialized encoding, this

means that the values of the parameters from the catal og are attached to the validation

schema, and the additional parameters are added in the valid instance document,
which inherits the catal og values from the class (schema). The schema is associated
with the sensor blueprint, while the instance document is associated with a built
sensor. The information common to all members of the same classis primarily
available from the schema. (sc)

Template document is a pragmatic implementation of this approach ...PSVI issue ...
solution strategy ... SensorML as living document also records history, etc. (sc)

In lieu of the template and living document approach, an alter native way of modeling
the sensor, isthat an instance has an association with a particular sensor type. The
information associated with a sensor from a particular manufacturer and model is
recorded in a document describing the type, while the additional information
associated with the sensor instance is recorded in a document for the instance. Snce
(in the usual case) there will be many instances of the same type, you would expect to
store the information about the type in one place and re-use it by reference.
Information about the sensor which is common to the type is then available to an
instance by traversing the association. (sc) We chose the other means because ...

Resolution:

Issue Name: [COMMENTS — living document . (meb, 2002-02-16)]
I ssue Description:

The discussion above assumes we provide a schemafor each sensor modd. Whilethis
could be done and would probably have some benefits, | question whether it should be
arequiremen.

Resolution:

2.1.2. Sensor Collection Concepts

Within SensorML, asensor collection can itsdlf be defined as a sensor. A sensor
collection can be of two types, herein referred to as * sensor package” and “ sensor array”.

A sensor package is composed of multiple sensors that operate together to provide a
collective observation or related group of observations. For example, a collection of
temperature sensors (i.e. thermistors) can be used in a combined fashion to cregte a
sensor that measures wind velocity and direction. Similarly, agroup of individua sensors
that measure different chemica species can be grouped as one sensor that provides
“water quality”. Sensor package produces either asingle observation or acomposite
observation of multiple related properties.
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A sensor array isaset of sensors of the same type at different locations. These locations
may be within asngle sensor frame, a different location on a single mount, or on
different platforms. A sensor array produces observations that are used to build a spatial
coverage.

2.1.3. Relationship of the sensor to a platform

A sensor system is composed of three main eements as shown in the UML diagram in
Figure 2.1. Only the sensor element is viewed as being able to measure physica
quantities. A platform such as an arcraft (carrying a frame camera) may be able to
determine its own ingtantaneous orientation and position, and in such a case, these
measurements would be obtained by other sensors attached to the platform.

The main importance of the mount is thet it defines the position and orientation of the
measured quantity for each carried sensor in amount defined frame of reference. Within
the design of SensorML, amount is considered a specid case of aplatform (in particular,
an AttachedPlatform). The position and orientation of the mount are then defined with
respect to another mount-defined frame of reference and ultimately to the platform:
defined frame of reference. All of the frames of reference can in generd be considered to
be moving. Fgure 2.2 illudrates the relationship of a sensor’s frame (in pink) thet is
fixed but has been trandated and rotated relive to the moving spacecraft frame (in
black). The concept of framesisintroduced in Section 2.1.4.

Platform (Vehicle)

1

n

carries

Mount

1 ,
carries
n

Sensor

Figure 2.1 Diagram showing basic relationships between sensor, mount, and
platform.

Based on the type of sensor and on the characteristics of the platform, a sensor system
can be classified according to Table 2.1. Based on the dynamics of the platform, a sensor
system may be fixed (dationary) or mobile (dynamic). Based on the sensor
characterigtics, a sensor system may measure ether in-Situ (in place) or remotely. Thus, a
remote sensing aimospheric profiler might be fixed to the ground (fixed remote) or
attached to an aircraft (mobile remote). Similarly, an in-gtu water quaity sensor might be
attached to afixed gation (fixed in-9tu) or to a boat (mobilein-gtu).
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M easur es In-Situ Remote
Mobility
Fixed Stationary O2 Probe Doppler Radar station
Mobile “Diving” Sdinity probe Airborne LIDAR

Table 2.1. Relationships between in-situ and remote sensors and dynamic and fixed
platforms.

As previoudy discussed in Section 1.1, we separate the description of the sensor from
that of its mount and platform. The main importance of the associated platform(s) isin
providing the relationship of the sensor and its observations to some relevant externd
coordinate system (for example, a geospatid reference system).

YAW AXIS

Figure2.2 Rédationship of sensor frame (pink) to the moving platform frame
(black).
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2.1.4. Concept of coordinate frames

All geometric and tempora characteristics of a sensor syslem must be related to a
specified coordinate frame. Within the SensorML, al definitions for sample geometry,
look angle, and collection geometry are described relative to the sensor’ s spatid frame. It
isonly through the sensor’ s relationship to its mount and platform(s), that the sensor and
its measurements can be related to an externa coordinate system, such as geographic
|atitude and longitude.

Thisis accomplished through the use of defining nested coordinate frames and their
relaionships to one another. For instance, an individua sample' s geometry (e.g. shape
and 5ze) is defined in the locdized coordinates of that sample. Itsrelaionship to a
sensor’ s frame may be specified through a collection geometry definition. The sensor’'s
frame may, in turn, be reated to its platform’ s coordinate frame through its mounting
angles and position. Findly, the platform’ s frame is related to a geospatia coordinate
frame by defining its postion and orientation within that frame. The successve
transformation of each of these coordinate framesinto its parent frame provides the
information necessary to georegister the sensor’ s measurements.

For aremote sensor, it is necessary to determine the intersection of apixel’slook ray and
the surface of the sensor’starget (e.g. the Earth'sdlipsoid). Typicaly the look angle and
the sensors target are transformed into a common spatid reference frame, such asthe
Earth Centered Fixed (ECF) or Earth Centered Inertid (ECI) reference system.

The frame concept will aso be gpplied to tempora domain when applicable. One local
time frame that is useful for defining the geometry and dynamics of scanners, is seconds
past the start of a scan (scan start time). Also, for some sensor systems, timeis recorded
relativeto alocal clock or the start of the mission. In such cases, time frames and their
trandformsto “Earth time” will be defined in SensorML.

2.1.5. Measurement / observation concepts

A sensor is designed to measure a particular property within a given sample space. When
these measurements are taken, they result in an observation that may be immediady
utilized or stored. Initslowest levd, this observation istypicaly a proxy measurement of
some property other than the desired physical property, itself. For example, an
observation may be the height of mercury in athermometer or the voltage across a

circuit. Inorder for these observations to be related to amore useful physical property, a
new observation must be derived using known sensor cdibration functions and perhaps
other processng dgorithms.

A SensorML document will describe what physical properties are measured by the
sensor, as well as information concerning the processing and qudity of these
measurements. However, the SensorML document does not define the value of these
observations, nor where the values are stored.

The definition of the Observation schemalis outside of the scope of this document.
However, it isimportant that Observations be capable of being associated with the
appropriate sensor and with the appropriate measurement description is associated with
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that sensor. For a definition of the Observations and Measurements schema, see the
Observations and Measurements IPR [Cox, 2002].

2.1.6. Sensor Response Characteristics

The response characterigtics of a sensor determine how the sensor will react to a
particular simulus (i.e. Observable) and how it will operate under given environmenta
conditions. Within the sensor response characteristics will be specifications for sengtivity
(e.g. threshold, dynamic range, capacity, band width, etc.), accuracy and precison, and
behavior under certain environmental conditions (e.g. survivable range and operationd
range).

While some of these parameters are relevant for a wide range of sensor types, other
sensor types may require their own collection of response characteristics. For example,
many of the response characteristics describing a radiation-based sensor (e.g. peak
wavelength, band width, polarization angle, spectra response curve, etc.) will be
different from those defining awater temperature probe. It is anticipated that while many
sensors will be able to reuse some base level response characterigtics, others may require
gppropriately defined response schemas for specifying different or additiona parameters.

2.1.7. Sample and collection geometry concepts

As discussed above, a sensor measures some property within a spatialy and temporaly
defined sample. In the case of an in-Stu sensor, this sample includes some spatia volume
in the immediate vicinity of the sensor. This volume may be infinitesmaly samdl or it

may be unknown or unimportant. For remote sensors, the sample involves some volume
or surface area located away from the immediate vicinity of the sensor.

Regardless of whether it describes an in-Situ or remote sensor, the geometric descriptions
in SensorML are relative to the sensor’ sloca coordinate frames and not a geospatia
coordinate frame. As discussed before, this allows the same sensor model to “attached” to
any gationary or dynamic mount and platform without a need to significantly change the
SensorML description.

Anindividual sampl€ s geometry, such as perhaps its size, shape, or point-spread
function, is described rdative to aloca sample coordinate frame. This sample frame can
be related to the sensor’ s frame by ether asmple transformation or in the case of
collection of samples, by a more complex transformation involving arrays or scan
patterns. Possible transformations for sample collections include unstructured grids,
regular arrays, scanners, and frame cameras. These will be discussed in more detall in
Section 2.2.11.
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2.2. SensorML Definition

2.2.1. Main components of the sensor description

Based on the concepts above, the sensor description is divided into eight main
components of informeation, induding:

Basic sensor infor mation, such asaunique identifier and names, aswel as
sensor type and last modification date of the sensor document

The properties that can be measur ed (observableTypes)
The platform on which the sensor is attached

Definition of the sensor’s coor dinate frame and it relationship to an externd
frame

The sensor metadata, including the manufacturer, model name, serid
number, and history of the sensor

SensorML documentation metadata, such aswho crested this description,
what modifications have been made/when, what assumptions were used, what
other references and informative web Stes are available

Theresponse characterigtics of the sensor to the externd stimuli and what is
quality of the measurementsit obtains

Information required to determine the geometric and tempor al
characteristics of the samples and sample collections related to this sensor in
geodetic space and real-world time

The UMLsin the following section provide the model design of the SensorML. As
shown in the UML of Figure 2.3, theroot for dl SensorML documentsis Sensor. The
Sensor hasauniqueid (of type xs.id) as a required attribute, and the two required
properties, shortName (e.g. SSM/I) and longName (e.g. Specia Sensor Microwave
Imager), both of which take an xsString. The sensor Type property (e.g. scanner) hasa
vaue type of xsanyURL that references a definition in a sensor taxonomy dictionary.
Theintent of the lastModification property, “which takes an xs.date, isto dl parsersto
quickly check the“verson” of the document. Together these properties make up the
“basic sensor information” component listed above.

Each of the other components will be discussed in detall in the sections below. Notice
that the only required properties for the Sensor are longName, shortName, sensor Type,
lastModification, and measures. The other properties are optional so that a sensor
description need only contain those properties that are relevant to the particular sensor
type or sensor purpose.

As discussed in previous sections, a collection of sensors can itself be a sensor, as shown
inthe UML in Figure 2.4. The derived Sensor Collection types include the SensorArray,
which congst of agroup of sensors which provide an array of like measurements and
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Sensor Package which can provide a derived measurement based on the collection of
dissmilar sensor measurements, as discussed in Section 2.1.2.
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need to be defined and utilized in the Sensor Collection cases. We may find thet its
better not to make a definite ditinction of the two within the SensorML schema; it may
complicate issues, particularly when a sensor collection may have properties of both

Resolution:

A SensorCollection may defineits Sensor membersimmediatdy within the member
property, asin:

<SensorCollection ...>

<member>
<Sensor ...>
<shortName> myName </shortName>
<longName> myLongName </longName>
<sensorType> http://myType </ sensorType >
<measures> .... </ measures >

</Sensor>
</member>

</SensorCollection>

Sansor

rember

SensorCollection

| |
erraarPackage Sensordrray

Figure 2.4 UML defining Associations and I nheritance between Sensor and
Sensor Collection.

Alternatively, a Sensor Collection can use a Sensor Reference to link to either an internaly
defined sensor:

<member>
<SensorReference ref=#sensor_1/>
<SensorReference ref=#sensor_2/>
</member>
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or to an externaly-defined Sensor:
<member>
<SensorReference remoteRef=http://some.url/sensor_1/>

<SensorReference remoteRef =http://some.url/sensor_2/>
</member>

2.2.2. Observable Type

The classfication of measurements obtained or derived from the sensor will be described

by the measures property. As shown in the URL of Figure 2.5, the value for measures is
an ObservablePropertyType. The ObservablePropertyType has two required attributes. a
uniqueid (of type xsid) and an ObservableType (type xsanyURL) that pointsto an
ObservableType definition in an ObservableDictionary. The definitions of the
ObservableType and ObservablesDictionary is outside of the scope of this document, and
has not been well-defined a thistime. It is believed that the ObservedProperty and
ObservableType vaueswill be mined by registry enginesin order to discover sensors that
are capable of measuring particular physical properties.

T -MEasLres

ObserveProperty |

-sharthame String

Slring

Figure25 UML illustrating the abstract ObservableType.

In addition, the ObservablePropertyType has arequired property, shortName (type
xs.String) and an optiond property, longName (type xs String). Thus, an example of the
measur es property might be:

<measures>
<ObservedProperty id="do_312"
observableType="http:www.opengis.net/observation/type#dissolved_02">
<shortName> Dissolved O2 </shortName>
<longName> Dissolved Oxygen at YSI Station 312 </longName>
</ObservedProperty>
</measures>

or
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<measures>
<ObservedProperty id="ssmi_f10_95V"
observableType="http:www.opengis.net/observation/type#radiation">
<shortName> 95 GHz V </shortName>
<longName>
SSM/I 95GHz vertical polarization channel on DMSP F10 satellite
</longName>
</ObservedProperty>
</measures>

2.2.3. Frames

A genera concept of coordinate frames will surely prove valuable for severd activities
within the GIS open standards communities. Within OpenGI S, a Frame schemaisbeng
conddered for implementation within GML. While a Frame schemaiis presented as part
of the current release of SensorML, future releases will explore the posshilities of
interoperability with frames defined within other schemas.

One congders that there exist well-defined “aobsolute frames’ that can serve as common
coordinate frames for relating data sets of interest. Typicaly, these “absolute frames’
would be an inertid frame of reference, such as J2000, used in the planetary community,
or Earth Centered Inertial (ECI) and Earth Centered Fixed (ECF) frames, which are
defined within WGSB4 specifications and used within the Earth-focused communities.
An “absolute frame” could aso be geodetic latitude-longitude-dtitude system or a
projection-based defined spatid reference system, athough these frames are not typically
gppropriate for dynamic or remote sensors. Within SensorML, there is a definition for an
abstract _ AbsoluteFrame, as well as severd concrete definitions for EcfFrame,
EciFrame, J2000Frame, and WGSB4L atLonAltFrame

In addition to absolute frames, any number of loca coordinate frames can exist and be
defined relaive to an absolute frame. Loca frames can aso be nested and defined
relaive to other loca frames. All of these concepts hold true for temporal frames, aswell
asfor spatid frames.

Frames are encoded in SensorML in severd waysincluding:
- Asasequence of vectors.

- Viaan dfine transformation specified by various means, such asamatrix. The
matrix of the transformation can aso be encoded in severd different ways,
induding for example:

0 Specification of the matrix eements, including 4x4 homogeneous meatrices
0 Specification of arotation matrix by specifying Euler angles.

0 Specification of arotation matrix by specifying Fitch, Roll, Yaw.

0 Specification of atrandation by specifying a vector.

As shown in the UML in Figure 2.6, a FrameDefinedByVector s requires an origin
(provided by a Vector) and 2-3 component Vectors. A FrameDefinedByTransform
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includes one or more transform definitions that are relative to some other Frame. The
transform istypicaly defined by a Matrix.

A example of a FrameDefinedByVector is given below:

<Frame id = “F1">
<component>
<Vector id = “v1">
<component relativeTo = “#e1">1.0</component>
<component relativeTo = “#e2">1.5</component>
<component relativeTo = “#e3">-1.2</component>
</Vector>
</component>
<component>
<Vector id = “v1™>
<component relativeTo = “#el1">5.0</component>
<component relativeTo = “#e2">2.3</component>
<component relativeTo = “#e3">-3.2</component>
</Vector>
</component>
<component>
<Vector id = “v1">
<component relativeTo = “#el">2.7</component>
<component relativeTo = “#e2">2.5</component>
<component relativeTo = “#e3">-1.2</component>
</Vector>
</component>
<origin>
<Point gid = “v1” srsName="..">
<coordinates> ....</coordinates>
</Point >
</origin>
</Frame>

The Frame can aso be defined by an affine transformation. Thisis encoded as follows:

<Frame id = “F2">
<transform relativeTo = “#F1">
<Matrix id = “m1">
<position row=1 col=1>2.34</position>

</Matrix>
</transform>
</Frame>

Figure 2.7 illugtrates potentia relationships between a collection of Frames associated
with a dynamic sensor system. Within this rdaionship, asample s frame is defined
through position or transform relative to the sensor frame. The sensor frame may be
related to its mount through some transform, while the mount' s frame may in turn be
related to the platform frame through some mounting rotations and trandations. This
mount could be gatic or dynamic reative to the platform. Findly, the rdlationship of the
platform’ s frame relative to some geospatia “world” frameis specifiesby it own
transform. For agtdtic, in-Situ sensor system, these rdationships could betrivid. The
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sample' s frame may be identica to the sensor frame, which can be easily rlated to a
geospatid frame through orientation angles an pogition trandation.
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FrameDefined By Transform _ == tha Erarmea id
- |

— mferanceTe 00—

Hate: the order thal these are N
listed i imporiant becawse this
sransform Matrix determenes the onder of transhammsa
—— _ _ _ _| - mate malrices can gefine rofations,

| translations, or scale _.. i ts possible
o.: o define all three with & single matrix,
Siech a8 a 4xd hofmagenesus matns

[

| Othier warys b define transforms

Figure 2.6 UML defining the Frame schema.

In contragt, for a dynamic remote sensor, the relationships can be much more complex.
The sample frame might be related to the sensor frame through a dynamic scanning
transform. Smilarly, the platform frame might be dynamic rddive to the geospatia
frame and be defined by some space-time curve or through some transform defined by
orbit propagation. For remote sensors, thisinformation is cgpable of defining the origin
and position of any “look rays’ related to the sensor, but is not capable of defining the
location of the observation without deriving the intersection of these look rays with some
target body (or volume) that is defined with the same geospatid frame. Thistarget frame
might be an dlipsoid defined by WGS84 or the geometry of a building or cloud.

A Frame can be viewed as moving in which case the origin is viewed aslying on a curve
in the vector space. Curves can be defined intringcaly using, for example, a specid
frame cdled the Frenet frame.

An afine Frame can be defined relative to any other framein the vector space Smply by
gpecifying the transformation between the two frames. This transformation isaways an
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affine trandformation. If the frames represent the position and orientation of arigid body

than this transformation is a compaosition of atrandation and arotation.
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SensorML

Figure2.7 UML showing potential relationships between framesin a sensor system.
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2.2.4. Platforms

The optiona attachedTo property references a PlatformType asit vaue. The Plaform
reference should be either a URL pointing to a Platform instance or a URI pointing to a
ample Platform definition within the SensorML ingtance. Typicaly, except in very

ample cases (such as ain-gtu sensor on asmple static platform), it is expected that the
Platform definition will be externd to the Sensor definition. Aswith the Sensor

definition, thereis a corresponding Platfor mReference property that dlows oneto link to
an interndly or externdly defined Platform:

-—

| sml:PlatfiormType |
| pomkAtechodlatiom B |
| T |
| L. sml:PlatformReference |
R Rl i e "
| i Pl i Prawides ability ta link to . |
| poo carres _E. [ E o intemally or extemally defined |
| E Either an AttachedPlaform or E plaitory |
| s +-4 sml:SensorReference |
________________________________________ \_7 =
0.0
: : L~ smiSensor [] I
5 § e
Platform [ | == : i attribute: id 0.0 |
Has required attribute: id | :‘E_-_-s_-l:;'!ii-s:f_;l_'-l_é_l-:l_;:(;:r_l-:l:l._l-l:;: |
I T |
________ |
| i_smI:Pnsi'tiunType _} |
| | | |
| = H Frarne defined by vectars |
Provides a Frarne that iz |
|
defined relative to an |
| extemaI_Frame (perhaps a Frarme defined by transformns | |
geazpatial CRS) | O

AircraftPlatform ?
AttachedPlatform ?

LandVehiclePlatform

PlatformBeference

Provides ability ta link to
intarmally ar extemally
defined platfarrn

SatellitePlatform i

StationaryPlatform

WaterVehiclePlatform

Figure 2.8. Schema for Platform.
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<attachedTo>
<PlatformReference remoteRef=http://some.url/myPlatform/>
</ attachedTo >

The Platform schema defined in SensorML is currently rather basic and perhaps
incomplete. Its primary focusisto provide a means of defining a coordinate reference
Framefor an attached Sensor (s) and to provide a means of rdating the Platform Frame
to some geospatia reference Frame,

As shown in Figure 2.8, Platform has a required attribute, id (type xs.id) that providesa
unique identifier for that platform. It also has an optiona property, carries, that takes any
number of AttachedPlatform or Sensor instances. The required locatedAt property defines
the platform’s Frame reative to some externd Frame. As discussed above, a Frame can
be defined as vectors within the externd Frame or as transforms (trandations and

rotations) relative to the externd Frame.

l—sml:nttachedplatfurm

——————————

| i Either an AttachedPlaform or
| == Sensor

| locatedAt

| Provides a Frame that is

defined relative to an
AttachedPlatform [} external Frame [perhaps a

geaspatial CRS)

'smI:PIatfnrmReference |

Provides ability to link o
internally or extemally defined
platfiarmn

'smI:PIa'tfnrm

AircraftPlatfiorm i
AttachedPlatform

LandVehiclePlatform

Either a PlatFarmi ar
PlatformReference

PlatformBeference |

Prawides ability o link ta
internally or externally
defined platfarmn

SatellitePlatform ?

StationaryPlatform

WatervehiclePlatform

Figure 2.9. Schemafor an AttachedPlatform.

There are currently severa specific platforms defined through extension of PlatformType.
Although not currently established in the schema, it isintended that a given type of
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Platform will take certain PositionTypes as vaues for the locatedAt property. Currently,
there are ddfinitions for aircraft, satellite, land vehicle, water vehicle, and stationary
platforms.

In addition, there is a specid case AttachedPlatform that will typicaly deriveits
geospatid positioning from a parent Platform. A sensor mount would be one example of
an AttachedPlatform. As shown in Figure 2.9, the AttachedPlatform has an added
attachedTo property that takes a Platform asits vaue.

2.2.5. Oriented Position

The position and orientation of the sensor is specified within the orientedPosition
property. As shown in Figure 2.10, the value of the orientedPosition isa Framethat
defines the Sensor’ s Frame in rlation to the Frame of a Platform. Aswasillustrated in
Figure 2.7, this Platform could be amount (i.e. an AttachedPlatform) thet is itsdlf related
to adatic or dynamic Platform.

Particularly for smple static sensors, the orientedPosition and associated Frame may
completely define the sensor’ s location within the SensorML instance. However, for
more complex dynamic sensors, the sensor’s podition may be relative to an externaly
defined Frame in which actua position and orientation values may need to be derived or
at least interpolated using appropriate software. Although the schemas for Platform and
Frame are not yet fully defined, it is anticipated that a Platform Frame will point to
Frameingtances that define position and orientation through time, aswell as potentialy
be able to reference a service that can provide a position and orientation for any given
time.

attribute: id; Frame defined
_— by Wectors .
+ orientedPosition

Thraugh a Frarne definition,
provides location and
aentation of senzar

|smI:FrameByTransfurmatiun |

(- wonstorm &

attribute: id; Frame defined — — — — —
| by transFarmnations

—S e e e e e s e e s s e e e — —— ——]

Figure 2.10. Schema for PositionType.

2.2.6. History and Actions

As described above in Section 2.1.1, a SensorML document is considered a“living”
document that can accompany (or record changes to) a sensor from its design through its
crestion, deployment, cdibration, maintenance, and ultimatdly its remova from service.
Within SensorML, these will be recorded through a collection of SensorAction vaues.
Similarly, the SensorML document itself undergoes changes, some of which result from

File name: OGC-02-026r1_Sensor ModelLanguage_IPR_OWS1 29




OGC 02-026r1

actions on the sensor, and others that result from a Sensor Action, document additions, or
changes to the sensor model assumptions. All of these changes are recorded within the
SensorML through the use of a collection of DocumentAction descriptions.

The UML in Figure 2.11 defines the base ActionType as well astwo derived definitions

for DocumentAction and SensorAction. Also shown in Figure 2.11 are derived classes for
DocumentCreation, DocumentModification, Sensor Deployment, SensorInspection, and
Sensor Calibration. A mode of the DocumentCreation definition is given as an example.
Aswill be described in more detail below, Sensor Action and DocumentAction will be
employed in the history properties for describedBy and documentMetadata sections of
the SensorML document.

Associated with ActionType are two utility schemafor Person (Figure 2.12) and
Reference (Figure 2.13). While these are currently defined in SensorML for
completeness, they may be replaced in future releases with more wide-spread standard
schema.

history
AetionType
P
4 For example
DocumantAction S S
| Hy'hom Person
Ay B [
A 0. |
-when DeteTime
DocumeniCreation
- e 1 |
1
sversionblumier String
DoecumentModification
o.r

SansorAction ————— .
-supportingDocemeants | Refepsnce
{rafarencell
,_N 0. 1

SensorDeployment

-desaniplion Toxut

Sensorinspection

SensorCalibration

Mike Botts ; 2001-12-5

Figure2.11 UML defining ActionType inheritance and example associations.
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=middleMame

“lastHame

Person [
[,
r- ]

---------

Figure 2.13. Schema for Reference.

2.2.7. Sensor Metadata

Generd information regarding the sensor is provided by the describedBYy property that
takes a Sensor JoecificationType as its value. Sensor Specification provides metadata
describing the sensor. As shown in the schema diagram of Figure 2.15, required
properties include manufacturedBy and model, but of which take axsString asits vaue.
Optiona propertiesinclude one or more listings for identifyingNumber (e.g.
seriaNumber, model Number, or versonNumber) and atextual description.

The history property takes a Sensor Action asits value, and alows one to record sensor
events either asthey occur or post event. Currently, Sensor Actions include

Sensor Creation, Sensor Deployment, Sensor Inspection, and Sensor Decommission,
dthough it is anticipated that further Sensor Action specifications will be defined.
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SensorAction. A typica Sensor Action includes information about by whom, when, and
where the action occurred, and any supporting documents and textua descriptions
regarding the action.

Sensor Specification illustrates the first application of a utility class cdled Document.
Document includes any number of authors (type Person), reference date (type xs.date),
subject (type xstring), and description (type xsstring). Document is usable anywhere
within a SensorML schema or ingtance.

sml:5ensorspecificationType —l

Emanufac‘turedBy

..........

___________ N sml:SensnrAc‘tin

Takes a collection of 1.0
Sensorfctions

sml:SensorCreation

1.

sml:SensorDecommision

1.0

] J: descrlhed_lij; -a : | sml:SensorDeployment

Prowides metadata and 1.0

histary of the senzor |

sml:Sensorinspection

1.0
r-+ properties E]—E:E—Esml:(;eneriwmperty ”
Takes a collection of 1. 00
GenericProperty walues
— e e e e — s —
| sml:DocumentType |
| o | |
2 | 1.0 |
: | = date |
E et L type rsidateTime
- -+ description [ == 'sml:[lncument == |
............... = -
Takes a collections of T | Sume |
Crocument walues =
| 1.0 |
| by pe K5 isking
| |
|_ by pe 15 istrng J

Figure 2.14. Schema for Sensor Specification.
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An additiona optiond property within Sensor Specification is properties, which ligs one
or more GenericProperty vaues. GenericProperty alows one to include properties that
might not be directed supported by SensorML, but that might be desired by some
proprietary software or manufacturer data base. Examples include:

<genericProperty name="membrane thickness" dataType=" float"
uom="uom:mil">1.0</genericProperty>

<genericProperty name="membrane type" dataType="string">Teflon</genericProperty>

<genericProperty name="probe solution type" dataType="chemical species"> Na2S04
</genericProperty>

Thus, an example of a Sensor Soecification is presented below:

<describedBy>
<SensorSpecification>
<manufacturedBy> YSI </manufacturedBy>
<model> 58 </model>
<identifyingNumber type="serialNumber"> s454165 </identifyingNumber>
<history>
<SensorCreation>
<byWhom>
<Person>
<fullName> Some Guy </fullName>
</Person>
</byWhom>
<when> 2001-12-04 </when>
<supportingDocuments>
<Reference id="YSI-12">
<authors>
<Person>
<fullName> Some Author </fullName>
</Person>
</authors>
<publishingDate> 2001-01-01 </publishingDate>
<documentTitle> Blueprints for This Sensor </documentTitle>
<documentNumber> YSI-12345-678 </documentNumber>
</Reference>
</supportingDocuments>
</SensorCreation>
<SensorDeployment>
<byWhom>
<Person>
<fullName>SomeOther Guy</fullName>
</Person>
</byWhom>
<where> Someplace, Somewhere </where>
<when> 2001-12-04 </when>
<description> Attached to northern most footing on Some Bridge at a depth
of 5 meters </description>
</SensorDeployment>
</history>
<properties>
<genericProperty name="sensorTechnology" dataType="xs:string"> rapid
pulse </genericProperty>
<genericProperty name="measurementMethod" dataType="xs:string"> EPA
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accepted </genericProperty>

<genericProperty name="membraneThickness" dataType="xs:double"
uom="#mil"> 1.0 </genericProperty>

<genericProperty name="membraneType" dataType="xs:string"> Teflon
</genericProperty>

<genericProperty name="probeSolutionType" dataType="xs:string"> Na2S04
</genericProperty>

</properties>
</SensorSpecification>

</describedBy>

2.2.8. Document Metadata

The documentMetadata property takes a DocumentSupportType asits vaue and provides

metadata for the document, itsdf. This metadataincludes (1) the documents history,
such as when and by whom the document was crested and modified, (2) assumptions
that were used to create the sensor mode, (3) genera descriptions of the sensor, and
(4) references for the sensor through literature bibliography or URL links.

Asshown inthe UML of Figure 2.15, documentMetadata includes the history property
which contains one or more DocumentAction types. Current derived classes for

Provides metadata and

i
i Takes a collection of I 1.0

i Crocurnentdctions
\

i \i smi:DocumentApproval

1.0

E ‘i sml:DocumentCreation

1.0
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-+ documentMetadata E|-|—E)E|~i 1.

history of the docurnent

i sml:Document [+
L E A
=
.

v Takes a collections of 1

+-4 description 5 == ,sml:nucument
.

i
-]
@
@
c
3
=2
g
5
®
n
1]
+

Takes a collections of 1
Cracumnent walues

f e e e e
--+ referenceDocuments [ = ,smI:Raference
N emm mmm o e e
Takes a collactions of Reference 1 __
walues

Figure 2.15. Schema diagram for DocumentSupport.

File name: OGC-02-026r1_Sensor ModelLanguage_IPR_OWS1

34




OGC 02-026r1

DocumentAction incude DocumentCreation or DocumentModification. Both the optiona
assumptions and description properties take one or more Document(s) astheir values.
The referenceDocuments property takes a Reference asitsvaue.

2.2.9. Response Characteristics

The sensor’ s response to stimuli, its characterigtics, and behavior under certain
environmental conditions are al defined within the response property. The ResponseType
that supports these specificationsis smple in design yet highly flexible. Asshownin
Figure 2.16, Response congst of any number of _characteristic properties. The property
_characterigtic is abstract and will serve as a base for many genera and specific sensor
characterigtics. In Figure 2.16, are several such generd characteristics that have been
derived from _characteridtic, including accuracy, capacity, dynamicRange,

measurementM ethod, operationa Range, resolution, survivableRange, and threshold.

: == —i!sml:_characteristic

________________ o
0.
resolution E—
_________________ LA
0.

*! threshold
'''''''''''''''''' E"r '_I

|
|
|
|
|
|
|
| [
| e i
|
|
|
|
|
|
|
|
|

Figure 2.16. Schema diagram for basic Response.

Thevduefor _characteristic isaValuePropertyType which contains avaue derived
from _value. The schemadefinitionsfor _value are within the Observations and
Measurement schemawhich currently reside within GML. Examples of derived
definitionsfor _value are shown in Figure 2.17, and are defined within Cox (2002).
These include types such as scalar, quantity, category, ordered category, and position, as

File name: OGC-02-026r1_Sensor ModelLanguage_IPR_OWS1

35




OGC 02-026r1

well as various collections of these fundamenta vaue types. Each type derived from
_value has as an attribute, a URI link to an ObservableType, such as temperature,
radiation, dissolvedO2, etc. Each vaue type dso has a specification for units of measure
where appropriate.

-
| gml:ValuePropertyType

(=S KT

erpects a charactetsticType
that has values of grmlivalue

gml:ValueCollection |

gml:CompositeYalue |

gml:ValueArray
gml:_Scalarvalue
gml:Category

|

|
| |
| |
| |
| |
| |
| |
| |
| |
| gml:0OrderedCategorny | |
| gml:Guantity |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

gml:Count

gml:_ValueList

gml:CategorylList
gml:CountList

gml:OrderedCategorylist |

gml:PositionList
gml:Quantitylist

Figure 2.17. Schema Diagram showing _characteristic and ValuePropertyType
realtionship. Notice that valuePropertyTypeisa part of the Observations schema
resding within GML.

Many definitions for a characterigtic can be quite Smple, consgting essentidly of aname
and an appropriate ScalarValueType. Thisis the case for the resolution characteritic
defined in Figure 2.18.
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[resotution (= - gmiouartie
gml:Count

Figure 2.18. Schema diagram for resolution characterigtic.

Other definitions for derived characteristics can be dightly more complex, such asthe
definition for accuracy shown in Figure 2.19. Thus, accuracy can be specified as either
as“lessthan 5% for example or “minus 2% and plus 5%’ . One can describe conditions
for the accuracy measurement, such as* per deg Centigrade’, “at 2 inches per hour”, or
“under naturd daylight conditions’. As an dternative, one can define the accuracy
conditions as being within arange of observation vaues or between of range of
environmental conditions.
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Figure 2.19. Schema diagram for accuracy characteristics.

An example of the response property for the YSI Wind Speed Sensor might be:

<response id=ysi_wss_0001>
<dynamicRange>
<minimum>
<Quantity observableType=#windSpeed unitOfMeasure=#mph> 0 </Quantity>
</minimum>
<maximum>
<Quantity observableType=#windSpeed unitOfMeasure=#mph> 134 </Quantity>
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</maximum>
</dynamicRange>
<threshold>
<Quantity observableType=#windSpeed unitOfMeasure=#mph> 2.2 </Quantity>
</threshold>
<survivableRange>
<maximum>
<Quantity observableType=#windSpeed unitOfMeasure=#mph> 220 </Quantity>
</maximum>
</survivableRange>
<operationalRange>
<minimum>
<Quantity observableType=#airTemperature unitOfMeasure=#celsius> -40
</Quantity>
</minimum>
<maximum>
<Quantity observableType=#airTemperature unitOfMeasure=#celsius> 40
</Quantity>
</maximum>
</ operationalRange >
</response>

Notice in this example that for the operationRange and survivableRange, the
observableType can be the same as the observableType measured by the sensor (i.e. in the
measured property), or it could be different than the measured observableType.

The limited number of generd characterigtics shown in Figure 2.16 may be sufficient to
support alarge number of Smple sensors. However, it is assumed that new definitions
may need to be provided with SensorML instance documents or defined within
gpplication schema, as has been done for radiation sensorsin Figure 2.12.

Within the RadiationResponseType (as defined in the application schema,
radiationResponse.xsd) are severd newly defined properties derived from
_characteristic, aswell as some of the genera characteristics defined in the base
response schema. Newly derived characterigtics include peakWavel ength, bandWidth,
spectral Range, polarizationAngle, polarizationDirection, and spectral Response, which
include a spectral Curve.
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Figure 2.20. Schema diagram for specific RadiationResponse.

2.2.10. Sample Geometry

Issue Name: [ . (meb, 2002-04-16)]
I ssue Description: Geometry out of Scope for OWS 1.1.
OWS 1.2 will consider:

Original concepts for sample geometry were presented in Botts (2001); these
will be adapted to the new SensorML schema

Frame definition plus a shape/size definition ... needs to account for distance,
angle, and tempora specifications and units

Sample geometry may be relevant to some in-Situ sensors (i.e. how big of a
volume do you sample?), but is most ussful perhaps for remote sensors

Resolution:
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2.2.11. Collection Geometry and Dynamics

Collection Geometry — Out of Scope
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Annex A. XML Schemas for SensorML
(normative)

A.1 SensorML.xsd.

SensorML.xsd provides the basic definitions for Sensor and SensorGroup, as well as
some generd utility definitions.

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
<xs:schema targetNamespace="http://www.opengis.net/sensorML" xmiIns:gml="http://www.opengis.net/gml"
xmins:sml="http://www.opengis.net/sensorML" xmIns:xs="http://www.w3.0rg/2001/XMLSchema"
xmins:xlink="http://www.w3.0rg/1999/xlink" elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:annotation>
<xs:appinfo>sensorML.xsd v0.4a 2002-04-18</xs:appinfo>
<xs:documentation>0Ongoing xs:schema definition for SensorML </xs:documentation>
</xs:annotation>
<k-
includes and imports

<xs:include schemalocation="value.xsd"/>
<xs:include schemal.ocation="action.xsd"/>
<xs:include schemalocation="platform.xsd"/>
<xs:include schemalocation="response.xsd"/>
<xs:include schemal.ocation="frame.xsd"/>
<k-
global elements

<xs:element name="Sensor" type="sml:SensorType">

<xs:annotation>

<xs:documentation>attribute: id</xs:documentation>

</xs:annotation>
</xs:element>
<xs:element name="SensorGroup" type="sml:SensorGroupType" substitutionGroup="sml:Sensor"/>
<xs:element name="SensorReference" type="sml:SensorReferenceType" substitutionGroup="sml:Sensor"/>
<xs:element name="SensorMember" type="sml:SensorType"/>
<l-

<xs:element name="SensorArray" type="sml:SensorArrayType" substitutionGroup="sml:Sensor"/>
<xs:element name="SensorPackage" type="sml:SensorPackageType" substitutionGroup="sml:Sensor"/>
>
<xs:element name="_GroupGeometry" type="sml:_GroupGeometryType" abstract="true"/>
<xs:element name="GenericProperty" type="sml:GenericProperty Type"/>
<xs:element name="Document" type="sml:DocumentType"/>
<xs:element name="DocumentSupport" type="sml:DocumentSupportType"/>
<xs:element name="SensorSpecification" type="sml:SensorSpecificationType"/>
<xs:element name="0ObservedProperty" type="sml:ObservedProperty Type">

<xs:annotation>

<xs:documentation>Attributes: id and observableType</xs:documentation>

</xs:annotation>
</xs:element>
<k-

sensor components

<xs:complexType name="SensorType">
<xs:sequence>
<xs:element name="shortName" type="xs:string"/>
<xs:element name="longName" type="xs:string"/>
<xs:element name="sensorType" type="xs:anyURI">
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<xs:annotation>
<xs:documentation>Pointer to a sensor dictionary entry</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="lastModification" type="xs:dateTime" minOccurs="0">
<xs:annotation>
<xs:documentation>Date the document was last modified</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="measures">
<xs:annotation>
<xs:documentation>describes what property is measured by the sensor</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:ObservedProperty"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="attachedTo" type="sml:PlatformType" minOccurs="0">
<xs:annotation>
<xs:documentation>Points to the platform on which the sensor is attached</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="orientedPosition" type="sml:OrientedPositionType" minOccurs="0">
<xs:annotation>
<xs:documentation>Through a Frame definition, provides location and orientation of
sensor</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="describedBy" type="sml:SensorSpecificationType" minOccurs="0">
<xs:annotation>
<xs:documentation>Provides metadata and history of the sensor</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="documentMetadata" ty pe="sml:DocumentSupportType" minOccurs="0">
<xs:annotation>
<xs:documentation>Provides metadata and history of the document</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="response" type="sml:ResponseType" minOccurs="0">
<xs:annotation>
<xs:documentation>Defines various response and quality characteristics for the sensor taking value of
_characteristic</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="sampleGeometry" minOccurs="0">
<xs:annotation>
<xs:documentation>Defines the geometry of the measured sample</xs:documentation>
</xs:annotation>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="required"/>
</xs:complexType>
<l-- -->
<xs:complexType name="ObservedPropertyType">
<xs:annotation>
<xs:documentation>observableType attributes points to entry in observables dictionary
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="shortName" type="xs:string"/>
<xs:element name="longName" type="xs:string" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="required"/>
<xs:attribute name="observableType" type="xs:anyURI" use="required"/>
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</xs:complexType>
<l-- -->
<xs:complexType name="GenericPropertyType">
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="name" type="xs:string" use="required"/>
<xs:attribute name="dataType" type="xs:anySimpleType" use="optional"/>
<xs:attribute name="uom" type="xs:anyURI" use="optional"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<l-- ->
<xs:complexType name="SensorSpecificationType">
<xs:sequence>
<xs:element name="manufacturedBy" type="xs:string"/>
<xs:element name="model" type="xs:string"/>
<xs:element name="identifyingNumber" type="xs:string" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="history" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collection of SensorActions</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:SensorAction" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="properties" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collection of GenericProperty values</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:GenericProperty" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="description" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collections of Document values </xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Document" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
<l-- >
<xs:complexType name="DocumentType">
<xs:sequence>
<xs:element name="author" type="xs:string" maxOccurs="unbounded"/>
<xs:element name="date" type="xs:dateTime">
<xs:annotation>
<xs:documentation>type xs:dateTime </xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="subject" type="xs:string" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation>type xs:string</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="description" type="xs:string">
<xs:annotation>
<xs:documentation>type xs:string</xs:documentation>
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</xs:annotation>
</xs:element>
</xs:sequence>
</xs:complexType>
<lk- -->
<xs:complexType name="DocumentSupportType">
<xs:sequence>
<xs:element name="history" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collection of DocumentActions </xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:DocumentAction" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="assumptions" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collections of Document values </xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Document" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="description" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collections of Document values</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Document" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="referenceDocuments” minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a collections of Reference values</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Reference" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
<l-- >
<xs:complexType name="SensorReferenceType">
<xs:attribute name="sensor" type="xs:anyURI" use="required"/>
</xs:complexType>
<k-

sensor collections

<xs:complexType name="SensorGroupType">
<xs:complexContent>
<xs:extension base="sml:SensorType">
<xs:sequence>
<xs:element name="members" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:SensorReference" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="sml:Sensor" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
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</xs:complexType>
</xs:element>
<xs:element name="collectionGeometry" type="sml:_GroupGeometryType" minOccurs="0"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="_GroupGeometryType" abstract="true"/>
</xs:schema>

A.2 Action.xsd.

Action.xsd provide definitions for actions used in history property. These include
SensorAction and DocumentAction and their derivatives.

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
<kl-Generated by XML Authority. Conforms to w3c http://www.w3.0rg/2001/XMLSchema-->
<schema targetNamespace="http://www.opengis.net/sensorML" xmIns:xs="http://www.w3.0rg/2001/XMLSchema"
xmins:sml="http://www.opengis.net/sensorML" xmins="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified" attributeFormDefault="unqualified">
<annotation>
<documentation>sensorML.xsd v0.4a 2002-04-18</documentation>
<documentation>Defines sensor and document actions to be used in smihistories </documentation>
</annotation>
<k-
global elements

<element name="Person" type="sml:PersonType"/>

<element name="Reference" type="sml:ReferenceType"/>

<element name="DocumentAction" type="sml:DocumentActionType"/>

<element name="DocumentCreation" type="sml:DocumentCreationType"
substitutionGroup="sml:DocumentAction"/>

<element name="DocumentModification" type="sml:DocumentModificationType"
substitutionGroup="sml:DocumentAction"/>

<element name="DocumentApproval" type="sml:DocumentApproval Type"
substitutionGroup="sml:DocumentAction"/>

<element name="SensorAction" type="sml:SensorActionType"/>

<element name="SensorCreation" type="sml:SensorCreationType" substitutionGroup="sml:SensorAction"/>

<element name="SensorDeployment" type="sml:SensorDeploymentType"
substitutionGroup="sml:SensorAction"/>

<element name="SensorInspection" type="sml:SensorlnspectionType"
substitutionGroup="sml:SensorAction"/>

<element name="SensorDecommision" type="sml:SensorDecommissionedType"
substitutionGroup="sml:SensorAction"/>

<lk-
some utility types ... will be replaced if a better standard schema exists
>
<complexType name="PersonType">
<sequence>
<choice>
<element name="fullName" type="string"/>
<sequence>

<element name="firstName" type="string"/>
<element name="middleName" type="string"/>
<element name="lastName" type="string"/>
</sequence>
</choice>
<element name="title" type="string" minOccurs="0"/>
<element name="email" type="string" minOccurs="0"/>
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<element name="phone" type="string" minOccurs="0"/>
</sequence>
</complexType>
<complexType name="ReferenceType">
<sequence>
<element name="authors">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="publishingDate" type="date" minOccurs="0"/>
<element name="documentTitle" type="string" minOccurs="0"/>
<element name="documentNumber" type="string" minOccurs="0" maxOccurs="unbounded"/>
<element name="publication" type="string" minOccurs="0"/>
<element name="abstract" type="string" minOccurs="0"/>
</sequence>
<attribute name="id" type="ID" use="required"/>
</complexType>
<complexType name="ActionType" abstract="true"/>
<l-
document actions

<complexType name="DocumentActionType" abstract="true">
<complexContent>
<extension base="sml:ActionType"/>
</complexContent>
</complexType>
<l-- >
<complexType name="DocumentCreationType">
<complexContent>
<extension base="sml:DocumentActionType">
<sequence>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="when" type="dateTime"/>
<element name="versionNumber" type="string" minOccurs="0"/>
<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="description" type="string" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>
<l-- >
<complexType name="DocumentModificationType">
<complexContent>
<extension base="sml:DocumentActionType">
<sequence>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
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</element>
<element name="when" type="dateTime"/>
<element name="versionNumber" type="string"/>

<element name="supportingDocuments" minOccurs="0" maxOccurs="unbounded">

<complexType>
<sequence>
<element ref="sml:Reference'"/>
</sequence>
</complexType>
</element>
<element name="modification" type="string"/>
</sequence>
</extension>
</complexContent>
</complexType>

<k-

<complexType name="DocumentApprovalType">
<complexContent>
<extension base="sml:DocumentActionType">
<sequence>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="when" type="dateTime"/>
<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference'"/>
</sequence>
</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

<L-

sensor actions

<complexType name="SensorActionType" abstract="true">
<complexContent>

<extension base="sml:ActionType"/>
</complexContent>
</complexType>

<k-

<complexType name="SensorCreationType">
<complexContent>
<extension base="sml:SensorActionType">
<sequence>
<element name="when" type="date"/>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="serialNumber" type="string" minOccurs="0"/>
<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference" maxOccurs="unbounded"/>
</sequence>
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</complexType>
</element>
<element name="description" type="string" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

<k-

<complexType name="SensorDeploymentType">
<complexContent>
<extension base="sml:SensorActionType">
<sequence>
<element name="where" type="string"/>
<element name="when" type="date"/>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="description" type="string" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

<l--
<complexType name="SensorlnspectionType">
<complexContent>
<extension base="sml:SensorActionType">
<sequence>
<element name="when" type="date"/>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>

<element name="problem" type="string" minOccurs="0" maxOccurs="unbounded"/>

<element name="actionTaken" type="string" minOccurs="0" maxOccurs="unbounded"/>

<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="description" type="string" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

<k-

<complexType name="SensorDecommissionedType">
<complexContent>
<extension base="sml:SensorActionType">
<sequence>
<element name="when" type="date"/>
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<element name="why" type="string"/>
<element name="byWhom" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Person" maxOccurs="unbounded"/>
</sequence>
</complexType>
</element>
<element name="supportingDocuments" minOccurs="0">
<complexType>
<sequence>
<element ref="sml:Reference"/>
</sequence>
</complexType>
</element>
<element name="description" type="string" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>
</schema>

A.3 Response.xsd

Defines base schemafor a sensor’ s response characteristics, such as sendtivty, accuracy,
thresholds, operating conditions, etc.

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlIspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
<xs:schema targetNamespace="http://www.opengis.net/sensorML" xmiIns:sml|="http://www.opengis.net/sensorML"
xmins:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified"
attributeFormDefault="unqualified">
<xs:annotation>
<xs:documentation>sensorML.xsd v0.4a 2002-04-18</xs:documentation>
<xs:documentation>Defines basic ResponseType definition and commonly used sensor
characteristics</xs:documentation>
</xs:annotation>

<l-
includes and xs:imports
-
<xs:include schemalocation="value.xsd"/>
<k-
<xs:import namespace="http://www.opengis.net/gml" schemalocation="gml_skeleton.xsd"/>
-->
<l--
global elements
>

<xs:element name="Response" type="sml:ResponseType"/>
<xs:element name="_Quality" type="sml:_QualityType" abstract="true"/>
<xs:element name="_Range" type="sml:_RangeType" abstract="true"/>
<xs:element name="_RelativeRange" type="sml:_RelativeRangeType" abstract="true"/>
<xs:element name="_characteristic" type="sml:ValuePropertyType" abstract="true">
<xs:annotation>
<xs:documentation>expects a characteristicType that has values of sml:Value</xs:documentation>
</xs:annotation>
</xs:element>
<lk-
common characteristics measures

>
<xs:element name="accuracy" type="sml:accuracyType" substitutionGroup="sml:_characteristic"/>

File name: OGC-02-026r1_Sensor ModelLanguage_IPR_OWS1 50




OGC 02-026r1

<xs:element name="resolution" substitutionGroup="sml:_characteristic">
<xs:complexType>
<xs:complexContent>
<xs:extension base="sml:QuantityType">
<xs:sequence>
<xs:element ref="sml:Quantity"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

</xs:element>
<xs:element name="threshold" type="sml:QuantityType" substitutionGroup="sml:_characteristic"/>
<xs:element name="capacity" type="sml:QuantityType" substitutionGroup="sml:_characteristic"/>
<xs:element name="survivableRange" type="sml:survivableRangeType"

substitutionGroup="sml:_characteristic"/>
<xs:element name="operationalRange" type="sml:_RangeType" substitutionGroup="sml:_characteristic"/>
<xs:element name="dynamicRange" type="sml;_RangeType" substitutionGroup="sml:_characteristic"/>
<xs:element name="measurementMethod" type="xs:string" substitutionGroup="sml:_characteristic"/>
<l-

base Response types

<xs:complexType name="ResponseType">
<xs:sequence>
<xs:element ref="sml:_characteristic" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="optional"/>
</xs:complexType>
<xs:complexType name="_RangeType" abstract="true">
<xs:annotation>
<xs:documentation>absolute range</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="minimum’ type="sml:ScalarValueType"/>
<xs:element name="maximum'" type="sml:ScalarValueType"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="_RelativeRangeType" abstract="true">
<xs:annotation>
<xs:documentation>relative range</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="minus" type="sml:VValuePropertyType"/>
<xs:element name="plus" type="sml:ValuePropertyType"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="_QualityType" abstract="true"/>
<k-

RangeType and elements

>
<xs:element name="QuantityRange" type="sml:QuantityRangeType" substitutionGroup="sml:_Range"/>
<xs:element name="PositionRange" type="sml:PositionRangeType" substitutionGroup="sml:_Range"/>
<xs:element name="CountRange" type="sml:CountRangeType" substitutionGroup="sml:_Range"/>
<xs:complexType name="QuantityRangeType">
<xs:complexContent>
<xs:restriction base="sml;_RangeType">
<xs:sequence>
<xs:element name="minimum" type="sml:QuantityType"/>
<xs:element name="maximum'" type="sml:QuantityType"/>
</xs:sequence>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="PositionRangeType">
<xs:complexContent>
<xs:restriction base="sml;_RangeType">
<xs:sequence>
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<xs:element name="minimum" type="sml:PositionType"/>
<xs:element name="maximum'" type="sml:PositionType"/>
</xs:sequence>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="CountRangeType">
<xs:complexContent>
<xs:restriction base="sml;_RangeType">
<xs:sequence>
<xs:element name="minimum" type="sml:CountType"/>
<xs:element name="maximum" type="sml:CountType"/>
</xs:sequence>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="accuracyType">
<xs:sequence>
<xs:choice>
<xs:element name="lessThan" type="sml:ValuePropertyType" minOccurs="0">
<xs:annotation>
<xs:documentation>Takes a ValueProperty Type</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="relAccuracy" type="sml:_RelativeRangeType" minOccurs="0"/>
</xs:choice>
<xs:element name="conditions" minOccurs="0">
<xs:annotation>
<xs:documentation>specifies the conditions for which the accuracy measures are accurate (e.g.
between 0-200 deg Celsius) or "under daylight conditions"</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element name="description" type="xs:string" minOccurs="0"/>
<xs:element ref="sml:_Range" minOccurs="0"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
<xs:complexType name="survivableRangeType">
<xs:complexContent>
<xs:restriction base="sml;_RangeType">
<xs:sequence>
<xs:element name="minimum’' type="sml:ScalarValueType" minOccurs="0"/>
<xs:element name="maximum'" type="sml:ScalarValueType" minOccurs="0"/>
</xs:sequence>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
</xs:schema>

A.4 RadiationResponse

An example of a specific ResponseType, RadiationResponse provides schemafor
defining the response of aradiometer.

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlIspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
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<xs:schema targetNamespace="http://www.opengis.net/sensorML"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema" xmins:sml="http://www.opengis.net/sensorML"
elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:annotation>
<xs:documentation>sensorML.xsd v0.4a 2002-04-18</xs:documentation>
<xs:documentation>Defines specific responseType for radiation sensors</xs:documentation>
</xs:annotation>
<l-
includes and xs:imports

>
<xs:import namespace="http://www.opengis.net/sensorML" schemalocation="../../base/value.xsd"/>
<xs:import namespace="http://www.opengis.net/sensorML" schemalLocation="../../base/response.xsd"/>
<l-
elements

<xs:element name="RadiationResponse" type="sml:RadiationResponseType"
substitutionGroup="sml:Response'/>
<xs:element name="peakWavelength" type="sml:QuantityType" substitutionGroup="sml:_characteristic">
<xs:annotation>
<xs:documentation>Quantity Type</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="bandWidth" type="sml:Quantity Type" substitutionGroup="sml:_characteristic">
<xs:annotation>
<xs:documentation>Quantity Type</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="spectralResponse" type="sml:SpectralResponseType"
substitutionGroup="sml:_characteristic"/>
<xs:element name="polarizationDirection" type="sml:CategoryType" substitutionGroup="sml:_characteristic">
<xs:annotation>
<xs:documentation>Category Type</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="polarizationAngle" type="sml:Quantity Type" substitutionGroup="sml:_characteristic">
<xs:annotation>
<xs:documentation>Quantity Type</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="spectralRange" type="sml:QuantityRangeType" substitutionGroup="sml:_characteristic"/>
<l-
complex types

<xs:complexType name="RadiationResponseType">
<xs:complexContent>
<xs:restriction base="sml:ResponseType">
<xs:sequence>
<xs:element ref="sml:peakWavelength" minOccurs="0"/>
<xs:element ref="sml:bandWidth" minOccurs="0"/>
<xs:element ref="sml:spectralRange" minOccurs="0"/>
<xs:choice minOccurs="0">
<xs:element ref="sml:polarizationAngle"/>
<xs:element ref="sml:polarizationDirection"/>
</xs:choice>
<xs:element ref="sml:spectralResponse" minOccurs="0"/>
<xs:element ref="sml:threshold" minOccurs="0"/>
<xs:element ref="sml:accuracy" minOccurs="0"/>
<xs:element ref="sml:resolution" minOccurs="0"/>
</xs:sequence>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="SpectralResponseType">
<xs:sequence>
<xs:element name="SpectralCurve">
<xs:complexType>
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<xs:sequence>
<xs:element name="frequency">
<xs:annotation>
<xs:documentation>QuantityList</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:QuantityList'/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="power">
<xs:annotation>
<xs:documentation>QuantityList</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:QuantityList'/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:schema>

A.5 Platform
Provideintid schemafor defining platforms as they relate to sensors.

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
<xs:schema targetNamespace="http://www.opengis.net/sensorML"
xmins:xs="http://www.w3.0rg/2001/XMLSchema" xmins:sml="http://www.opengis.net/sensorML"
elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:annotation>
<xs:appinfo>platform.xsd v0.4a 2002-04-18</xs:appinfo>
<xs:documentation>basic definitions for platforms used in conjunction with SensorML </xs:documentation>
</xs:annotation>

<l-
includes and imports
>
<xs:include schemal.ocation="value.xsd"/>
<xs:include schemalocation="sensorML.xsd"/>
<xs:include schemal.ocation="frame.xsd"/>
<k-
global elements
>

<xs:element name="Platform' type="sml:PlatformType">
<xs:annotation>
<xs:documentation>Has required attribute: id</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="PlatformReference" type="sml:PlatformReferenceType"
substitutionGroup="sml:Platformi'>
<xs:annotation>
<xs:documentation>Provides ability to link to internally or externally defined platform</xs:documentation>
</xs:annotation>
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</xs:element>

<xs:element name="StationaryPlatform' type="sml:StationaryPlatformType"
substitutionGroup="sml:Platform'/>

<xs:element name="AttachedPlatform' type="sml:AttachedPlatform' substitutionGroup="sml:Platform'/>

<xs:element name="SatellitePlatforni' type="sml:SatellitePlatformType" substitutionGroup="sml:Platforni’/>

<xs:element name="AircraftPlatform' type="sml:AircraftPlatformType" substitutionGroup="sml:Platforni’/>

<xs:element name="LandVehiclePlatforni' type="sml:LandVehiclePlatformType"
substitutionGroup="sml:Platform'/>

<xs:element name="WaterVehiclePlatform' type="sml:WaterVehiclePlatformType"
substitutionGroup="sml:Platform'/>

<l--
Fundamental types

<xs:complexType name="PlatformType" abstract="true">
<xs:annotation>
<xs:documentation>Has required attribute: id</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="carries" minOccurs="0">
<xs:annotation>
<xs:documentation>Either an AtachedPlaform or Sensor</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:AttachedPlatform' minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="sml:PlatformReference" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="sml:SensorReference" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="sml:Sensor" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="locatedAt" type="sml:OrientedPositionType">
<xs:annotation>
<xs:documentation>Provides a Frame that is defined relative to an external Frame (perhaps a
geospatial CRS)</xs:documentation>
</xs:annotation>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="required"/>
</xs:complexType>
<xs:complexType name="PlatformReferenceType">
<xs:attribute name="platform' type="xs:anyURI" use="required"/>
</xs:complexType>
<lk-

Platform Types

<xs:complexType name="StationaryPlatformType">
<xs:complexContent>

<xs:extension base="sml:PlatformType"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="SatellitePlatformType">
<xs:complexContent>

<xs:extension base="sml:PlatformType"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="AircraftPlatformType">
<xs:complexContent>

<xs:extension base="sml:PlatformType"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="LandVehiclePlatformType">
<xs:complexContent>

<xs:extension base="sml:PlatformType"/>
</xs:complexContent>
</xs:complexType>
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<xs:complexType name="WaterVehiclePlatformType">
<xs:complexContent>
<xs:extension base="sml:PlatformType"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="AttachedPlatformi'>
<xs:complexContent>
<xs:extension base="sml:PlatformType">
<xs:sequence>
<xs:element name="attachedTo">
<xs:annotation>
<xs:documentation>Either a Platform or PlatformReference</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:choice>
<xs:element ref="sml:PlatformReference"/>
<xs:element ref="sml:Platform'/>
</xs:choice>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
</xs:schema>

A.6 Frame

Provides definition for coordinate frame, including definition of frame by vectors and
definition of frame by transforms.

kkhkkkkhkkhkkhkkhkkkhkkhkkhkkikkk*k frarnexgj kkhkhkkkhhkkkhkkhkhkkhhkkhhkkhkkkhkkikk*kx

<?xml version="1.0" encoding="UTF-8"?>
<k- edited with XML Spy v4.3 U (http://www.xmlspy.com) by Michael E Botts (University of Alabama in Huntsville) -
->
<k-Generated by XML Authority. Conforms to w3c http://www.w3.0rg/2001/XMLSchema-->
<xs:schema targetNamespace="http://www.opengis.net/sensorML" xmIns="http://www.w3.0rg/2001/XMLSchema"
xmins:sml="http://www.opengis.net/sensorML" xmIns:xs="http://www.w3.0rg/2001/XMLSchema"
elementFormDefault="qualified" attributeFormDefault="unqualified">
<xs:annotation>
<xs:documentation>Frame.xsd v0.4a 2002-04-18</xs:documentation>
<xs:documentation>Defines Frame to be used fro positions and transforms in SensorML </xs:documentation>
</xs:annotation>
<l-
global elements

<xs:element name="Vector" type="sml:VectorType"/>
<xs:element name="Matrix" type="sml:MatrixType"/>
<l-

Type Definitions

<xs:complexType name="OrientedPositionType">
<xs:choice>
<xs:element name="Frame" type="sml:FrameByVectors"/>
<xs:element name="Frame" type="sml:FrameByTransformation"/>
<xs:element name="Frame" type="sml:_AbsoluteFrame"/>
</xs:choice>
</xs:complexType>
<l-- >
<xs:complexType name="FrameByVectors">
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<xs:sequence>
<xs:element name="component">
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Vector"/>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="origin">
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Vector" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>

<l-
<xs:complexType name="FrameByTransformation">
<xs:sequence>
<xs:element name="transform'>
<xs:complexType>
<xs:sequence>
<xs:element ref="sml:Matrix"/>
</xs:sequence>
<xs:attribute name="relativeTo" type="anyURI"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>

<l-

<xs:complexType name="VectorType">
<xs:sequence>
<xs:element name="component" type="xs:double"/>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>

<L-

<xs:complexType name="MatrixTypel">
<xs:sequence>
<xs:element name="position" type="xs:double"/>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>

<k-

<xs:complexType name="MatrixType">
<xs:choice>
<xs:element name="Matrix" type="sml:MatrixTypel"/>
<xs:element name="Matrix" type="sml:RotationMatrix3X3PRY "/>

<xs:element name="Matrix" type="sml:RotationMatrix3X3EulerAngles"/>

</xs:choice>
<xs:attribute name="id" type="ID"/>
</xs:complexType>

<l--
<xs:complexType name="RotationMatrix3X3PRY ">
<xs:annotation>

<xs:documentation>Matrix specified by pitch,roll,yaw angles</xs:documentation>

</xs:annotation>

<xs:sequence>
<xs:element name="pitch" type="sml:RotationQuantity"/>
<xs:element name="roll" type="sml:RotationQuantity"/>
<xs:element name="yaw " type="sml:RotationQuantity"/>

</xs:sequence>

<xs:attribute name="id" type="ID"/>
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</xs:complexType>
<l-- -->
<xs:complexType name="RotationMatrix3X3EulerAngles">
<xs:annotation>
<xs:documentation>Matrix specified by Euler angles</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="theta" type="sml:RotationQuantity"/>
<xs:element name="phi" type="sml:RotationQuantity"/>
<xs:element name="psi" type="sml:RotationQuantity"/>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>
<k- -->
<xs:complexType name="RotationMatrix2X2">
<xs:annotation>
<xs:documentation>Matrix specified by positive rotation = CCW</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="theta" type="sml:RotationQuantity"/>
</xs:sequence>
<xs:attribute name="id" type="ID"/>
</xs:complexType>
<xs:complexType name="RotationQuantity">
<xs:simpleContent>
<xs:extension base="double">
<xs:attribute name="uom" type="anyURI" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<k-
Absolute Frames

>

<xs:complexType name="_AbsoluteFrame" abstract="true">
<xs:sequence>
<xs:element name="basis" type="anyURI">
<xs:annotation>
<xs:documentation>Points to a dictionary entry for Absolute Frames</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="axes">
<xs:complexType>
<xs:sequence>
<xs:element name="x">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="y">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required"/>
</xs:complexType>
</xs:element>
<xs:element name="z">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="ID" use="required"/>
</xs:complexType>
<xs:complexType name="EcfFrame" id="ecf">
<xs:complexContent>
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<xs:restriction base="sml:_AbsoluteFrame">
<xs:sequence>
<xs:element name="basis" type="anyURI">
<xs:annotation>
<xs:documentation>Points to a dictionary entry for Absolute Frames</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="axes">
<xs:complexType>
<xs:sequence>
<xs:element name="x">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="ecf_x"/>
</xs:complexType>
</xs:element>
<xs:element name="y">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="ecf_y"/>
</xs:complexType>
</xs:element>
<xs:element name="z">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="ecf_z"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" fixed="ecf"/>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="EciFrame" id="eci">
<xs:complexContent>
<xs:restriction base="sml:_AbsoluteFrame">
<xs:sequence>
<xs:element name="basis" type="anyURI">
<xs:annotation>
<xs:documentation>Points to a dictionary entry for Absolute Frames</xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="axes">
<xs:complexType>
<xs:sequence>
<xs:element name="x">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="eci_x"/>
</xs:complexType>
</xs:element>
<xs:element name="y">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="eci_y"/>
</xs:complexType>
</xs:element>
<xs:element name="z">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="eci_z"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" fixed="eci"/>
</xs:restriction>
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</xs:complexContent>
</xs:complexType>
<xs:complexType name="J2000Frame" id="J2000">
<xs:complexContent>
<xs:restriction base="sml:_AbsoluteFrame">
<xs:sequence>
<xs:element name="basis" type="anyURI">
<xs:annotation>
<xs:documentation>Points to a dictionary entry for Absolute Frames </xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="axes">
<xs:complexType>
<xs:sequence>
<xs:element name="x">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="J2000_x"/>
</xs:complexType>
</xs:element>
<xs:element name="y">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="J2000_y"/>
</xs:complexType>
</xs:element>
<xs:element name="z">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="J2000_z"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" fixed="J2000"/>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="WGS84_LatLonAltFrame" id="wgs84">
<xs:complexContent>
<xs:restriction base="sml:_AbsoluteFrame">
<xs:sequence>
<xs:element name="basis" type="anyURI">
<xs:annotation>
<xs:documentation>Points to a dictionary entry for Absolute Frames </xs:documentation>
</xs:annotation>
</xs:element>
<xs:element name="axes">
<xs:complexType>
<xs:sequence>
<xs:element name="x">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="lat"/>
</xs:complexType>
</xs:element>
<xs:element name="y">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="lon"/>
</xs:complexType>
</xs:element>
<xs:element name="z">
<xs:complexType>
<xs:attribute name="id" type="ID" use="required" fixed="alt"/>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
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</xs:element>
</xs:sequence>
<xs:attribute name="id" fixed="wgs84"/>
</xs:restriction>
</xs:complexContent>
</xs:complexType>
</xs:schema>
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Annex B. Excerpts from original SensorML
design regarding scanning geometry (Informative)

Inthe original design of SensorML (which preceded involvement with OGC), a primary
focus of the design was toward defining the geometric and dynamic properties of remote
sensors [Botts, 2001]. The focus was primarily on awide variety of scanners described
below.

Issue Name: [WARNING — non schema material . (meb, 2002-02-18)]

I ssue Description:

The information provided in this Annex, should in no way be construed as part of the
current definition of SensorML. It should instead serve as an initid conceptua design
for supporting a CollectionGeometryType for scanners within future releases of the
SensorML schema.

Resolution:

--- Beginning of excerpts from Botts (2001). ----
--- Note that section numbers relate to the section numbersin the original document ---

3.2. Sensor types.

Scanning Directions. Within the SensorML, a sensor can sample within three directions,
referred to within the SensorML specification as sweep, eevation, and profile directions.
For visudization purposes, these directions can be viewed as spherica coordinates within
the sensor’ s right-handed coordinate frame, with the sensor’ sradiation detection
occurring at the origin. Asshown in Figure A1, the sweep angle always specifies

rotation about the polar axis, Z, €evation measures the angle from the sensor’ s equatoria
plane, and profile can be conddered asaradid dimenson dong the line-of-gght. In the
proposed SensorML, Z is dways expected to designate the polar axis. Sweep and
elevation angles can be specified as either positive or negative vaues, but they must
fallow the right- handed coordinate rule.

Using this generd model, a conical scanner can be considered as a sensor in which the
polar axis, Z, isroughly pardld to the main direction of the target, while the polar axis of
aline scanner isroughly perpendicular to the main target direction (Figures A2 and A3).
Thus, aline scanner and conic scanner are mathematically equivdent, and are
distinguished only by the genera direction of the polar axis relative to the target.
Smilarly, an imager is equivaent to aline scanner or conic scanner in which the entire
aray of pixelsis sampled ingantaneoudy.

Although the SensorML specification described below includes a sensor Type demert,
this value will primarily be used for clarification, for cross-checking mounting angle
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Figure Al. Sensor model for the proposed Sensor Modd L anguage (SensorML),
showing a sensor that sweeps at a constant elevation angle. Depending on the
orientation of the sensor to the target body and on thetiming of the scan, this
sensor could either bea 1D conic scanner, line scanner, or imager.

assumptions, and possible future use with new sensor types. Most of the required
knowledge for ditinguishing sensor types will come from mounting and timing
informetion.

Line-of-sight sensor. Theline-of-sght sensor isthe Smplest, conssting of essentidly a
snglelook direction. It will thus have a congtant sweep and eevation angle, sampling
single or multiple points dong this line-of-gght. Examples of line-of-sight sensors
include:
Profile
most dtimeters (e.g. TOPEX/POSEIDEN dtimeter)

most ground-based atmaospheric sounders
most non-sweeping LIDAR

Conic-scanner. Conic scanners include those sensors that scan by sweeping around a
rotation axis producing a cone pattern relative to the target body. Conic scanners can be
one to three dimengons, possibly including sweep, eevation, and/or profile components
(Figure A2). Examples of conic scannersinclude SSM/I (1D), which sweeps around a
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gngle axis a a congant elevation angle, and ground-based Doppler Radar (3D), which
sweeps around a vertical axisin aconic pattern at varying eevation angles, and messures

atmospheric properties a multiple distances aong the ingantaneous line-of-gght. These
and other examples include:

7 (up)

Y
(left side)

/ /X[ (forward)
| (farws

; / / / f | Y
s / j’f | 1
’r/ / [ I|
/ I'I I|
\ f | \
;.. II| I 4
il s
CONIC SCANNER

Figure A2. Schematic of a conic scanner showing the polar axis, Z, roughly
perpendicular to thetarget surface, thereby creating a conic pattern of pixels.

Sweep:
ATSR SSM/I

Sweep + devation + profile:
ground-based Doppler Radar

SMMR T™I

Line-Scanner. Line-scanners sample by sweeping around a rotation axis such that they
sample alinear array rdative to the target (Figure A3). Sweeping at either a congtant or
varying eevation angle, scan dimensions can be one to three dimensions, and can
possibly include sweep, devation, or profile components. As discussed above, aline
scanner is mathematically equivaent to a conic scanner rotated approximeately 90
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Line Scanner

Figure A3. Schematic of a line scanner with the polar axis, Z, roughly tangential
to thetarget surface and roughly in the velocity direction.

degrees. Thisis perhaps the most common sensor system used for Earth observation and

includes.

Sweep:
AVHRR  AVNIR AMPR CZCs
LANDSAT MODIS MSU

OCTS
SEAWIFS SSM/T SSM/T2 AMSU
VIRS

Sweep + devation:
GOES Imager

Sweep + profile;
GOES Sounder
TRMM PR
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Imager. Theimager class of sensorsisredly aspecia case of line or conic-scannersin
which the entire array of pixelsis sampled & an ingant in time. The imager type sensor
will be handled within the SensorML definition by smply setting step times for sweep
and devation to be zero (or by not defining these parameters). Examples of imager type
sensorsinclude:

Sweep:
any “push-broom” sensors (e.g. SPOT)
Sweep + devation:
OTD
LIS
POLDER
Standard photographic and CCD video camera

Virtual Sensors. Asdiscussed previoudy, some sensors might be describing a sensor
model based not on the actual sensor design, but instead based on adesign that could in
essence have produced the preprocessed and distributed data set.  Such sensors would
NOT be of the type virtual, but would instead be of the SENSOR_TY PE equa to one of
the four types defined above. Examples of sensors that might best be handled this way
include

Multi- sensor arrays.

MISR NSCAT
Active sensors;
SAR scatterometers
--------- bresk in excerpt ---------------

3.3.7. SCANNING Node

The SCANNING node provides the primary information required to determine look ray
directions (in sensor coordinate space) for any given pixel and to determine which pixe
isbeing sampled a any given time. The specification is based on defining angular,

gpatid, and tempora measurements within the sweep, elevation, and profile coordinates
in the spheroid model shown in Figure 1. The nesting of these dements within the
SensorML specifies the order in which these coordinates vary, and dlows virtudly any
sensor to be described using a single sensor mode!.

The sweep coordinate is an angle measurement about the Z axis, Sarting at the X axis and
with pogtive direction being from the X axisto the Y axis (“right-handed rule’). The
elevation coordinate is an angle measurement about the X axis, sarting a the Y axisand
with positive direction being from the Y axisto the Z axis (“right-handed rule€’). The

File name: OGC-02-026r1_Sensor ModelLanguage_IPR_OWS1

67




OGC 02-026r1

profile coordinate is a distance measurement from the center of the sphere and outward
adong aradid. It isaways postive.

Whileit isimplied in the above statement, it should be explicitly noted that these angles
and distances are relaive to the sensor coordinate frame and not the platform coordinate
frame. The geolocation will use the mounting specification described in the MOUNTING
node to transform these direction to platform space, while the platform’s position and
orientation (not specified within the SensorML), would be used to further transform these
directions into the same coordinate frame as the target body.

The dlowable dements and attributes for the SCANNING node are given in Table 5. The
descriptive parameters for the SWEEP and ELEVATION nodes are identica. Both are
basad on specifying angular and tempora measurements involved in the scanning

procedure.

Element Attributes
SCANNING

SWEEP direction, axis
fixedAngle angleUnits, bads vdue
datAngle angleUnits, bags, vaue
extentAngle angleUnits, bass, vaue
sepAngle angleUnits, expression, vaue
datTime timeUnits, bass, vaue
extentTime timeUnits, bass, vdue
depTime timeUnits
repeatTime timeUnits

numberOf Samples

ELEVATION direction, axis
fixedAngle angleUnits, bas's, value
datAngle angleUnits, bads, vaue
extentAngle angleUnits, bass, vaue
sepAngle angleUnits, expression, vaue
datTime timeUnits, bass, vaue
extentTime timeUnits, bass value
depTime timeUnits
repeetTime timeUnits
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numberOf Samples

PROFILE direction
fixedDigtance diganceUnits, basis, value
datAngle distanceUnits, basis, vdue
extentAngle distanceUnits, bass, vdue
sepAngle distanceUnits, expression, vaue

numberOf Samples

Table A5. Elements and attributes for SCANNING node.

The dements SWEEP, ELEVATION, and PROFILE dl contain the attribute, direction,
which specifies the progression of scan in that coordinate dimension. For angle
measurementsin SWEEP and ELEVATION, thedirection is pogtiveif scanning
progresses according to the right-hand coordinate rule. For SWEEP, positive direction
would sgnify a counter-clockwise rotation looking down the Z axis (or in the direction
fromthe X tothe Y axis). For ELEVATION, postive direction would sgnify a counter-
clockwise rotation looking down the X axis (or in the direction from the Y to the Z axis).
For PROFILE, positive direction would be from sphere center outward.

The axis atributein SWEEP and ELEVATION is currently redundant since the axes of
SWEEP and ELEVATION arefixed by definition as Z and X, respectively. However,
this attribute will be retained in the current specification in order to provide absolute
information to the software and in case there should be a need in the future to alow more
flexibility with regard to the axis specification.

The parameters, startAngle and startTime, indicate the starting postion (within the
sensor coordinate frame) and starting deltatime (relative to the scan Sart time recorded in
the data) for the first pixel sample of the sweep or devation (Figure 1). If no vaues are
given, they are assumed to be zero. Use of the parameter fixedAngle implies a congtant
angle as might be the case with aline-of-sight sensor or a sensor that scansin only one
direction, yet has an offset in another. It is not necessary to specify afixed angle of zero,
gnceit will beimplied by the absence of thet coordinate in the specification. For

example, asensor that only scansin the sweep direction (along an eevation of zero), will
only contain the SWEEP parameters.

To specify the extent over which sampling occurs, one may use ether the extentAngle or
the stepAngle dement. Either of these will be combined with the number Of Samples
element to derive the other. The number Of Samples vaue determines how many samples
are taken during a given sweep event. The bas's attribute specifies whether these angles
are measured from the pixe center or the pixd outer edge, while the angleUnits attribute
gpecifies the units of measurement for the angles. The intent in future rleases is that the
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stepAngle can optiondly be specified as an mathematica expression or as a collection of
values, but these pecifications have not yet been defined.

The extentTime specifies the amount of time required to traverse the extentAngle, while
stepTime does the same for the stepAngle. Likethe extentAngle and stepAngle, itis
only necessary to specify one of the parameters, since the other will be derived using the
number Of Samples vaue. If extentTime or stepTime are not specified or are set to zero,
then the entire sweep is assumed to be sampled instantaneoudy, as would be the case in

the imager or push broom sensor type. The repeatTime specifies the amount of time that
passes before the next sweep scan begins, in essence, this determines how often anew
sweep event will occur.

The parameters within the PROF | L E node define sampling characteritics dong the line
of gght direction. Unlike the sweep and elevation components, which are generdly
measured as angles, profile dimensions are measured as distances relative to the sensor
origin. Thus, the ement and attribute names are changed to reflect this digtinction.
There are currently no time specifications for the PROF | LE dement since generdly
samples aong the profile are often trested as ingtantaneous. However, time specifications
may be added in future releases if sampling precision is needed for specifying return
times, etc.

Aswith sweep and eevation components, the stepDistance or extentDistance may be
used dong with number Of Sampl es to determine the location of the sample dong the
line-of-gght. Likewise the basis attribute is used to pecify if the sampling is at bin center
or the outer edge. It should be noted that while different frequency bands of some
sensors, such as MSU, measure values a different levels of the atmosphere, it will
generaly be better to support this cgpability using the heightAboveEllipsoid dement,
described below, rather than tresting these sensors as profilers.

The hierarchical nesting of the three coordinate e ements provides essentia information
for describing the order, direction, and timing of sampling. Thus, Smilar to do-loops or
for-loops within programming languages, the SensorML is cgpable of describing which
components vary fastest: sweep, eevation, or profile. Asin programming loops, scanning
sepswithin theinner blocks will occur firgt, followed by scan steps in the outer blocks.

For example, for anesting such as

<SCANNING>
<ELEVATION direction="positive” axis="X">

<SWEEP direction="positive” axis="2">
</SWEEP>

</ELEVATION>
</SCANNING>

the scan pattern would be one of acomplete sweep in the postive direction followed by
an devation sep in the vertica direction. For anesting such as
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<SCANNING>
< SWEEP direction="positive” axis="X">

< ELEVATION direction="positive” axis="Z">

</ ELEVATION >
</ SWEEP >
</SCANNING>

then a complete vertical scan would occur firgt and then a step in the horizontal sweep
direction. Findly, for the pattern

<SCANNING>
<ELEVATION direction="positive” axis="X">

<SWEEP direction="positive” axis="2">

</SWEEP>
<SWEEP direction="negative” axis="2">

</SWEEP>
</ELEVATION>
</SCANNING>

there would be a sweep positive, then a sweep negative, followed by a vertical step.

Thefollowing example for the SSM/I conical sensor specifies thet the devation angleis
first set to afixed angle of —45 degrees, and then a sweeping pattern from +51 to —-51
degrees repeats congtantly, sampling 64 pixelsin low resolution mode and 128 in high
resolution. These pixds are sampled over atime of 1.9 seconds and the complete scan
repesats every 3.8 seconds in low resolution mode and every 1.9 secondsin high
resolution mode. If the eevation angle had not been fixed, asin the case of Doppler
radar, then each complete sweep would have been followed by an elevation step.

<SCANNING>
<ELEVATION direction="positive" axis="X">
<fixedAngle value="-45.0" angleUnits="degrees" basis="pixelCenter"/>
<SWEEP direction="negative" axis="Z">
<startAngle value="51.0" angleUnits="degrees" basis="pixelCenter" />
<extentAngle value="102.0" angleUnits="degrees" basis="pixelCenter " />
<startTime value="0.0" timeUnits="seconds" basis="pixelCenter " />
<extentTime value="1.9" timeUnits="seconds" basis="pixelCenter"/>
<FOR variable="mode" idref="LOW-RES">
<repeatTime value="3.8" timeUnits="seconds" />
<numberOfSamples value="64" />
</FOR>
<FOR variable="mode" idref="HIGH-RES">
<repeatTime value="1.9" timeUnits="seconds" />
<numberOfSamples value="128" />
</FOR>
</SWEEP>
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</ELEVATION>
<description topic="scanning assumptions">Scanning parameters are
based on a conical scanning arrangement with a constant
elevation angle of 135.0 degrees from vertical, with scanning
from left to right when looking in the forward direction. The
sampling takes place over 102.4 degrees centered about nadir.
</description>
</SCANNING>

3.3.8. SAMPLES Node

The SAMPLES node provides information regarding the characterigtics of the individua
pixd rather than the relationship between pixds. The currently available dements and
attributes are given in Table 6. Three of the eements specify the size of the pixd in the
three coordinate dimensions. As with the SCANNING SWEEP and ELEVATION

parameters, the pixel SweepSize and pixel ElevationSize pecify these dimensonsin angle

units and not as pixd footprint Sze on the target body. The pixel ProfileSize is specified
in spatid dimensions. Often, these Size parameters are equa to the gppropriate sepAngle
and stepDistance specification in the SCANNING node. However, in many sensors, such
as SSM/I the pixel Size can belarger or smdler than the step size, resulting in overlgps or
gaps between pixels.

Element Attributes

SAMPLES
pixel SweepSize angleUnits, expresson, vaue
pixelElevationSze angleUnits, expression, vaue
pixdProfileSze distanceUnits, expression, vaue
pointSpreadFunction expression, value
pixe HeightAboveEllipsoid heightM easurement, distanceUnits

Table 6. Elementsand attributes for SAMPLES node.

Although the dement definition is not complete, the pointSpreadFunction eement will
provide a description of the sengitivity distribution within apixd. Thisisusudly a
Gaussian digtribution function and will probably be defined using gppropriate parameters.

The pixelHeightAboveEllispoid e ement can be used to support recommendations for
geolocating the data at locations other than the planet’ s surface. For example, most
channdls of sounders such as MSU and AMSU might best be geolocated &t various
average dtitudes within the atmosphere rather than the Earth’ s surface, in order to avoid
issues of pardlax when measuring atmospheric properties. Other sensors might more
appropriately utilize the tropopause or perhaps a depth below the dlipsoid for
geolocation. This parameter provides a suggestion for the gppropriate height for
geolocation, and can be specified in term of distance or amospheric pressure.
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