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Science relies on observations

 Provides evidence & validation
 Involves sampling

 This paper is about a domain-independent terminology
| and information-model

e [Fast overview, much more detail available ...
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Examples

 The 7th banana weighed 270gm on the kitchen scales this morning

mm * The attitude of the foliation at outcrop 321 of the Leederville Formation
was 63/085, measured using a Brunton on 2006-08-08

i » Specimen H69 was identified on 1999-01-14 by Amy Bachrach as
][] Eucalyptus Caesia

« The image of Camp lota was obtained by Aster in 2003

o Sample WMC997t collected at Empire Dam on 1996-03-30 was found to
have 5.6 g/T Au as measured by ICPMS at ABC Labs on 1996-05-31

]  The X-Z Geobarometer determined that the ore-body was at depth 3.5 km
n at 1.75 Ga

] « The simulation run on 2004-09-09 indicated that the pressure in the
hanging-wall at 618 Ma was reduced 4 MPa

[
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What is “an Observation”

 Observation act involves a procedure applied at a
specific time (Fowler & Odell, 1997ish)
 The result of an observation is an estimate of some

i property
e The observation domain is a feature of interest at some
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 [0..*] locations may be of interest, associated with the
procedure and feature of interest
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Observed property

/Il « Observed property
* Length, mass, temperature, shape

* |ocation, event-time, orientation

I  colour, chemical concentration
« count/frequency, presence

][] » species or kind (classification)
 Expressed using a reference system or scale

* Scale may also be ordinal or categorical

» May require a complex structure

« “Sensible”, but not necessarily physical ...
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Feature-of-interest

« The observed property is associated with something

| » Location does not have properties,
the substance or object at a location does

* Observed property must be logically consistent with the

feature-of-interest
» E.g. rock-density, pixel-colour, city-population, ocean-surface-
temperature
. ... i.e. the Observation “target’
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Procedure

e Instruments & Sensors

* Respond to a stimulus from local physics or chemistry
* Intention may concern local or remote source

» Sample may be in situ or re-located
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Generic pattern for observation metadata

[
|| |I [y |I AnyFeature Process
L
[T

AEEE
]

(1111

|I 'l |I n 1 1 pFocedure

|

f I| f I| f I| f featureOflInterest x - L
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[ [] Observation

[
|I f |I f II || |I + metadata: MD_Metadata [0..1]
|I f |I f |I f |I + samplingTime: TM_Object
] + resultTime: TM_Object [0..1]
] [y + resultQuality: DQ_Element [0..1]
[ |' f + parameter: Any [0..%]
]
I| Il II II I| Il I|
NN
II| || I| || I| || /
T observedProperty
NN
] 1

PropertyType resul&
Any
{n}

11| An Observation is an action whose result is an estimate of the value
of some Property of the Feature-of-interest, obtained using a specified Procedure

|I || II II I|
Feature-of-interest concept reconciles remote and in-situ observations
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CSIRO Generic Observations Model/DMT '07



When Is this viewpoint interesting?

 Primarily if the data-acquisition metadata is of concern
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Specialize by result-type

[ | | «FeatureType»
[N result Measurement
(] Measure é’/’.
] {n}
L «FeatureType» /D «FeatureType»
(1]} CategoryObserv ation OIS IO
(1] GenericName W
| 'I ,' -I .I «type»
(1111 ScopedName
(1] {n} «FeatureType»
[ 1] CountObserv ation
1 «FeatureType»
[ ComplexObserv ation
f | Number rEesu-,I
] «type» «FeatureType»
1 TEgE TruthObserv ation
1] n}
[ { /' result
: I. : .I result «type»
[ TR ~ «FeatureType» Record
1111 Boolean TemporalObserv ation
. 1] f n} record | 0..*
[ result
1] «FeatureType» recordType\|(/0..1
[ | (1 TM_Object GeometryObserv ation Type
( | | 'I {n} «type»
[ RecordType
1] n
[ 1] result {n}
| | | | «type»
(111 GM_Object
{n}
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Procedures are usually process chains

 Procedure often includes data processing, to transform

“raw” data to semantically meaningful values
« Voltage < orientation

« count =» radiance = NDVI

« Position + orientation = scene-location

» Mercury meniscus level = temperature

» Shape/colour/behaviour = species assignment

- This requires consideration of “sensor”-models and
I calibrations
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Advanced procedures

 Modelling, simulation, classification are procedures

i . “raw” data == modeling constraints
(sensor-outputs=process-inputs)

» “processed” data == simulation results (outputs)

- “interpreted” data == classification results (outputs)

» SensorML provides a model and syntax for describing
process-chains
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Domain profile

«FeatureType»
Process

«FeatureType»
AnyFeature
1
featureOfinterest
ropertyValueProvider generatedObserve

«FeatureType»
Observ ation

. feature of interest .-

» Feature-type is taken
from a domain-model
(e.g. Geology)

procedureParameter: TypedValue [0..*]
procedureTime: TM_Object [0..1]

quality: DQ_Element [0..1]
observationMetadata: MD_Metadata [0..1]
resultDefinition: CharacterString [0..1]
samplingTime: TM_Object

+ 4+ + + + o+

/procedure

e procedure

» Standard procedures,
suitable for the

property-type

observedProperty / result

1
PropertyType

«type»
Any
{n}

* observed property
» Belongs to feature-of-interest-type
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Conceptual object model: features

i » Digital object corresponding
|l with identifiable, typed,
/Il object in the real world

| * mountain, road, specimen, event,
1| tract, catchment, wetland, farm, bore, _
reach, property, license-area, station

» Feature-type is characterised by a §
| specific set of properties

iy
y
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Geology domain model — (e.g. GeoSciML)

» type(featureOfinterest) = any of these classes

Borehole :
. * observedProperty = any of these properties
= collar location
= shape
= collar diameter
m |ength FaUIt
= operator " shape
= M = surface trace
License area = displacement
= issuer = age
Ore-body
= holder - _
= interestedParty : er;(;;]i(:dt%e
= shape(t
. pe(t) = host formation
= right(t) - e
. ;ation
= resource estimate
= shape
= sampling frame
= age

= dominant lithology
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Some properties vary within a feature

 colour of a Scene or Swath varies with position

I ;l » shape of a Glacier varies with time
» temperature at a Station varies with time

» rock density varies along a Borehole
« Variable values may be described as a Function on some

/] axis of the feature

e Corresponding Observation/result is a Function
« if spatio-temporal also known as coverage or map

[
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Proximate vs ultimate feature-of-interest

The ultimate (project) thing of interest may not be directly
or fully accessible

1.Sensed property is a proxy
e e.g. want land-cover, observe colour
» Post-processing required
* Fol may change during processing — e.g. “scene” =» “tract”

2.Proximate feature of interest embodies a sample design
* Rock-specimen samples an ore-body or geologic unit
» Well samples an aquifer
 Profile samples an ocean/atmosphere column
» Cross-section samples a rock-unit

Some standard designs are common
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Sampling Features model

| | Name:

||| Package:
|| |version:

| | | Author:

SamplingBase

pedagogy
1.0
Simon Cox
«FeatureType»
AnyFeature

sampledFeature

«DataType»
SamplingFeatureRelation

relatedObservation

«FeatureType»
Observation

0..*

CSIRO Generic Observations Model/DMT '07

"
\\\\ _ 0. 7 0.*
Intention relatedSamplingFeature
target source
«FeatureType»
SamplingFeature
. member
constraints
{relatedObservation.feature OfInterest=self} N
- «FeatureType»

SamplingFeatureCollection




Sampling Manifolds

«FeatureTyp...

samplingFeature * Provide bounds-for sub-
sampling, but not details of
v\ decomposition

«FeatureType»

«FeatureType» SpatiallyExtensiveSamplingFeature
SamplingPoint

+ position: GM_Point

«FeatureTyp... /7 %

Station «FeatureType» «FeatureType» «FeatureType»
SamplingCurv e SamplingSurface SamplingSolid
+ length: Measure [0..1] + area: Measure [0..1] + volume: Measure [0..1]
+ shape: GM_Curve + shape: GM_Surface + shape: GM_Solid
«FeatureTyp... /
Profile
«FeatureTyp... «FeatureTyp...
«FeatureTyp... Trajectory Observ ationWell
Traverse «FeatureTy atureTyp «FeatureTyp...
Swath cene LidarCloud

«FeatureTyp...
ShipsTrack
«FeatureTyp...

«FeatureTyp...
Flightline Interval «FeatureTyp... «FeatureTyp... «FeatureTyp...
MapSurface Section Flitch
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Specimen

Name: Specimen
Package: pedagogy «FeatureType» «DataType»

Version: 1.0 AnyFeature SamplingFeatureRelation
Author: Simon Cox

+ role: GenericName

sampledFeature %1..* 7] 0.
relatedSamplingFeature
Intention
target
source
«FeatureType» 1 «FeatureType»
SamplingFeature Process

- ;'S,-'peci mens are SamplingFeatures Zﬁ 0.
US ed fO I ex-S | tuo bS ervati oNn an d m— %rocessngDetans
an alys I S Specimen

+ materialClass. GenericName

+ currentLocation: Location [0..1]
+ samplingMethod: ProcessModel [0..1]

«estimatedProperty»
+ samplingTime: TM_GeometricPrimitive
+ size: Measure [0..1]

«FeatureType»
LocatedSpecimen

«estimatedProperty»
+ samplingLocation: GM_Object
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Examples

 The 7th banana weighed 270gm on the kitchen scales this morning

] « The attitude of the foliation at outcrop 321 of the Leederville Formation
was 63/085, measured using a Brunton on 2006-08-08

i » Specimen H69 was identified on 1999-01-14 by Amy Bachrach as
][] Eucalyptus Caesia

« The image of Camp lota was obtained by Aster in 2003

o Sample WMC997t collected at Empire Dam on 1996-03-30 was found to
have 5.6 g/T Au as measured by ICPMS at ABC Labs on 1996-05-31

]  The X-Z Geobarometer determined that the ore-body was at depth 3.5 km
" at 1.75 Ga
e The simulation run on 2004-09-09 indicated a pressure reduction of 4

MPa at 600 Ma

[
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Development and validation of O&M

* Developed in the context of
« XMML Geochemistry/Assay data

» OGC Sensor Web Enablement — environmental and remote
sensing

« Subsequently applied in
» Water resources/water quality (WQDP, AWDIP, WRON)
* Oceans & Atmospheres (UK CLRC, UK Met Office)
» Natural resources (NRML)
» Taxonomic data (TDWG)
» Geology field data (GeoSciML)

* | could have put dozens of logos down here
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Status

« OGC Best Practice paper, r4 — 2006
« RFC 2007-02-08

« OGC RWG =»Adopted Specification — late 20077

Member

e |ISO Standard — 2008-9?

International
Organization for
Standardization
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Exploration & Mining
Simon Cox
Research Scientist

Phone: +61 8 6436 8639
Email: Simon.Cox@csiro.au
Web: www.csiro.au/em

Thank you

1 Contact Us
| :. [ Phone: 1300 363 400 or +61 3 9545 2176

Email: Enquiries@csiro.au Web: www.csiro.au CSIRO



“Cross-sections” through collections

Au (ppm) Cu-a (%) Cu-b (%) As (ppm) Sh (ppm)

1.23 3.45 4.23 0.5 0.34 « A Row gives properties of
one feature

A Column = variation of a single
property across adomain (i.e. set
of locations)
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Observations, features and coverages

Same ro el’t on Material : i ] . .
_ Property S mse% Lg|tlp|e observations

multiple|sampAegroperty wvake — — different features
is a another kmg 2580 kg/T: | +result +observedPropert +ti:p-rocedure 712-23 : '

f y be a covekae GBservaton L~ ™™ Instant \ one property:
oT coverage i

enay A SN coverage evidence
MUItIpIe Observations /IineraIDistribL:tion ::rgsfm{ﬂ/ Oz;il:sgﬁc;n - 2006-111'&24435?06(!—11-26:
=———1 | ULV ETIO0)

one featUr@west Leederville, | S :.CV_Coverage |otkSample-B :

. T WA :Location Specimen
different prpperties: rmaeral N — bsewedpmpeny\]

feature summary evidence

+procedure
Density : Densitometry :
Phenomenon ObservationProcedyre

+featureOIfIn rest

Feature Leederville, WA:zamplingLocation RockSample-A : +observedProperty +procedure7
Location Specimen
summary P t |
+feat-ly{0flnterest roper y'Va. SIS
— evidence
2610 kg/T: | +result DensityltA : +time [  2006-11-23 :
Measure |<<] Observation TM Instant
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Accessing data using the “Observation” viewpoint

CSIRO Generic Observations Model/DMT '07

getFeature,
type=0Observation WFS/
i ya obs [,
g Eto bservation l getCoverage
(] (result)
g etResult getCoverage
= wes |/
|/|/describeSensor
SOS
g etFeatureOfinter e\
getRecordByld Sen SOr
Register
getFeature
WES




Accessing data using the “Sampling Feature

Service” viewpoint

getFeature WFS

|'|| l'lI |'|| l'II |'|| |III |'II

|III |II |III |II |III ||| |III *l I

I getObservatio getCove
(relatedObs) (property

|/getFeature
Il' ;' | ;' I('s'am pling Feature)
[ getCoverage

] g etFeature

source

m 'I(¢overage property value) WFS/

II|| II||' I||| II||I II|| llllg et F e at u r e g otFeature
|| [ |'| I.'(relatedObservation) SFS (featureOfinterest)| (result)
|'II l'II |'|| l'll |'|| IIII |'| \ I
m | ll' | getObservation
| ||I II|I ||| II| ||I ||| S O S
|'II |'|| l'II |'|| |III |II I
ll'l |'| ll'l I getRecordByld
i (procedure)
/l] Sensor
Register
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Accessing data using the “Domain Feature”

viewpoint

getResult
(property value)

= SOS \

|//getFeature

??

WFS /’
getCoverage WCS

(property value)
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Accessing data using the “just the data” viewpoint

9 etCoverage

WCS

getResult (lots of ‘em)
(range values)

= SOS

/

getFeature/geometry
(domain exent)

WES
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Conclusions

» Different viewpoints of same information for different

i purposes
i « Summary vs. analysis

« Some values are determined by observation
» Sometimes the description of the estimation process is necessary

* Transformation between views important
« Management of observation evidence can be integrated

 (Bryan Lawrence issues)
e For rich data processing, rich data models are needed

I » Explicit or implicit
 Data models (types, features) are important constraints on

service specification

[
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