INTERNATIONAL ISO
STANDARD 19101-2

First edition
2018-05

Geographic information —~Refernence
model —

Part 2:
Imagery

Information géographique—~< Modéle de réference —

Partie 2: Imagerie

Reference number
1SO 19101-2:2018(E)

©1S0 2018


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

ISO 19101-2:2018(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2018

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

1ISO 19101-2:2018(E)

Contents Page
FFOT@WOIM ..........ooooooeoeeeee oo es s 858 s \%
IIMEIOAUCTION. ......oooooi sk vi
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms aNd AefiMETIOMNIS ... 1
4 Abbreviated-terms-and-symbeols—

4.1 Abbreviated terms....................

4.2 SYINDOLS e e e

L0000 1D (0] 1 14 ) 1 L OSSR ) S

51 GBIIETAL ... e S

5.2 Enterprise cOnformance ... B e

5.3 Sensor conformance................

54  Imagery data conformance

5.5 Imagery services conformance.........cccoe.

5.6  Image processing system conformance

INOTATIOM ..o oo e 10
Enterprise viewpoint - Community objectives and.policies............ccfin 10
7.1 GENETAL..ooo o A s

7.2 Geographic imagery community objective

7.3 Geographic imagery SCENATTO ... N st

7.4 Geographic iMagery POLICIES ... e

7.4.1  Introduction to policies
7.4.2  Policy development gUIAELINeS. ...
2 D o 0] (o0 =T R
Information Viewpoint — Knowledge-based decisions...
8.1 Introduction to Information Viewpoint........cccene
8.1.1 Introduction.to types of geographic imagery....
8.1.2  Creatingknowledge from imagery ...
8.1.3  GeneralFeature MOdel........iiisss s
8.1.4  Topics relevant across data, information, and knowledge
8.2 SeNSOr AAtA PACKAZE ...
8.2.1 G GOIMETAL ..o
8.22) Sensors and platforms
8.2.3  Optical sensing...........cccoscss
8.2.4  MICTOWAVE SEINISINIE ....ooiciiierisirissieiesoeisieses s
8.2.5  LIDAR SEIISOT ...ooooiiviiiiiieisieiseseosesssseiss oot
8.2.6  Sonar sensor
8.2.7  Digital images from film ... ]
L 202/ S S 1=V oW e V=T 5 F= 1
8.2.9  Calibration, validation and metrology
8.2.10 Position and attitude determination.......
8.2.11 Image acqUISItiON FEQUEST ...
8.3 Geographic imagery information — Processed, located, gridded
8.3.1  GEIETAL .
8.3.2 (Yol ) o
8.3.3  DIIVEA IMAZEIY ..ot
8.3.4 Imagery metadata..........
8.3.5 Encoding rules for imagery
8.3.6  IMAEry COMPIESSION ...ooooiiieriiiriiirisiesiisesieeiesesss st
8.4 Geographic imagery knowledge — Inference and interpretation

8.4.1

© 1S0 2018 - All rights reserved iii


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

ISO 19101-2:2018(E)

8.4.2 Knowledge from imagery ...
8.4.3 Image understanding and classification
8.4.4  IG_KNOWIEdZEBASE. ..o
8.5 Geographic imagery decision support — Context-specific applications ..., 45
8501 GEIETAL ..o
8.5.2  Decision support services
8.5.3  GeOographiC POTTIAYAL. ... e
8.5.4  FItNeSS fOI USE COMEEXE ..ottt
8.5.5  DECISION FUSTOM .o
9 Computational viewpoint — Services for imaGery ..., 51
9.1 Task-oriented computation
9.2 COMPULALIONAL PATLETTS ..o g e .
9.3 Geographic IMAZEIY SEIVICES. ...l e .52
9.4 Service chaining for imagery
9.5 B3 T4 UolcTD 43 U] 7 U = = SO I. s .
10 Engineering Viewpoint — Deployment approaches ... @S, .54
L0 GEIETAL ...t e .54
10.2 Distributed system for geographic imagery ........pm hesdo e .55
10.3 Imagery Collection Node
10.4  Sensor Processing NOGe. ... o B oo .
10.5  Imagery Archive NOGe ...ttt .
10. Value Added Processing Node
10.I Decision Support Node ... .
10. Channels: NetwWOorKks and DCPS ... et oo .60
10.8.1 Imagery considerations for channels.... gz ... .60
10.8.2 Space to ground COMMUNICATIONS ... M-t .60
Annex A (ormative) ADSEFACE ST SUITE ... oo .61
Annex B (informative) ISO Reference Model for Open Distributed Processing (RM-ODP)............... .63
Annex C (ipformative) IMAZEIY US@ CASES ........ . 0 oot .64

Annex D (informative) Changes from ISO/T$19101-2:2008

Bibliograp

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

Fo

1ISO 19101-2:2018(E)

reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document provides a reference model for processing of geographic imagery which is frequently done
in open distributed manners. The motivating themes addressed in this reference model are given below.

In terms of volume, imagery is the dominant form of geographic information.
— Stored geographic imagery volume will grow to the order of an exabyte.

— National imagery archives are multiple petabytes in size; ingesting a terabyte per day.

— Individual application data centers are archiving hundreds of terabytes of imagery.
— Tens of thousands of datasets have been catalogued and can be accessible online.

Large volumes of geographic imagery will not be portrayed directly by humans. Human attéention is{the
scarce resqurce, and is insufficient to view petabytes of data. Semantic processing wilkbe required| for
example, ajitomatic detection of features; data mining based on geographic concepts.

InformatioE technology allows the sharing of geographic information products through processing
of geographic imagery. Standards are needed to increase creation of products. A number of exisfing
standards pre used for the exchange of geographic imagery.

Examples ¢f technical, legal, and administrative hurdles to moving imhagery online include
— technifal issues of accessibility - geocoding, geographic access'standards,

— maintgnance of intellectual property rights,

— maintgnance of individual privacy rights as resolutien increases, and

— technifal issues of compatibility requiring standards.

GovernmeIts have been the predominant supplers of remotely sensed data in the past. This is changing
with the c¢mmercialization of remotely sensed data acquisition. Geographic imagery is a key inpyt to
decision sypport for policy makers.

The ultimatte challenge is to enable the geographic imagery collected from different sources to becpme
an integratled digital representation/of the Earth widely accessible for humanity’s critical decisions

Currently a large number of standards exist that describe imagery data. The processing of imagery
across multiple organizatidons'and information technologies (IT) is hampered by the lack of a cominon
abstract afchitecture. The' establishment of a common framework will foster convergence at|the
framewor}f level. In the: future, multiple implementation standards are needed for data format pnd
service intgroperability to carry out the architecture defined in this document.

The objectfivef(this document is the coordinated development of standards that allow the bengfits
of distributéd) geographic image processing to be realized in an environment of heterogeneou$ IT
resources and multiple organizational domains. An underlying assumption 1s that uncoordinated
standardization activities made without a plan cannot be united under the necessary framework.

This document provides a reference model for the processing of geographic imagery which is frequently
done in open distributed manners. The basis for defining an information system in this document is the
Reference Model for Open Distributed Processing (RM-ODP).[42] A brief description of RM-ODP can be
referenced in Annex B. The basis for defining geographic information in this document is the ISO 19100
series of standards.

The RM-0DPI42] viewpoints are used in the following fashion.

— Typical users and their business activities, and policies to carry out those activities, are addressed
in the Enterprise Viewpoint.
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— Data structures and the progressive addition of value to the resulting products are found in the
schemas of the Information Viewpoint.

— Individual processing services and the chaining of services are addressed in the Computational
Viewpoint.

Approaches to deploy the components of the Information and Computational viewpoints to distributed
physical locations are addressed in the Engineering Viewpoint.

© 1S0 2018 - All rights reserved vii
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INTERNATIONAL STANDARD

ISO 19101-2:2018(E)

Geographic information — Reference model —

Part 2:

Imagery

1 [Scope

Thif document defines a reference model for standardization in the field of geographjc imagery
professing. This reference model identifies the scope of the standardization activity being yndertaken
and the context in which it takes place. The reference model includes gridded data with ap emphasis
on imagery. Although structured in the context of information technology and information fechnology
stamdards, this document is independent of any application developmeént method or fechnology
implementation approach.

2 |Normative references

The following documents are referred to in the text in sueln@ way that some or all of their content
conktitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
1S0|19115-1:2014, Geographic information — Metadata— Part 1: Fundamentals

[SO|19115-2:2009, Geographic information — Metadata — Part 2: Extensions for imagery and gfidded data
[SO[19119:2016, Geographic information —.Services

[S0|19123:2005, Geographic informatiof.~— Schema for coverage geometry and functions
1S0[{19130-1:—1, Geographic information — Imagery sensor models for geopositioning

3 |Terms and definitions

For|the purposes of thiS.document, the following terms and definitions apply.

[SO|and IEC mainfain terminological databases for use in standardization at the following addresses:
— |IEC Electropedia: available at http://www.electropedia.org/

— |ISO Online browsing platform: available at http://www.iso.or

3.1

band

range of wavelengths of electromagnetic radiation that produce a single response by a sensing device
3.2

calibration

process of quantitatively defining a system’s responses to known, controlled signal inputs

[SOURCE: CEOS WGCV]

1y

Under preparation. Stage at the time of publication: ISO/DIS 19130-1.
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3.3

computational viewpoint

viewpoint (3.42) on an ODP system and its environment that enables distribution through functional
decomposition of the system into objects which interact at interfaces (3.16)

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.3]

3.4

coverage

feature (3.9) that acts as a function to return values from its range for any direct position within its
spatial, temporal or spatiotemporal domain

[SOURCE: IISO 19123:2005, 4.1.7]

3.5
digital eleyvation model
dataset of ¢levation values that are assigned algorithmically to 2-dimensional coordinates

3.6
digital number
DN
integer valjie representing a measurement (3.20) as detected by a sensor (3:36)

3.7
engineering viewpoint
viewpoint (|3.42) on an ODP system and its environment that focuses on the mechanisms and functjons
required t¢ support distributed interaction between objects in the system

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.4]

3.8
enterpris¢ viewpoint
viewpoint (|3.42) on an ODP system and its environment that focuses on the purpose, scope and policies
for that sygtem

[SOURCE: ISO/IEC 10746-3:2009, 4.1.1.1]

3.9
feature
abstraction of real world phenoemeéna

[SOURCE: ISO 19101-1:2014;4.1.11]

3.10
geographilc feature
representation ef re€al world phenomenon associated with a location relative to the Earth

[SOURCE: ISO-19125-2:2004, 4.2]

3.11
geographic imagery
imagery (3.14) associated with a location relative to the Earth

3.12

geographic imagery scene

geographic imagery (3.11) whose data consists of measurements (3.20) or simulated measurements of
the natural world produced relative to a specified vantage point and at a specified time

Note 1 to entry: A geographic imagery scene is a representation of an environmental landscape; it may

correspond to a remotely sensed view of the natural world or to a computer-generated virtual scene (3.35)
simulating such a view.

2 © ISO 2018 - All rights reserved
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3.13
grid

network composed of two or more sets of curves in which the members of each set intersect the

members of the other sets in an algorithmic way
[SOURCE: IS0 19123:2005, 4.1.23]

3.14
imagery
representation of phenomena as images produced by electronic and/or optical techniques

interoperability
cappbility to communicate, execute programs, or*transfer data among various functional
manner that requires the user to have little or no’knowledge of the unique characteristics of

[SOURCE: ISO/IEC 2382:2015, 2121317]

3.18
kngwledge base
data base of knowledge about a.particular subject

Note 1 to entry: The databasé contains facts, inferences, and procedures needed for problem soluti
Comjputer).

3.1t

measurable quantity

attifibute of a phénomenon, body or substance that may be distinguished qualitatively and ¢
quantitatively

[SOPRGEwVIM:1993, 1.1]

one or more

hformation

units in a
fhose units

n (Webster

etermined

3.20

measurand
particular quantity subject to measurement (3.20)

EXAMPLE Vapour pressure of a given sample of water at 20 °C.

Note 1 to entry: The specification of a measurand may require statements about quantities such as time,

temperature and pressure.

[SOURCE: VIM:1993, 2.6]

© ISO 2018 - All rights reserved
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3.21

measurement
set of operations (3.24) having the object of determining the value of a quantity

[SOURCE: VIM:1993, 2.1]

3.22
metadata

information about a resource

[SOURCE: I

SO 19115-1:2014, 4.10]

3.23

metric traceability

property o
to stated
compariso

[SOURCE: I

3.24
operation
specificat

Noteltoe
[SOURCE: I
3.25

f the result of a measurement (3.20) or the value of a standard whereby it canr be relz

hs all having stated uncertainties

Derived from VIM]

1n of a transformation or query that an object may be called to execute

ry: An operation has a name and a list of parameters.

SO 19119:2016, 4.1.10]

orthoima

e

image in which by orthogonal projection to a reference surface, displacement of image points du
sensor (3.3p) orientation and terrain relief has been removed

Note 1 to e
information

3.26
picture or

ted

references, usually national or international standards, through an unbroken chaip of

e to

try: The amount of displacement depends on the resolution and the level of detail of the elevation

and on the software implementatipn:

iginal

representation of a two-dimensional hardcopy or softcopy input image in terms of the colour-sy

coordinate

s (or an approximationythereof)

Note 1 to erftry: Picture originals could be obtained from printed maps, printed pictures of a geographic ima

scene (3.12)

3.27
picture pg

or drawings ofigeographic information, etc.

rtrayal

representations\of image data in terms of the colour-space coordinates that are appropriate for,

tightly cou

pled to, the characteristics of a specified real or virtual output device and viewing

ace

jery

and

Note 1 to entry: Picture portrayals are geared for visual display whether in hardcopy or softcopy.

3.28
pixel

smallest element of a digital image to which attributes are assigned

Note 1 to entry: This term originated as a contraction of “picture element”.

Note 2 to entry: Related to the concept of a grid (3.13) cell.

© ISO 2018 - All rights reserved
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3.29
policy
set of rules related to a particular purpose

[SOURCE: ISO/IEC 10746-2]

3.30

radiance

atapointon asurface and in a given direction, the radiant intensity of an element of the surface, divided
by the area of the orthogonal projection of this element on a plane perpendicular to the given direction

[SOPRCETTSO 80000-7:2008; 7-15]

3.3
radiiant energy
enefgy emitted, transferred or received as radiation

[SOPRCE: ISO 80000-7:2008, 7-6]

3.3
recprd
finife, named collection of related items (objects or values)

[SOPRCE: ISO 19107:2003, 4.62]

3.38
remote sensing
collection and interpretation of information about afijobject without being in physical cdntact with
the[object

3.3¢
resplution (of a sensor)
smdllest difference between indications of'a'sensor (3.36) that can be meaningfully distingujshed

Note 1 to entry: For imagery (3.14), resplution refers to radiometric, spectral, spatial and temporal r¢solutions.

3.3p
scehe
spertral radiances (3.30) of @view of the natural world as measured from a specified vantgge point in
spafe and at a specified time

Not¢ 1 to entry: A séene may correspond to a remotely sensed view of the natural world or to § computer-
geng¢rated virtual scene simulating such a view.

[SOPRCE: 1S0~22028-1:2016, 3.35]

dcarrying a

[SOURCE: ISO/IEC GUIDE 99:2007, 3.8]

3.37
sensor model
description of the radiometric and geometric characteristics of a sensor (3.36)

3.38
service
distinct part of the functionality that is provided by an entity through interfaces (3.16)

© IS0 2018 - All rights reserved 5
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3.39

technology viewpoint
viewpoint (3.42) on an ODP system and its environment that focuses on the choice of technology in
that system

[SOURCE: 1
3.40

SO/IEC 10746-3:2009, 4.1.1.5]

uncertainty
parameter, associated with the result of measurement (3.20), that characterizes the dispersion of values
that could reasonably be attributed to the measurand (3.21)

Note 1 to er
width of an

Note 2 to
componentg
be characte

by standard deviations, are evaluated from assumed probability distributions based on“experience or o
information.

Note 3 to e
measurand,
components

[SOURCE: 1

3.41
validation
process of
system ou

[SOURCE:
3.42

viewpoint]
form of ab
order to fo

[SOURCE: ]

4 Abbr

4.1 Abb

BeiDou

interval having a stated level of confidence.

may be evaluated from the statistical distribution of the results of series of measuréments and
Iized by experimental standard deviations. The other components, which can alse be character

htry: It is understood that the result of the measurement is the best estimate of the value of
and that all components of uncertainty, including those arising ffom systematic effects, suc
associated with corrections and reference standards, contribute'to the dispersion.

SO 19116:2004, 4.26, modified — Notes 1-3 to entry have‘been added.]

assessing, by independent means, the quality of the data products derived from
puts

[EOS WGCV]

(on a system)
Ktraction achieved using a selected set of architectural concepts and structuring rules
Cus on particular concernswithin a system

SO/IEC 10746-2:2009;-3.2.7]

bviated ternis-and symbols

reviated terms

China BeiDou Navigation Satellite System

try: The parameter may be, for example, a standard deviation (or a given multiple of it), or the Lalf-

entry: Uncertainty of measurement comprises, in general, many components. Some of these

can
zed
ther

the
h as

the

, in

BIIF
CEOS
CIE
CMYK
CRS
CRT
cw

Basic Image Interchange Format
Committee on Earth Observation Satellites
International Commission on [llumination
Nonlinear Cyan, Magenta, Yellow, Black
Coordinate Reference System

Cathode Ray Tube

Continuous Wavelength

© ISO 2018 - All rights reserved
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DCP Distributed Computing Platform

DEM Digital Elevation Model

DIAL Differential Absorption LIDAR

DM Discrete Multivariate Statistics

DN Digital Number

DSS Decision Support Service

EOY Earth Observation Satellite

EO9YDIS Earth Observing System Data and Information System
FIFD First In, First Out

FIR Infrared band

FOV Field of View

G Gravity

Gallleo European Union Galileo positioning system
GE( Geosynchronous Earth Orbit

GEOTIFF Tagged Image File Format for Geographic Imagery
GFN General Feature Model

GH? Gigahertz

GIS Geographic Information System

GLONASS  Global Navigation.Satellite System

GML Geography Markup Language

GMLJpP2 GML in JPEG 2000

GPS GlobalPositioning System

GSI Ground Sample Distance

GSI Ground Sample Interval

HDE HierarehteatPatatormat

HSB Hue, Saturation, Brightness

HSV Hue, Saturation, Value

HTTP Hypertext Transfer Protocol

IEC International Electrotechnical Commission
IfSAR Interferometric Synthetic Aperture Radar
IGFOV Instantaneous Geometric Field of View

© ISO 2018 - All rights reserved
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[HO International Hydrographic Organization

IRNSS Indian Regional Navigation Satellite System

IR-A Infrared IR-A band

IR-B Infrared IR-B band

IR-C IR-C band

ISAR Inverse Synthetic Aperture Radar Infrared

ISR Intelligence, Surveillance, and Reconnaissance
ISPRS International Society for Photogrammetry and Remote Sensing
IT Information Technology

ITU-R International Telecommunication Union Radiocommunication Sector
IUS Image Understanding System

JPEG Joint Photographic Experts Group

KML Keyhole Markup Language

LEO Low Earth Orbit

LIDAR Light Detection And Ranging

LIFO Last In, First Out

MIR Mid-Infrared band

NASA National Aeronautical and Space’Administration
NATO North Atlantic Treaty Organization

NCSA National Center for Supercomputing Applications
NEXRAD Next Generatio-Radar

NIIA NATO ISR Interoperability Architecture

NIR Near-Ififrared band

NSIF INATO Secondary Imagery Format

NSILI NATO-Standard-tmage Hibrarynterface

ODP Open Distributed Processing (see RM-ODP)

0GC OpenGeospatial® Consortium

OLAP Online Analytical Processing

OSDDEP Open Skies Digital Data Exchange Profile
QZSS Japanese Quasi-Zenith Satellite System

RCS Radar Cross Section

8 © ISO 2018 - All rights reserved
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RGB Red, Green, Blue
RGBI Red, Green, Blue, Intensity

RM-ODP Reference Model for Open Distributed Processing

RMSE Root Mean Squared Error

RNC Raster Nautical Chart

SAR Synthetic Aperture Radar

SI International System

SPAS State Plane Coordinate System
SQL Standard Query Language

STANAG Standardization Agreement

TIFF Tagged Image File Format

UML Unified Modelling Language

UTM Universal Transverse Mercator
VIM International Vocabulary of Basic and General Terms in Metrology
WMO World Meteorological Organization
YCrCb Luminance and Chrominance

4.2 Symbols

A wavelength

o° radar backscatteh

Nv volume bacKscatter coefficient

o radar target reflective strength

5 |Conformance

5.1 General

To conform to this document, all of the conditions specified for at Ieast one of the conformance classes
described below shall be satisfied.

5.2 Enterprise conformance

Any enterprise that claims conformance to this document shall satisfy all of the conditions specified in
the test module in A.1.

5.3 Sensor conformance

Any sensor for which conformance to this document is claimed shall satisfy all of the conditions
specified in the test module in A.2.

© ISO 2018 - All rights reserved 9
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5.4 Imagery data conformance

Any enterprise for which conformance to this document is claimed shall satisfy all of the conditions
specified in the test module in A.3.

5.5

Imagery services conformance

Any enterprise for which conformance to this document is claimed shall satisfy all of the conditions
specified in the test module in A.4.

5.6 Ima

Any image
conditions

6 Notat

The conceptual schema specified in this document is described using the Unified Modelling Langy

(UML), foll
in other IS
type classé
the class ig

pe processing system coniormance

processing system for which conformance to this document is claimed shall satisfy:all of
specified in the test module in A.5.

ion

bwing the guidance of ISO 19103[28]. Several model elements used.ibthis schema are def
D geographic information standards. Names of UML classes, with.the exception of basic

defined. Table 1 lists the other documents and packagesdinwhich UML classes used in

ed

{;
s, include a two-letter prefix that identifies the standard @and the UML package in which
this

the

age

ta

document have been defined.

Table 1 — Sources of defined UML classes

Standard
IS0 19123
1SO 19110
1SO 19109
1SO 19101-2
ISO 19115-1

Prefix Package
cv
FC
GF
IG

LI

€overages

Feature cataloguing

Rules for Application Schema

Reference model — Imagery
Metadata

7 Enternprise viewpoint -~.Community objectives and policies

7.1 General

rise viewpeint on a geographic imagery processing system and its environment focuse
e, scope<and policies as is done in ODP systemsl42]. The purpose is provided as the objec
rraphiciimagery community. The scope is defined through a high-level scenario in 7.3
through uge eases in Annex C. Policies are discussed in 7.4 through a set of criteria for developing
policies fof g€ographic imagery systems as well as several example international policies relatinlg to
geographic imagery. The enterprise viewpoint provides a context for the development of standards in
the other viewpoints.

5 on
tive
and

The enterp
the purpos
of the geog

7.2 Geographic imagery community objective

The central concept of the enterprise viewpoint is how the geographic imagery community interacts
to enable imagery collected from different sources to become an integrated digital representation of
the Earth widely accessible for humanity’s critical decisions. The enterprise viewpoint provides the
metric traceability between this objective and the system design for distributed geographic imagery
processing systems.

The fundamental goal of the geographic imagery community is to advance and protect interests of

humanity by development of imaging capabilities, and by sustaining and enhancing the geographic
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imagery industry. Doing so will also foster economic growth, contribute to environmental stewardship,

assist into natural and manmade disaster management from planning to recovery, and enabl
and technological excellence.

7.3 Geographic imagery scenario

e scientific

Figure 1 provides an example of a geographic imagery scenario. The context is that a customer requests
geographic imagery information to be used with other information, including other geographic

information, in support of a decision. The analyst is key in the role of decision support.

The—customer’s rnnnncf for nannranhw‘ lmarn:\rv information is assessed in the n]:\nnlnr
506 Y

cusfomer’s de51red information may be readlly available from an archive or a model
professed from information in an archive or available from a model. In this scenarie,"a

addjitional processing may be needed on the archive or model outputs in order to meet the
reqpest.

The customer’s request for geographic imagery may require collection_of new imagef
deteérmines the available sensors and platforms and develops an imagery acquisition re
senpor is tasked to acquire the raw data and the acquisition is perfofmed. Acquisition of t
datj is done in accordance with the acquisition policies.

Whether the customer’s request is to be satisfied from an archiive holding, a model output,

acqpisition, typically some type of additional processing iS/n€eded. This could range fron
the|encoding format of the imagery to creating derivedimagery or image knowledge prd
restilting imagery information may be applied with additional information to form a res
meg¢ts the customer’s needs. Distribution of the imagety information response is done in
with the distribution policies.

\"4
Geographic imagé}y community

Planning

Request

Acquisition.
Policies

Response

Response

step. The
or may be
model is a

sngkllation of some portion of the geographic environment able to produce geographie imajgery. Some

customer’s

y. Tasking
quest. The
ne imagery

or a data
h changing
ducts. The
ponse that
hccordance

Other
information,
including
geographic

Constraint:
Distribution

Analyst Policies

Figure 1 — Geographic imagery scenario
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7.4 Geographic imagery policies

7.4.1 Introduction to policies

A policy, as defined in ISO/IEC 10746-2[43], is a set of rules related to a particular purpose. A rule can be
expressed as an obligation, a permission or a prohibition. Not every policy is a constraint. Some policies
represent an empowerment.

Some geographic imagery policies promulgated by international organizations are included in 7.4.2 and
7.4.3. They may apply to particular geographic imagery systems.

Organizatipns involved in imagery work should develop policies consistent with the guidelinef in

Table 2.

2]

7.4.2 Policy development guidelines

Guidelines|for development of policies for geographic imagery systems are listed.in Table 2. In this
document,| “policy” refers primarily to issues of ownership i.e. intellectual property, terms jand
conditions|of use i.e. licensing and charging i.e. for fee or open data for geographic imagery.

Table 2 — Policy development guidelines

Stability Stability of data and services over time is essential $o that investment decisions can He
made with a correct understanding of the conditious of the future marketplace.

Specific policies include continuity in data collection, consistency in format, frequendy
of observations, and access to comparable data over time.

Simplicity Access to geographic imagery is subject te'many interpretations driven by the variety of
people and organizations with informed opinions about the subject. Simple policies that
avoid the pitfalls of becoming too deéply entrenched in implementation are necessary.

Fair treatmnjent Given that much geographic imagery is publicly funded, there is a concern for fair trefit-
ment to be applied and to be.seen to be applied. This means explicit conditions of accgss
that do not arbitrarily faveiir one group or penalize another group.

Growth Growth in the types, extent and volume of geographic imagery is desired. Policies that
support growth areteritical.

Maximum gccess There is widespfead interest in maximizing the use of geographic imagery. Image acdess
should follow @pen standards to allow the integrated use of imagery from multiple
sources.

Sustainabillity A combination of high investment costs plus a high potential value of the data in the Ipng

termrmeans that the value of a sustainable geographic imagery sector should not disgp-
pearshortly after applications have been brought to a mature stage.

7.4.3 Policies

7.4.3.1 Imagery acquisition policies

The United Nations resolution “Principles Relating to Remote Sensing of the Earth from Space”[Z5] was
adopted by the United Nations as part of the progression of formulating international rules to enhance
opportunities for international cooperation in space.

The International Telecommunication Union - Radiocommunication (ITU-R) has drafted a handbookI21]
that identifies radio frequencies that are critical to meteorological measurements and which should not
be used for radio transmission as a matter of policy. These measurements would be degraded by radio
transmission from non-meteorological sources.
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3.2 Imagery distribution policies

The World Meteorological Organization (WMO) has promulgated a resolution[20] that identifies radio
frequencies that are critical to meteorological measurements and their distribution.

7.4.

3.3 Enterprise development policies

A policy of standardization for data and interfaces is one of the essential building blocks of the
Information Society. There should be particular emphasis on the development and adoption of
International Standards. The development and use of open, interoperable, non-discriminatory and

demand-driven standards that take into account needs of users and consumers is a ba

ic element

for
affd
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8.1

8.1
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To
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the development and greater diffusion of information and communication technologieg
rdable access to them[92].

Information Viewpoint — Knowledge-based decisions

Introduction to Information Viewpoint

1 Introduction to types of geographic imagery

term “image” is not explicitly defined or addressed in this\teference model since ther
inings of image within various user contexts. Geographic imagery however is defiq

th. To view geographic imagery, a presentation procéss'is required.

blace geographic imagery in the larger contextof imagery, various types of “images”
figure 2, which is derived from the image .state diagram of ISO 22028-1:2016[33]. I
gorizes image encodings into scene-refef¥ed or picture-referred image states. Th
pbdings have been refined further withinthis document in the manner described below.

and more

P are many
led in this

ument. Geographic imagery is imagery whose data is. associated with a location relative to the

are shown
0 22028-1
ose image
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Computer mode

GEOGRAPHIC
IMAGERY
SCENE

PICTURE
PORTRAYAL

Hardcopy

PICTURE
ORIGINAL

Film or other
medium

Computer mode
Hardcopy

Key

Cj ENCODED
Q bource of image
—»  Transformation

EXAMPLE 1|  Picture Portrayal: PNG file for visual display:
EXAMPLE 2]  Picture Original: TIFF scan of a paper map.

EXAMPLE 3]  Geographic Imagery Scene: Mulfi-spectral scan of environment.

Figure 2 — Image state diagram with modifications for geographic imagery

A scene majiy correspond to a-remotely sensed view of the natural world or to a computer-genergted
virtual scene simulating such.d view. This document applies the approach of feature modelling of|the
19100 serigs of Internatignal Standards to “Geographic Imagery Scenes”.

A feature is an abstragetion of real world phenomenal2Z]. A geographic feature has implicit or explicit
reference fo a locatien relative to the Earth. A coverage is a feature that acts as a function to return
values from its fange for any direct position within its spatiotemporal domain. Examples of covergges
include anfimage, a polygon overlay, or a dlgltal elevation matrlx Con51stent with the ISO 19100 sefries
approach offes d aphic
Imagery Scene is a coverage whose range Values quantltatlvely descrlbe phy51cal phenomena

This document emphasizes scene-referred imagery, such as derivations of geophysical values based on
sensor measurements. This derived imagery is also considered to be a type of Geographic Imagery Scene.

Physical quantities and units as defined in ISO 80000-1[37] should be used in a Geographic Imagery
Scene for the quantitative description of physical phenomena as far as possible. Conventional scales
may be used in other types of geographic coverages. The physical quantities of a Geographic Imagery
Scene may be the result of a measurement by a sensor or from a prediction by a physical model (denoted
as ovals labelled “Sensor” and “Computer Model” in Figure 2).

A Geographic Imagery Scene is a representation of an environmental landscape, i.e. a measurement of
the natural world at a specified vantage point in space and at a specified time. It may correspond to a
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remotely sensed view of the natural world or to a computer-generated virtual scene simulating such
a view. To accommodate geographic imagery, this document has modified the image state diagram
of ISO 22028-1 by changing from “Scene-referred colour encoding” to “Geographic Imagery Scene.”
Geographic Imagery Scenes make use of a much broader spectrum than the colours addressed by
[SO 22028-1. Also, Geographic Imagery Scenes may be measurements other than radiances, i.e. they
may correspond to a computer-generated virtual scene simulating a remotely sensed view of radiances.

“Picture Portrayals” (Figure 2) are representations of image data in terms of the colour-space
coordinates that are appropriate for, and tightly coupled to, the characteristics of specified real or
virtual output device and viewing. They use colour coding for the representation of pixel values and

inpy
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8.3

8.1

The
cha
inte
con
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Figlire 3. The contents of these\packages are addressed in 8.2 to 8.5 of this Information View

“Hardcopy” and “Display” ovals in Figure 2). The portrayal of geographic information isca

t?ﬁ)ugh a Picture Original may be a picture of a Geographic Imagery Seene, it is not a Scens

19117[32].

ture Originals” (Figure 2) are representations of a two-dimensional hatdcopy
it image in terms of the colour-space coordinates (or an approximation thereof). For
rmation, Picture Originals could be obtained from printed maps, printed pictures of

ery, drawings of geographic information, etc. (denoted as the oval labelled “Hardcopy” i

.35 because the picture was previously colour-rendered for printing;

h Picture Portrayals and Picture Originals are colour encodings of any type of
rmation including, but not limited to, geographic imagery.dssues such as false-colou
| be addressed to transform the broader spectrum of ge¢graphic imagery into colour im

to 8.5 present a detailed conceptual schema for geographic imagery scenes.

2 Creating knowledge from imagery

Information Viewpoint in this document”identifies various types of geographic i
racterizing Geographic Imagery Scenesy The Information Viewpoint is structured fo
grated approach to geographic imageryshowing relationships of raw sensed data to highg
tent information and knowledge:«As defined in ISO/IEC 10746-1[42] an Information
cification of an ODP system focuses on the semantics of information and information
resulting structure of the lnformation Viewpoint is reflected in the UML packages id

y (denoted
dressed in

softcopy
beographic
beographic
n Figure 2).
as defined

beographic
rendering
hgery.

hformation

llowing an

br semantic
Viewpoint
brocessing.
entified in
point.
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Sensor Data |

Image Information |

<_____

___________ 1

Imagery Knowledge

Image Knowledge Base

Image Classification and Understanding

Decision Support

Figure 3 — Information\Viewpoint packages

Geographi¢ imagery is used to signify somgthing about the environment. Figure 4 presents
structure for the Information Viewpoint[2],

Decisions

Pragmatic application of knowledge

Knowledge

Integrated model of information

E—

Information

Data with meaning assigned

E——

Data

Representation subject to interpretation

=

Figure 4 — Structure of the Information Viewpoint

the

Data (Figure 4, bottom layer) is a reinterpretable representation of information in a formalized manner
suitable for communication, interpretation, or processing[40]. For imagery, data consists of the results
of measurement by a sensor.

Meaning is assigned to data by applying conventions or agreed-upon codes so that it becomes
informationl3]. Structuring the sensor data in a standard syntax allows for transmission of the data to
entities in the open distributed processing system.

Asinformation is gathered, observed regularities are generalized and models are developed forming the
transition to knowledge. Knowledge is an organized, integrated collection of facts and generalizations.

16
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Imagery can be interpreted based on a model of feature types that correspond to a universe of discourse.
The resulting feature-based description of a Geographic Imagery Scene is described in 8.1.3.

The knowledge base is used in the formation of pragmatic decisions that address the goals of multiple
stakeholders. A key to effective decisions is identifying the context in which the decision applies. The
context determines what information is relevant to the decision.

8.1.3 General Feature Model

Geographic imagery is a type of geographic information. The ISO 19100 series of International
ing geng ici i [31] defines
Conceptual Modelling and the Domain Reference Model that this document extends fergeographic
5 wherever

Standard modelling approach for seaoranh nformation 0 19101-

application schemas are dealt with.

The definitions of the feature types and their properties, as perceived in the cantext of an ppplication
field,, are derived from the universe of discourse. A feature catalogue documents the feafure types.
An japplication schema defines the logical structure of data and may define operations that can be
performed on or with the data.

Reality: Phenomena Physical

measurements

Ancillary
Data

Universe of
Discourse

€atalogue

; Physical/Analogue data set

O Action
[/

\J

<<numerical>> )
/ <<semantic>>

Attribute I
catalogue 7
Feature I
Classification
Interpreted
Image

Derived
image

1 [h&

Geospatial DB

Figure 5 — Feature modelling extended to imagery

Figure 5 shows the process of directly sensing or otherwise producing a representation of reality in a
data set that can be processed to provide measurements of physical quantities or to be interpreted as
a set of discrete features. The physical quantities and their properties, as perceived in the context of
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an application field, are derived from the universe of discourse. An attribute catalogue documents the
physical quantities as attribute types.

Elements in the parallelograms of Figure 5 are defined in this clause. Sensors and the resulting data are
described in 8.2, as are the physical quantities in an attribute catalogue. Derived Image is described in
8.3.2. Interpreted Image is described in 8.4.

8.1.4 Topics relevant across data, information, and knowledge

8.1.4.1 Resolution

The resolu
smallest d
sensor to d
on the sens

For imager
resolution
“count”. Ra

Spectral reg
the numbe

The spatig
distinguish
ground rej
areas repr
Interval (G

Related to
geometric
is also cal
[SO 19123
a geograph

Temporal 1
moving ob
interval be

8.14.2

Understan
of phenom
geographic

Lion of a sensor is distinct from the resolution of an image. The resolution of a sensqris
fference that can be detected by a sensor. Sensor resolution is a measure of the ability
etect differences between sensed objects and it may be expressed in many ways dépeng
or (see 8.2).

y, resolution refers to radiometric, spectral, spatial and temporal resolutions. Radiome
is the amount of energy required to increase a pixel value by one quadntization leve
diometric resolution measures sensitivity by discriminating between intensity levels.

solution measures sensitivity in discriminating between wavelengths. It is proportione
 of bands recorded in an image and inversely proportional to, their width.

| resolution of an image is the minimum separation{between two objects that carn
ed as separate objects in the image. Pixel ground:\resolution defines the area on
resented by each pixel. This is often expressed as the distance between the centers of

51).

the spatial resolution is the Instantaneous-Geometric Field of View (IGFOV). IGFOV is
Kize of the image projected by the detector on the ground through the optical system. IG
ed pixel footprint. The related congept of CV_Footprint shall be defined as describe
A CV_Footprint is the sample space'of a grid in an external coordinate reference system,
ic CRS or a map projection CRS.

esolution is an issue whensuccessive images are used for change detection or for tracl
ects. It is expressed as/the/frequency with which successive images are obtained or as
tween successive images:

Incertainty in imagery

ling and estimating the uncertainty in image data is important for absolute measuremg
bna as well'as for data integration. Sources of error are found across the many element
imageprocessing. Table 3 provides examples.

the
of a
ling
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Table 3 — Aspects of imagery within which errors may arise

Acquisition Geometric aspects
Sensor systems
Platforms

Ground control

Geographic Imagery Scene considerations

Data Processing Geometric rectification

Radiometricrectification

Data conversion

Datja Analysis Quantitative analysis
Classification system

Data generalization

Datla Conversion Raster to vector

Vector to raster

Aspects of Error Assessment

Error Assessment Sampling

Spatial autocorrelation
Locational accuracy
Error Matrix

Discrete Multivariate Statistics

Reporting standards

8.114.3 Imagery fusion

Imdgery fusion is the combining of imagery and other sources of geospatial information to improve the
understanding of a specific phenomenon. Fusion may be performed at several levels: pix¢l (8.3.3.6),
featlure (8.4.4.4) and decision (8:5.5). Standards that enable fusion of measurements from different
senpors should be suited to thiese levels of pixel, feature and decision fusion.

8.2| Sensor data package

8.2]1 General

Theg conceptsthat should be modelled in the Sensor Data package appear in Figure 3, and ar¢ described
in §.2. Some of these concepts are modelled in ISO 19130-1 and the remainder may be modelled in
other staridards. Calibration and validation of sensors are described in the ISO 1915954155 multipart
stallldard.

8.2.2 Sensors and platforms

The attribute values of an image are numerical representations of the values of a physical parameter.
The value for a physical parameter at a given time and place is obtained by conducting a measurement
using a sensor. An imaging sensor typically performs multiple measurements to populate a grid of
values. The raw imagery data described in 8.2 focuses on sensors, the data they produce [e.g. Digital
Numbers (DN) and radiances at the sensor inputs], the methods for creating a grid of values, and the
uncertainty of the sensor data.

Most geographic imagery data is obtained by remote sensing which aims to measure attributes of a
real world phenomenon without being in mechanical contact with the phenomenon. The main type of
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remote sensing is radiometry - the measurement of the quantities associated with radiant energy, i.e.
electromagnetic radiation.

Electromagnetic radiation is commonly classified as a function of wavelength across the electromagnetic
spectrum (Figure 6). Sensors are designed to be sensitive to particular bands of the spectrum, e.g.
visible band. A band is a range of wavelengths of electromagnetic radiation that produces a single
response from a sensing device. Multispectral radiometers measure radiance in several wavelength
bands over a given spectral region. Hyperspectral radiometers detect hundreds of very narrow spectral
bands throughout the visible and infrared portions of the electromagnetic spectrum.

Wavelength
10U nm 40U nm tol nm Imm 30 cm
1.4 pm 30 pm
IRA  IR-B IR-C
Ultraviolet | Visible Infrared Microwave
< Optical >
Figure 6 — Portion of the electromagnetic spectrum relevant for geographic imagery
The immegliate output of a digital sensor are DNs. Prior to deployment, a sensor is calibrated |n a
laboratory| using standard radiation sources. Using a calibration\curve, DNs are mathematidally
converted fo sensor input radiances.
The resolufion of a sensor is defined by several quantities. The band structure for a sensor determjnes

its spectr3
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which the §
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the same s
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8.2.3 Op

| resolution. The radiometric sensitivity of a, sensor for a specific band is the radig
for a single bit change in the DN. The spatial.xeSolution of the sensor is the solid angle
ensor measures radiances.

ometer is an apparatus used to produce and measure interference from two or more cohe
s from the same source. An interferbmeter is an instrument used to measure distanc
producing and measuring the intetference between two or more coherent wave trains fi
hurce.

sors are described: optical;’ microwave, and Light Detection And Ranging (LIDAR). Secon
5 mechanical wave energy sensors are described, such as sonar for example. Passive
ors are differentiated as necessary within this document.

br describing<spme of these sensors and platforms shall be detailed as describec
1.

tical sensing

nce
for

fent
p. [t
"fom

Criptions are organized by/thetype of energy sensed by the sensor. Firstly, the electromagnfetic

dly,
and

| in

8.2.3.1

eneral descri pfi on

Optical radiation is electromagnetic radiation at wavelengths between the region of transition to
X-rays (A ~ 1 nm) and the region of transition to radio waves (A ~ 1 mm)[19], Optical radiation includes
infrared, visible and ultraviolet radiation (Table 4). Table 4 is derived from the International Lighting
Vocabulary[19].

Visible radiation is any optical radiation capable of causing a visual sensation directly. There are no
precise limits for the spectral range of visible radiation since they depend upon the amount of radiant
power reaching the retina and the responsivity of the observer. The lower limit is generally taken to be
between 360 nm and 400 nm and the upper limit between 760 nm and 830 nm.

Infrared radiation is optical radiation for which the wavelengths are longer than those for visible
radiation.
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Ultraviolet radiation is optical radiation for which the wavelengths are shorter than those for visible

radiation[19].

Table 4 — Optical sensing wavelengths

Ultraviolet radiation

10

0 nm to 400 nm

Ultraviolet UV-C band

100 nm to 280 nm

Ultraviolet UV-B band

280 nm to 315 nm

Ultraviolet UV-A band 315 nm to 400 nm
Visjbleradiation{no-precise Himits) LewerHmitbetween360-nand400-am
Upper limit between 760 nm and 830 nm
Inffared radiation (CIE) 780 nmto 1 000 000 nm (780 nm to 1 mm)

|

hfrared IR-A band 780 nmto 1400 nm

|

hfrared IR-B band 1400 nmto 3000 nm (1,4 um to 3 um)

|

hfrared IR-C band 3000nmto 1000000 nm (3 um to, 1000 pm) (3 um tp 1 mm)

Inffared radiation (ISO 20473) 780 nmto 1 000000 nm (780 nm 01 mm)
Near-Infrared band (NIR) 0,78-3 pm
Mid-Infrared band (MIR) 3-50 pm
Har-Infrared band (FIR) 50-1 000 um

8.2

Opt

3.2 Measurements

ical sensors measure the radiant energy in bands-and in differing energy quantities (Tabjle 5).

Table 5 — Optical.measurements definitions

Quantity ISO 80000-7Quantities and units — Part 7: Light Name of unit
Radiant energy Energy emittedtransferred or received as radiation joule
Radiant flux (power) Power emitted, transferred or received as radiation watt
Irrddiance At a poinit.on a surface, the radiant energy flux incident on an watt/m?
element of the surface, divided by the area of that element
Radiance Atapoint on a surface and in a given direction, the radiant watt/m?
inténsity of an element of the surface, divided by the area of the
orthogonal projection of this element on a plane perpendicular
to the given direction
Radiant intensity In a given direction from a source, the radiant energy flux leav- |watt/stgradian
ing the source, or an element of the source, in an element of solid
angle containing the given direction, divided by that element of
solid angle

An

jihage is a grid of values from a geographic extent. Different sensors produce values in different

manners, e.g. in a single measurement, and scanning or measuring over timel8l. The Tollowing are
examples of scan geometries:

© ISO 2018 - All rights reserved

frame camera or sensor array;
scan linear array;

pushbroom sensor;
whiskbroom sensor;

conic scanning sensor.
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8.2.3.3 Derivable information

Optical remote sensing makes use of visible and infrared sensors to form images by detecting the
radiation reflected or emitted from targets on the ground. Different materials reflect, absorb or emit
differently at different wavelengths. Thus, the spectral signatures in the remotely sensed images
can differentiate the targets. Optical remote sensing systems are classified into the following types,
depending on the number of spectral bands used in the imaging process.

Panchromatic imaging system - The sensor is a single channel detector sensitive to radiation
within a broad wavelength range. If the wavelength range coincides with the visible range, then the
resulting image resembles a “black-and-white” photograph. The physical quantity being measured
is the dpparent brightness of the targets. The spectral information or “colour” of the targets is Jpst.

nds.
isa
rets

Multigpectral imaging system - The sensor is a multichannel detector with a few spectral ba
Each channel is sensitive to radiation within a narrow wavelength band. The resulting itnage
multildyer image that contains both the brightness and spectral (colour) information 6f the tar

being ¢bserved (e.g. RGB or RGBI).

— Hyperspectral imaging system — A hyperspectral imaging system is also_ knewn as an “imaging
spectrpmeter”. It acquires images in about a hundred or more contiguous spectral bands. [The
precis¢ spectral information contained in a hyperspectral image enables’better characterizafion
and idpntification of targets. Hyperspectral images have potential applications in such fieldf as
precisjon agriculture (e.g. monitoring the types, health, moisturé<status and maturity of crdps),
coastal management (e.g. monitoring of phytoplanktons, pollution/and bathymetry changes).

8.2.4 Mikcrowave sensing

8.2.4.1 Rassive microwave

8.2.4.1.1 | General description

Microwavd radiation is electromagnetic radiation in the range 0,3 mm to 300 mml1Z].

Vertically 4nd horizontally polarized measurements are taken for all frequencies.

8.2.4.1.2 | Measurements

An imaging radiometer maps,the/brightness temperature distribution over a Field Of View (FOV)| An

aperture radiometer does it by-Scanning either electrically or mechanically across the FOV. Brightiness

temperatufe is the measurand.

8.2.4.1.3 |Derivableinformation

Passive m|crowave measurements can be used to derive, for example, the following geophydical

quantities:|rainfall, sea surface temperature, vertical water vapour, ocean surface wind speed, sed ice

parameters;saew-watereqtivalentand-seHsurface moeisture

Geophysical quantities derived from microwave measurements enable investigation of atmospheric
and surface hydrologic and energy cycles.

Spatial resolution of passive microwave data is currently limited to kilometres due to antenna size.

8.2.4.2 Radar

8.24.2.1

General description

Radar is an electromagnetic system for the detection and location of objects that operates by
transmitting electromagnetic signals, receiving echoes from objects (targets) within its volume of
coverage, and extracting location and other information from the echo signall1Z]. Imaging radar systems
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operate in thirteen frequency bands and they are listed in Table 6[16], Reflectance of surface materials
differs between bands.

Radar is an active radio detection and ranging sensor that provides its own source of electromagnetic
energy. A radar sensor emits microwave radiation in a series of pulses from an antenna. When the
energy reaches the target, some of the energy is reflected back toward the sensor. This backscattered
microwave radiation is detected, measured, and timed. The time required for the energy to travel to the
target and return back to the sensor is determined by the distance or range to the target. By recording
the range and magnitude of the energy reflected from all targets as the system passes by, an image of
the surface can be produced. Because radar provides its own energy source, images can be acquired
day or night. Microwave energy is also able to penetrate clouds and most rain

Table 6 — Radar band designations

Band designation Nominal frequency range
HF 3 MHz to 30 MHz
VHF 30 MHz to 300 MHz
UHF 300 MHz to 1 000 MHz
1 GHz to 2 GHz
S 2 GHz to 4 GHz
4 GHz408 GHz
8 GHzZto 12 GHz
Ku 12\GHz to 18 GHz
K 18 GHz to 27 GHz
Ka 27 GHz to 40 GHz
Vv 40 GHz to 75 GHz
Ay 75 GHz to 110 GHz
mm 110 GHz to 300 GHz

8.214.2.2 Measurements

Radar systems make the following measurements.
— |Intensity of microwave radiation at sensor.

— | Time taken for the.emitted pulse of radiation to travel from the sensor to the ground angl back.

— |Doppler shiffin the frequency of the radiation echo as a result of the relative motion of{the sensor
and the grouhnd.

— | Polarization of the radiation.

Thd various radar measurement quantities are listed in Table 7[17].
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Table 7 — Radar measurements

Quantity

Measurand

Backscatter

Energy reflected or scattered in a direction opposite to that of the incident wave.

Backscatter coefficient

Normalized measure of radar return from a distributed scatterer.

— For area targets, backscatter is expressed in decibels and denoted by o °,
which is dimensionless but is sometimes written in units of m2/m2 for clarity.

— For volume scatter, such as that from rain, chaff, or deep snow cover, it is
defined as the average monostatic radar cross-section per unit volume and is
expressed in units of m2/m3 or m-1. The volume backscatter coefficient is oft

expressed in decibels and denoted by the symbol 7.

Radar cros

b-section (RCS) [ Measure of the reflective strength of a radar target; usually represented hy'th

symbol o and measured in square meters.

RCS is defined as 40 © times the ratio of the power per unit solid angle scatterg
in a specified direction of the power unit area in a plane wave incident on the

scatterer from a specified direction. More precisely, it is thedimit of that ratio
the distance from the scatterer to the point where the scattered power is mea
ured approaches infinity.

[¢)

as

Spatial reg
multidime}
that involv|

8.2.4.2.3

n1sional region related to the ability of radar to resolve multiple targets. For radar, dimens
e resolution can include range, angle and radial velocity (Doppler frequency).

Derivable information

Imaging r

ar is high-resolution radar and its output is a répréesentation of the radar cross-section ¥

the resolutjion cell (backscatter coefficient) from the obje¢t resolved in two or three spatial dimensi

The rada;{\

Inverse Sy

SAR is a ¢
processing
radar line
direction,
with much

SAR Imagi

result

Spotli
spot ol

ScanS$

ay use real aperture (such as a sidelookingdirborne radar), Synthetic-Aperture Radar (S/
ithetic Aperture Radar (ISAR), Interferometric SAR (IfSAR) or tomographic techniques.

oherent radar system that generatés a narrow cross range impulse response by sig
(integrating) the amplitude and-phase of the received signal over an angular rotation of
pf sight with respect to the object’(target) illuminated[1Z]. Due to the change in line-of-s
h synthetic aperture is produeced by the signal processing that has the effect of an ante
larger aperture (and henée @ much greater angular resolution).

ig Modes are as follows.

Stripnpap - The antennapointing is fixed relative to flight line (usually normal to the flight line).

s a moving antenna footprint that sweeps along a strip of terrain parallel to the path mot

bht - Thesensorsteersitsantennabeam to continuously illuminate a specific (predetermir
terrain‘patch while the platform moves in a straight line.

AR —The sensor steers the antenna beam to illuminate a strip of terrain at any angle to

olution for radar is defined by a resolution cell. A resolution gell is a one-dimensional or

ons

vith
bns.
\R),

rnal
the
ght
nna

The
ion.

ed)

the

path o

Fthe platformmotion:

A radar altimeter uses radar principles for height measurement. Height is determined by measurement
of propagation time of a radio signal transmitted from the vehicle and reflected back to the vehicle
from the terrain below.

Civilian radar systems have concentrated on radiometric accuracy and investigation of natural targets;
the priority of military systems is the detection and recognition of man-made targets (often vehicles)
against a clutter background. Ground-based radar measures the rainfall density and line-of-sight
velocity, for example, NEXRAD. Ground-penetrating radar may be applied to detection of buried objects
and determination of geophysical parameters below the surface.

Among the more recent options for determining digital elevation is IfSAR, a radar technology capable
of producing products with vertical accuracies of 30 cm RMSE. Not only that, but IfSAR provides cloud
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penetration, day/night operation (both because of the inherent properties of radar), wide-area coverage
and full digital processing. The technology is quickly proving its worth[18].

8.2.5 LIDAR sensor

8.2.5.1 General description

LIDAR is a light detection and ranging sensor that uses a laser to transmit a light pulse and a receiver
with sensitive detectors to measure the backscattered or reflected light. Distance to the object is
determined by recording the time between transmitted and backscattered pulses and by using the
spefd of Iight to calculate the distance travelled. In addition to mapping of land and watdr surfaces,

LIDAR systems can be used to determine atmospheric profiles of aerosols, clouds and other'e
of the atmosphere.

In
foll

bwing ways:
measurement techniques;
target scanning techniques;

sensed phenomena.

8.2)5.2 Measurement techniques

Thd
(cW

re are three types of laser sensing systems (Figure\7). They include pulsed and contin
() laser ranging systems as well as light-striping/wideo-profiling systems.

A plilsed laser system transmits laser pulses, senses the light that is scattered back through
telescope and amplifies the returned signal.using a photomultiplier tube. The time requi
trapsmitted pulse to travel to the target amnd back is recorded and used with the speed
detérmine the distance to the object.

On
by

the other hand, the CW laser system transmits a continuous signal. Ranging can be
odulating the light intensity of the laser light. Typically, the modulated signal is sinus

nstituents

beneral, LIDAR systems used for gathering geographic information can, be” classified in the

uous wave

an optical
Fed for the
of light to

arried out
oidal. That

sinysoidal signal is received with a time delay. The travelling time is directly proportional tp the phase

difference between the received and transmitted signal.

Currently, the pulsed laser systems are most widely used because they can produce high po
at ajvery high pulse repetition rate.

re is one type-of laser measurement that is based on a combination of a laser light stripé
a video camera. It is so-called “non-contact” optical measurement. The laser source is

wer output

P generator
hpart from
Continuous
htform, the
The digital

lane of the laser sheet, and also the direction of the scanning with respect to the plane

the p

amera and

of the laser

sheet. The refinement is obtained through weighted least squares matching of multiple profile maps
acquired from different points of view, and registered previously using an approximate calibration.
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8.2.5.3

LIDAR sys
typically ci

8.2.5.4

LIDAR sys
to detect.
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Techniques

Laser Measurement

Non-Contact Optical
Measurements

Time Dependent
Measurements

Light Striping/
Video Profiling

Pulsed Laser Systems

Continuous Wave
Laser Systems

Figure 7 — Basic laser measurement techniques

arget scanning techniques

fems can be classified on the basis of scanning techniques (Figure 8). Laser scanners
'oss-track or pushbroom scanners. An airborne laser profiling system is a laser altimeter]

are

Laser Scanning

Techniques

| Spot-wise |

Stripe-wise

Along-Track
Profiling

ensed phenomena

Cross<Track
Seanning

| 3D Profilometer |

Figure 8 — Laser scanning techniques

llems can be classified on the basis of the different physical phenomena that they are designed

Zig-Zag

Aerosol LIDAR directly measures the optical properties of atmospheric aerosol distributions.
Typical parameters measured by an aerosol LIDAR are:

planetary boundary;
multi-layer structure;

layer height;

structure and optical depth of the clouds;

averaged integrated backscatter;

scattering ratio and its wavelength dependence;
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— fractional cover;

— radiation budget via measurements of surface reflectance and albedo as a function of

incidence angle.

Coherent Doppler LIDAR is usually used for remote sensing of the distribution of wind velocity and
aerosol backscatter within three-dimensional volumes in the troposphere and lower stratosphere.
Coherent LIDAR is considered to be more sensitive and to provide better wind measurements at
aerosol levels consistent with the boundary layer and lower troposphere, as well as from atmospheric

ice and water clouds.

Differential absorption LIDAR (DIALJ transmits two closely spaced wavelengths, U
wavelengths coincides with an absorption line of the constituent of interest, and the

he of these
other is in

the wing of this absorption line. During transmission through the atmosphere, the\emisfion that is
tuned to the absorption line is attenuated more than the emission in the wing of th& absofption line.

The concentration of the species can be determined based on the relative optical attenu

htion.

Raman LIDAR uses the Raman-shifted component that is a transitiomthat involves g change in

the vibrational energy level of molecules. Since each type of molecule has unique vibr
rotational quantum energy levels, each has a unique spectral signature.

htional and

Rayleigh LIDAR measures the intensity of the Rayleigh backseatter, which is used to determine a

relative density profile. This is used in turn to determine an’absolute temperature profi

Resonance LIDAR uses the resonant scattering that oceurs when the energy of an inci
is equal to the energy of an allowed transition withinian atom. As each type of atom a

e.

ent photon
molecule

has a unique absorption and fluorescent spectrum, this effect can be used to identify arjd measure

the concentration of a particular species.

5.5 Typical areas of applications

Typiical applications of LIDAR systems include:

atmospheric monitoring and studies (e.g. aerosol profiling and ozone measurements);
3D terrain mapping [e.g. urban-areas (3D city modelling), power lines and mining];
hydrographic measurements (e.g. bathymetry);

forestry and forest-management (e.g. biomass, stem volume, tree heights);
environmentakmonitoring (e.g. water quality and phytoplankton);

pollution detection (e.g. pipeline leak detection like oil or gas);

mapping organic pollution (e.g. oil and petroleum products on soil or in water);

measuring industrial structures (e.g. bridges and tanks);

homeland security.

For many of these applications, LIDAR systems are flown together with other optical sensors such as
photogrammetric cameras.

8.2.6 Sonar sensor

8.2.6.1 Sonar measurements

Sonar is a sound transmittal and detection sensor that uses one or more transducers to transmit sound
pulses with one or more receivers that measure the reflected sound pulses along with backscatter
information (signal to noise ratio). The calculated depth is determined by recording the time interval
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between transmitted and received sonar pulses. The speed of sound as described in sound velocity
profiles is used to calculate the travel distance. Sonar can also determine bottom types (mud,
gravel, rock, sand, etc.) by using backscatter as a measure of hardness determined by comparison to
classification catalogues.

Multiple pulses transmitted and received by multibeam sonar create 100 % coverage surfaces of the
sea bottom. The sonar error footprint is dependent on depth and sound frequency.

Sonar systems make the following measurements.

— Time taken for the emitted pulse of sound to travel from the sensor to the ground and back
(millisgconds]J.

— Backsdgatter —- measure of the reflective intensity of the reflected sonar pulse.

— Sonar footprint - usually represented by measurements in square meters.

8.2.6.2 Derivable information
Informatiopn that can be derived from sonar sensor data includes

— depth  time taken for the emitted pulse of sound to travel from the sehsor to the ground and bpck,
interpreted in meters,

— sound [velocity profiles (m/s),

— digitallelevation models,

— tide/current models,

— sea boftom texture maps based on backscatter,

— storm purge models,

— coastal erosion maps,

— free-ailr gravity maps (fusion of grayity and bathymetric maps),
— coastal flooding models,

— seabed classification,

— sedimg¢nt thickness, and

— sealevlel rise.

8.2.7 Digital images from film

While this foCument is limited to digital information, one source of digital imagery is film. Film camgras
remain widely used. Film images have to be scanned before further processing.

Both film negatives and film prints can be scanned to create digital information. The scanning process
may be performed using colour-space coordinates or the scanning process may gather more spectral
information than can be represented in colour-space coordinates. A scanned image constrained by
colour-space coordinates is a Picture Original. A scanned image not constrained by colour-space
coordinates is a Geographic Imagery Scene.

8.2.8 Scanned maps

A geographic image can be obtained by scanning a hardcopy map. The resulting image is a Picture
Original. Hardcopy maps are constrained to contain the spectrum of the colour coordinates of the
printing process and any aging of the print. Also, maps contain portrayed features and annotations as
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well as Geographic Imagery Scene information. A scanned map can be classified into either georectified
or non-georectified, depending on whether the cells are uniformly spaced in reference to geographic
map coordinates.

For example, a scanned topographic sheet in the State Plane Coordinate System (SPCS) in the US is
georectified because the scanned cells are uniformly spaced along the state plane’s X and Y coordinates
(assuming no distortion of the map and no position errors during scanning). When a paper map or
chart is scanned, often there already exists a printed grid on the map or chart. This grid can be used to
provide a set of control points to georectify the scanned map or chart. The intersections of the gridlines
printed on the scanned map or chart can relate the cells in which those intersections occur to the

coordinate system used on the map
The projection and reference system printed on a paper chart may not be well referenced} or for the
cas¢ of older maps, even well known. It is necessary in a scanned map or chart to refefierce the gridded

datj cells to the Earth as well as to the map reference grid printed on the chart. Often this|is done by
genprating a second set of control points that relate known points on the map to'the Earth. Having two
setg of control points for a scanned paper map or chart allows the user to work'in the grid doordinates
printed on the map or chart and also relate the map or chart to the real werld. It is necessary to allow
the[user to work in the coordinate system printed on the scanned papermap or chart, becauge that grid
is v|sible to the user.

For|example, in a Raster Nautical Chart system (as defined by IHO)(that uses a scanned papef chart and
which plots ships-own-position as an overlay on the chart, it isn&cessary for the user to see dqoordinates
in the coordinate system printed on the chart, but also for thig symbol representing ships-own-position
to be correctly derived from real-world coordinates.

8.2]9 Calibration, validation and metrology

Requirements for calibration and validation recommended by the Committee on Earth Observation
Sat¢llites (CEOS)[82] include the following.

measurands.

Pre-launch calibration should be performed using equipment and techniques th
demonstrably traceable tgi-and consistent with, the SI system of units; and metric t
should be maintained threughout the lifetime of the mission.

se resolutions follow_¢losely those adopted by the 20th General Conference of the In

eau of Weights ahd“Measures which concluded that: “those responsible for studies o
urces, the envirenment, human well-being and related issues ensure that measuren

All Earth observation measurement systems should be traceable to SI units for all gppropriate

at can be
raceability

fernational
the Earth
ents made

iable in the

bgy though

etfre”[66],

allibration is

the target and its background is of interest - so only radlometrlc resolution (signal-to-noise) and
uniformity of response of the sensor are critical. However, as soon as temporal information is required,
data from more than one source are compared, or where the data may form a baseline for a long-term
study, clear knowledge of uncertainty is essential. Understanding of uncertainty is achieved through
metric traceability to recognized primary standards.

Techniques for calibration are based on metrology that establishes general rules for evaluating and
expressing uncertainty in measurement. Metrology is mainly concerned with the uncertainty in the
measurement of a well-defined physical quantity - the measurand - that can be characterized by an
essentially unique value. It also covers the evaluation and expression of uncertainty associated with the
experiment design, measurement methods, and complex systems.
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Metrology is focused on measurable quantities. A measurable quantity is an attribute of a phenomenon,
body or substance that may be distinguished qualitatively and determined quantitatively. A
measurement is a set of operations having the object of determining the value of a quantity. A measurand
is a particular quantity subject to measurement(3Z],

Uncertainty of measurement comprises, in general, many components. Some of these components
may be evaluated from the statistical distribution of the results of series of measurements and can
be characterized by experimental standard deviations. The other components, which can also be
characterized by standard deviations, are evaluated from assumed probability distributions based on

experience

or other information.

A focus of palibration is to determine the accuracy of measurement. Accuracy is a qualitative cen¢ept

that descripes the closeness of the agreement between the result of a measurement and a true val

the measu
values that
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and that 4
component
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it can
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rand[3Z]. Quantitatively, the uncertainty of measurement characterizes the dispersieh of
could reasonably be attributed to the measurand.

tood that the result of the measurement is the best estimate of the value of.the measur
1l components of uncertainty, including those arising from systematic effects, such
s associated with corrections and reference standards, contribute to-the dispersion.

traceability is the property of the result of a measurement or the, value of a standard wher
be related to stated references, usually national or internatignal standards, through
ken chain of comparisons all having stated uncertainties[3Z;

inputs(82].

ion is the process of assessing, by independent means, the quality of the data prodji
1 from the system outputs[82].

sensing data requiring calibration, the uhcertainty of the sensor shall be measured.
ion of uncertainty of an imaging sensorj.metric traceability shall be defined.

sition and attitude determination

F with attribute value data, the'imaging sensor and its associated positioning system s
ition and attitude information. This information may be applied immediately to geolo

may be carried with the)data, supporting geolocation at a later time. A positioning sys

of instrumental and computational components for determining position. Various type
F systems are listed i Table 8. Examples of positioning systems are provided in ISO 19116
ifies the data,stfucture and content of an interface that permits communication betw
oviding device(s) and position-using device(s) so that the position-using device(s)
unambiguously interpret position information and determine whether the results meet
hts of thexintended use. ISO 19130-1 addresses the use of positioning information with reg
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b of the sensing system. Photogrammetric techniques are also used for positioning image

e of
the

ind,
as

eby
an

ition is the process of quantitatively defining a systen¥s responses to known, controlled

1cts

For

hall
Cate
tem
s of
[31],
een
can
the
ard
ons

ry.

30

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

1ISO 19101-2:2018(E)

Table 8 — Positioning systems

Inertial positioning system

Positioning system employing accelerometers, gyroscopes, and c

tive to an initial known reference point.

as integral components to determine coordinates of points or objects rela-

omputers

Satellite positioning system

Positioning system based upon receipt of signals broadcast from

“passive” instruments on or near the Earth’s surface to determin

QZSS and BeiDou

In this context, satellite positioning implies the use of radio signals trans-
mitted from “active” artificial objects orbiting the Earth and received by

velocity, and/or attitude of an object. Examples are GPS, GLONASS, IRNSS,

satellite.

e position,

Int

pograted positioning system Positioning system incorporating two or more positioning techn

Measurements produced by each positioning technologydin'ah in
system may be any of position, motion, or attitude. Thetie may be
measurements. When combined, a unified position, mgtion, or at
determined.
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11 Image acquisition request

mage acquisition request is a message sent to a sensor system ¢hat defines the image d
. The image acquisition request includes elements for data type and quality, observatio
1lirements, and data for planning and tasking.

Geographic imagery information — Processed; located, gridded

1 General

the UML classes and other information which comprises the Image Information packag

Figuire 3, are described in 8.3.

8.3

8.3
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infg
how

2 1G_Scene
2.1 Introduction to IG_Scene
graphic imagery is defined’as the class IG_Scene in Figure 9. IG_Scene is an information

he is a type of geographic coverage. Within the remainder of this document, the focus
ded coverages.

bn the sensor{ data described in 8.2 is combined with descriptive representation ir
magery information object is created. Information is a combination of data and rept
rmationt28 In this document, data is a grid of image values, i.e. sensor data, and the repi
rmation>The metadata shall defined as described in ISO 19115-1 and ISO 19115-2. The
 imagery information objects are to be structured is defined in 8.3.2.2 to 8.3.2.5.
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GridScene

is an instantiation of a gridded coverage with a constraint on the values in the coverage CV_
GridValuesMatrix (see Figure 9). The IG_SceneValues shall be sensor data or a derivation of sensor data.
The grid of an image may have georeferencing information available that allows for the geolocation
of the grid cells, or the grid may be georectified. Table 9 provides examples of IG_GridScene. Table 10
provides operations for IG_GridScene that are appropriate for image processing.
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d

7
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+ vdlues:IG_SceneValue [0..*]
Figure 9 — IG_Scene
Table 9 — IG_SceneValues examples
Spatml\attr_'lbute IG_SensoerData IG_DerivedData
prpperties

CV_RefererfceableGrid Non-georectified images (e.g. Landsat |Non-georectified derived data (e.g. ldaf
scene, digital aerial photo, NASA EOS- |area index, soil moisture; usually inter-
DIS SwathesSAR) mediate products only until rectified)

CV_RectifiddGrid Georectified images (e.g. orthoimages, |Georectified derived data (e.g. gridd¢d

leaf area index, soil moisture)

According
content of
required b

to ISO 19109[29-au-application schema provides a formal description of the structure
the data required by one or more applications. Images are a major component of the ¢
y many geographic applications. As such, they need to be described in application schem:

The centrall concept ef any geographic application schema is the feature - an abstraction of real w:

phenomen
image can

as a cover

h. An image is a feature abstracted from real world phenomena by an imaging sensor. Thu
be-modelled in conformance to the General Feature Modell29]. However, an image is mode

And
lata
1S.

brid
5 an
[led

ge that has a3 structure somewhat different from that of other feature fypnc — value

of

some of the attributes of a coverage (the coverage range) are associated with individual geometric or
temporal elements of the feature (the coverage domain) rather than with the feature as a whole.

Typically, an image is represented as a grid providing organization to a set of pixels. Each pixel contains
arecord of the radiant energy propagated at that point. Each pixel may also contain additional attributes
such as the identification of a feature associated with the pixel, so that the pixels corresponding to each
feature within the image area are marked as such. A grid values matrix contains a description of the
grid structure, a set of records each containing values for a grid point, and a rule for assigning a record
of values to each grid point.
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2.2 Domain of IG_GridScene

The data content of IG_GridScene is contained in IG_SceneValuesMatrix, which is a realization of CV_
GridValuesMatrix (Figure 9). ISO 19123 specifies that an instance of CV_GridValuesMatrix may be, at
the same time, an instance of either CV_RectifiedGrid or an instance of CV_ReferenceableGrid. This
is shown by the partitioning of the inheritance relationships of CV_Grid. The difference between CV_
RectifiedGrid and CV_ReferenceableGrid is the method used to determine the spatial coordinates of a
CV_GridCell based on the cell’s grid coordinates.

A rectified grid shall be defined by an origin in an external coordinate reference system, and a set
of offset vectors that specify the direction of, and distance between, the grid lines. There is an affine

trapsformation between the grid coordinates and the external coordinate reference sys

pro

An
orie

Ar
coo
refq

Tra
res

ected coordinate reference system.

brthoimage is a rectified digital image in which displacement of objects in the image du
ntation and terrain relief has been removed.

bferenceable grid has information that can be used to transform grid\coordinates t
Fdinates. ISO 19130-1 specifies information that supports transformation of the coord
renceable grid.

hsformation of gridded data from one grid coordinate system to another usuall
impling, which is the interpolation of data values at a new sét of points from those asso

an ¢riginal set of points. Resampling affects the quality of thé.data in ways that depend up

cha
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Facteristics of the data and the interpolation method choSen to accomplish the resampli
adata (see ISO 19115-1) for gridded data shall include descriptions of any resampling ap
h after its initial acquisition.

2.3 Range of IG_GridScene

range of a coverage consists of a set of-attribute values. ISO 19123 specifies that a cov|
vide a Record of attribute values for,each direct position within the domain of the coy
nents of that record are specified(by an instance of RecordType, which is a sequenc
hitype pairs each of which desctibes a field of the Record. An application schema sha
Cification of the RecordType for any coverage that it specifies.

re are two types of data-values relevant for IG_Scene (see Figure 10).

sor digital numbers{ are the integer values produced by an image sensor. The class
50rDN shall be used-to identify values of this data type in specifying a RecordType.
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es of the measurand of a sensor are physical quantities. They are commonly expres
bers. In specifying a RecordType, the class name [IG_PhysicalQuantity shall be used
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valyges of this kind, with the data type set to Real.

MPLE The physical data for an optical radiation sensor are radiances received at the sensor.
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testing or by vicarious calibration.
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«datatype»
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+ name:CharacterString
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informatiop on this topic can be found in ISO 80000-1:2009, 4.2[37].

8.3.25 1

IG_GridSce
generic op
additional
families of
for imager

«datatype»
1G_SensorDN

«datatype»
IG_PhysicalQuantity

+ dataType :Integer + unit : CharacterString

+ dataType :Real

Figure 10 — IG_SceneValues

G_PhysicalQuantity

1antities are used for the quantitative description of physical phenomena. Conventignal

1 as the Beaufort scale, Richter scale and colour intensityscales, and quantities expresse
of conventional tests, for example corrosion resistance,are not treated here.

antities may be grouped together into categoriesof-quantities that are mutually compard
jameters, distances, heights, wavelengths, etc, would constitute such a category. Mutu
b quantities are called "quantities of the same kind". If a particular example of a quan
a category is chosen as a reference quantity called the unit, then any other quantity fi
ry can be expressed in terms of this ufit: as a product of this unit and a number. Furt

G_GridScene operations

ne inherits several opefations from CV_ContinuousQuadrilateralGridCoverage that
erations that can be executed for any type of coverage. Application schemas may spe]
pperations to support the application. Table 10 provides examples; many of these repre
closely related operations. A future standard could specify a set of standardized operat
 coverages.

Table 10 — Types of operations applicable to IG_GridScene

1 as

ble.
ally
tity
fom
her

are
cify
ent
ons

Oper

ation Description

Change CR

b Changes the coordinate reference system for an image associated with a CV_Refere

hlaCyrid

rrca-

Dreorrer

Change grid

a different grid.

Resamples an IG_GridScene to produce a set of values associated with the grid points of

Change SequenceRule

Changes the sequencingRule attribute of the IG_SceneValuesMatrix. This also require

the startSequence attribute as well.

re-ordering of the value elements in IG_SceneValuesMatrix and may require changing

S

Statistics Returns statistical measures for the values contained in IG_SceneValuesMatrix, e.g.
minimum, maximum, mean, median, mode and standard deviation from the mean.

Histogram Returns the relative frequencies of the values contained in IG_SceneValuesMatrix.

Texture Returns texture characteristics of the values contained in IG_SceneValuesMatrix, e.g.
the size of repeating items (coarseness), brightness variations (contrast), and the pre-
dominant direction (directionality).
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Table 10 (continued)
Operation Description

Correlation Returns a measure of the correlation between values contained in IG_SceneValuesMatrix.

Scatterplot Returns a scatterplot for the values contained in IG_SceneValuesMatrix.

Browse Returns a reduced-resolution encoded image suitable for portrayal, leaving IG_Grid-
Scene unchanged.

Enhance Changes the values contained in 1G_SceneValuesMatrix to improve the contrast of val-
ues within a small range of data values. Enhancement methods include mathematical
operations on individual grid-point values: linear, root, equalization, and infrequency

[ enhancement.

Spa‘tialFilter Changes 1G_SceneValues by filtering that alters the grid values on the basisof the neigh-
bourhood grid values. Filter types include: mean, mode, median, Gaussiah, Laplacian-
Type filters.

Thieshold Returns an encoded grid with an attribute of Boolean value based on a threshold of an
element of the records in IG_SceneValuesMatrix.

BanjdRatioing Returns an encoded grid with an attribute formed from the ratio of two elenjents of the
records in IG_SceneValuesMatrix: (value of element 1)/(value of element 2).

DempsitySlice If the number of breakpoints specified is n, then thé\grid coverage source sathple di-
mension will be classified into n + 1 values.

RangeTag Returns an encoded grid with an attribute valde from a list of tags where ea¢h tag
identifies a defined non-overlapping rangeyfan element of each record in IG| SceneVal-
uesMatrix.

8.3]3 Derived imagery

8.3{3.1 General

Rerpote sensors indirectly measure physical properties of a remote object. For example, pptical and

microwave sensors measure electromaghetic flux at the sensor which generally needs to bg converted

intq values such as leaf area and spilimoisture on the surface. Deriving the desired valugs from the
senpor data requires addressing issues such as the following.

a) |Remote sensing data containis undesired influences. In the optical spectral range the gtmosphere
strongly influences thé measured signal. This shall be eliminated using atmospheric|correction
schemes. SAR backscatter strongly influences the speckle effect that makes pixel-based land
surface parameterfretrieval difficult.

b) |Sensor viewifig)angle is variable. Sensor data shall be corrected for variations in sengor viewing
geometry,e:g.'scan angle, sun angle, off-nadir corrections.

c) |Spectralinformation can be ambiguous. Multiple solutions of an inversion of a radiatiye transfer

modeldare possible especially if the equation system for the retrieval is underdetermine

of_surface variables is dependent on the use of ancillary data, which restricts ambig

|

. Retrieval

ufities in the

i ddat
I'CITIULU SUIIotUu Udld.

d) Environmental parameters of interest may not be identical to the variables derivable from the
remote sensed data. For example, surface soil moisture can be estimated with C-band SAR to a
depth of 2 cm, whereas water balance calculations need the soil moisture of the whole root zone

that may reach to a depth of 250 cm.

Both a) and b) can be handled through processing images on an individual basis resulting in derived
imagery, i.e. IG_DerivedScene. The case of c) is an example where multiple images and a physical
process model are required to estimate the parameter of interest. Physical process models for imagery
are addressed in 8.4.4.2.

© IS0 2018 - All rights reserved 35


https://standardsiso.com/api/?name=d5073463e0ade852af2be4bd63288896

ISO 19101-2:2018(E)

8.3.3.2 IG_DerivedScene
Derived imagery often needs to be created to obtain observations of interest.

This document emphasizes images derived from Geographic Imagery Scenes, such as derivations of
geophysical values based on sensor measurements. These derived images are also considered to be
Geographic Imagery Scenes. Geographic Imagery Scenes that include information which is more specific
to a user’s needs are created through processing. In Figure 11, IG_GridScene is the source Geographic
Imagery Scene that is processed to become an IG_DerivedScene. The processing needed to create an
IG_DerivedScene is described using LI_Lineage. LI_Lineage is metadata describing the source (LI_
Source) as well as metadata describing the potentially multiple steps in processing (LI_ProcessingStep)
in additior] to other lineage data which might be recorded in the earlier data acquisition stage. [The
processing| could also require additional, potentially non-imagery inputs (IG_AncillaryData).”[The
processingsteps to create IG_DerivedScene may have various purposes. Several processing dpproaghes
are describled in 8.3.3.

The values|included in the associated 1G_SceneValuesMatrix are of type IG_PhysicalQuantity. The YML
class 1G_DgrivedScene is depicted in Figure 11.

+sourceScene
«metaclass»
IG_Scene 1.%
i +evaluator
IG_GridScene
0.1

+source |1

IG_SceneValuesMatrix

+ values :IG_SceneValue [0..*]

IG_DerivedScene

N

e

1G’ AncillaryData

Figure 11 — IG_DerivedScene

8.3.3.3 Derived geophysical values: IG_DerivedScene

Optical and microwave sensors measure electromagnetic flux at the sensor which will be converted
into values such as leaf area and soil moisture. Deriving information about the Geographic Imagery
Scene can be done in multiple ways. Two approaches are described here: Forward Problem and Inverse
Problem.

In the Forward Problem, the properties of the Geographic Imagery Scene along with the incoming
radiation (e.g. radar or sunlight) are specified and used to predict the observed measurement.

In the Inverse Problem, the unknown properties of the Geographic Imagery Scene are inferred from
the observed measurements. The number of parameters needed to characterize the target exceeds
the number of independent measurements available at the sensor. In this case, the dimensionality of
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the parameter space may be reduced by assuming that some parameters are known or the solution is
insensitive to them (these parameters then remain unmeasurable for the observations, but access to
the other parameters becomes possible). Even when a proper inversion is possible, measurements have
still often failed to confirm the theory, reflecting in some way the failure of the theory to capture the
relevant physics of the observation process.

8.3.3.4 Atmospheric correction

The apparent radiance of ground reflection as measured by a remote sensor differs from the intrinsic
surface radlance because ofthe presence ofthe 1nterven1ng atmosphere (see Flgure 12 ) The atmosphere

rrotreh atmosphere
has|a flltermg or dlstortlng function that changes spatially, spectrally, and temporally Correcting
megsured radiance data using a model of the atmosphere improves the accuracy of pattern ecognition
and image interpretation.

[H ] Satellite Dl

v

Target Environment Atmosphere

Figure 12 = Effects of atmospheric scattering

Curfrent solutions to atmospheric'corrections of imagery involve applying a standard radiatiye transfer
and atmospheric input data;to produce a correction. Significant correction improvements can be
achjeved by accurately/representing the dynamic variability of the intrinsic atmosphgric optical
parpmeters that serve@sinput to the radiative transfer model (primarily aerosols and wate} vapour).

8.313.5 Atmospheric sounding

Atmospheri€ sounding provides a vertical distribution of atmospheric parameters such as temperature,
pregsure.and composition, for example aerosols, using data from a sensor above the atmogphere. The
atnjospheric profile is a derived image.

8.3.3.6 Pixel fusion

Fusion at the level of individual cells is termed pixel fusion. Pixel fusion techniques combine data from
multiple sensors, as well as ancillary sources, to achieve better accuracies and inferences than could be
achieved by use of data from a single source. Observational data may be combined, or "fused" at a variety
of levels beginning with the raw data, proceeding to the feature level and ending at the decision level.

The fusing of raw sensor data usually requires that the sensors are measuring the same physical
phenomena. If the sensor data are dissimilar, then the data shall be fused at the feature level or
decision level.

Multisensor image (pixel) fusion commonly uses adaptive neural networks to automatically classify the
contents of the Geographic Imagery Scene based on the various inputs. For this type of fusion, accurate
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co-registration of the multisensor images being used is essential. Accurate geocoding is essential
if absolute Earth location is important. Resampling of image data to common pixel spacing and map
projection is usually required, but newer methods are capable of dealing with different resolutions.

Standards that enable fusion of measurements at the level of individual cells should be used.

8.3.4 Imagery metadata

Metadata is information about a resource (ISO 19115-1). Metadata is required for describing geographic
information and services. It provides information about the identification, extent, quality, spatial and
temporal schema cpntinl reference_and distribution nf'digifn] gpngrnphir data

Some elempnts required for describing imagery are defined in ISO 19115-1 whereas aspects ofImagery
metadata rjelated to acquisition and processing is described in ISO 19115-2.

8.3.5 Enlcoding rules for imagery

8.3.5.1 (eneral

Most existIng imagery exchange standards imply an information model in t€tms of its representation
in an exchpnge format. The format specification defines data fields and~describes the contents jand
meaning of these data fields. This implicitly defines the information cofitent that can be carried by fthis
exchange fprmat. Some of the existing standards even separate theiiinformation" from the encoding
within the|description of the standard, but in the end it is the encdding that defines these standafds.
This docurpent supports the separation of content and carriergwhere a common content model allpws
for a mapping to the structures defined in the encoding standards. The content model includes|the
spatial stryicture and the metadata. The encoding structure'is separate but related.

A content [model describes the information content ©f a set of geographic data, consisting of|the
feature idgntification and spatial schema, where other aspects such as quality and georeferencing|are
in the associated metadata. The content model does not include portrayal, encoding or|the
organizati¢n of the data to accommodate various storage or exchange media. Exchange metadata that
contain infprmation about a data interchange are also not defined by the content model.

The encoding structure is separate but related. ISO 19118I[33] defines an encoding rule as an identifiable
collection ¢f specifications that defines'the encoding for a particular data structure. The encoding rule
specifies the data types to be converted as well as the syntax, structure and coding schemes used infthe
resulting data structure. An encoding rule is applied to application-schema-specific data structures to
produce sylstem-independentdata structures suitable for transport or storage.

Compressipn and compaction are related to the concept of encoding structures. Data compaction
removes irfformationtbased upon its semantic content, while data compression removes information
based upon the bitstructure, independent of the meaning. An example of data compaction is the remgval
of information that is known by the application to be unnecessary. Data compaction is applicable
for areas gvefswhich there is no data as well as unneeded bits of numeric data for lower precision
numbers. Pata compression removes redundant information that occurs randomly. For example, [run
length encoding replaces long runs of identical bits with a shorter code. Both data compaction and
data compression may be applied to a dataset, but data compaction is specified in the content model,
whereas data compression is specified as part of the encoding structure.

Some of the encoding formats of particular relevance for geographic imagery are included in 8.3.5.2 to
8.3.5.5.

Additional discussion on encoding rules for Imagery, Gridded and Coverage data are included in ISO/
TS 19129(52] and ISO/TS 19163-1[2Z].
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8.3.5.2 Basic Image Interchange Format (BIIF)

ISO/IEC 12087-5[43] specifies the Basic Image Interchange Format (BIIF). It provides a detailed
description of the overall structure of the format as well as a specification of the valid data content and
format for all defined fields. BIIF conforms to the architectural and data object specifications of ISO/
IEC 12087-1[45]. ISO/IEC 12087-5[46] also provides a data format container for image, symbol and text,

along with a mechanism for including image-related support data. BIIF

provides a means whereby diverse applications can share imagery and associated information,

allows an application to exchange comprehensive information with users with diverse needs or

ISO

Capabilities, allowing each user to select only those data items that correspond to their
capabilities,

minimizes pre-processing and post-processing of data,

minimizes formatting overhead, particularly for those applications exchanging only a sm]
of data, and for bandwidth-limited systems, and

provides extensibility to accommodate future data, including objects:

IEC 12087-5 supports the use of International Standardized Prafiles to define and organ|

applications of the standard, and specifies a mechanism for registering such profiles com
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IEC 9973[41]. Examples include the NATO Secondary Image‘Format(82] and the Open SI
h Exchange Profile which is provided as an informative example in E.3 of I[SO/IEC 12087-

5.3 Hierarchical Data Format (HDF)

Hierarchical Data Format (HDF) is the standard data format for all NASA Earth

fer for supercomputing applications (NCSA) at the University of Illinois. NCSA develoy
st users in the transfer and manipulation of scientific data across diverse operating sy
puter platforms, using FORTRAN and C calling interfaces and utilities. HDF supports 4
h types: n-dimensional scientific.data arrays, tables, text annotations, several types of rag
their associated colour palettes,and metadata. The HDF library contains interfaces for j
ieving these data types in either compressed or uncompressed formats.

ause many Earth science data structures need to be geolocated, NASA developed th

format with additional gohventions and data types for HDF files. HDF-EOS supports the grid

SW4
HDI
and
rea

th geospatial data types, providing uniform access to diverse data types in a geospatial c
-EOS software library allows a user to query or subset the contents of a file by Earth g
time (if there\is a spatial dimension in the data). Tools that process standard HDF filg
1 HDF-EOStfiles. However, standard HDF library calls cannot access geolocation data, tin

needs and

all amount

ize domain
bliant with
cies Digital
5:1998.
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rem (HDF-EOS) data products[141[88]. HDE is;a multi-object file format developed at the national

ed HDF to
rstems and
variety of
ter images
toring and

e HDF-EOS
point, and
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je data and

profduct metadata as easily as with HDF-EOS library calls.

8.3{54  'GeoTIFF

The Tagged Image File Format (TIFF)[84] is a public domain format originally developed by Aldus
Corporation. It defines tags to identify several different types of coding and allows “private” tags for
extension.

The GeoTIFF[10] data interchange standard for raster geographic images is an extension of the
TIFF format that specifies the content and structure of a group of tag sets for the management of
georeferenced or geocoded raster imagery. The aim of GeoTIFF is to support a geodetically sound raster
data georeferencing capability for tying a raster image to a known model space or map projection, and
for describing those projections. The geographic content supported in GeoTIFF tag structure includes
its cartographic projection, datum, ground pixel dimension, and other geographic variables. The
GeoTIFF format is popular because the image it contains can be viewed in a non-georeferenced fashion
using widely available TIFF software.
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8.3.5.5 GML]JP2

The GML in JPEG 2000 (GMLJP2) for Geographic Imagery Encoding Standard defines the means by
which the Geography Markup Language (GML) Standard is used within JPEG 2000 compressed images
for geo-enabled imagery.

The standard provides a GML Coverage application schema to support the encoding of images within
JPEG 2000 data files and also a packaging mechanism for including image annotations and GML or KML

annotation

Two versio

s within JPEG 2000 data files.
ns of GML]P2 are available.

Versio
in geog

Versio
to OG(
1: Corg
additig
for im3

GMLJP2 is
or visually
together w

8.3.6 Im

Imagery c

compressign are processes such as discrete cosine transformations, wavelet imagery compress

run-length
JPEG 2000
classes of

h 1.0.0 (2005), based on GML 3.1: OGC # 05-047r3 which is limited to georeferenced inag
praphic/cartographic coordinate system.

standard GMLCOV - OGC #09.146r2): GML in JPEG 2000 (GMLJP2) Encoding Standard |
: OGC # 08-085r5. This specification is a multi-part specification, for whi¢h-two extensiq
nal parts are under finalization in OGC: extension for annotations and referenceable exten
gery (in sensor/image reference system) associated with its sensor model.

based on the JPEG2000 for compression of still imagery, accordihg to two modes loss|
lossless (refer to 8.3.6), allowing fast exchange and access/display of geospatial imag
ith annotations or vector layers and metadata.

agery compression
hn be compressed using various techniquesyand processes. Major classes of imag

encoding, arithmetic encoding, fractal c@mpression, vector quantization, JPEGI86],
49]. There are other techniques for imagery compression but all use the same basic m
rocessing. It is necessary to remember‘when describing or "marking" data as to the imag

compressi

ery

12.0.1(2016),based on GML3.2 (IS0 19136:2007) and CIS 1.0 (emergent1SO 19123-2# equivallent
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dn technique used that the parameéters/attributes used by the algorithm are of equal

importance. Refer to the standards listeddn‘the reference section for details concerning the varjous

imagery cdmpression techniques.

t of
Fay-

Notably, ISO/IEC 15444-1:2016[49] defines the JPEG 2000 compression technique. It specifies a s¢g
lossless (bjit-preserving) and lossy compression methods for coding bi-level, continuous-tone g
scale, palefte colour, or continuous-tone colour digital still images. Additionally it

— specifies decoding progesses for converting compressed image data to reconstructed image data,

specifiles a code stréam syntax containing information for interpreting the compressed image data,
specifies a file-format,

age

provides guidance on how to implement these processes in practice.

The following relevant image compression standards are currently used:

U.S. MIL-STD-188-199, Vector Quantization (VQ) Decompression for the National Imagery
Transmission Format Standard, 27 June 1994, including Notice 1[87];

N106-97, National Imagery Transmission Format Standard Bandwidth Compression Standards and
Guidelines Document, 25 August 1998l66];

2) Under preparation. Stage at the time of publication: ISO/FDIS 19123-2.
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ISO/IEC 15444-1:2016, Information Technology — JPEG 2000 image coding system: Core coding
systeml49];

ISO/IEC 15444-4:2004, Information Technology — JPEG 2000 image coding system: Image coding
system: Conformance testing[50];

BPJ2K01.00, Information Technology — Computer Graphics and image processing — registered
graphical item — Class: BIIF Profile — BIIF Profile for JPEG 2000 Version 01.00 (Latest Version)[3l.

8.4 Geographicimagery knowledge — Inference and interpretation

8.4J]1 General

All the UML classes and other information which comprises the Imagery Knowledge package shown in

Figuire 3, are described in 8.4.

8.42 Knowledge from imagery

Knqwledge is an organized, integrated collection of facts and generalizations. Imagery-based
is apcumulated by systematic study and organized by general principles. One aspect of m
infgrmation to knowledge is the identification of redundancies:y*Knowledge differs frglm
infqrmation in that new knowledge may be created from existirig knowledge using logical inffe

wledge is more than a static encoding of facts; it also<includes the ability to use thd

raction with the world.

knowledge

bving from
data or

rence.

Knd se facts in

intdg

Imdge Knowledge Base is a component of the Imagery Knowledge package shown in Figufe 3. Image

und

pac
bas

erstanding and classification (see 8.4.3) is also another component of the Imagery
kage which is shown in Figure 3. The basis far,separating these concepts is that an image
b assumes a ready archive of imagery whereas image classification processes individual

Knowledge
knowledge
mages.

8.4]3 Image understanding and classification

this source
bature. The
rages. This
feographic

Senpors provide partial informatien about phenomena occurring in the environment. From
of information, regions in an image can be aggregated under a single concept, i.e. a named f¢
profess moves raw sensed data to higher semantic content information, e.g. polygonal cove
profess may also be called imlage understanding: knowledge-based interpretation of visual
Imgdgery Scenes by computers.

A prrimary objectiveZof image understanding systems (IUSs) is to construct a symbolic ¢lescription
of the Geographic imagery Scene depicted in an IG_Scene. Contrast this with image procgssing that
tramsforms one~IG_Scene into another. IUSs analyse an image or images to interpret the teographic
Imdgery Scene in terms of the feature models given to the IUSs as knowledge about the World. Here
intdrpretation refers to the correspondence between the description of the Geographlc Imagery
Scehe-and the structure of the image. It associates features (e.g. houses, roads) with geometric objects
idemtified in the image (e.g. points, lines, regions)

Most Geographic Imagery Scenes are composed of features of various kinds related to each other
through their functions. Thus, to understand the Geographic Imagery Scene, knowledge about (spatial)
relations between features as well as knowledge about their intrinsic properties is needed. Using
knowledge about feature relations and properties, [USs conduct reasoning about the structure of the
Geographic Imagery Scene. For features with a semantic basis, a set of named feature types is required.

Classes that can be derived from IG_Scene are shown in Figure 13. IG_Feature is a feature interpreted
from an image. As such, it is an instance of a feature type, which shall be specified in an application
schema (ISO 19109) and described in a feature catalogue (ISO 19110). It has two attributes: featurelD
is an Integer that shall uniquely identify the feature within the context of the image from which it was
extracted; featureType shall contain the typeName from the feature catalogue in which the type of the
feature is described.
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Instances of 1G_Classifiedlmage and IG_Segmentedlmage may be created as intermediate products
during the process of extracting instances of IG_Feature from an image.

The pixels in an IG_Classifiedlmage have been attributed with labels as a result of human interpretation
or an automated classification process that identifies pixels with similar attribute values. The labels
may identify feature types or attribute listedValues specified in a feature catalogue.

EXAMPLE1 Anautomated classification process mightassign the label “water” —alistedValue of a “surfaceType”
attribute - to all grid cells in a near infrared image that have an intensity below some threshold value.

An 1G Segmentedlmage is the result of applymg a pattern recognltlon process such as clustermg or
edge deteg ' sroup is

EXAMPLE 2] A clustering process applied to the classified image in Example 1 might produce-clusters of pixels
that could bje identified as individual rivers, ponds and lakes.

Both IG_Classifiedlmage and IG_Segmentedlmage are realizations of CV_DiscreteCoverage in which|the
surface elements are grid cells.

The clustefs of pixels in a segmented image can be further described in terms of vector geomgtry
as points, [curves or surfaces. The resulting collection of instances-gf GM_Object makes up an|IG_
FeatureCoyerage.

The UML classes for image classification and understanding are-isted in Table 11.

Table 11 — Image classification andunderstanding classes

Featyire type Attribution Géeéometric realiza- Lineage
tion
IG_ClassifigdImage Labels on grid cells, e.g: Discrete Grid Cell Supervised classification or
attribute listedValue.of Coverage human interpretation of an
feature type code IG_GridScene
IG_Segmenfedlmage Labels on grid cells, e.g. Discrete Grid Cell Clustering or edge detection|of
feature ID Coverage an IG_GridScene
IG_Featurefoverage Attribute values associated |Discrete Coverage Conversion of pixel clusters nto
with afeature ID points, curves, or surfaces
IG_Feature Attiribute values associated |See below Identification of discrete fea
with a feature ID tures in an 1G_GridScene
IG_SegmenfedFeature Attribute values associated |Set of grid cells Segmentation of an image
with a feature ID
IG_VectorF¢ature Attribute values associated |GM_Object Identification of discrete fea
with a feature ID tures in an IG_GridScene
NOTE héterminolosy-inthis-decumentis—consistent-with-the 1S0-19100-series-of- tnternational-Standdrds.

Terminology from the field of image understanding is different. A feature in the ISO 19100 series is an “object”
in image understanding terminology. A geometric object identified in an image in the ISO 19100 series is a
“feature” in image understanding terminology.
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8.414

Realize «type» Realize
=== CV_DiscreteCoverage 4 ————————— |
1 1
1 1
I A I
| | |
I I I
: Realize :
1
I I I
I I I
I I I
I I I
1c Cl ifiadl +basis 1c.C $odl +basis c o =
+o— £ = 1o-Sesmrent & C—Featts age—
1 1 ,\‘O
+SOUI'§E +1source 0. +segmentedFeature 0.* +vectorFeatur]
IG_GridScene IG_GriddedFeature IG_VectorFeature
+ geometry :CV_GridCoordinate [ 0..*] + geometry :GM_Object
IG_Feature

Figure 13 — Image classification and understanding class diagram

IG_KnowledgeBase

8.44.1 General

rfeaturelD :Integer
+ featureType :TypeName

IG_KnowledgeBase (Figure 14) is a collection of information extracted from a set of instances of IG_

GridlScene. IG_KnowledgeBase provides a basis for the reasoning involved in drawing a co
making a logical judgment on the basis of imagery and ancillary data. Ancillary data is i

abojut scene ohjects that is not derived from the image.

Different IG:KnowledgeBases use different inference methods to draw conclusions. These ar
by the codelist IG_OrganizingPrinciple as data fusion, data mining or physical modelling.

hclusion or
hformation

b identified
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1G_KnowledgeBase

+ organizingPrinciple :IG_OrganisingPrinciple

1.* +ancillaryInput +createdFrom 0.*

«metaclass»
Image Information::
1G_Scene

Image Information::
IG_AncillaryData

8.4.4.2 K

Physical 1

spatially diistributed, time-dependent environmental processes ity mature. The term model refl

that any n
[t is impor
with miniy
phenomen
principles.
specific ap

EXAMPLE
and meteor

Data assimlilation, a type of modelling, is the melding of observations with model simulations to proj

«codelist»
1G_OrganisingPrinciple

+ dataFusion
+ dataMining
+ physicalModel

Figure 14 — IG_KnowledgeBase

hysical modelling

htural phenomena can only be described to a certaindegree of accuracy and correctn
Fant to seek the simplest and most general descriptien that still describes the observat
hum deviations. It is the power and beauty of the“basic laws of physics that even com
h can be understood and described quantitatively on the basis of a few simple and gen
Standards for physical modelling are the demain of standards setting organizations wi
plication areas.

The World Meteorological Organization validates models in the areas of climatology, hydrol
blogy.

rocess models are computer-based mathematical meodéls that realistically simullate

bcts
ess.
ons
blex
pral
hin

08Y,

ride

accurate egtimation of the state of thet'atmosphere, oceans, and land surface, etc.

Output of 3 model may be an IG_GridScene or other type of geographic information. ISO/IEC 18(23-
3[51] deals|with environmental\répresentation including the representation of the results of phydical
modelling.

8.4.4.3 Data mining

Data mining, alsonknown as knowledge discovery from databases, is the higher-level proces§ of

obtaining
world) thr

is concerné

information through distilling information into knowledge (ideas and beliefs about the nii

ugh 1nterpretat10n of 1nformat10n and 1ntegrat10n w1th existing knowledge Data mini

testing deductions from theorles through a sub -process of lnductlon from a scientific database. ISO/
IEC 13249-6[48] provides an example of data mining using SQL techniques.

During the last decades, imaging satellite sensors have acquired huge quantities of data. Optical, SAR,
and other sensors have delivered several millions of Scenes that have been systematically collected,
processed, and stored. The state-of-the-art systems for exploiting remote sensing data and images allow
queries by geographical coordinates, time of acquisition, and sensor type. This information is often less
relevant than the content of the Scene, e.g. structures, patterns, objects, or scattering properties. Thus,
only a few of the acquired images can actually be used. In the future, exploitation of image archives
will become more difficult due to the enormous data quantity acquired by a new generation of high-
resolution satellite sensors. As a consequence, new technologies are needed to easily and selectively
extract the information content of image archives and finally to increase the actual exploitation of
satellite observations[2l.
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Data mining uses an IG_KnowledgeBase as a repository that integrates instances of 1G_GridScene
from one or more sources. Good IG_KnowledgeBase design maximizes the efficiency of analytical data
processing or data examination for decision making. An IG_KnowledgeBase often supports online
analytical processing (OLAP) tools. OLAP tools provide multidimensional summary views of the IG_
KnowledgeBase, e.g. roll-up (increasing the level of aggregation), drill-down (decreasing the level of
aggregation), slice and dice (selection and projection) and pivot (re-orientation of the multidimensional
data view). Geospatial specifics are utilized for specialized data mining. Examples include geographic
measurement frameworks (geometry and topology), spatial dependency and heterogeneity, complexity
of spatiotemporal objects and rules, and diverse data types for geographic imagery.

As new automated data mining technologies develop, metadata standards may need to be modified in
ordpr to describe the tools, their application and results.

8.44.4 Feature fusion

Feature fusion, is the process of combining remote sensing data with other\sources of|geospatial
infqrmation to improve the understanding of specific phenomena.

In feature-level data fusion, representative features are first extracted from multiple sensor
obsprvations and then combined into a single concatenated feature veetor. Feature extractign from the
indjvidual images may depend on the environment (extent, shape, neighbourhood) as well ad the sensor
chafacteristics. Similar objects from multiple sources are then fused for further assessment using
stafistical approaches or adaptive neural networks.

Metadata standards could need to be modified to describethe lineage of fused features.
8.5 Geographic imagery decision support —<€ontext-specific applications

8.5]1 General

All the information which comprises the Detision Support package shown in Figure 3, are desciibed in 8.5.

8.5]2 Decision support services

A Decision Support Service (DSS) consists of interactive computer programs that utilizg analytical
methods, such as decision-analysis, optimization algorithms, program scheduling routirfes, and so
on, [for developing models, to’ help decision makers formulate alternatives, analyse their inppacts, and
intdrpret and select appropriate options for implementation[l]. A DSS permits planners [and policy
malkers to:

1) |integrate latge’quantities of existing geospatial data;

2) |use these/data as inputs to forecasting models for predicting the results of alterndtive policy
choices;

3) |display the model results in easily understood ways.

The output of a DSS is advice to a human decision maker, be it a policy maker, scientist or member of the
public. This advice may be a single prediction or recommendation, or it may be a set of discrete pieces of
advice to be evaluated and combined with other data and information in the decision process. Outputs
of a DSS may include text, graphs and imagery.

As depicted in Figure 15, a DSS may draw on both information extracted directly from imagery as well
as distilled information in the form of knowledge residing in an imagery knowledge base. Figure 3
shows the relationship in the context of Information Viewpoint packages.
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1G_DecisionSupport

+informatim 0.*
Image Classification and +derivedFrom
Understanding: : 3
IG_ClassifiedImage 0.
+observations +createdFrom
0.% 1.* 0.* +predictions
«metaclass» +createdkrom Image Knowledge Base::IG_KnowledgeBase
Image Information: :
1G_Scene 0.* + organizingPrinciple :1G_OrganisingPrinciple

«Process»
{Count of (derivedFrom
+ createdFrom) > 0 }

Figure 15 — Imagery for decision support

8.5.3 Gepgraphic portrayal
8.5.3.1 Images of geographic information

8.5.3.1.1 | General

In order to| portray images of geographic information: appropriately for effective decision support,|the
colour syslem and attribute colour portrayal scheme used, as well as the manner of visibly displaying
those images, are all critical. Each of these considerations is addressed below.

8.5.3.1.2 | Portrayals

The visibld display or portrayal of geographic information is key to the use of geographic informagion
by humang for decision support, The portrayal of geographic information in general is addressefl in
ISO 19117[B2]. 1SO 19117 defines/ portrayal as the presentation of information to humans. A Picfure
Portrayal as defined in this-document is geographic information directly suited to display to hunfans
using hardcopy or visuakdisplay means. The information in a Picture Portrayal may be a colour-space
rendering ¢f a Geographie Imagery Scene or any other type of geographic information.

Picture Poftrayals\use colour coding for the representation of pixel values. Use of colour coordingates
can produge significant advantages in reducing the amount of data that needs to be communicatef. If
only a very fewncolours are used in a printed product, then only that number of colour map entries|are

required, and-suhsequently only a few hits are required per pixel to address entriesin the colour map.

EXAMPLE If a chart used only seven inks when it was originally printed, and if it is possible to distinguish
these as seven distinct colours, then a colour map could be constructed which specifies each of these seven
colours in terms of their exact colour values. Only three bits per pixel would be required to be indexed in the
colour map.

8.5.3.1.3 Colour systems

The human eye has three kinds of receptor cells sensitive to different parts of the visible spectrum,
conventionally identified as red, green and blue. A mixture of light from these three bands is perceived
as a single colour which varies as a function of the relative intensity of the three primary colours.
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The Commission Internationale de I'Eclairage has defined a basic system (CIE XYZ)[ZI for describing
specific colours in terms of three tristimulus values. The tristimulus values represent the quantity of
light from each band contained in a mixture of the three that is perceived as having the same colour
as a particular wavelength in the visible spectrum. Colours may also be described in terms of three
trichromatic coefficients, computed by dividing each of the three tristimulus values by their sum.
Since the sum of the trichromatic coefficients is one, the quality (chromaticity) of any colour may be
described by two of its trichromatic coefficients, usually the red and green coefficients. As a result, the
range of visible colours may be represented independently of brightness on a two-dimensional graph.
All colours, even those that cannot be represented on paper or on a CRT, can be described using the

CIE System. The CIE System is commonly used to specify colours of printing inks and the phosphorous
CO]( e of CDT on At e

OT 5 UT GIvT IITOTIIcoT 3%

Several colour coding systems are used for imagery and are detailed below:

a) |RGB (red, green, blue);

b) |CMYK (cyan, yellow, magenta, key);
c) |HSV (hue, saturation, value);

d) [Luminance/Chrominance.

RGB - The RGB system is based on the physiological characteristics of the eye. Red, green and blue
arelthe additive primary colours; appropriate mixtures of light\of these three colours can pfoduce any
othgr perceptible colour. A combination of equal amounts of\all three colours produces whitg¢, while the
absgnce of all three results in black. Colours are recorded in the RGB system as the total intensity of

illumination in each of the bands.

4](7][23][35]
is also the

The
[36]

mos

RGB system is widely used for digital image, storage, manipulation and interchangel3
Multispectral remote sensing devices typically operate in the three primary bands. RGH
t common system used for computer monitors.

CMKK - The CMYK system[22](26] is based on the combination of intensities of the subtractiye primary
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urs cyan, yellow and magenta. These are also called absorptive primaries; the col
Ceived as a result of their reflection of white light is that of the light which is not absorbed
gqual and sufficient amounts of the three subtractive primaries is seen as black. The CMY
mized to support process.colour printing. Black ink is added to the mix for several reason
fact that the inks of the primary colours are not spectrally pure so the mix of primary

5 not produce a true-black. In addition, slight mis-registration of the three primary co
Ses blurring of detail)Such as text, so text and graphic detail are usually printed in black
e is therefore referred to as the Key plate and by the K in the abbreviated identifier of th

- The HSV'§ystem separates a colour into its hue, saturation and value. Hue is the ¢
essed as\an angular position on a standard colour wheel. It is equivalent to the
relength-of the colour, except for the non-spectral colours (purple and related colours). S4
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HSV is a non-linear transformation of RGB that scales colours in a way similar to the response of the
human eye. It is often used in applications that require a user to select a colour to be applied to some
element of a display (8.5.3.1.4) because it supports a linear progression of perceived colour differences.
It is used for differentiating cartographic area symbols (8.5.3.1.4) for the same reason.

NOTE The receptor cells of the eye respond logarithmically to the intensity of light.

Luminance/chrominance - Several related systems describe colours in terms of one luminance and
two chrominance components. All of these are transformations from RGB. All were developed for colour
video broadcasting and recording because the luminance value by itself supports monochrome displays.
Luminance (Y) is the overall brightness of a pixel, computed as a weighted sum of the three RGB values.
It is equivalent to the value of the HSV system. Chrominance is calculated as the difference between a
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colour and a reference white at the same luminance. Because the eye is less sensitive to differences in
chrominance than to differences in luminance, the chrominance data can be compressed to a greater
degree with less loss of perceived image quality. Three variants of the luminance/chrominance system
are used in the three regional standards for analogue videol39]. YCrCb is the standard colour system for
all digital videol60l. Y is the total luminance across all three colour bands. Cr is the red chrominance,
a measure of the difference between the red band intensity and total luminance. Whole Cb is the blue
chrominance, a measure of the difference between the blue band intensity and total luminance.

8.5.3.1.4 Attribute colour portrayal

Colour Ramps elotrRamps-are-contintous-colourspectrarangingfromaspecifiedstarttoaspeeified
end point. They can cover the complete visible spectrum or a limited component of it. A Colour Ramp|can
be in graysicale as well. Although theoretically continuous, the application of a Colour Ramp neééssitates
that the pofrtrayal be a discrete representation of the given spectrum. Large or small ranges-of’datajcan
be compressed or stretched in the process of ramping the attribute values. Start and end points cap be
selected or] a given spectrum to aid in the best portrayal of data with limited dynamic range.

Colour Bapding - Colour Banding is also referred to as Colour Tables. It is a list.or table containping
discrete cdlour values and attribute value ranges. For every range of an attribute’s value (e.g. 10 to|20)
a specific dolour is assigned (e.g. red, or R=255, G=0, B=0). Most often the series of colour assignmgnts
follows a progressive path which discretely mimics a ramped colour spectrum, but it is not necesqary
- there is ro need for any progressive pattern. Colour Tables can be chgsen or designed to best porfray
certain tyyes of data or to highlight specific aspects.

Feature C¢louring - Colour can also be assigned by feature or feature type. In this manner, bouldlers
(the featurf “boulder”) could be assigned the colour green,

EXAMPLE R=0,G=255B=0.
while bridge features could be assigned some other colour.
EXAMPLE 2 R=123,G=55,B=234.

This is sinilar to the Colour Table approacehiexcept that colours are assigned to individual featyres
and not an|attribute value or range. Severalattributes can be used to define a given feature and thus
colouring is based indirectly on multiple\attributes.

Within a gijven visualization, data ¢éan be portrayed using any of these approaches. Combinations cap be
used as well.

EXAMPLE Bathymetric depth data could be coloured using a Colour Ramp of the blue spectrum, while
boulder feafures are assignéd)a feature colour and portrayed as yellow (R =0, G = 255, B = 255).

8.5.3.2 uman observers

Interpretirg a¢geographic image is an open-ended task. It is not known in advance what patterp is
going to apjpear in an image. Determining features from an image is a context-dependent task. The|job
of a human Interpreter 0 TaRe tr TR between the Image and the features. With the Increasing
volumes of geographic imagery, emphasis has been on automated feature detection. However, pattern
recognition and automatic image processing techniques remain inadequate for some applications. For
many applications, a “human-in-the-loop” is required.

The interpreter’s knowledge, skill and experience is critical in the interpretation of geographic imagery.

8.5.4 Fitness for use context

Imagery is useful to a specific application context if the geometric and attribute values are appropriate
to the context. For example, the spatial resolution needs to be appropriate to the mapping scale in the
application (see Figure 16). Meeting a user's cognitive requirements means presenting to that user
an image/map at a scale that corresponds to an operational scale of process shaping the features of
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a user's interest[ZZ]. Table 12 lists the spatial resolutions appropriate to the mapping scale in urban
applications. See ISO 19115-1 and 19115-2 for information concerning metadata appropriate to
determine fitness for use.

An example of a sound application context for imagery for use as a base map is the case in which the
imagery has a set of natural colours, is directly interpretable by untrained users, and has uniform
radiometry.

For appropriate use as an information source, a satellite image would need to:

be available as a value added product allowing an update at least annually, and be available “on
hand —according to a very 1lexible limit and at reasonable cost,

cover large territories in order to lay out the most uniform possible radiometry andthus overcome
one of the problems encountered in orthoimages.

NOTE See Figure 16 and Table 12.
Applications
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Figure 16 — Applications based on resolution

Table 12 — Examples of applications and spatial resolution

Scales of applications in urban areas Image data used for these applications
Applications Scale Image source Resolution
Facility management 1:200 to 1:500 Aerial photo/LIDAR <20 cm
Basic mapping 1:1 000 to 1:2 000 Aerial photo/LIDAR 20 cm to 50 cm
Urban planning 1:5000 to 1:10 000 High-resolution satellite/ 50 cmto 10 m
Aerial photo
Overview 1:10 000 to 1:1 000 000 |Satellite 10 m to 30 m

Table 13 provides a categorization of geographic application areas.
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Table 13 — Application area categorization

Societal surveillance Defence and intelligence
Law enforcement

History or archaeology research

Societal infrastructure Electric and gas utilities
Telecommunications

Transportation (including aviation and aerospace)

Societal commerce Business site determination

Architecture

Engineering and construction

Natural redource stewardship Earth, ocean, or atmospheric research
Health care
Ecology and conservation

Pollution monitoring and control

Natural reqource exploitation Agriculture

Mining and petroleum

Forestry and lumber

Fisheries and marine resoutce use
Water distribution and resources

Waste disposal and management

Societal impact reduction Emergency management

Property insurance

Education Elementary‘education
Uniyersity education

Museums

Public conqumers Tourism
Real estate
Entertainment

Journalism

Employment services

8.5.5 De¢cisionfusion

Remote sepsing data can be combined with other sources of geospatial information to improve|the
understandixs-ofspecifie phenomena:

Fusion at the decision level involves fusion of extracted sensor information. All relevant information is
extracted from each sensor, such as a preliminary determination of some metadata such as an object's
location, velocity and attributes, and then fused using methods such as voting and inference. Often
ancillary data, such as a Digital Elevation Model (DEM) or prior knowledge about Geographic Imagery
Scene objects, is incorporated into decision (or information) fusion.

If the characteristics of the input data are not well known it is possible that fusion of multisensor data
produces worse results than could be obtained from the most appropriate single sensor. For this reason
quantitative evaluation of the accuracy and reproducibility of automated fusion systems is essential.

See ISO 19115-1, ISO 19115-2, and ISO 19130-1 for relevant metadata.
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Computational viewpoint — Services for imagery

Task-oriented computation

The computational viewpoint provides a transition from the Information Viewpoint to the distributed
deployment represented in the Engineering Viewpoint. The Computational Viewpoint provides a
perspective for describing distribution through functional decomposition of the system into objects
that interact at interfaces. For geographic imagery systems, the Computational Viewpoint identifies
abstract objects necessary for the process flow for acquiring, storing, processing and viewing imagery.
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capability to communicate, execute programs or transfer data among various functiox
anner that requires the user to have little or no knowledge of the unique characferisti
s. Two models for developing interoperable components are defined in 9.2.

i wider community. Elements of this model are re-usable service interaetion patterns,
ning and methods to aid analyst selection of services, e.g. taxonomy of Service types.

bnsure that the science of remote sensing yields the greatest value o society and to bu
ical that data analysis becomes accessible to the lay person who, could have access to th

algorithmic minutiae.

wledge can result in decisions through the integration. of the goals of multiple stakeh

sions for applications.

Computational patterns

approaches may be used to define<an interoperable Computational Viewpoint bas
rmation Viewpoint.

Interaction between deployed‘components is performed through invocation of ops
the classes defined in the Ihformation Viewpoint. In this case, Information Viewpoint

typifies this approach (Table 14).

Interaction between deployed components is performed by invocation of interfaces

Viewpoint interfaces generally do not match Information Viewpoint interfaces. The
oriented computational pattern typifies this approach (Table 15).

Computational Viewpoint addresses services in an abstract approach, i.e. independent o
puting hosts and networks. Approaches to deployment of services, including issues of d
addressed in 10.2.

erability is
al units in
cs of those

ust computational models are needed for the re-use of remote sensing information and services

p.g. service

Siness, it is
e data and
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generally match Computational Viewpoint interfaces. The object factory computational pattern

n services

defined using the-semantics of the Information Viewpoint. In this services model the Compputational

message-

f hardware
stribution,

As defined in ISO/IEC 10746-1[42], the objects in the Computational Viewpoint can be application
objects, service support objects or infrastructure objects.
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Table 14 — Object factory computational pattern

Element of a pattern

Description of element

Name

Factory. Variations: Abstract Factory, Independent Objects.

Problem

Provide an interface for creating related objects without specifying their concrete
classes. Provides flexibility in configuring implementations; an implementation of a
object may be located separately from where it was created.

n

Context

uct-specific implementation objects, product specifics are isolated to the factory.

Interfaces are defined using object-oriented techniques. Clients manipulate instances
through their abstract interfaces. Because a factory creates a complete family of prod-

Forces

Dependent upon use of a distributed-object computing platform. Concentrating imp|
mentation specifics in the factory object means any extensions are done to the factd
interface, which may be difficult. Design considerations are critical to keep the fact
object from becoming a bottleneck.

e_
ry
ry

Structure

Client invokes a Create (IG_GridScene:data) operation on the Factory Objéct. The fac

the Create operation and returns a handle to the Client. Subsequenatperation invog

ry object instantiates an object with the IG_GridScene interface to data’as identified i

tions by the Client are done using the object handle and the IG_GridScene operations.

Table 15 — Message-oriented computational pattern

Element df a pattern

Description of element

Name

Messaging. Variations: Message Oriented Middleware, Message Exchange Pattern.

Problem

Decoupling the interaction between agents and\services by defining a message ex-
change pattern that lacks any semantic significance of the content of the messages.
However, the pattern does focus on the structure of messages, on the relationship b
tween message senders and receivers\and how messages are transmitted. The pattg
includes normal and abnormal termination of any message exchange.

19"
I

Context

Some DCPs natively support certain messaging, e.g. HT TP natively supports re-

message-oriented patternfocuses on those aspects of the architecture that relate to
messages and message.processing. The pattern shall be applied to specific applicati

quest-response messaging. Thepattern is used in Service-oriented architectures. The

ns.

Forces

While the pattern is.défined to be semantically neutral, in practice domain semanti

face. Deployéd services conform to the abstract message-oriented interfaces.

are typically added\to the pattern resulting in message exchange operations typed by
inclusion in an(initerface defined by a domain community, e.g. imagery request inter}

CS

Structure

Services.are defined to accomplish a domain-relevant computation, e.g. image proce
ing. Interfaces composed of message-oriented operations are bound to the service. 4
client;acting on behalf of an agent, invokes the operation.

SS-

9.3 Geoj

Geographi
in ISO 191

sraphicimagery services

" imagery services shall be specified as extensions of the broader geographic services defined
| 9-and listed in Table 16. The method is to subtype a general service taxonomy to iden

tify

acific to cgagaranhic imacgary Thao nurnaca of thic mnthcd is tn g|||'r"n tha ctandardiza

tion

services spe€
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of geographic information in order to enable the interoperability of a GIS in Distributed Computing

Environments (DCP).
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Table 16 — Geographic services categorization

Geographic human interaction services

— Services for management of user interfaces, graphics,
multimedia, and for presentation of compound documents.

Geographic model/information management
services

lation, and storage of metadata, conceptual sche
data sets.

— Services for management of the development, manipu-

mas, and

Geographic workflow/task management services

activities conducted by humans. These services

— Services for support of specific tasks or work-related

use of resources and development of products involving a

support

Ge(
Geq

graphic processing services - thematic

graphic processing services - temporal

sequence of activities or steps that may be conducted by
different persons.
Geqgraphic processing services — Services that perform large-scale computati¢ns involv-
Gederaphic processine services — spatial ing substantial amounts of data. A processing service does
graphicp 8 p not include capabilities for providing persistentfstorage of

data or transfer of data over netwerks.

— Geographic processing services are subtyped by the ge-

Gedoraphic processing services — metadata ographic attribute that the processing modifies.|Attribute
graphicp gserv types are defined in the General Feature Model.
Geg@graphic communication services — Services for the enceding and transfer of datp across
communications networks.
Multiple classification schemes may be provided for a giver\system. Three types of taxonomies are
defined here: semantic capability, service interface and service binding[Z2] (see Figure 17).
A se¢rvice is defined by more than an interface: instances of the same service type may differ in some

noncomputational, behavioural, and/or non-functienal aspects (such as the cost of using the service).
Evep if the interface signature is identical, the semarntics may be very different (e.g. a LIFO St

aF]

0 Queue).
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Figure 17 — Types of service description

ISO 19119 defines a geographic services taxonomy based on the semantic characteristics of services,
and provides examples. The taxonomy consists of the titles of the categories and the definitions for the
categories.

ISO 19119 and OGC Image Exploitation Serviceslé8] provide more detail concerning the geographic

imagery services for:

human interaction;
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proces

model/information management;

workflow/task management;

sing for spatial, thematic and temporal data, and metadata;

communication.

9.4 Service chaining for imagery

Image processing typically involves multiple steps. Some steps can be resource intensive. ISO 19119

defines a d
ISO 19119
the semant

[SO 19119
service prd

The qualit
individual
of service ¢
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objects for
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An Engine

omputational model for combining services in a dependent series to achieve larger ta
addresses the syntactic issues of service chaining, e.g. data structure of a chain; as'we
ic issues associated with service chaining.

enables users to combine data and services in ways that are not predefined\by‘the dat
viders. This capability is enabled by the infrastructure of the larger domajn.of IT.

y of a service chain operating on imagery depends upon several isstes, e.g. order of
Kervices and compatibility of the individual services. See ISO 19119for a further discus
haining quality.

ice metadata

uing purposes, geographic imagery services shall be.described using the service metag
h ISO 19119. Service metadata records can be mdnaged and searched using a catalg
is done for dataset metadata. In order to provide;a catalogue for discovering service

eering Viewpoint — Deployment approaches

bral

bering viewpoint on an ODP.system and its environment focuses on the mechanisms
equired to support distributed interaction between objects in the system[3Z]. Key concg
ineering Viewpoint arefigde and channel.

ering Viewpoint ngde; according to ISO/IEC 10746-1[42] is a configuration of enginee
ming a single unitfoi'the purpose of location in space, and which embodies a set of process
I communicatioh functions. In this document, Engineering Viewpoint nodes will be mode|
les showing'the allocation of Information and Computational Viewpoints to specific nod¢

describing a service is needed. ISO 19119 definés'a metadata model for service instances.

k.
l as

0 OI
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lata
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S, a
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bring Viewpoint channel, according to ISO/IEC 10746-1, is a configuration of stubs, bind

ers,

protocol objectsiand interceptors providing a binding between a set of interfaces to basic engineefing
objects, thireugh Wthh interaction can occur. This document will not use the specific hst of SO/

IEC 10746
computing

platforms

Requirements for consistency between Computational and Engineering Viewpoints are as follows.

54

Computational interfaces shall correspond to engineering interfaces[42].
Basic engineering objects correspond to computational objects[42].
Engineering Viewpoint adds code packaging and operating systems[42],

Computational interactions correspond to chain of engineering interactions[44].
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10.2 Distributed system for geographic imagery

This document defines a distributed system for geographic image processing (Figure 18) which is
comprised of five node types, connected by a set of channels.

The deployment diagram of Figure 18 reflects the following requirements.

— Imagery Collection Nodes which collect imagery may be located on a variety of platforms: mobile/
fixed, airborne/satellite.

— Imagery Collection Nodes shall be controlled by Imagery Processing Nodes.

— |Data from an Imagery Collection Node may be distributed to multiple Sensor Processing Nodes.
— |Imagery Archive Nodes may be replicated and federated.
— |Each Imagery Archive Node shall contain metadata that describes each of the\images it ¢ontains.
— |Value Added Processing Nodes may process data from multiple Sensor ,Processing Node$.
— |Value Added Processing Nodes may provide information to Decision Support Nodes.
— |Decision Support Nodes may be mobile or fixed.

— |Decision Support Nodes may be hosted on a range of computation hardware: from handheld device
to a situation room with multiple screens and computing’hosts.

Imagery 1
Collection .
Node L.
Sensor 1.*
Processing .
Node 1. 1
1. %) Imagery
Archive 1.* .
Node L.

Value Added 1.*
Processin
L-* Node 8 1.* L.*

Decision
Support
1.*| Node

Figure 18 — Geographic imagery system deployment diagram

Deployiment of geographic imagery systems compliant with this document shall be specifiefl using the
model shown in Figure 18.

Nodes shall be as defined according to 10.3 to 10.7. Computational and Information Viewpoint artifacts
shall be as allocated to the various nodes. A system needs not implement every artifact allocated to the
node and may add artifacts as needed. It is required that if a system provides a node named in 10.3 to
10.7, the node shall use the interfaces as defined therein.

Multiple nodes of various types may be located in the same physical locations.

Node deployment diagrams in 10.3 to 10.7 are shown with both Information Viewpoint interfaces and
Computational Viewpoint services. The various patterns defined in the computational pattern are not
constrained in the Engineering Viewpoint. Nodes may be developed with the distributed object pattern
or with the messaging pattern. Internal to a node this decision can be made without coordination. A
channel between nodes shall agree on computational pattern approaches.
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Nodes involved in development of a new image sensor may evolve as development proceeds. Initial
development will have a tight coupling of the Image Collection Node and the Sensor Processing Node.
This is to assure proper analysis and extraction of the information from the sensor data. As the
development proceeds towards operational deployment, one instrument will serve many users, i.e.
multiple Sensor Processing Nodes will process the data from an Image Collection Node.

Many tasks require data input from many sources (e.g. many data collection passes, data from multiple
sensors, maps, point data.) This places a burden on the system and on analysis to ensure that various
data are made compatible. As secondary users begin to combine sensor data with information derived
by others, the understanding of separately developed information becomes more important to obtain
correct results

10.3 Imagery Collection Node

An Imagery Collection Node typically contains an imaging sensor, platform, a mount coupling the serisor
to the platform, position/attitude sensors and a time sensor.

An Imagery Collection Node may be able to georectify the collected data.

Figure 19 identifies some of the services of the Imagery Collection Node.

Imagery Collection Node

Image access service,-,seh5or

Image coordinate conversion services
Image statistics sérvice

Image annotation services

Image encodihg service

Image cofnpression service
Rectification service

I1G_Scene

Figure 19 — Imagery Collection Node

Imagery Collection Nodes may be [ocated on a variety of platforms. One platform is an Earth orbifing
satellite, wihich may be goverfinrent- or commercially-owned. Different satellites have different orbits,
e.g. Low Ealrth Orbit (LEO), Geosynchronous Earth Orbit (GEO). Orbital dynamics and sensor capabilities

remain in placé at the ground station with only the metadata being forwarded to a central archive.

Imagery C i i T ; ; on/
blimp, long-duration flyers, etc. The airborne platform may be human-occupied or unoccupied.
Acquisition planning for an airborne platform includes definition of a flight plan. Relevant considerations
for airborne-platform flight planning include light conditions including solar altitude and cloud cover;
flight path considerations include forward overlap and side overlap. Data distribution from an airborne
Imagery Collection Node may occur as an in-flight or post-flight transmission. Recent advances in
airborne geographic imagery acquisition provide for on-board processing of the imagery based on
concurrent position and attitude determination, allowing for rectification of the imagery on-board.

Some examples of Imagery Collection Nodes are provided in Table 17.
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Mobility

Measures

In situ sensor

Remote sensing

Fixed Platform

Stationary Video Camera

Doppler Radar station

Mobile Platform

“Diving” Salinity probe

Airborne LIDAR

10.4 Sensor Processing Node

A Sen i

proyides imagery containing sensor data as well as derived imagery as standard products fro

n i

ffili

ith an Imager llection

A

n

r Pr

N

A S¢nsor Processing Node instance provides command and control for an Imagery Cotleetioy

re 20 shows the objects and services associated with the Sensor Processing Node.

IG_AncillaryData
LI_Lineage
IG_Scene

Sensor Processing Node

Geographic viewer - imagery
Compression service

Image access service - sensor

Image access service

Image annotation sgpvice

Image coordinate/conversion services
Image geometry model conversion service
Image subsetting service

Image sampling service

Image processing service

Imé&ge-statistics service

Image encoding service

Image rectification service
Orthorectification service

Sensor description service

Sensor planning service

Sensor observation service

Sensor geometry model adjustment service

Figure 20 — Sensor Processing Node

10.5 Imagery Archive Node

An Imagery Archive Node preserves imagery information for access and use by a designated g

ssing Node

the sensor.

Node.

ommunity.

Imagery Archive functions as defined in ISO 14721[25] are: ingest, archival storage, data management,
preservation planning and access.

Figure 21 shows the objects and services associated with the Imagery Archive Node.
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