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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

— an ISOQ Publicly Available Specification (ISO/PAS) represents an agréement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréeement between the members of a techn
commiittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationgl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 19[129 was prepared by-Technical Committee ISO/TC 211, Geographic information/Geomatics.
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Introduction

Gridded data, including imagery, is a major form of geographic information. Over the past two decades many,
largely incompatible, standards have been developed that are widely used for the interchange of geographic
imagery and gridded data. These include standards developed by ISO, as well as those developed by other
organizations. With so many different imagery and gridded data standards, each standard aimed at different
buf{ overlapping information communities, there is a considerable legacy problem. Working with dafa encoded
usipg different formats is often difficult because all of the necessary information for interworking fias not been
redorded using some of these standards. It is not possible to develop a new comprehensive standard to
refdlace what exists or to simply endorse one existing standard (or industrial specification) to {solve” the

int¢rworking problem, because very large volumes of data exist in the various formats already i
Teghnical Report ISO/TR 19121:2000 identified the existing work on imagery and gridded data tha
ongoing in ISO and external technical organizations. What is required is a ,structure that allo
spegcification of the content in a manner independent of and compatible with<the various differen

The area of imagery, gridded and coverage data is one of the most challenging within the field of
infprmation. The data appears to be simple; however, there is significant structural complexity. \
dafa is organized in simple grids, there are many different trayersal methods for grids and stru
support the distribution of attributes over a space. Sensor infoffnation and associated georefereng
important aspect of imagery, gridded and coverage geographigc.information.

This Technical Specification endeavours to address the.harmonization of the broad legacy of existi
andl gridded data. The approach specified is not to build a very flexible standard that encompasses
with a broad array of options, since that does not_create compatibility. One can be fooled into thin
standardized, because two data sets use in¢compatible subsets of the same set of general sta
would be accomplished would be to _give an ISO label to the existing diversity and inco
Compatibility is required for the underlying structure and primary elements of information content,
of how that information content is expréssed. The purpose of this Technical Specification is tg
framework within which interworking can occur. The approach used is to define a set of a fe
infprmation content structures for geographic imagery, gridded data and certain types of coverage ¢

use. The
had been
ws for the
t encoding

peographic
Vhile most
ctures that
ing are an
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everything
king things
ndards. All
mpatibility.
regardless
provide a
v common
ata, which

cam be expressed using different.encoding mechanisms and different interchange standards. The compatibility

reqults from the common underlying content models that are expressed as a generic set of UML [
application schemas.

This Technical Specifieation recognizes that there are many overlapping imagery and gri
sp cifications in wide-use that differ significantly in how the information content is structured for en
hat choices{ofinformation form the content model. Different types of encoding may be apg
rent situations. However, differences in content are difficult to reconcile. The existing differen
dards do.not necessarily conflict because they represent different ways of providing the same

ifferent:contexts. Differences in content are also permitted for different situations, but the conter
st.be.the same in similar situations for interchange to be achieved without loss of information.

atterns for

dded data
coding and
ropriate in
t encoding
nformation
t definition

Most of the existing specifications for imagery and gridded data used in industry specify how content is to be
expressed, rather than the content itself. They relate content to encoding, encapsulation and transfer of data.
Those content descriptions that do appear to vary from one specification to another may not be in conflict or
incompatible but reflect different real world situations that require different treatments.

This Technical Specification combines a number of well-defined content structures in accordance with
ISO 19123, the International Standard for coverage geometry and functions together with metadata, spatial
referencing and other aspects of imagery, gridded and coverage data into a framework. This will foster a
convergence at the content model level for existing imagery, gridded and coverage data while allowing for
backward compatibility with the identified suite of existing standards.

© 1SO 2009 — All rights reserved
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TECHNICAL SPECIFICATION

ISO/TS 19129:2009(E)

Geographic information — Imagery, gridded and coverage data

framework

1 | Scope

This Technical Specification defines the framework for imagery, gridded and coverage data. This [framework
defines a content model for the content type imagery and for other specific content’ types that can be
redresented as coverage data. These content models are represented as a set of ‘generic UML patterns for
application schemas.

2 | Conformance

Any application schema or profile claiming conformance with this Technical Specification shall pass the
redquirements described in the abstract test suite, presented in Annex A.

The abstract test suite indicates what is required for an .application schema to comply with the [framework
esfablished in this Technical Specification.

3 | Normative references

The following referenced documents are indispensable for the application of this document. |For dated
references, only the edition cited applies. For undated references, the latest edition of the peferenced
do¢ument (including any amendments) applies.

ISO 19107, Geographic information — Spatial schema

ISO 19109:2005, Geographic information — Rules for application schema

ISO 19115, Geographic-ififormation — Metadata

ISO 19115-2, Geographic information — Metadata — Part 2: Extensions for imagery and gridded data

ISO 19118, Geographic information — Encoding

ISO 19123, Geographic information — Schema for coverage geometry and functions

4 Terms and definitions

41 Terms

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

4.1

A

application schema
conceptual schema for data required by one or more applications

[ISO 19101:2002]

© 1SO 2009 — All rights reserved
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4.1.2

content model
information view of an application schema

NOTE The term “information view” comes from the ISO Reference Model for Open Distributed Processing (RM-ODP),

as specified

413

in 19101-2.

continuous coverage
coverage that returns different values for the same feature attribute at different direct positions within a

single spatial object, temporal object. or spatiotemporal object in its domain

[1ISO 1912

NOTE

B:2005]

extent, it cah be subdivided into an infinite number of direct positions.

41.4

coordinate

one of a sgequence of n-numbers designating the position of a point in n-dimensionat-space
[1ISO 19111:2007]

NOTE In a coordinate reference system, the numbers must be qualified by-ufits.

41.5

coordinatE reference system

coordinate system that is related to an object by a datum

[1ISO 19111:2007]

NOTE For geodetic and vertical datums it will be related to the Earth.

4.1.6

coverage

feature that acts as a function to return‘values from its range for any direct position within its spat
temporal or spatiotemporal domain

[1SO 19128:2005]

EXAMPLE Examples included raster image, polygon overlay, or digital elevation matrix.
41.7

data compaction

reduction
storage of
using spedg

pf the number of data elements, bandwidth, cost, and time for the generation, transmission, §
data without loss of information by eliminating unnecessary redundancy, removing irrelevancy
ial-Cading

[ANSI T1.523-2001]

NOTE 1

NOTE 2

Although the spatiotemporal domain of a continuous coverage is ordinarily bounded in termisiof its spatial

ial,

nd
or

Whereas data compaction reduces the amount of data used to represent a given amount of information, data
compression does not.

Data compaction can be done through aggregation of like values in adjacent grid cells, tiling schemes or other
means of eliminating information that is not relevant.

© 1SO 2009 — All rights reserved
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.8

data compression
reducing either the amount of storage space required to store a given amount of data, or the length of
message required to transfer a given amount of information

NOTE1  Adapted from ANSI T1.523-2001.

NOTE 2

dat

4.1

a and is related to encoding and is outside the scope of this Technical Specification.

.9

da
del

[1S
4.1
da
ide
[1S
4.1
din]
po
[1S

4.1

a interchange
very, receipt and interpretation of data

D 19118:2005]

.10

aset

htifiable collection of data

D 19115:2003]

.11

pct position

bition described by a single set of coordinates within a coordinate reference system

D 19107:2003]

.12

digcrete coverage

co
obj

[1S
NO
41
do
we
[1S
NO

4.1
en

berage that returns the same feature attribute "values for every direct position within any sir
ect, temporal object, or spatiotemporal object in its domain

D 19123:2005]

TE The spatiotemporal domain of a discrete coverage consists of a finite set of geometric objects.
.13

main

[-defined set

D/TS 19103:32005]

TE Demains are used to define the domain set and range set of attributes, operators and functions.
.14

coding

comversion of data into a series of codes

[1SO 19118:2005]

41

15

encoding rule

ide

ntifiable collection of conversion rules that define the encoding for a particular data structure

[ISO 19118:2005]

© 1SO 2009 — All rights reserved
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4.1.16
feature

abstraction of real world phenomena

[1SO 19101:2002]

NOTE
is meant.

4.1.17

A feature may occur as a type or an instance. Feature type or feature instance should be used when only one

framework

relationshi
mechanisn

41.18
function
rule that a
another do

[1SO 1910

4.1.19
geograph
informatior

[ISO 1910
4.1.20
grid

network cd
the other s

[1SO 1912
NOTE
4.1.21

grid coorgd
sequence

[1ISO 1911
4.1.22
grid point

point loca

[1SO 1912

b between the elements of the content model and the separate encoding and portrg
NS

sociates each element from a domain (source, or domain of the function) to a tinique elemen
main (target, co-domain, or range)

r:2003]
c information
concerning phenomena implicitly or explicitly associated with a\lecation relative to the Earth

:2002]

mposed of two or more sets of curves in which;the members of each set intersect the members
ets in an algorithmic way

3:2005]

The curves partition a space into grid cells.

inates
bf two or more numbers_specifying a position with respect to its location on a grid

b-2:2009]

ed at thé.intersection of two or more curves in a grid

3:2005]

yal

tin

of

41.23

gridded data
data whose attribute values are associated with positions on a grid coordinate system

[ISO 19115-2:2009]
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4.1.24
imagery
representation of phenomena as images produced by electronic and/or optical techniques

NOTE The term imagery is often used colloquially with various meanings in different contexts. It is often used to
describe any set of gridded, point set or other form of coverage data that can be portrayed. This is not a very useful
concept because virtually any set of data can be portrayed in some manner. A more precise meaning is given in
ISO/TS 19101-2.

[ISO/TS 19101-2:2008]

[ISP 19115:2003]

4.1.27

pixel

smiallest element of a digital image to which attributes are assigned
NQTE 1 This term originated as a contraction of “picture eletment”.
NOTE 2  Related to the concept of a grid cell.

[ISP/TS 19101-2:2008]

4.1.28

pojnt

0-dimensional geometric primitive, representing a position
[ISP 19107:2003]

NQTE The boundary.of a'point is the empty set.

4.1.29

pojnt coverage
coyerage that'\has a domain composed of points

[1ISP 19123:2005]

4.1.30
quality
totality of characteristics of a product that bear on its ability to satisfy stated and implied needs

[1SO 19101:2002]

4.1.31

range

(coverage) set of feature attribute values associated by a function with the elements of the domain of a
coverage

[ISO 19123:2005]

© 1SO 2009 — All rights reserved 5
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4.1.32

raster

usually rectangular pattern of parallel scanning lines forming or corresponding to the display on a cathode ray
tube

[ISO 19123:2005]
NOTE 1 A raster is a type of grid.
NOTE 2  The term “raster data” is often used colloquially in the field of geographic information to identify the whole

class of data where the spatial geometry is organized into a grid. A description of what is meant by “raster data” is given in
ISO 19123 and-the-morecomprehensiveconceptof-a-coverage-is-described-

41.33
service
distinct paft of the functionality that is provided by an entity through interfaces

[ISO/TR 14252:1996]

4.1.34
spatiotemporal domain

(coverage
domain cqmposed of spatiotemporal objects

[ISO 19128:2005]

NOTE The spatiotemporal domain of a continuous coverage consists of a set of direct positions defined in
relation to af collection of spatiotemporal objects.

4.1.35
spatiotemporal object
object representing a set of direct positions in space and time

[1SO 19123:2005]

4.1.36
surface
2-dimensignal geometric primitive, locally-representing a continuous image of a region of a plane

[ISO 19107:2003]

4.1.37
tessellatign
partitioning of a space-into a set of conterminous subspaces having the same dimension as the space bejng
partitioned

[1ISO 19128:20095]

NOTE A_tasseallation comnosed-of conaruent reatlar nolvaons or nolvhadra ic a2 raciilar taccgllation- Ang r\nmnr\*od
L raHHoh AP t HgHHeR+ e gHa—pPorygoRs-oporyRearais—<a+egthat o —6h FRPOSE

of regular, but non-congruent polygons or polyhedra is semi-regular. Otherwise, the tessellation is irregular.

4.1.38
traversal order
sequence in which the cells of a grid are enumerated

4.1.39

UML template

parameterized model element that describes or identifies the pattern for a group of model elements of a
particular type

[IBM Rational System Developer]

6 © 1SO 2009 — All rights reserved
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BIIF Basic Image Interchange Format
DEM Digital Elevation Model

GCP Ground Control Point

GeoTIFF Geographic TIFF

GIS Geographic Information System
GML Geography Markup Language
HOF-EOS Hierarchical Data Format - Earth Observing System
JPEG Joint Photographic Experts Group
Lur Look-Up Table

RG3B Red Green Blue

TIRF Tagged Image File Format

TIN Triangulated Irregular Network
UML Unified Modeling Language

XML eXtensible Markup Language

4.3 Notation

The conceptual schema specified in this Technical Specification is described using the Unifiedq Modeling
Language (UML), following the guidance of ISO/TS 19103.

Seperal model elements used in thisr'schema are defined in other ISO geographic information staphdards. By

tw
de

letter prefix that identifies the'standard and the UML package in which the class is defined. UML classes

co(Tvention within ISO/TC 211, namesof UML classes, with the exception of basic data type classes, include a
ined in this Technical Specification have the two letter prefix of IF. Table 1 lists the other International

Stgndards and packages in which UML classes used in this Technical Specification have been defined.

Table 1 — Sources of externally defined UML classes

Prefix Standard Package
CcVv 19123 Coverage Core & Discrete Coverages
EX 19115 Metadata extent information
GF 19109 General Feature Model
GM 19107 Geometry Root
MD 19115 Metadata entity set information
MI 19115-2 Metadata entity set imagery

© 1SO 2009 — All rights reserved
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5 Background for the framework

5.1 Legacy concepts and terminology

Any attempt to solve the problem of achieving compatibility between the many existing imagery and gridded
data specifications and standards in wide use is hampered by the fact that they use different terminology, or
use the same terms to represent different concepts. A variety of meanings have been assigned in the past to
the three important terms (imagery, raster, and matrix) resulting in potential confusion. The terms imagery,
raster and matrix are defined in Clause 4. The term “matrix data” is sometimes used colloquially to describe a
set of measured attribute values organized in a grid. In some contexts this term implies the exclusion of “raster
data” or “jmagery data”. Using the term "malrix data” in this way is unsatisfactory because the conckpt
conflicts wjth the concept of gridded data and is ambiguous. Unfortunately, the common or colloquial useg of
all of these terms overlap and they provide a poor lexicon. In Clause 4 these terms are given a more_predise
technical meaning. However, because these terms are often used in external standards or specificationg in
less precige or different ways it is important to be aware of the broader colloquial meanings sometimes giyen
to them.

Many datg interchange standards for imagery and gridded data describe the allowed data types, their
meaning and their relationships in terms of the encoding format used to carry the*data. This approach can|be
restricting pecause the limitations of the interchange mechanism — and there-are always some limitationg —
are imposed on the description of the data. The suite of geographic information standards takes a different
approach {o defining data structures where the allowed data types, their ‘meaning and their relationships gre
defined in pn abstract manner using the UML modeling language. One.or several different encoding rules may
then be applied to the data to encode for transmission or storage“on different data carriers. Of course this
approach dloes not eliminate the limitations inherent in some engoding techniques, it just shifts the problem to
the encoding rule used to encode the abstract model into a\particular encoding format. This is the correct
place for limitations, such as the bit length of numbers, to-appear since they can be handled by exceptiong in
the encoding where necessary. Because of the large volumes of data involved, the separation of the cartier

Model for|Open Distributed Processing (RMsODP) ISO/IEC 10746. The concept of ISO/TS 19101-2 and
RM-ODP i$ to organize systems according to five different views. The “information view” is concerned with the
semantics |of information and informatidnprocessing. This is distinct from the “computational view” which is
concerned|with the interaction between.services that are part of a larger system including the encoding of dpta
for interch@inge. It is also distinct-from the “engineering” or “technology” viewpoints that are concerned with
implementptions and the underlying infrastructure. For a description of the RM-ODP views and their
application to imagery see ISO/TS 19101-2:2008, Clauses 6 to 9 and Annex B. ISO/TS 19101-2:2008, 7.3.5.1

content.

A data set of imagery, gridded or coverage data is structured as a set of coverage value objects consisting of
a grid value matrix, TIN triangles, points or geometry value pairs together with a description of the coverage
function and associated metadata. This can be described independently from the encoding which may be
used for data interchange or data storage.

8 © 1SO 2009 — All rights reserved
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5.3 Content model

The concept of a “content model” is an important part of this framework document. The ISO geographic
information suite of standards makes use of the concept of an application schema. An application schema is
the conceptual schema for data required by one or more applications. A content model is the “information
view” of an application schema. It addresses only the information needed to describe the semantic meaning of
the data, exclusive of the interchange format or portrayal issues.

The content model for a set of gridded data consists of a set of attribute values organized in a grid together
with metadata to describe the meaning of the attribute values and spatial referencing information to position

uch as the
about how
bressed as

the basic
uch a way
that auxiliary information is not a part of an imagery and gridded data content miedel. Figure 1 illustrates the
simple structure of gridded data.

B

Key
A | Grid value matrix

(o8]

Associated metadata
C | Attribute' value for a grid cell

Eigure 4 — Simple structure of gridded-data

Other types of coverage data are also inherently simple. They consist of a set of coverage value objects and
the description of the coverage function. ISO 19123 supports grid coverage including hexagonal grid coverage,
point set, Thiessen polygon, quadrilateral grid coverage as well as segmented curve coverage and
triangulated irregular network.

The ISO geographic information suite of standards provides a set of building blocks out of which all types of
geographic information, including imagery and gridded data, can be assembled. These building blocks provide
information objects that may be associated using an application schema. The emphasis of the application
schema is on the data structure and data content and therefore, in the case of imagery, gridded and coverage
data on the set of coverage value objects together with associated metadata. The method of encoding and

© 1SO 2009 — All rights reserved 9
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presenting the information structure and content is separate from the data itself. By separating the carrier from
the content, the “content model” is defined separately from the encoding rule used to carry or store the data
content and from the presentation rule or rules used to portray the content. There may be additional data
required to be carried with the content data, to support portrayal. For example, for certain classes of imagery a
colour look-up table (colour map) may be defined which assigns presentation colours to coded values in the
grid value matrix.

6 General feature model as applied to imagery and gridded data

6.1 CoVerages as features

ISO 19109 states that “a fundamental unit of geographic information is called a feature” and indicates that “‘the
formal approach of modeling geographic information shall be conformant with a 4-layer architecture”|as
described |in ISO 19109:2005, Annex B. The general feature model defined in 1SO 19109 applies to| all
geographi¢ information including imagery, gridded and coverage data. In the reference modelyin ISO 19101 a
feature is defined as an “abstraction of real world phenomena”.

A coveragg is a type of feature. It differs from other types of features in that some of\its non-spatial attributes
are associated with its spatial attributes through a coverage function that relates thevalues of those attributes
to position| relative to the spatial attributes, whereas the spatial and non-spatial attributes of other typeq of
features arle independent of each other.

defined in pccordance to a grid structure. Some thematic attributes af.the feature may apply to the feature|as
a whole whereas other attributes may be determined by the use of.a’coverage function for any position within
the range ¢f the function.

For a sim:Fe gridded image there may be one feature corresponding_to“the image itself with the geomgtry

The great pdvantage of treating all geographic information-as feature oriented data is that it allows coverage
data to be |mixed with “vector” data and other coverage data in a single application schema and therefore ih a
single datd set. The relationships between features of-all types may be defined.

As an exgdmple of a combined data set, a satéllite image may be analysed and the roads identified. The
combined Hata set could include the image together with a vector representation of the roads. The combined
data set wpuld consist of the feature corresponding to the image coverage and the features corresponding to
the roads. JAnother example of a combined*data set might be the combination of satellite image coverage ojver
land with g hydrographic bathymetric- coverage over water. The spatial range of both coverages may be cut at
the coast llne. The combined data.set’'would consist of the two features corresponding to both the coverages.

6.2 Additional feature relationships

The general feature madel described in 1SO 19109 indicates that the characteristics of a feature type
(GF_FeatyreType) are' its properties (GF_PropertyType). The three subtypes of the property type are the
GF_Operation, the.” GF_AttributeType and the GF_AssociationRole. The attribute types may |be
GF_TemporalAttribute Type, GF_Spatial AttributeType, GF_LocationAttributeType, GF_MetadataAttribute Type,
or GFThe atlc AttrlbuteType Slnce ISO 19109 was developed to address prlmarlly vector type data it onIy
identifies spe ¢ :

7 Framework

7.1 Framework structure
The framework defined in this Technical Specification describes the relationship between the content model

and the other information required for interchange and portrayal. This framework is built upon ISO/TS 19101-2
for imagery and gridded data.
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This framework provides five patterns for various types of imagery, gridded and coverage data in accordance
with 1ISO 19123. A small choice of patterns is provided in order to define an underlying compatibility between
different sets of imagery, gridded and coverage data. This set of pre-defined structures is represented as
partial template application schemas, which are UML patterns. Compatibility may be achieved between
different imagery and gridded data standards by ensuring that common information content is identified and
may be described in accordance with these patterns. As illustrated by the use cases identified in Annex B,
four grid based structures and one non-grid coverage structure are described.

Structures are defined for:

a) continuous quadrilateral grid coverage:
1 ~J 7T

b) [ quadtree grid coverage (Riemann hyperspatial multidimensional grid coverage);
c) | TIN coverage;
d) | discrete point coverage;

e) | discrete surface grid coverage.

The imagery, gridded and coverage data framework makes use of elements defined in other ISO geographic
infprmation standards. Figure 2 presents the packages that are applicable to imagery, gridded and coverage
dajia. It shows how elements are related within the framework. Half of the related packages provid¢ metadata

that may be used in association with imagery and gridded data.

1
ISO 19109 Rules for

|IGCD Framework
|

1 [ 1 1 Y 1

ISO 19107 Spatial ISO 19123 ISO 19115 ISO 19115-2

Schema Coverages Metadata Imagery Metadgta

1 Y

ISO 19111 Spatial |

Ref by Coordinates
1 Y I .
ISO/TS 19130 Imagery ISO 19138 Dats
Sensor Models for Quality Measures
Geopositioning

Figure 2 — Overall relationships inside and outside the framework
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7.2 Elements of the framework structure

7.21 Framework Overview

Imagery, gridded and coverage data can be described at several levels, as shown in Figure 3. These are an
abstract level, as addressed in ISO 19123, a content model level and an encoding level. Encoding makes use
of the structures defined in ISO 19118. This allows for a neutral XML based encoding as well as allowing for
many other specific encoding schemes. Encoding may include GML (ISO 19136) together with JPEG 2000
(ISO 15444), of BIIF (ISO 12087-5) or one of the many other imagery encoding formats identified in

ISO/TR 19

121.

Most of t
informatior
describes
can be ca
from the e
standards.
structures

ne existing interchange standards relating to imagery, gridded and coverage data descH
in terms of its representation in an interchange format. The format defines data fields 2
the contents and meaning of these data fields. This implicitly defines the information-content {|
ried by this interchange format. Some of the existing standards even separate their) “informati

The common content models defined in this Technical Specification allow forsa”mapping to
defined in the encoding standards.

ABSTRACT Schemas for coverage geometry and functions as per ISO\9123
LEVEL (Provides the structure for several different coverage schema) including:
grid, point set, Triangulated Irregular Network, discreté surface.

Application schema as per ISO 19109 including: Discovery metadata as per
CONTENT 57150 19115

MODEL Coverage model (|nclud|ng: range attribute
values and associated metadata, and

LEVEL continuous or discrete coverage type) Structural metadata

including tiling scheme and

Set of data elements upon which the [_Jorganization of value
coverage function operates as periSO 19123: descriptors (dimensionality,

traversal order, etc.)

Grid representing
a regular quadrilateral(grid or
a variable cell size grid' (quad tree) Acquisition metadata from
(CV_GridValugsMatrix) L1 sensor or other source as per
1ISO 19115 part 1 and 2

Point set (set of GM_Point)

" Quality related metadata
TIN valug triangles (set of | las peryISO 19113, ISO 19114
GM_jTriangle) and ISO/TS 19138

Discrete surface (set of
SV_SurfaceValuePair)

Information required to
L 1 1support portrayal such as

Spatial referencing by coordinates as per LUT contents

ibe
nd
hat
bn”

hcoding within the description of the standard, but in the end it is the encoding that defines the¢se

the

12

1ISO 19111
ENEODING Neutral encoding as per ISO 19118 and specific encodings as per
LEVEL 1ISO 19136 GML and existing imagery standards
EXCHANGE
FORMAT GML with BIIF HDF SQL/MM -
or JPEG 2000 1ISO 12087-5 HDF-EOS Still-lmage
STORAGE 1ISO 13249-5
MEDIA GeoTIFF NetCDF (X X
INTERFACE
USAGE Portrayal, analysis or other usage
LEVEL

Figure 3 — Overall relationship between the elements of the framework
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7.2.2 Abstract level

The abstract level provides a generic abstract structure for all types of coverage geometries including gridded
data geometries. This abstract structure is defined in ISO 19123. This Technical Specification takes from
ISO 19123 several coverage geometries, including point set, TIN and quadrilateral grid.

7.2.3 Content model level

A content model for imagery, gridded and coverage data is the description of the information content of a set
of geographic information, consisting of the spatial schema, feature identification and associated metadata,
whereother—aspects—such—asquatity, geo-referencing; et are Tepresented i themetadata—The content
mddel does not include portrayal or encoding or the organization of the data to accommodate yarigus storage
or |nterchange media. Interchange metadata that describes the information about a data interchange is also
nof part of the information defined by the content model.

=

The content model level of this framework consists of a set of pre-defined content structures, whicH can serve
as |the core for various application schemas to be developed for imagery, gridded.and coverage| data. The
genmeric content model for gridded data consists of a small set of grids, with associated traversal prders that
prdvide the spatial organization for imagery and gridded data. The TIN and the point set are the onlly non-grid
coyerage structures defined at the content model level in this framework. In‘addition to these grid and non-grid
striictures are defined metadata, quality and spatial referencing. References are made to the existing ISO
gedgraphic information series standards for these elements when they-are available.

The feature model defined in ISO 19109 applies to imagery,\gridded and coverage data. Although the
comventional approach used in many external imagery standards is to consider an image as a unigye entity on
its pwn, and to not consider a feature structure, it is betterto\consider imagery, gridded and coverage data as
fegture oriented data. In the simplest form, an image, grid*or other data set organized as coverdge can be
comsidered as a single feature. For example, an)entire satellite image could be considered as the
regresentation of the feature that is the “abstraction\of real world phenomena” as viewed by the gensor that
prqduced the image. However, it is also possibletto do feature extraction on an image, where sefs of pixels
arg the geometric representation of different features. An application schema can contain a featyre model,
where the geometric component of the feature-model consists of sets of geometric points corresponding to the
picture elements (pixels) in a grid structure- for an image. If a feature structure consisting of mor¢ than one
fegture is associated with an image, it\is"necessary to provide a method of linking feature IDs tq individual
pixgls in the image. For example, an‘image may be represented as a simple grid consisting of a $et of rows
andl columns providing organization to a set of pixels. Each pixel contains attributional data such ag the colour
and light intensity seen at that point. Also, each pixel may contain an additional attribute that indlicates the
fegture ID associated with the)pixel, so that the pixels corresponding to the image of a bridge are marked as
theg feature bridge, and those corresponding to a river are marked as river. Other more efficient strugtures may

Anlapplication schiema for imagery and gridded data shall comply with the general feature model in ]SO 19109,
together with th&.additional relationships as identified in Clause 7, and shall associate the point yalue pairs
driving the eoverage function with at least one feature. For imagery and gridded data consisting of|more than

ISO 19123 i i ; 3 ecification
selects a simple bounded quadrilateral grid as the basic organization of gridded data. In addition, content
model structures are defined to support some more complex grids such as grids with variable cell size in
2- and n-dimensions.

Figure 4 illustrates the structure for imagery, gridded or coverage data under this Technical Specification.

The content model includes the spatial structure and the metadata. The encoding structure is separate but
related. Data compaction removes information based upon its semantic content, while data compression
removes information based upon the bit structure, independent of the meaning. Data compaction is part of the
content model whereas data compression is not. An example of data compaction is the removal of information
that is known by the application to be not necessary. This would include areas over which there can be no
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data and the removal of bits of numeric data for lower precision numbers. Data compression removes
redundant information that occurs randomly, for example, long runs of 1 bits in a system that can detect and
compress run length encoding. Both types of data set size reduction may be applied, but the data compaction
is part of the encoding structure, whereas the data compression is part of the content model.

NOTE

information viewpoint, whereas encoding and portrayal metadata is part of the RM-ODP engineering viewpoint.

Metadata occurs at different levels. Context metadata is part of the content model as part of the RM-ODP

Image, gridded and
coverage data

Figure 5 |l
expansion
part of the
structure ¢
defined for

N Associated metadata

Context metadata (as per ISO 19115 and ISO 19115-2)
Content metadata (as per ISO 19115 and ISO 19115-2)
Portrayal metadata (as per ISO 19115 and ISO 19117)

—— Data structure

t Spatial referencing (as per ISO 19111 and ISQ 19107)
Value set

P Discrete pointset'(as per ISO 19123)

OR
I— Grid value matrix (as per ISO 19123)
OR

\—_ Valuetriangle (as per ISO 19123)

Data compaction ——

—— Representational structure |
Metadata encoding (as per ISO/TS 19139, ISO 12087-5 or other) i

Valle set encoding (as per ISO 15444, ISO 12087-5 or other)

; Data compression ———————J

Figure 4 + Image and gridded data component diagram

ustrates an oyverview of a content model for imagery, gridded and coverage data. This is
of Figure 4y:with the representational structure and portrayal information not shown since it is
content.model. The mechanism for data compaction is not directly shown because it relates to
f the.grid value matrix. For example, a tiled grid exhibits data compaction when tiles are g
aréas where data is possible. Data compaction also exists in a variable size cell structure wh

adjacent p

xels of the same attribute value can be aggregated into a single larger cell.

an
hot
the

nly
bre

Data compaction is related to the organization of the data. A quadtree exhibits data compaction due to the
variable size cells. This is also true of a TIN with variable size triangles. Compression in general bridges the
information and engineering levels. There needs to be the information structure at the content model level in
the information viewpoint in order for there to be a reduction in the volume of data due to data compression at
the engineering level.

14
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Image, gridded and
coverage data

N Associated metadata

Context metadata about the environment or
context of data (as per ISO 19115 and ISO 19115-2)

Content metadata about the semantics or
meaning of data (as per ISO 19115 and ISO 19115-2)

Ddld structure

E Spatial referencing (as per ISO 19111 and ISO 19107)
Value set
P Discrete point set (as per ISO 19123)

}_ Grid value matrix (as(per ISO 19123)
OR
\——_ Value triangle (as,per ISO 19123)

Data compaction

Figure 5 — Imagery and gridded data content model components

7.3 Encoding level

7.3.1 Interchange format and media storage

ISO 19118 defines an encoding rule as “an idéntifiable collection of conversion rules that defines the encoding
for|a particular data structure”. The enceding rule specifies the data types to be converted as well as the
syntax, structure and coding schemesi:used in the resulting data structure. An encoding rule is|applied to
application schema specific data structures to produce system-independent data structures suitable for
trapsport or storage. It also defines an encoding service as a service able to read the input data structure and
conmvert the instances to an output'data structure and vice versa.

The content model defines.the structure to which an encoding rule may be applied. There are a large number
idely-used
ings and six
pssociated

TIN value
5, points or
pdard, or as
two separate I|nked sets of information. In add|t|on most encodlng rules for imagery, grldded and coverage
data include data compression rules to reduce the data volume of the value element data.

There are a number of ISO standards that have been developed within ISO/IEC JTC 1 Information
Technology that address picture coding and imagery data that can be applied to the content model structures
defined in this Technical Specification. The standards that are applicable include the standards from
ISO/IEC JTC 1/SC 29 and ISO/IEC JTC 1/SC 24. These standards should be used where applicable. There
are also a number of commercially defined standards or standards defined in other organizations that may be
used. ISO/TR 19121 reports the results of a survey of these standards.
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To promote compatible data interchange it is desirable to have a common neutral encoding format, even if
that format is not optimal for the particular data set. A neutral encoding would consist of the use of an XML
encoding to describe the metadata aspects of imagery, gridded and coverage data and an appropriate value
element encoding mechanism taken from the ISO/IEC JTC 1/SC 29 standards on picture coding that supports
compression. In particular ISO 15444 may be used together with XML as a neutral encoding. The details of
encoding are outside the scope of this Technical Specification.

7.3.2 Encoding rules

ISO 19118 aIIows for a number of different encodlng rules to be used to encode geographlc |nformat|on in the

where pa
available.

encapsulation techniques involve additional information to delimit and identify the content.elements. Thig is
called the lencoding overhead. The large volumes involved in imagery and gridded datayrequires the usg of
techniqued that minimize this overhead. This Technical Specification does not define encoding rules. The
information content described in accordance with application schema described in.this Technical Specificatjion
can be engapsulated and encoded using different encoding rules as appropriate t0-the interchange context.

7.4 Imapery and gridded data portrayal

The information driving the portrayal forms part of the content model,even though the mechanism of portrgyal
falls outside the scope of this Technical Specification. The type of information that may need to be carried with
a set of impgery and gridded data to support external portrayal miechanisms includes information about colpur
systems, gnd attribute colour values and data values that may.need to be loaded into a colour look-up taple
(LUT).

7.5 Feature relationship for LUTs

Value typess in an image may be coded using a-colour LUT. The values in the grid are codes corresponding to
colours. Alcode from the value matrix is used_as an address into the LUT, which contains the correspondjing
colour valpe. The colours in the LUT«may be arranged in an algorithmic manner, in which case [an
interpolatign function may be defined ferithe coverage, or the colours may be defined in an arbitrary order} in
which caseg no interpolation functionsis possible. Figure 6 illustrates the use of an LUT.
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Y S

matrix of colour coded values

colour coded value used as an index into LUT
LUT

output colour values

Red.

Green.

O T 0 b WOWN -

Blue.

Figure 6.=—Use of a colour look-up table (LUT)

—

Although colour LUTs are intended for the portrayal of colour coded imagery and gridded data, the information
pertaining to the LUT shall bé ¢arried as associated information together with the value data.

8 | Spatial referencing of imagery, gridded and coverage data

Sphtial refereneing for gridded data, point set data and TIN data are handled differently. Point set data
incjudes a.coordinate direct position for each point in the point set. Gridded data references theg grid as a
whple. TIN data includes direct positions for each TIN triangle vertex. The two spatial properties |of gridded
dafa describe how the spatial extent was tessellated into small units and spatial referencing to|the Earth.
Sp]atial referencing is described in ISO/TS 19101-2 and ISO/TS 19130.

9 Imagery, gridded and coverage data structure

9.1 IGCD structure and metadata

A template for the general structure for a set of imagery, gridded and coverage data is given in Figure 7. It
shows that a data set consists of a collection of one or more coverages together with associated metadata.
The concept of what a data set is varies significantly between the various exchange formats that may be used
to carry the data. For this reason the concept of a transmittal is introduced. A transmittal identifies the
information that is exchanged, which may be a data set, a part of a data set, or several data sets. Various
exchange formats support the concept of a transmittal, but often in very different manners. In some cases an
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exchange format allows the exchange of only complete data sets. In other cases it allows for the exchange of
a partial data set, in which case the transmittal mechanism shall provide the information needed to identify
which part of the data set is being exchanged. An update mechanism is a specialized type of partial data set
exchange. Some exchange formats also allow for the exchange of multiple logical data sets in one
transmission.

Although the concept of a transmittal may be supported differently in various exchange standards, it is
relatively easy to convert data between different transmittal structures. Full data sets may be broken into parts
or the various parts of partial data sets aggregated. The form of the transmittal used is highly application
dependent. Some formats are more suited to the archiving of large volumes of data and others are suited to
the exchange of smaller portions of data in on-line services or through update mechanisms.

The data det itself comprises a collection of one or more coverages. A part of a coverage is itself a coverage.
The coverages may be of multiple instances of the same type or of different types.

Associated with each data set and with each collection is metadata. Metadata may be organized in varigus
ways, and the different exchange formats support different metadata elements in different ways. This
framework|document has arbitrarily divided the metadata associated with imagery, gridded'and coverage data
into several categories. This assists in mapping metadata between the content model fop a particular typg of
data and the structures supported by exchange formats. The first breakdown is into context metadata that
describes the environment or context of the data, and content metadata about the-semantics or meaning of
the data. [This can be further broken down into: discovery, structural, acquisition, and quality metadgta.
Unfortunatgly there is no firm barrier that absolutely assigns a metadata elemeént into any of these categories.
An attribute in one exchange format may appear as metadata in another. Atcone level all the information, other
than the sét of value objects, is metadata. The metadata that remains invariant with respect to the exchange
format or $torage media is content metadata and the rest is context.metadata. The breakdown into the fpur
types also| relates to the 1ISO standard used to describe the metadata. Discovery metadata is described in
ISO 1911§, and structural metadata is described in ISO 19115 apd ISO 19115-2. ISO 19115 and ISO 1911p-2
are extendive lists of potentially applicable metadata elements. Acquisition and quality metadata elements
may also |be taken from these lists. ISO/TS 19130 and«ISO/TS 19138 also provide additional metadpta
elements. Discovery metadata may apply to a data set.s0 that any data set may be identified. All metadpta
including discovery metadata may apply to a collection.

IF_Transmittal

1%
<<Abstract>>
1 iPataSet IF_DiscoveryMetadata
IF Collection +has +describes <<Abstract>>
- 1 1.» | IF_CollectionMetadata
IF_Tiling <€ L
Components
1 <<Abstract>>
IF_StructuralMetadata
<< Ahstract>>
IF_CoverageData <<Abstract>>
IF_AquisitionMetadata
<<Abstract>>
IF_QualityMetadata
IF_GridCoverage IF_TINCoverage IF_DiscretePointCoverage IF_DiscreteSurfaceGridCoverage

Figure 7 — IGCD structure and metadata

18 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=18a3c65c8226ac29e2c3192536ed4c75

ISO/TS 19129:2009(E)

9.2 Framework structure classes

9.2.1 IF_DataSet

A data set is an identifiable collection of data that can be represented in an exchange format or stored on a
storage media. A data set can represent all or part of a collection and may include one or many tiles of data.
The content of a data set is defined by the product specification for that particular type of data product and is
normally suited to the use of that data. A product specification for a particular type of data product needs to
describe the organization of that data product. For example, a simple imagery product may have only one grid
coverage, and a t|||ng scheme that mdrcates that every data set contains one t|Ie More complex products may
incfuee—severa S

ed variable
sizp tiling scheme. The data set is the logical entity that can be |dent|f|ed by the associated
mdtadata, not the physical entity of exchange. An IF_DataSet implements the class DS_DataSet’ad
in [SO 19115.

discovery
described

9.2.2 IF_Transmittal

A fransmittal is the entity used in the encoded exchange format to carry all, pakt, of, or several data sets. It

regresents the physical entity of exchange. The transmittal is dependent upon.the encoding form
ex¢hange media. A transmittal on a physical medium, such as a DVD, _may carry a number of
whereas a transmittal over a low bandwidth telecommunications line may_carry only a small part of
Anly metadata carried with a transmittal is integral to the transmittal and may be changed by the
mechanism to other exchange metadata as required for the routing’and delivery of the transmittal.
ex¢ghange mechanism would be to carry a whole data set on<one physical medium such as a
Transmittal metadata is not shown because any transmittal ‘metadata, exclusive of the informa
discovery metadata module, is dependent upon the mechanism used for exchange, and may diffe
ex¢hange media or encoding format to another. An examplé of transmittal metadata would be co
number of data bytes in a unit of exchange.

9.2.3 IF_DiscoveryMetadata

at and the
data sets,
a data set.
exchange
A common
CD-ROM.
tion in the
r from one
ints of the

Associated with a data set or a collection is.a set of discovery metadata that describes the data s¢t so that it

cal be accessed. It consists of the “core’/metadata defined in ISO 19115 and it identifies the dat|

claps is indicated as abstract since it issimplemented by the metadata classes taken from 1ISO 19115.

9.24 IF_Collection

The class IF_Collection represents a collection of IF_CoverageData and associated metadata. A
mdy include multiple different’coverage types over a particular area, or multiple coverages of data g
coyerage type, but representing different surfaces. For example, a collection may consist of a grig
andl a point set overthe same area, where the grid coverage represents an elevation surface and th
a number of mored@gCurately measured elevation points.

A set. This

collection
f the same
| coverage
e point set

9.2.5 IF_CollectionMetadata
Associated with a collection is a set of collection metadata that describes the data product as repriesented in
thg callection. It consists of a number of sub- components that include the discovery metadata as vell as the
structdre-metadata; ) metadata
may be applled to a collection so that the entlre coIIect|on may be discovered. The other metadata modules
are descriptive metadata.

.l aala a NMe Q

9.2.6 IF_StructuralMetadata

A component of a collection is optionally a set of structural metadata that describes the structure of the
coverage. In many exchange formats the attributes of the coverage, such as the number of rows and columns
in a grid, are carried as structural metadata. Metadata that describes context that is not considered as
discovery metadata is considered as structural metadata. This class is indicated as abstract since it is
implemented by the metadata classes taken from ISO 19115, ISO 19115-2 or specific attributes defined in a
product. The identification of a tile in a tiling scheme may be considered as structural metadata if there is no
provision to directly discover the tile in the discovery metadata.
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9.2.7 IF_AcquisitionMetadata

A component of a collection is optionally a set of acquisition metadata that describes the source of the data
values. This class is indicated as abstract since it is implemented by the metadata classes taken from
ISO 19115, ISO 19115-2 or ISO/TS 19130.

9.2.8 IF_QualityMetadata

A component of a collection is optionally a set of quality metadata that describes the quality of the data values.
This class is indicated as abstract since it is implemented by the metadata classes taken from ISO 19115,
ISO 1911 ; i ity TC ion
series of gtandards is defined in 1SO 19113. The procedures to evaluate quality are defined in ISOA91(14.
ISO/TS 19[138 provides a definitive set of measures.

The class [F_GridCoverage implements the class CV_ContinuousQuadrilateralGridCoverage from ISO 191p3.
There are [two types of grid coverages defined in this framework. The first is a regulaf quadrilateral grid with
constant cgll size and a linear row column sequence rule. The second is a quadtree-grid with variable cell fize.
ee can be extended into a Riemann hyperspatial grid in more than 2-dimensions.

9.2.10 IF_|TINCoverage

The class [F_TINCoverage implements the class CV_TINCoverage frof’ ISO 19123.

9.2.11 IF_|PointSetCoverage

The class |F_PointSetCoverage implements the class CV_DiscretePointCoverage from ISO 19123.
9.2.12 IF_|DiscreteSurfaceCoverage

The class |F_DiscreteSurfaceCoverage implements the class CV_DiscreteSurfaceCoverage from ISO 19143.

9.2.13 IF_[Tiling

The class JF_Tiling is used to describe-the tiling scheme used within the collection. Identification of the til¢ is
part of the structural metadata.Tiling is described in more detail in a separate clause in this Technical
Specificatipn.

10 Templates

10.1 Appglication schema for imagery and gridded data

Application) schemas for imagery and gridded data are governed by the general feature model described in
ISO 19109. A coverage is a type of feature, and a grid, triangulated irregular network or point set express
spatial characteristics of a feature type. This occurs in exactly the same manner as for “vector data”’. Any
application schema that complies with the rules of ISO 19109 may be created, including those that mix
coverage and vector data together. This Technical Specification does not restrict the development of
application schema, but provides templates for the description of a select set of coverage data types within
application schema.

Several generic content models are defined, in this clause, to serve as references for different types of
imagery and gridded data.
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The structures described in 10.2 to 10.7 (two grid structures, the TIN coverage structure, the point set
coverage and the discrete surface grid coverage) are in compliance with the structures permitted in
ISO 19123. For continuous coverages ISO 19123 allows a set of data values to cover an area, which defines
a surface upon which an interpolation function can be applied to generate the value of the coverage function

at any location in the space.

This Technical Specification defines specific types of gridded spaces including simple rectilinear g
or multiple dimensions organized as bands, or n-dimensional spaces, with uniform or variable size p

rids in two
ixels.

Gridded sets of data values may represent imagery picture elements or non-imagery values such as
el i i igi i X 9123. This

value matrix is organized as a grid. The characteristics of this grid are its regularity (the spacing aft
the traversal order (the order of the values), the boundary of the grid (rectangular, polygonalcer-tile
ensionality (2D, 3D or nD).

There are a very large number of possible structures that may be defined; however, only @ few are

he values),
d) and the

n common

us¢. The developer of an application schema is free to use any of the possible stnuctures from the allowable

gedmetry defined in ISO 19123. This Technical Specification pre-defines a few of the most common
in ¢rder to establish commonality in the way these common structures are described and used.

10|12 Grid coverages

10{2.1 Grid types

The simple rectilinear grid with uniform cell size and the variable cell size grid are two distinct s
IF_|GridCoverage. Both grids may exist in 2- or multiple dimensions. The variable cell size grid

structures

ubtypes of
s called a

quadtree in 2-dimensions. In higher dimensions it is know as a Riemann hyperspatial grid. An example of

suc¢h a grid is a hydrographic sounding data set that includes dimensions of X, Y, Z (depth) and T (ti

A gimple rectilinear grid with uniform cell size ohly requires the cell size to be defined once for a
The cell can be identified by the order of the data values following a row—column linear scan. Such
cells completely covering the area within the boundaries identified for the coverage.

Frq a variable cell size grid it is necessary to identify the size of each cell. Several traversal
possible. The Morton order is_‘identified in this Technical Specification because it geng
myltidimensions. One can view ‘a-quadtree (or multidimensional hypertree) grid as a regular grid W
cell size where four adjacent-cells that have the same attribute value, and align along the grid traver
cam be aggregated into one larger cell.

Fidure 8 illustrates the\structure of a 2-dimensional simple rectilinear grid with uniform cell size and
cell size (quadtree)grid.
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Figure 8 — Regular and variable cell size grids
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Figure 9 illustrates the relationship of IF_GridCoverage to the two subtypes IF_QuadGriddedData and
IF_RiemannGriddedData. Since both of these grid types inherit from the
CV_ContinuousQuadrilateralGridCoverage they have nearly identical attributes. The difference is in the
traversal method and the rule by which four adjacent cells along the traversal path aggregate into a larger cell
if they have the same attribute value.

IF_GridCoverage

&

IF_QuadGriddedData

+ domainExtent[1..*] : EX_Extent
+ rangeType : RecordType

IF_RiemannGriddedData

+ domainExtent[1..*] : EX_Extent
+ rangeType : RecordType

+ commonPointRule : CV_CommonPointRule
+ interpolationType : CV_InterpolationMethod
+ InterpolationParametersType[0..1] : Record

+ commonPointRule : CV_CommonPointRule
+ interpolationType : CV_InterpolationMethod
+ InterpolationParametersType[0..1] : Record

/ /
/ /
/ /
L L
IF_QuadGriddedData: IF_RiemannGriddedData: AN
{source.sequenceRule.type = ‘linear’} {source.sequenceRule.type~=Morton’,

interpolationType =<¢hearestNeighbor’.

For adjacent cells along the traversal path
aggregate into'a‘larger cell if they have the
same attribute values in all variables in a
records.}

Figure 9 — Grid classes for regular and variable cell size grids

10.2.2 Grid classes

10.2.2.1 JF_QuadGriddedData
The class|IF_QuadGriddedData -is *a subclass of the class IF_GridCoverage which implements the class
CV_ContinuousQuadrilateralGridCoverage from [SO 19123. IF_QuadGriddedData defines a regular
quadrilatenal grid with constant-Cell size and a linear row column sequence rule. The attributes inherit fgrm
CV_ContinuousQuadrilateralGridCoverage. The attribute CV_SequenceRule selects a linear (row—column or
column-row) scan.

10.2.2.2 JF_RiemannGriddedData

The class IF RlemannGrlddedData is a subclass of the class IF GrldCoverage WhICh |mplements the clss
CV_Contin ' ' c '
size grid where adjacent cells that have the same attrlbute values aggregate along the traversal order. The
attributes inherit form CV_ContinuousQuadrilateralGridCoverage. The attribute CV_SequenceRule selects a
Morton order scan. This grid is known as a quadtree in 2-dimensions.

10.2.3 The concept of variable sized grid cells

Traditional grids are fixed resolution, most commonly composed of perpendicularly crossing lines of equal
spacing on each dimension, creating square or rectangular cells. Gridding is a standard way of generalizing
point data sets, by imposing a resolution or grid spacing, and calculating individual grid cell values based on a
single attribute of the group of points contained within each cell. Image data is primarily gridded, based on the
resolution of the sensor or a uniform arbitrary pixel spacing.
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Grids may also be established where the cell size varies within the grid. A common example is the “quadtree”
that is commonly used in some geographic information systems (GIS). Having a variable size grid cell allows
variable resolution throughout the gridded surface, which is exhibited by the unequal spacing of parallel lines
that form the grid, localized to given grid cells. This requires the normalization of data on each dimension and
the binary subdivision of each dimension in order to localize any given cell. When applied to point or image
data, areas of high variability can be represented by small grid cells. Areas of low variability can be
represented by large grid cells. Of course, if the cell size varies in a grid, it must do so in a regular way so that
the grid tessellation still covers the bounded area, and the traversal method must be able to sequence the
cells in an order. In addition, it is necessary to include information that describes the size of each cell together
with the cell.

Dala in a grid of variable cell size where adjacent like cells have been aggregated into larger cell§ maintains
the integrity of the original uniformly spaced data, while minimizing storage size. A grid with yariable cell size
supports null values, so incomplete data — that containing holes — can exist without the need to assign
arhjitrary values to regions of no data. This allows for a considerable amount of compaction over traditional
grifls because nothing is stored for cells with no data — they do not exist.

Variable size cells are particularly useful for certain types of sensor data. For example, instead of rgpresenting
hydirographic bottom cover as soundings (point sets) it can be represented as a'set of variable size pells. Each
cell can carry several attribute values. Adjacent cells which carry the sameattribute values aggregate so the
data volume is greatly diminished. Small cells exist where there is a rapid ‘ehange in attribute value from cell to
cell. Shoals, shore line and obstructions result in a number of small célls, where large, relatively cpnstant, or
flaf areas, such as the bottom of a channel, result in a number of aggregated cells.

The Morton traversal order can handle variable size cells. The traversal progresses as shown in Figure 10. XY
Mdrton order proceeds from left to right, bottom to top, cell by.cell, regardless of cell size. It increments in the
X goordinate then in the Y. This also extends to multiple dimensions where the increment is in X, then Y then
Z, fthen in each additional dimension. Other variations<ef Morton order are described in 1SO 19123:2005,
Anpex C.

—~\

Figure 10 — Morton order (X,Y)

Any space filling curve' gives order to a bounded space, but the order imparted by the Morton order preserves
nearness. This iS a‘very important property. It means that two points that are spatially close toggther in the
grigl are also_close together in the traversal order of the grid. This property derives from Riemann'g extension
of [the Pythagorean theorem into multiple dimensions into what is known as Riemann hypergpace. The
Rigmann.diagonal corresponds to the hypotenuse of a Pythagorean triangle.

10L3-Continuous quadrilateral grid coverage

This core content model template (application schema component) defines a quadrilateral grid coverage with
associated metadata. The metadata is referenced to ISO 19115 and 1SO 19115-2, as shown in Figure 5. A
specific choice of metadata has not been made in this schema. The selection of metadata is application
dependent.

The gridded data consists of a single feature (the “image”) together with associated metadata implemented
through the IF_CollectionMetadata class. For the continuous coverage defined in this template schema, the
coverage function returns a value for every point in the area covered based on an interpolation function. The
grid value matrix is a set of values which drives the interpolation function. In this case the value matrix is a grid
traversed according to a linear scan (X,Y) traversal rule. The spatial referencing is defined by the coordinate
reference system and represented through metadata.
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The template schema illustrated in Figure 11 supports the majority of imagery and gridded data applications.

<<Abstract>>
CV_ValueObject

(from Coverage Core)

+ geometry

: CV_DomainObject

<<Type>>
CV_ContinuousQuadrilateralGridCoverage
(from Quadrilateral Grid)

<

+ interpolationType : CV_InterpolationMethod

+ interpolationParameters[0..1] : Record

A +collection 0.* 0..1 | +evaluator
CoverageFunction IF_QuadGriddedData
+ domainExtent[1..*] : EX_Extent
+element +rangeType RecordType .
. + commonPointRule : CV_CommonPointRule
1. ControlPoints + interpolationType : CV_InterpolationMetfiod
<<Type>> + InterpolationParametersType[0..1].: Record
CV|_GridValueCell
(from Quadrilateral Grid)
* point : CV_GridCell This class inherits all thesattributes and 0
relations of its pareht-classes of
+extengion 0.x 1 | +source CV_Coverage, €V\.ContinuousCoverage
Control and
<<Type>> CV_ContinlievsQuadrilateralGridCoverage.
+controlValue | 4.n CV_GridValuesMatrix

(from

CV_QridPointValuePair
Duadrilateral Grid)

+ geometry : CV_GridPoint

(from Quadrilateral Grid)

V

+ values : Sequence<Record>
+ sequencingRule : CV_SequenceRule
+ startSequence : CV_GridCoordinate

(fro

<<CodeList>> CV_SequenceRule <<DataType>>
CV_IntefpolationMethod (from Quadrilateral Grid) EX_Extent
(from Goverage Core) + type : CV_SequenceType = linear (from Extent information)
+ neargstneighbor + scanDirection : Sequence<CharacterString> + description[0..1] : CharacterString
+ lineaf
+ quadiatic
+ cubic <<CodeList>> <<CodeList>>
+ bilinepr CV_SequengeType CV_CommonPointRule
+ biquagratic (from Quadrijateral Grid) (from Segmented Curve)
+ bicubjc
+ lostarea + linear + average
+ barydentric + boustrephedonic + low
+ CantorDiagonal + high
+ispiral +all
<<Typ e>>_ * Mporton + start
CV_GridPoint 4 Hilbert +end
N Quadrilateral Grid)

+ gridCoprd : CV_GridCoordinate

Figure”11 — Template application schema component for a quadrilateral grid

ed

These classesattderivefrom1S

in a previous clause.
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10.4 Riemann hyperspatial multidimensional grid coverage

10.4.1 Riemann hyperspatial multidimensional grid coverage template

This core content model (application schema component) describes a grid of variable cell size using the
Morton traversal order described in ISO 19123:2005, Annex C. This is of particular use for large volumes of
sensor data where many adjacent cells have similar values and can be aggregated into larger cells. The
metadata is referenced to ISO 19115 and ISO 19115-2. A specific choice of metadata has not been made in
this schema. The selection of metadata is application dependent.
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Variable sized cells are actually aggregations of small equally sized cells as defined by CV_GridValueCell.
The nature of the Morton order means that only the size of each cell need be stored along with the cell value.
The position of each cell is uniquely defined by the cell size and the traversal order. In a simple regular grid
the location of each cell is uniquely defined by the row—column traversal order. In a Riemann grid the location
of each cell is defined by the cell size (aggregation level) and the Morton order.

The gridded data consists of a single feature, together with associated metadata implemented through the
IF_CollectionMetadata class. For the continuous coverage defined in this template schema, the coverage
function returns a value for every point in the area covered based on an interpolation function. The grid value
matrix is a set of values which drives the interpolation function. In this case, the value matrix is a subclass of

CV (l SV X ars a (e e _acc Qna paramele Qelining e = = e\e 0 =

po
refi

Th

Figure 11 in that the traversal order is Morton and the aggregation rule for‘adjacent cells is ag

ne
an

adtree or Riemann hyperspace, with the cell size encoded as the length (number of bits) repres
ition. Such an encoding scheme is outside the scope of this Technical Specification. T
brencing is defined by the coordinate reference system and represented through metadata.

b template application schema for Riemann grid coverage is shown in Figure, 12. This template ¢

cessary to describe the minimum grid cell dimensionality and axis order using the attributes “
| “axisNames” inherited by CV_GridValuesMatrix from CV_Grid.

gregation,
f adjacent
blls. Some
h cell in a
enting cell
he spatial

jiffers from
plied. It is
Himension”

© 1SO 2009 — All rights reserved

25


https://standardsiso.com/api/?name=18a3c65c8226ac29e2c3192536ed4c75

ISO/TS 19129:2009(E)

<<Abstract>> <<Type>>
CV_ValueObject CV_ContinuousQuadrilateralGridCoverage
(from Coverage Core) (from Quadrilateral Grid) <}———ﬂ
+ geometry : CV_DomainObject + interpolationType : CV_InterpolationMethod
+ interpolationParameters[0..1] : Record

A +collection 0.* 0..1 | +evaluator

IF_RiemannGriddedData

+ domainExtent[1..*] : EX_Extent

+ rangeType : RecordType

7 + commonPointRule : CV_CommonPointRule
Z— COTTroNPoIts +mterpotationT ype — CV-imterpotationivtetiod
+ InterpolationParametersType[0..1] : Record

CoverageFunction

+element

<<Type>>
C\|_GridValueCell
(from Quadrilateral Grid)

+ geometry : CV_GridPoint +source 1 This class inherits all the attributes and A
relations of its parent classes of
+extendion <? 0.* <Type>> CV_Coverage, CV_ContinupusCoverage
CV_GridValuesMatrix and
Control — . : CV_ContinuousQuadrilateralGridCoverage.
(from Quadrilateral Grid)
+controlVglue 4.n

+ values : Sequence<Record>

CV_GlidPointValuePair * Stequ:se”CingRU'eé\C/VéSfjgue”g?R;J'e
; ; + startSequence : ridCoordinate
(from Quadrilateral Grid) + dimens?on - Integer \\\ For the attribute values, the first )
+ point : CV_GridCell + axisNames : Sequence<CharacterString> “Jvalue of the Record, for each grid
+ extent : CV_GridEnvelope cell in the matrix is the
— aggregation level
<<Codelist>>
CV_lIntegpolationMethod CV_SequenceRule
(from Goverage Core) (from Quadrilateral Grid) <<DataType>>
+ nearestneighbor + type : CV_SequenceType = linear EX_Extent
+ linear| + scanDirection : Sequence<CharacterString> (from Extent information)
+ quadrptic + description[0..1] : CharacterString
+ cubic
+ bilinegr - -
+ biquafiratic <<CodelList>> <<CodeList>>
. CV_SequenceType CV_CommonPointRule
+ bicublc . .
+ lostarka (from Quadrilateral Grid) (from Segmented Curve)
+ barycpntric + linear + average
+ boustrophedonic + low <<Type>>
+ CantorDiagonal + high CV_GridPoint
+ spiral +all (from Quadrilateral Grid)
+ Morton + start - - - -
+ Hilbert +end + gridCoord : CV_GridCoordinate

Figure 12— Template application schema for Riemann grid coverage

10.4.2 Rigmann grid classes

10.4.2.1 L GridValuesMatrix

The class CV_GridValuesMatrix is defined in ISO 19123. The attribute “dimension” established the minimum
grid cell size. The data values for each cell are contained in the attribute “values” which is a sequence of
records. For each grid cell in the matrix the first value of the record shall be an integer numbers that describes

the aggregation level.

10.4.2.2 IF_RiemannGriddedData

The class IF_RiemannGriddedData is described in 10.2.2.2.
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10.4.2.3 Other classes

The other classes and attributes derive directly from ISO 19123.

10.5 TIN coverage

10.5.1 TIN coverage template

ISO/TS 19129:2009(E)

The template application schema for a TIN coverage is shown in Figure 13. This core content model
(application schema component) describes a TIN coverage in compliance with ISO 19123.

A

TI

trigngles seldom align.

The metadata is referenced to ISO 19115 and ISO 19115-2. A specific choige\of metadata has not |

IN covers an area with a unique set of non-overlapping triangles where each triangle is formg
points. The geometry for a TIN is described in ISO 19107 and a TIN coverage is described)in’ ISC
coverage is of particular use for representing surfaces where calculations such as intérvisibility
exfraction are to be performed. A conversion between a surface represented as a TIN.and a grid i
Sofne loss of information results from such a conversion since the boundaries of thé-grid cells and

in this schema. The selection of metadata is application dependent.

d by three
D 19123. A
or contour
5 possible.
set of TIN

been made

<<Abstract>>

CV_ValueObject
(from Coverage Core)

CV_TINCoverage

<<Type>>

(from TIN)

+ geometry : CV_DomainObject
+ interpolationParameters[0..1] : Record

+ geometryn, CM_TIN

+ interpolationType : CV_InterpolationMethod = barycentric

+element
L 1.*

<<Type>>
CV_ValueTriangle

(from Quadrilateral Grid)

+ geometry : GM_Triangle

Control

0.* <? +extension

3 \l/ +controlValue

C\A PointValuePair

(from/Discrete Coverages)

+ geometry : GM_Point

<<CodelList>>
CV_lInterpolationMethod

+collection

CoverageFunction

A

IF_TINCoverage

+ geometry : GM_Tin

+ domainExtent[1..*] : EX_Extent

+ rangeType : RecordType

+ commonPointRule : CV_CommonPointRule
+ interpolationParametersType[0..1] : Record

+ interpolationType : CV_InterpolationMethod = barycentric

<<DataType>>
EX_Extent
(from Extent information)

<<CodeList>>
CV_CommonPointRule
(from Segmented Curve)

(from Coverage Core)

+ nearestneighbor
+ linear

+ quadratic

+ cubic

+ bilinear

+ biquadratic

+ bicubic

+ lostarea

+ barycentric

+ description[0..1] : CharacterString

<<Type>>
GM_Tin
(from Coordinate geometry)

+ stopLines : Set<GM_LineString>
+ breakLines : Set<GM_LineString>
+ maxLength : Distance

+ controlPoint[3..*] : GM_Position

+ average
+ low

+ high

+ all

+ start

+ end

Figure 13 — Template application schema for a TIN coverage
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10.5.2 TIN coverage classes

10.5.2.1

IF_TINCoverageData

The class IF_TINCoverageData is a realization of the Type CV_TINCoverage from ISO 19123. It is an

aggregatio

10.5.2.2

n of ElevationTriangles.

interpolationType

The attribute interpolationType specifies the interpolation method recommended for the evaluation of the

IF_TINCov
“barycentri

The baryc

and (P3,
+kV3.

10.5.2.3
The attriby

2-dimensid
position on

10.5.2.4

The other

10.6 Disc

10.6.1 Digcrete point coverage template

The template application schema for a discrete point coverage is shown in Figure 14. This core content mo

(applicatio

The spatia
associates
Annex B ¢
discrete pqg
advantage]

erage where the value is taken from the code list CV_InterpolationMethod with the &

C .

pntric position S within a value triangle composed of the CV_PointValuePairs (P1, Vi1),.(P2, \
3), is (i, j, k), where S =iP1 +jP2 + kP3 and the interpolated attribute value at S,is V' =iV1 +

geometry
te geometry contains the network of triangles that form the basis of the JTIN. The triangles lie o

nal manifold with the X,Y coordinates of the points at the vertices of the triangles representing
the manifold and the attribute value representing the deviation from-the reference plane.

Other classes

Classes and attributes derive directly from I1ISO 19123.

trete point coverage

N schema component) defines a discrete point coverage with associated metadata.

| domain of a discrete point-Coverage is a point set. The difference is that discrete point covera
one or more attribute values to each of the points in the point set. The use case identifieg
buld be supported by either a point set where each point has coordinates X, Y and depth or b
int coverage whereceach point has coordinates X, Y and is associated with a value for depth. 1
of a discrete point.coverage is that it can be used to associate many attribute values to each poi

lue

2),
V2

n a
the

del

ge
in
y a
[he
ht.
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<<Abstract>>
CV_ValueObject
(from Coverage Core)

CV_DiscretePointCoverage
(from Discrete Coverages)

+collection 0.* 4

+ geometry : CV_DomainObject
+ interpolationParameters[0..1] : Record

0.* ? +extension

Control
1.% \L +controlValue CoverageFunction
CV_GeometryValuePair
(from Coverage Core) IF_DiscretePointCoverage
+ geometry : CV_DomainObject + domainExtent[1..*] : EX_Extent
+ value : Record + rangeType : RecordType
+element
CV_PointValuePair
(from Discrete Coverages)
+ geometry : GM_Point
<<DataType>> <<Type>>
EX_Extent GM_Point
(from Extent information) (from Geometric primitive)
+ description[0..1] : CharacterString + position : DirectPosition

Figure 14 — Template application schema for a discrete point coverage

10J6.2 Discrete point coverage classes

10/6.2.1 IF_DiscretePointCoverage

The class IF_DiscretePointCoeverage implements the class CV_DiscretePointCoverage from ISO 19123.

10/6.2.2 Other classeés

The other classes‘and attributes derive directly from ISO 19123.
10|7 Discrete surface grid coverage

107,14 ‘Discrete surface grid coverage template

The template application schema for a discrete surface coverage using a grid as its spatial domain is shown in
Figure 15. This core content model (application schema component) defines a discrete coverage where each
grid cell corresponds to a discrete attribute value. An example of such a discrete grid coverage is a gridded
image using a colour look-up table (LUT) where the values of the LUT entries are arbitrary. A second example
is a classification scheme based on a grid coverage where each grid cell corresponds to a discrete classifier.
If an associated LUT is used, the LUT information can be carried as a table in the metadata. If a classification
scheme is used, it can be referenced in the metadata.
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<<Abstract>>
CV _ValueObject
(from Coverage Core)

CV_DiscreteSurfaceCoverage
(from Discrete Coverages)

+ geometry : CV_DomainObject

o

+ InterpolationParameters[0..1] : Record *eollection |
|
+extension ? 0..* I
Control IF_IIDiscreteSurfaceGridCoverage
*+controlValue J/ 1. CoverageFuntion + domainExtent[1..*] : EX_Extent
CV_GeometryValuePair / * rangeType : RecordType

(from Coverage Core)

4 value : Record

4 geometry : CV_DomainObject

k<CodeList>>
CV_CommonPointRule
(from [Segmented Curve)

+ avefage
+ low
+ high
+ all
+ stan
+ end

+element / 1.*

CV_SurfaceValuePair

(from Discrete Coverages) //
s/
+ geometry : GM_Surface //
+ value : Record yd
// <<Type>> <<TyPe>>
// GM_Polygon CV_GridCell
// (from Coordinate,.geometry) (from Quadrilateral Grid)

IF_CellValuePair

+ geometry : IF_Surface
+ value : Record

<<DataType>>
EX_Extent
(from Extent information)

+ description[0..1] : CharacterString

b bUIIIIIIUIIPU;IIlRUiU . L/‘V'_UUIIIIIIUIIFU;IILRU;U

IF_CellValuePair has the geometry
IF_Surface. IF_Surface is a data type that
inherits from both GM_Polygon and
CV_GridCell establishing rectangularigrid cells
as the discrete surface coverage elements.

<<DataType>>
IF_Surface

+ interpolation : GM_Surfacelnterpolation = "planar”
+ numDerivativesOnBoundary[0..1] : Integer = 0

+ boundary : GM_SurfaceBoundary

+ spanningSurface[0..1] : GM_Surface

10.7.2 Digcrete surface grid.coverage classes

10.7.2.1

The clasg

10.7.2.2 Y—CeliValuePai

IF_DiscreteSurfaceGridCoverage
ISO 19123 with grid as its spatial domain.

F_DiscreteSurfaceGridCoverage

Figure 15 — Template application schema for a discrete surface grid coverage

implements the class CV_DiscreteSurfaceCoverage fr

The class IF_CellValuePair inherits from CV_SurfaceValuePair. The attribute “geometry” takes the data type

IF_Surface.

10.7.2.3 IF_Surface

The class IF_Surface is a data type that inherits from both GM_Polygon and CV_GridCell. This establishes
grid cells that are rectangular surfaces.
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