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Foreword

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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Introduction

Geography Markup Language is an XML grammar written in XML Schema for the description of
application schemas as well as the transport and storage of geographic information.

The key concepts used by Geography Markup Language (GML) to model the world are drawn from the
ISO 19100- series of International Standards and the OpenGIS Abstract Specification.

A feature is an “abstraction of real world phenomena” (ISO 19101); it is a geographic feature if it is
assoc1ated with a locatlon relatlve to the Earth. So a dlgltal representatlon of the real world may be
. s 5 5 SATUTE » oTTIe agh property

geometry-
valyied. A feature collection is a collection of features that may itself be regarded as a fepture; as a
congequence a feature collection has a feature type and thus may have distingt properties of its own, in

Following ISO 19109, the feature types of an application or application-domain is usually capfured in an
appllication schema. A GML application schema is specified in XML:Schema and can be conftructed in
twq different and alternative ways:

— |by adhering to the rules specified in ISO 19109 for application schemas in UML, and corfforming to
both the constraints on such schemas and the rules fex'mapping them to GML applicatign schemas
specified in this part of ISO 19136;

— |by adhering to the rules for GML application schemas specified in this part of ISO 19136 flor creating
a GML application schema directly in XML, S¢hema.

Both ways are supported by this part of 1SO,19136. To ensure proper use of the conceptual modelling
framework of the ISO 19100- series of International Standards, all application schemas arg expected
to e modelled in accordance with the General Feature Model as specified in ISO 19109. Within the
[SO|19100- series, UML is the preferred language by which to model conceptual schemas.

GML specifies XML encodings,&enformant with ISO 19118, of several of the conceptual clasges defined
in the ISO 19100- series of International Standards and the OpenGIS Abstract Specification. These
conpeptual models include those defined in:

— |ISO/TS 19103, Geographic information — Conceptual schema language (units of measure, basic types);
— |ISO 19107, Geographic information — Spatial schema (geometry and topology objects);

— |ISO 19108,'Geographic information — Temporal schema (temporal geometry and topoldgy objects,
temporal reference systems);

— |ISO 19109, Geographic information — Rules for application schemas (features);

— IS0 19111, Geographicinformation — Spatial referencing by coordinates (coordinate reference systems);
— IS0 19123, Geographic information — Schema for coverage geometry and functions;
— IS0 19148, Geographic information — Linear referencing.

The aim is to provide a standardized encoding (i.e. a standardized implementation in XML) of types
specified in the conceptual models specified by the International Standards listed above. If every
application schema were encoded independently and the encoding process included the types from, for
example, ISO 19108, then, without unambiguous and completely fixed encoding rules, the XML encodings
would be different. Also, since every implementation platform has specific strengths and weaknesses,
it is helpful to standardize XML encodings for core geographic information concepts modelled in the
[SO 19100- series of International Standards and commonly used in application schemas.

© 1S0 2015 - All rights reserved vii
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In many cases, the mapping from the conceptual classes is straightforward, while in some cases the

mapping is

more complex (a detailed description of the mapping is part of this part of ISO 19136).

In addition, GML provides XML encodings for additional concepts not yet modelled in the ISO 19100-
series of International Standards or the OpenGIS Abstract Specification, for example, dynamic features,
simple observations or value objects.

Predefined types of geographic feature in GML include coverages and simple observations.

A coverage is a subtype of feature that has a coverage function with a spatiotemporal domain and a
value set range of homogeneous 1- to n-dimensional tuples. A coverage may represent one feature

or a collec

mon Of features to model and make visible spatial relationships between, and the spg
distribution of, Earth phenomena” (OGC Abstract Specification Topic 6) and a coverage “acts as a fune

to return v

An observ
or some fo
occurrencs
feature wit

A referenc
descriptivg

A coording

alues from its range for any direct position within its spatiotemporal domain” (IS6\1912

htion models the act of observing, often with a camera or some other procedure, a per
'm of instrument (Merriam-Webster Dictionary: “an act of recognizing andnoting a fac
often involving measurement with instruments”). An observation is considered to be a (
h a time at which the observation took place, and with a value for the observation.

b system provides a scale of measurement for assigning values to2@ position, time or ot
quantity or quality.

te reference system consists of a set of coordinate systeni axes that is related to the Ez:
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A tempor
length or
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Spatial geq
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Spatial or t4

A units-of-
as length, t
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e system dictionary provides definitions of reference systems used in spatial or temp

metries are the values of spatial feature properties. They indicate the coordinate refere
vhich their measurements have beémr made. The “parent” geometry element of a geome
geometric aggregate makes thi§ indication for its constituent geometries.

pometries are the values of temiporal feature properties. Like their spatial counterparts, temp
indicate the temporal reférence system in which their measurements have been made.

measure dictionary provides definitions of numerical measures of physical quantities, g
emperature and/pressure, and of conversions between units.

tial
fion

3).

son
t or
ML

her

irth

bral

pbral

nce
tric

pral

bmporal topologies arfe Used to express the different topological relationships between features.
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Geographic information — Geography Markup Language
(GML) —

Part 2:
Extended schemas and encoding rules

1
The

fra
non

Thi

Imp
may
dat

Thi
con

NO1
and

trailsport and storage of geographic information modelled in accordance with the conceptua

Scope

Geography Markup Language (GML) is an XML encoding in compliance with1SO 19

ework used in the ISO 19100- series of International Standards and including both the
-spatial properties of geographic features.

5 part of ISO 19136 defines the XML Schema syntax, mechanisms and conventions that:

provide an open, vendor-neutral framework for the description of geospatial applicatic
for the transport and storage of geographic information im XML;

allow profiles that support proper subsets of GML framework descriptive capabilities;

information communities;
enable the creation and maintenance of linked geographic application schemas and datd
support the storage and transport of application schemas and datasets;

increase the ability of organizations to share geographic application schemas and the i
they describe.

lementers may decide to-store geographic application schemas and information in GN
r decide to convert front some other storage format on demand and use GML only for s
h transport.

ponents and reqUiirements.

E If an ISO 19109 conformant application schema described in UML is used as the basis for
transportation of geographic information, this part of ISO 19136 provides normative rules for the

wit

suc:f an application schema to a GML application schema in XML Schema and, as such, to an XML encoq

alogical structure in accordance with the ISO 19109 conformant application schema.

18 for the
modelling
Epatial and

n schemas

support the description of geospatial application schemas for specialized domains and

sets;

hformation

1L, or they
chema and

5 part of ISO 194367 builds on I1SO 19136:2007 (GML 3.2), and extends it with additiopal schema

the storage
mapping of
ing for data

2

Conformance

This part of ISO 19136 defines XML implementations of concepts used in spatiotemporal datasets. It
extendsthe XMLimplementations specifiedinISO 19136:2007 (GML 3.2). Requirements and conformance
classes specified in ISO 19136:2007 also apply for this part of ISO 19136.

XML instances that encode geographic information using one or more of the schemas specified in this
part of ISO 19136 are the standardization target of the requirements stated in this part of ISO 19136.

The implementation is described using the XML Schema language and Schematron.

Conformance classes are specified in Clauses 6 to 12 of this part of ISO 19136.
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3 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references,

[SO 19136:

the latest edition of the referenced document (including any amendments) applies.

2007, Geographic information — Geography Markup Language (GML)

[SO 19148:2012, Geographic information — Linear referencing

OGC Techn

ical Committee Policies and Procedures: MIME Media Types for GMLYV

ISO 8601:2

dates and tf

ISO/IEC 13
packages —

4 Terms, definitions, symbols and abbreviated terms

4.1 Gen

For the pulrposes of this document, the terms, definitions, symbols abd abbreviated terms liste

ISO 19136:

4.2 Tery
In addition)

4,21
grid coord
grid CRS
coordinate
with the cd

Noteltoe
GridEnvel
sometimes

4.2.2

oiIe, with the same axisLabéls)but need not define any limits on the grid size. This coordinate syste

004, Data elements and interchange formats — Information interchange — Representdtio
mes

249-3:2011, Information technology — Database languages — SQL multimedia and.applica
- Part 3: Spatial

bral

2007 (GML 3.2), Clause 4, apply.

ns and definitions

to the terms listed in ISO 19136:2007 (GML 352), the following terms and definitions app

inate reference system

ordinate system described by the GridEnvelope and axisLabels of gml:GridType
ry: A grid CRS uses a defin€d'coordinate system with the same grid point positions and origin as

ralled the internal grid(coordinate system.

reference

grid associated with a_ transformation that can be used to convert grid coordinate values to value

coordinat

Note 1 to pntpy:/If the coordinate reference system is related to the Earth by a datum, the grid
georeferendeable grid.

ble grid

referenced to an external coordinate reference system

fion

1 in

ly.

reference system for the positionsin a grid that uses a defined coordinate system congryent

the
m is

s of

is

[SOURCE: I

S0 19123:2005, 4.1.33]

1) The latest version at the publication of this part of ISO 19136 is OGC document 09-144r1. The MIME type
is currently in the registration process at IETF / IANA. The reference has intentionally been undated so that the
reference is to the latest version in case changes to the MIME media type specification are required as part of the

registration

2

process.
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In addition to the symbols and abbreviated terms listed in ISO 19136:2007 (GML 3.2), the following are

used in this document:

LRS Linear Referencing System
OWL Web Ontology Language
OwWS 0GC Web Services

SKQS Simple Kmowtedge Orgamization System

5 |Conventions

5.1f MIME media types

For|exchanging GML instance documents over the internet, the media type “application/g
usefl as specified by the OGC Technical Committee Policies and Procedures: MIME Media Typ

5.2 XML namespaces

Thg XML namespaces used within this part of ISO 19136 arélisted in Table 1. For each nam
namespace prefix used within this document and the canenical location of the all-compone

document are provided, too.

Table 1 — XML Namespaces

ml+xml” is
ps for GML.

espace, the
hts schema

Name-
XML Namespace space) | Canonical location of all-components schemajdocument

priefix
http://www.opengis.net/gml/3.2 gml |http://schemas.opengis.net/gml/3.2.1/gml.xsd
http://www.opengis.n ml gmlxbt |http://schemas.opengis.n ml/3.3/extdBaseTypes.xsd
http://www.opengis.net/gml/3 3yce gmlce |http://schemas.opengis.net/gml/3.3/geometryCdmpact.xsd
http://www.opengis.net/gml/3.3/tin gmltin |http://schemas.opengis.net/gml/3.3/tin.xsd
http://www.opengis.n ml/3.3/Ir gmllr |http://schemas.opengis.net/gml/3.3/linearRef.x4d
http://www.opengis.iet/gml/3.3/1Irtr http://schemas.opengis.net/gml/3.3/linearRefTbwardsRef-

gmllrtr

erent.xsd

http: Lopengis.n ml/3.3/Ir gmllro |http://schemas.opengis.n ml/3.3/linearRefOffset.xsd
http://wwW:epengis.n ml/3.3/Irov | gmllrov |http://schemas.opengis.net/gml/3.3/linearRefOffs¢ I.X
http: //Wwww.opengis.net/gml/3.3/rgrid| gmlr- |http://schemas.opengis.net/gml/3.3/referenceabjleGrid.xsd

grid
http://www.opengis.net/gml/3.3/xer | gmlexr |http://schemas.opengis.net/gml/3.3/extdEncRule.xsd
http://www.w3.0rg/1999/xlink xlink |http://www.w3.0rg/1999/xlink.xsd
h .org/XML/1 name- http: w3.org/2001/xml.x

xml

space
http://www.w3.0rg/2001/XMLSchema | xs(or |n/a

default)

NOTE1 A GML application schema conforming to this part of ISO 19136 will import the GML 3.2 schema plus
zero or more additional GML 3.3 schemas as needed.

EXAMPLE1 The following GML application schema imports both the GML 3.2 schema and the GML 3.3 compact

geometry encoding.

© ISO 2015 - All rights reserved
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targetNamespace="http://www.example.org/app”
xmlns:app="http://www.example.org/app”

xmlns:gm
xmlns:gm
xmlns:x1
xmlns="h
xmlns :xm
elementF
version=
<impor
schem
<impor
schem
<!--
<eleme
type=
<compl

<conplexContent>

</c
</comp
</schema>

NOTE2 A GML instance conforming to this part of ISO 19136 will ditectly or indirectly reference the GMI
schema and|zero or more additional GML 3.3 schemas as needed. A schema location attribute in the root eler
of the docurhent has to include the schema of the namespace of the.foot element.

EXAMPLE 2| A sample instance for the GML application schenia from example 1 as returned from a Web Fea
Service. The|[GML schemasareimported by the GML application'schema thatisreferenced from the instance docun

<wfs:Feat

timeStamgp="2011-04-03T05:40:00Z2"

numberMa
numberRe
xmlns:wf
xmlns:ap

xmlns:gm]
xmlns:gm]

xmlns:x1
xmlns:xs

xsi:scherfalocation=" https//www.example.org/app http://www.example.org/app.xsd

http:/

<wfs:m¢mber>

<ap

</a

lce="http://www.opengis.net/gml/3.3/ce”
1="http://www.opengis.net/gml/3.2"
ink="http://www.w3.0rg/1999/x1ink”
ttp://www.w3.0rg/2001/XMLSchema”
1="http://www.w3.0rg/XML/1998/namespace”
ormDefault="qualified”

”71.0.0">

t namespace="http://www.opengis.net/gml/3.2”
alocation="http://schemas.opengis.net/gml/3.2.1/gml.xsd” />
t namespace="http://www.opengis.net/gml/3.3/ce”

Location="http://schemas.opengis.net/gml/3.3/geometryCompact.xsd”/>
.-

Bt name="Parcel” substitutionGroup="gml:AbstractFeature”
app:ParcelType” />

¢xType name="ParcelType”>

extension base="gml:AbstractFeatureType”>
<sequence>
<element name="geometry” type="gml:SurfacePropertyType”/>
<l=-= L0 ==>
</sequence>
/extension>
mplexContent>
lexType>

reCollection

fched="12"

furned="12"

="http://www.opengis.net/wis/2.0”
p="http://www.example.or§tapp”
ce="http://www.opengis.net/gml/3.3/ce”
="http://www.opengisinet/gml/3.2”
Ink="http://www.w3 {0%g/1999/x1ink”
1="http://www.w3.0ng/2001/XMLSchema-instance”

www.opengis.figt7wfs/2.0 http://schemas.opengis.net/wfs/2.0/wfs.xsd”>

®:Parcel gmkiid="0l1">
app:gedmeltry>
gmlce%wSimplePolygon gml:id="gl”
s¥SName="http://www.opengis.net/def/crs/EPSG/0/4258">
<gml:posList>50 6 50 7 51 7 51 6</gml:posList>

3.2
hent

fure
ent:

gmlce:-SimplePolygon

</app:geometry>
<l== .0 ==>
pp:Parcel>

</wfs:member>

<!--
</wfs:Fea

Lo-=>
tureCollection>

5.3 Deprecated parts of previous versions of GML

The verb “deprecate” provides notice that the referenced portion is being retained for backwards
compatibility with earlier versions but may be removed from or superseded in this or a future version.
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Additional base types

Target namespace

All schema components specified in Clause 6 are in the target namespace:

6.2

http://www.opengis.net/gml/3.3/xbt

Localisable strings

6.2

The
pro

<co

</c

NO1
Con

6.2

Thd
the

in place of xs:string:

In 4
opt
the

6.3
In d

1 LanguageStringType

type gmlxbt:LanguageStringType adds an optional xml : 1ang attribute toxg’: s

yided as a base type for linguistic text for use within the GML schemas and in GML @pplicatic
plexType name="LanguageStringType”>
simpleContent>

<extension base="xs:string”>

<attribute ref="xml:lang”/>

</extension>
/simpleContent>
bmplexType>
E The name “LanguageStringType” was selected to align thle naming with the equivalent typ
mon standard.

2 Additional types based on LanguageStringType

following types from GML 3.2 are defined in the http://www.opengis.net/gml/3.3/xbt sq
same content model as in GML 3.2 with the exeeption that gm1xbt : LanguageStringT

gml:CodeType,
gml:CodeWithAuthorityType

ddition, the global property' elements gmlxbt:description and gmlxbt:remar}
onal xml : lang attribute-in their content model. These elements are in the substitutic
GML 3.2 property element with the same local name.

gmlxbt:description

gmlxbt:rémarks.

TimePositionUnion

ring. Itis
nschemas.

e in the OWS

hema with
/pe is used

s have an
n group of

ML, 3.2 the simple type gml: TimePositionUnion is a union of XML Schema simple t]

pes which

: M 1 1. £ + 1 ) 1 1 1. ICcA 10400 i
Instarrcrace ore SUDLY PCS 101 LCIIpPOUTL Al DUSILIVITUCSLTIDCU TIT TOU 1 71UO. THESC dI'T.

gml:CalDate (union of xs:date,xs:gYearMonth and xs:gYear)
xs:time

xs:dateTime

xs:anyURI

Xxs:decimal

ISO 8601:2004, 4.1.2 specifies the Calendar Date and its representations with reduced accuracy (i.e.,
YYYY-MM and YYYY). gml:CalDate is designed to support their encoding.

©IS
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ISO 8601:2004, 4.1.3 specifies the Ordinal Date, which is composed from the calendar year and the
calendar day of the year (YYYY-DDD).

ISO 8601:2004, 4.1.4 specifies the Week Date, which is composed from the calendar year, the calendar
week and the calendar day of the week (YYYY-Www-D). ISO 8601:2004, 4.1.4.3 specifies a Week Date
representation with reduced accuracy that omits the day of the week component (YYYY-Www).

The ISO 8601:2004 Ordinal Date and Week Date with reduced accuracy are commonly used in
some communities (for example, aviation) but are not supported by gml:TimePositionUnion.
gmlxbt:TimePositionUnion is provided to accommodate representations of these sibling date-
representations from ISO 8601:2004 by adding gm1xbt : OrdDate and gm1lxbt : WeekDate to the union.

<simpleTyy
<union

decimal”/

</simpleTy

<simpleTyjy
<restr]
<paf
</rest}
</simpleTy

<simpleTyy
<restr]
<paf
</rest}
</simpleTy

The lexical

l_!? yy

where:

“7yyy
four di

the -’ i

the dd
day of
ascend

The lexical

7YYy

where:

e name="TimePositionUnion”>

memberTypes="gml:CalDate gmlxbt:0rdDate gmlxbt:WeekDate time dateTime an§URT
'oe>

e name="0OrdDate”>

ction base="string”>

tern value="-2[0-9]{4}-[0-9](3}"/>

iction>

pe>

e name="WeekDate”>

ction base="string”>

tern value=" -2[0-9]1{4}-W(0[1-9]|[1-4]1[0-91|5[0-3]8 (F11-71)2"/>

iction>

pe>

space of gm1xbt : OrdDate consists of finite-length sequences of characters of the forn

yy - ddd

y is a four-or-more digit optionally negative-signed numeral that represents the year; if more t
bits, leading zeros are prohibited, and“0000’ is prohibited (note that a plus sign is not permitt

s a separator between parts of the date;

1 is a three-digit numeral that represents the calendar day of the year where the first calen
any calendar year is-represented by ‘001" and subsequent calendar days are numbere
ing sequence.

space of gm1xbt WeekDate consists of finite-length sequences of characters of the for

y “W’ ww (=" d)?

“7yyy|

han
ed);

dar
d in

m

y'isafour-or-more digit optionally negative-signed numeral thatrepresents the year; if more t

han

four digits, leading zeros are prohibited, and ‘0000’ is prohibited (note that a plus sign is not permitted);

the “W’ is a separator indicating that week-of-year follows;

the ww is a two-digit numeral that represents the calendar week of the year where the first calendar

week of any calendar year is represented by ‘01" and subsequent calendar weeks are numbered in
ascending sequence;

the -’ d (if present) is a one-digit numeral that represents the calendar day of the week where

Monday shall be identified as calendar day ‘1’ of any calendar week, and subsequent calendar days
of the same calendar week shall be numbered in ascending sequence to Sunday (calendar day ‘7").
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6.4 Requirements class

Table 2 specifies the requirement class “Basic type (extensions)”.

Table 2 — Requirements class “Basic types (extensions)”

Requirements Class

http: . ngis.n ML/3.3/req/x
Target type Data instance
Name Basic types {extensions)
Dependency http://www.opengis.net/doc/I1S/GML/3.2/clause/2.4
Requirement http://www.opengis.net/spec/GML/3.3/req/xbt/valid
Any XML node whose content model is specified using schema components'in the hktp: //www.

opengis.net/gml/3.3/xbt schema SHALL be well-formed and valid.
Requirement http://www.opengis.net/spec/GML/3.3/req/xbt/iso8601

Any XML node whose content model is specified using gm1xpt: TimePositionUhit, gmlx-
bt:0rdDate or gmlxbt:WeekDate SHALL conform todS08601:2004.

6.5 Conformance

Tabje 3 specifies the conformance class “Basic types (extensions)”.

Table 3 — Conformance class “Basic types (extensions)”

Conformance Class

http://www.opengis.n ML/3. nf/xbt

Reduirements http://www.opengis.net/spec/GML/3.3/req/xbt
Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4
Test http://www.opengis.net/spec/GML/3.3/conf/xbt/valid

Requirement «.Jittp://www.opengis.net/spec/GML/3.3/req/xbt/valid
Test purpose~ Verify that any XML node whose content model is specified using sthema com-

ponents in the http://www.opengis.net/gml/3.3/xbt schema is Well-formed

and valid.

Téstmethod  Validate the XML document using the XML schema document httpt//schemas.
opengis.net/gml/3.3/extdBasicTypes.xsd. Pass if no errors reported. Fail

otherwise.
Test type Basic
Tedt http: . ngis.n ML/3. nf/xbt/i 1

Requirement http://www.opengis.net/spec/GML/3.3/req/xbt/is08601

Test purpose  Verify that any XML node whose content model is specified using gm1xbt : -
TimePositionUnit conforms toISO 8601:2004.

Test method  Validate the XML document using the Schematron document http://schemas.

i i . Replace “{nodesOfTypeTimePositionUn-

ion}” in the file with an Xpath expression to all nodes with a content model of
gmlxbt:TimePositionUnit.Passifno errorsreported. Fail otherwise.

Test type Capability
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7 Compact Encodings of Commonly Used GML Geometries

7.1 Target namespace

All schema components specified in Clause 7 are in the target namespace:
http://www.opengis.net/gml/3.3/ce
7.2 Introduction
The simpli D ’ oS presented Ciause 7 CONforTT to the Spatia A (1SO191P7),
but are offered as compact encoding alternatives to some of the existing GML geometries spégcified
in GML 3.R. The compact encodings follow the idea of the compact gml:LineString~encoding,
which repfesents a curve that is equivalent to the gml:Curve encoding restricted to'the usg of
gml:LingdStringSegment elements as depicted in Figure 1.
<Curve>
<segments>
<LineString> <LinearStringSegment>
<posList>...</posList> ¢ »  <posLisf>» </posList>
</LineString> logically </LinearStringSegment>
equivalent </segments>
to </Curve>
Figure 1 — LineString encoding
7.3 SimplePolygon
A gmlce:BimplePolygon is a specialized polygon that has a simplified encoding of the logidally
equivalent|gml : Surface with a single gm1 : PedygonPatch as its surface patch consisting of a single
gml:LindarRing as its exterior boundary'and does not have any interior boundary. See Figure 2.
<Surface>
<patches>
<Polygon> <PolygonPatch>
<exterior> <exterior>
<SimplePolygon> <LinearRing> <LinearRing>
<pgsList>...</posList> s  <posList>...</posList> ¢———>  <posList>...</posList>
</SimplePolygon> logically <<//L|[1egrlR>|ng> logically <<//L|{1engi|ng>
equivalent exterior equivalent exterior
</Polygon> </PolygonPatch>
to to
</patches>
</Surface>
Figure 2 — SimplePolygon encoding
NOTE The boundary of a gmlce:SimplePolygon is coplanar and the polygon uses planar interpolation in

its interior.

The usage of the term ‘simple’ here refers to a specialized polygon with a simplified encoding, which is
simply connected (no interior rings) and uses a simple closed curve (no self-crossings) to represent its
single boundary ring. The schema element declaration and corresponding type definition is as follows:

<element name="SimplePolygon”

type="gmlce:SimplePolygonType”
substitutionGroup="gmlce:AbstractSimplePolygon”/>

© ISO 2015 - All rights reserved
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<element name="AbstractSimplePolygon” type="gml:AbstractSurfaceType”
substitutionGroup="gml:AbstractSurface”/>

<complexType name="SimplePolygonType”>
<complexContent>
<extension base="gml:AbstractSurfaceType”>
<sequence>
<choice>
<choice minOccurs="3"” maxOccurs="unbounded”>
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>

</choice>
</sequence>
</extension>
</complexContent>
<fcomplexType>

Thelast coordinate does not have to repeat the first coordinate in this simplified €ncoding, sq only three
confrol points are required to specify a simple polygon. For this reason, the inner choice ¢leclaration

abope has the corresponding occurrence constraint minOccurs="3".

7.4

SimpleRectangle

Agplce:SimpleRectangle isthe special case of a simple polygon, which has exactly 4 coijtrol points

in is boundary encoding representing the 4 corners of the rectangle. See Figure 3.

<Surface>
<patches>
<Rectangle>

<exterior>
<SimpleRectangle> <LinearRing>

</SimpleRectangle> logically </LinearRing>
equivalent </exterior>
to </Rectangle>
</patches>
</Surface>

4 coorgdinates
(last.does not repeat first)

Figure 3 — SimpleRectangle encoding

<posList>...</posList> ¢ »  <posList>...</posList>

NOTE The boundary ofa gmlce: SimpleRectangle is coplanar and the polygon uses planar ifpterpolation

in itk interiow

Theg schiema element declaration and corresponding type definition is as follows:

73

<3 - 7R e - 1ol 73 2 o 1on - i
S roieIrc  rronr oInprenccecrcalgre cTYyrC gmrce T o IMpPrenc e tangreryy

substitutionGroup="gmlce:AbstractSimplePolygon”/>

<complexType name="SimpleRectangleType”>
<complexContent>
<extension base="gml:AbstractSurfaceType”>
<sequence>
<choice>
<choice minOccurs="4" maxOccurs="4">
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>
</choice>
</sequence>
</extension>
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</complexContent>
</complexType>

7.5 SimpleTriangle

Agmlce:SimpleTriangle is the special case of a simple polygon, which has exactly 3 control points
in its boundary encoding representing the 3 corners of the triangle. See Figure 4.

<Surface>
<patches>
<Triangle>
<exterior>
<SimpleTriangle> <LinearRing>
<posList>...</posList> ¢ > <posList>...</posList>
</SimpleTriangle> logically </LinearRing>
equivalent </exterior>
to <[Triangle>
</patches>

3 coordinates . </Surface>
(last does not repeat first)

Figure 4 — SimpleTriangle encoding

The schemp element declaration and corresponding type definition is as follows:
<elemenf name="SimpleTriangle” type="gmlce:SimpleTridngleType”
substitutjonGroup="gmlce:AbstractSimplePolygon” />

<complexType name="SimpleTriangleType”>
<compl}exContent>
<exfension base="gml:AbstractSurfaceType”>
<$equence>
<choice>
<choice minOccurs="3" maxQccurs="3">
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:poskist”/>
</choice>
<[/sequence>
</ejtension>
</complexContent>
</complgxType>
EXAMPLE
<gmlce:SiffpleTriamg¥e gml:id="ID000"”
srsName3”http: Alwww.opengis.net/def/crs/EPSG/0/4326”>
<gml:pogListeH0 10 49 10 49.5 11</gml:posList>
</gmlce:SimpleTriangle>

7.6 SimpleArcString

A gmlce:SimpleArcString is a specialized curve that has a simplified encoding of the logically
equivalent gml : Curve with one or more gml : Arc segments. The schema element declaration and
corresponding type definition is as follows:

<element name="SimpleArcString” type="gmlce:SimpleArcStringType”
substitutionGroup="gmlce:AbstractSimpleArcString”/>

<element name="AbstractSimpleArcString” type="gml:AbstractCurveType”
substitutionGroup="gml:AbstractCurve”/>

<complexType name="SimpleArcStringType”>

<complexContent>
<extension base="gml:AbstractCurveType”>
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<sequence>
<choice>
<choice minOccurs="3" maxOccurs="unbounded”>
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>
</choice>
</sequence>
<attribute name="interpolation” type="gml:CurvelnterpolationType”
fixed="circularArc3Points” />
<attribute name="numArc” type="integer”/>
</extension>
</complexContent>
<fcomplexType>

7.7 SimpleArc

A ghlce:SimpleArc is a specialized curve that has a simplified encoding of the logically|equivalent
gml : Curve with a single gm1 : ArcString segment. See Figure 5.

<Curve>
<segments>
<SimpleArc> <Arc>
<posList>...</posList> ¢ »  <posList>...</posList>
</SimpleArc> logically </Arc>
equivalent </segments>
to </Curve>

3 coordinates

Figure'5— SimpleArc encoding

The schema element declaration and_dorresponding type definition is as follows:

A

Element name="SimpleArc”Stype="gmlce:SimpleArcType”

—

substitutionGroup="gmlceé:AbstractSimpleArcString”/>

<fomplexType name="gimpleArcType”>
<complexContentX
<extension Pase="gml:AbstractCurveType”>
<sequeneeX
<chofe&e>

Johoice minOccurs="3"” maxOccurs="3">
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>
choice
</sequence>
<attribute name="interpolation” type="gml:CurvelnterpolationType”
fixed="circularArc3Points” />
<attribute name="numArc” type="integer” fixed="1"/>
</extension>
</complexContent>
</complexType>

7.8 SimpleArcByCenterPoint

A gml:SimpleArcByCenterPoint is a specialized curve that has a simplified encoding of the
logically equivalent gml:Curve with a single gml:ArcByCenterPoint segment. As with the
gml :ArcByCenterPoint,thisrepresentation can be used only in 2D. The schema element declaration
and corresponding type definition is as follows:
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<element name="SimpleArcByCenterPoint” type="gmlce:SimpleArcByCenterPointType”
substitutionGroup="gmlce:AbstractSimpleArcString”/>

<complexType name="SimpleArcByCenterPointType”>
<complexContent>
<extension base="gml:AbstractCurveType”>
<sequence>

<choice>
<choice>
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>

</choice>
<element ref="gml:posList”/>
</choice>
<element name="radius” type="gml:LengthType”/>
<element name="startAngle” type="gml:AngleType”/>
<element name="endAngle” type="gml:AngleType”/>
<[sequence>
<gttribute name="interpolation” type="gml:CurvelnterpolationType”
fixed="cir¢ularArcCenterPointWithRadius” />
<gttribute name="numArc” type="integer” use="required” fixed="1"/X
</extension>
</complexContent>
</complgxType>
NOTE §tart and end angle are mandatory in this encoding unlike gm1l : AcByCentrePoint.
7.9 SimpleArcStringByBulge
A gmlce:BimpleArcStringByBulge is a specialized curve that has a simplified encoding of|the
logically eIuivalent gml : Curve with one or more gml : AxeByBulge segments. The schema elenjent
declaration and corresponding type definition is as follows:
<elemenf name="SimpleArcStringByBulge” type="giilce:SimpleArcStringByBulgeType”
subst]tutionGroup="gmlce:AbstractSimpleApcString” />
<complexType name="SimpleArcStringByBulgeType”>
<compl}exContent>
<extension base="gml:AbstractCurveType”>
<$equence>
<choice>
<choice minOccurs= 2’ maxOccurs="unbounded”>
<element ref="gml:pos”/>
<element ref=/(gml:pointProperty”/>
</choice>
<element refizXgml:posList”/>
</choice>
<element n&me="bulge” type="double” maxOccurs="unbounded”/>
<element wame="normal” type="gml:VectorType” maxOccurs="unbounded”/>
<[sequence>
<gttribufe name="interpolation” type="gml:CurvelnterpolationType”
fixed="cirqularArc2PointWithBulge”/>
<gttxibute name="numArc” type="integer”/>
</ext&hsion
</complexContent>
</complexType>

7.10 SimpleArcByBulge

A gml:SimpleArcByBulge is a specialized curve that has a simplified encoding of the logically
equivalent gml :Curve with one gml:ArcByBulge segment. The schema element declaration and
corresponding type definition is as follows:

<element name="SimpleArcByBulge” type="gmlce:SimpleArcByBulgeType”
substitutionGroup="gmlce:AbstractSimpleArcString”/>

<complexType name="SimpleArcByBulgeType”>
<complexContent>

12
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fixefl="circularArc2PointWithBulge” />

Agplce:SimpleCircleisaspecialized curve thathasasimplified encoding of the logically

Consistent with gml:Cirgle) a gmlce:SimpleCircle is an arc whose ends coincide

unambiguously defined."The arc is simply extended past the third control point until the f
point is encountered:

The schema element declaration and corresponding type definition is as follows:

7.12 SimpleCircleBvCenterPoint

ISO 19136-2:2015(E)

<extension base="gml:AbstractCurveType”>
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="2">
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>
</choice>
<element name="bulge” type="double” maxOccurs="unbounded”/>
<element name="normal” type="gml:VectorType” maxOccurs="unbounded” />
</sequence>
<attribute name="interpolation” type="gml:CurvelnterpolationType”

<attribute name="numArc” type="integer” fixed="1"/>
</extension>
</complexContent>
<fcomplexType>

7.1 SimpleCircle

gmll : Curve with a single gm1 : Circle segment. See Figure 6.

<Curve>
<segments>
<SimpleCircle> <Circle>
<posList>...</posList> ¢ »  <posList>...</posList>
</SimpleCircle> logically <[Circle>
equivalent </segments>
to </Curve>

3 coordinates

Figure 6 — SimpleCircle encoding

simple closed loop. The three control points shall be distinct non-co-linear points for the

<glementfname=""SimpleCircle” type="gmlce:SimpleArcType”
substftutionGroup="gmlce:AbstractSimpleArcString” />

equivalent

to form a
fircle to be
rst control

A gmlce:SimpleCircleByCenterPoint is a specialized curve that has a simplified encoding of
the logically equivalent gml:Curve with a single gml:CircleByCenterPoint segment. As with
the gml:CircleByCenterPoint, this representation can be used only in 2D. The schema element
declaration and corresponding type definition is as follows:

<element name="SimpleCircleByCenterPoint”
type="gmlce:SimpleArcByCenterPointType”
substitutionGroup="gmlce:AbstractSimpleArcString”/>

Start and end angles are mandatory and should not be identical; they should differ by 360 degrees.
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7.13 SimpleMultiPoint

gmlce:SimpleMultiPoint implements, and provides a simplified encoding for, ISO 19107
GM_MultiPoint (see ISO 19107:2003, 6.5.4). A gmlce:SimpleMultiPoint consists of a list of
DirectPositions.

<complexType name="SimpleMultiPointType”>
<complexContent>
<extension base="gml:AbstractGeometricAggregateType”>
<sequence>
<element ref="gml:posList”/>
</sequence>

</extd
</complg
</complex]

<element 1
substitut]

7.14 Mul{

A property
element en
(where ren
in ISO 1913

<complexTy
<choice
<elemd
<elemd
</choic{
<attrib
<attrib
</complex]

7.15 Req

Table 4 spe

nsion>
xContent>

ype>

ame="SimpleMultiPoint” type="gmlce:SimpleMultiPointType”
onGroup="gml :AbstractGeometricAggregate” />

[iPointPropertyType
that has a collection of points as its value domain may either be‘an appropriate geom

hote includes geometry elements located elsewhere in the saimme-document). The rules st4
6:2007, 7.2.3.4 apply.

'oe name="MultiPointPropertyType”>
minOccurs="0">

nt ref="gml:MultiPoint”/>

nt ref="gmlce:SimpleMultiPoint”/>

>

teGroup ref="gml:AssociationAttributeGooup”/>
teGroup ref="gml:OwnershipAttributeGroup”/>

ype>

hirements class

cifies the requirements class\'Compact Geometry Encoding”.

Table 4 — Requirements class “Compact Geometry Encoding”

LIy

capsulated in an element of this type or an XLink reference to’a remote geometry elenpent

ted

Requirements Class

http://www.opengis.net/spec¢/GML/3.3/req/ce

Target type Datainstance

Name Compact Geometry Encoding

Dependency hittp://www.opengis.net/doc/IS/GML/3.2/clause/2.4

Requirement h www.opengis.n ML r vali
Any XML node whose content model is specified using schema components in the http: //www.
opengis.net/gml/3.3/ce schema SHALL be well-formed and valid.

7.16 Conformance

Table 5 specifies the conformance class “Compact Geometry Encoding”.

14
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Table 5 — Conformance class “Compact Geometry Encoding”

Conformance Class

http://www.opengis.net/spec/GML/3.3/conf/ce

Requirements http://www.opengis.n ML/3.3/r
Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4
Test http://www.opengis.net/spec/GML/3.3/conf/ce/valid

Requirement http://www.opengis.net/spec/GML/3.3/req/ce/valid

Test purpose Verify that any XMI. node whose content model is cppr‘ifir—\d using schema

components in the http://www.opengis.net/gml/3.3/ce schemads\yvell-formed
and valid.

Test method  Validate the XML document using the XML schema document http}//schemas.
opengis.net/gml/3.3/geometryCompact.xsd. Pass if no efrors reported. Fail
otherwise.

Test type Basic

8 [Triangulated Irregular Networks

8.1] Target namespace
All schema components specified in Clause 8 are in the target namespace:

http://www.opengis.net/gml/3.3/tin

8.2| Introduction

The support for Triangulated Irregular Networks (TIN) in ISO 19136:2007 (GML 3.2) is|consistent
with ISO 19107:2003 and ISO 19125-1:2004. However, three areas of concern of the TIN modlel in these
stapdards are addressed by the new schéma components to support typical civil engineering practice:

— |Need for more robust set of £{TIN elements”
— |Need for a simpler triangle’encoding

— |Need for a by-reference encoding of the triangulated surface

8.3| TriangulatedSurface

gmltin: TrdangulatedSurface implements [ISO 19107 GM_TriangulatedSurface (see
1S0[19136:2007, D.2.3.4 and ISO 19107:2003, 6.4.37).

A trjianigulated surface is a polyhedral surface that is composed only of triangles. There is no|restriction
on how the frinngnlnfinn is derived

gml :patches encapsulates the triangles of the triangulated surface. All patches shall be simple
triangle patches.

<element name="TriangulatedSurface” type="gml:SurfaceType”
substitutionGroup="gml:Surface”/>

8.4 SimpleTrianglePatch

gmltin:SimpleTrianglePatch is based upon the pattern used in the GML 3.3 SimpleTriangle,
rather than the GML 3.2 Triangle.

A gmltin:SimpleTrianglePatch is a surface patch that is defined by a set of three points. The
points shall be coplanar and the resultant simple triangle uses planar interpolation in its interior. The
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boundary of simple triangle patch can be obtained by constructing a gml:LinearRing, defined by
four coordinate tuples representing the three points such that the first point is repeated as the last

point, with linear interpolation between the points.

gml:interpolation is fixed to “planar”, i.e. an interpolation shall return points on a single plane.
The boundary of the patch shall be contained within that plane.

<complexType name="SimpleTrianglePatchType”>
<complexContent>
<extension base="gml:AbstractSurfacePatchType”>

<sequence>
<choice>

</c
</complex]

<elemer
subst]

8.5 TIN

gmltin:T

<choice minOccurs="3" maxOccurs="3">
<element ref="gml:pos”/>
<element ref="gml:pointProperty”/>
</choice>
<element ref="gml:posList”/>
</choice>
</sequence>
<attribute name="interpolation”
type="gml:SurfacelnterpolationType”
fixed="planar”/>
/extension>
mplexContent>
ype>

t name="SimpleTrianglePatch” type="gmltin:SimpleTsdanglePatchType”
tutionGroup="gml:AbstractSurfacePatch”/>

IN is a triangulated surface that uses thetvDelaunay algorithm or a similar algori

complemented with consideration of constraints defittéd by TIN Elements (gmltin:tinElemen

and possib
<complg

<cof]f

<element 1
maxOccursH

</c
</comp]

<elemer
subst]

The set of

y a maximum length of triangle sides (gnItin:maxLength).

xType name="TINType”>
plexContent>
extension base="gml:SurfaceTlype”>
<sequence>
ame="tinElement” type="8mlitin:TINElementPropertyType” minOccurs="0"
:’unbounded” />
<element name="makLength” type="gml:LengthType”
minOccurs="0"}>
</sequence>
/extension>
mplexContents
exType>

t names{TIN” type="gmltin:TINType”
tutiofAGroup="gmltin:TriangulatedSurface”/>

he-positions (three or more) used as posts for this TIN (corners of the triangles in the ]

are specifi

cdeitherir T

INElementcontrot points or group Spots:

hm
ts)

IN)

gmltin:TINimplementsISO/IEC 13249-3 ST TIN (see ISO/IEC 13249-3:2011,8.6.1 ST_TIN Type) which
extends ISO 19107 (see ISO 19136:2007, D.2.3.4 and ISO 19107:2003, 6.4.37).

8.6 TINElement

gmltin:TINElement implements ISO/IEC 13249-3 ST_TINElement (see ISO/IEC 13249-3:2011, 15.1.1
ST_TINElement Type). It specifies elements associated with a TIN which can be:

1) constraints (boundary, break line, soft break, control contour, break void, drape void, void, hole,
stop line) applied to a TIN surface after the initial Delaunay triangulation which modify the surface,
16 © IS0 2015 - All rights reserved
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2) points (random points, group spots) which are the vertices of simple triangles that define the TIN
surface or vertices of constraints, or

3) user-defined.

<complexType name="TINElementType”>
<complexContent>
<extension base="gml:AbstractFeatureType”>
<sequence>
<element name="elementType”
type="gmltin:TINElementTypeType” />
<element name="elementID” type="integer” minOccurs="0"/>
CLCICIIL TIdIllE= S LCIICIIL I dy LYPE= DL,J_J..UL_J lLLJ‘.llULL,U.LD* U
<element name="elementGeometry”
type="gml :GeometryPropertyType” />
</sequence>
</extension>
</complexContent>
/complexType>

element name="TINElement” type="gmltin:TINElementType”
substitutionGroup="gml:AbstractObject”/>

Thgdgmltin:elementType property specifies the type of TIN elemerit. Allowable values aife specified
by the gmltin:TINElementTypeType codelist.

Thg gmltin:elementID property allows for an optionaljinteger value to numerically identify
the|TIN element.

Thggmltin:elementTag property allows for an optiohal string value to alphanumerically identify
the[TIN element.

Thg gmltin:elementGeometry property specifies the geometry of the TIN element. Th¢ allowable
geometry type is dependent upon the value ofthe gmltin:elementType:

— |random points and group spot TIN elements shall have a 3D gm1 :MultiPoint geometfy
— |boundary, break void and void TIN elements shall have a 3D gm1 : Polygon geometry
— |drape void and hole TIN eléments shall have a 2D or 3D gml : Polygon geometry

— |breakline, softbreak and’control contour TIN elements shallhavea 3D gml: LineString geometry
— |stop line TIN elements shall have a 2D or 3D gml:LineString geometry

— |forauser-defined TIN element, the choice of gm1 : GeometryPropertyType shall be user-defined.

8.7| TINElementPropertyType

A prroperty that has a TIN element as its value domain may either be an appropriate T[N element
encEpsulated in an element of this type or an XLink reference to a remote TIN element (where remote
includes TIN elements located elsewhere in the same document). Either the reference or the contained
element shall be given, but neither both nor none.

<complexType name="TINElementPropertyType”>
<sequence minOccurs="0">
<element ref="gmltin:TINElement”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
</complexType>

8.8 TINElementTypeType

gmltin:TINElementTypeType is acodelist which is the union of an enumeration of pre-defined TIN
element types and a pattern for specifying a user-defined TIN type.
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<simpleType name="TINElementTypeType”>

<union>
<simpleType>
<restriction base="string”>
<enumeration value="randomPoints”/>
<enumeration value="groupSpot”/>
<enumeration value="boundary”/>
<enumeration value="breakline”/>
<enumeration value="softBreak”/>
<enumeration value="controlContour”/>
<enumeration value="breakVoid”/>
<enumeration value="drapeVoid”/>
<enumeration value="void”/>
<enumeration value="hole”/>
<enumeration value="stopLine”/>
</restriction>
/simpleType>
simpleType>

</uf
</simp]

A TIN elen
known eley
in other TI

A TIN elen
the surfacg
points conf

<restriction base="string”>
<pattern value="other:\w{2,}”/>
</restriction>
/simpleType>
ion>
eType>

ent of type ‘random points’ (gm1tin:randomPoints) represents points on the surfad

e of

Fation from which triangles can be generated or which represent linestring points contained

N element geometries.

ent of type ‘group spot’ (gmltin:groupSpot) represents a collection of related point
b of known elevation from which triangles can beZgenerated or which represent linest
ained in other TIN element geometries.

A TIN elenpent of type ‘boundary’ (gmltin:bounda¥y) is used to specify the boundary of the

surface. As
surface to

the eliming
[t may alsd
interior bo

A TIN elem|
in the TIN

a constraint applied to a TIN surface after the initial Delaunay triangulation, it causes
be clipped to the boundary TIN elements gm1 : Polygon geometry value. This may resu
tion or addition of points contained(n the initial random points or group spots TIN eleme

result in localized re-triangulation at the boundary. It is implementation-defined whef
lindaries are supported.

ent of type ‘breakline’ (gmiltin:breakline)isused torepresentalocal ridge or depres
surface. When a breakline is specified for a TIN surface, simple triangle patches mus

adjusted s¢ that no triangle is erossed by the breakline. Part or all of the breakline becomes an ¢

of two or 1
original tri

A TIN elen

hore triangles. The.elevation along the breakline takes precedence over the elevation of
angulated surface for the entire length of the breakline.

ent of type/soft break’ (gmltin:softBreak) behaves as a ‘breakline’ (see above) ex

that contoyr lines generated for the surface can be smoothed where they cross soft breaks.

A TIN element\of type ‘control contour’ (gmltin:controlContour) behaves as a ‘breakline’
above). Th¢ zctoordinate values mustbe identical for all points in the ‘control contour’gml : LineStr

5 on
[ing

TIN
the
tin
nts.
her

bion
[ be
dge
the

fept

see

i ng

geometry. Triangles within the vicinity of a control contour need to be assessed during re-triangulation
to insure that they are not zero slope triangles (all three vertices fall on the same control contour).

Voids enclose a voided area of the TIN surface. They can be represented by either break, drape or
(regular) void types of TIN element. Void geometry is of type gml:Polygon, which might include
interior boundaries. Triangles within a void still exist in the TIN surface but are considered to be void.
Triangles inside of the gm1 : Polygon interior boundary are in the exterior of the gml : Polygon and
therefore not in the void: these triangles are therefore not considered to be void.

For a void TIN element of type ‘break void’ (gmltin:breakVoid) the boundary linestrings
(gml:LineString) of the 3D gml:Polygon behave as breaklines in that triangles in the simple
triangle patch collection must be adjusted so that no triangle is crossed by the break void boundary.
Part or all of the break void boundary becomes an edge of two or more triangles. The elevation of this
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break void boundary takes precedence over the elevation of the original triangulated surface for the
entire length of the boundary.

For a void TIN element of type ‘drape void’ (gmltin:drapeVoid) the boundary linestrings
(gml:LineString) ofthe 2D or 3D gml : Polygon behave as breaklines in that triangles in the simple
triangle patch collection must be adjusted so that no triangle is crossed by the drape void boundary.
Part or all of the drape void boundary becomes an edge of two or more triangles. However, for drape
voids, the elevation of the original triangulated surface takes precedence over the elevation of the drape
void boundary.

For a void TIN element of type (regular) ‘void’ (gmltin:void) the boundary linestrings

(g
tri

all
eley
on 1

:LineString) of the 3D gml:Polygon behave as breaklines in that triangles in [the simple
gle patch collection must be adjusted so that no triangle is crossed by the void boundgry. Part or
f the void boundary becomes an edge of two or more triangles. However, for regularvoidls, only the

ations of the void boundary vertices take precedence over the elevation of cétrespon
he original surface. That is, these vertices are treated as points for triangulating. The r

ing points
boular void

boundaries between these vertices are handled as drape void boundaries - elévations from the original

sur

Ah
int
The
TIN

face take precedence.

ble is an area of a TIN surface, defined by a 2D or 3D gm1 : Polygoa,which is to be treatg
he surface in that the triangles within this area still exist but are ‘€onsidered to be part
difference between a void and a hole is realized when two TIN(surfaces are merged. Wh
surface A with TIN surface B, a void in surface A will take précedence over what is in theg

inB
Bs

support merging of TINs, it is necessary to persist the distinction between voids and holes t
infdrmation available to applications which do.

Holg boundaries are different than an interior boufidary of a surface. The hole is still part of the
thesurface since the triangles still exist. They are merely considered as being in the hole so a
“islands” to exis:[inside the

holgs (if the hole polygon has interior rings): here the triangles exist and are not hole triang

kn

tri

AT
Wh
the
mu
bec
tha

boundary, if present.

ATl
con

triangles\in the simple triangle patch collection whose boundaries are (2D) crossed by a st

remnj

, the result being retention of the voided A triangles. A hole iri surface A results in that par
owing through the hole and becoming part of the resultant merged surface. Though GM

d as a hole
pf the hole.
bn merging
same area
t of surface
L does not

» make this

b interior of

how to deal with them in a visibilityscontext. This also allows for

gles in the hole been eliminated,islands could not be supported in a single surface.

N element of type ‘hole’ (gmltin:hole) encloses an area of the TIN surface designate
bn a hole is specified for gittin: TINElement, the boundary linestrings (gml: LineS

t be adjusted so that-no-triangle is crossed by the hole boundary. Part or all of the holg

the elevation of:the original triangulated surface takes precedence over the elevation

IN element of type ‘stopLine’ (gmltin:stopLine) is used to specify areas wher
Finuity_or/regularity of the TIN surface is questionable. It is implementation-define

oved from the collection of simple triangle patches or are retained but enclosed within a

plications

s. Had the

1 as a hole.
tring) of

2D or 3D gml : Polygon-behave as breaklines in that triangles in the simple triangle patch collection

boundary

bmes an edge of two er more triangles. Hole boundaries are treated like drape void bofindaries in

of the hole

b the local
d whether
op line are
drape void’
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Requirements class

Table 6 specifies the requirements class “Triangulated Irregular Networks”.
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Table 6 — Requirements class “Triangulated Irregular Networks”

Requirements Class

http://www.opengis.net/spec/GML/3.3/req/tin

Target type Data instance

Name Triangulated Irregular Networks

Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4

Requirement http: .opengis.n ML/3.3/r in/vali
Anyv XML nadewhose contentmadelisspecifiedusing schema componentsinthe http: //swww.
opéngis.net[gml[3.3[tin schema SHALL be well-formed and valid. B

8.10 Conformance

Table 7 spdcifies the conformance class “Triangulated Irregular Networks”.

Table 7 — Conformance class “Triangulated Irregular Networks”

Conformance Class

http://www.opengis.n ML/3. nf/tin

Requiremepts http://www.opengis.net/spec/GML/3.3/req/tin
Dependency http://www.opengis.net/doc/IS/GML/3.2/clauséy2.4
Test http://www.opengis.net/spec/GML/3.3/conf/tili/valid

Requirement http://www.opengis.net/spec/GML/3.3/req/tin/valid

Test purpose  Verify that any XML nodewhose content model is specified using schema cpm-
ponents in the http://WwWww.opengis.n ml/3.3/tin schema is well-formned
and valid.

Test method  Validate the XMLldocument using the XML schema document http://scherhas.
opengis.net/gml/3.3/tin.xsd. Pass if no errors reported. Fail otherwise.

Test type Basic

9 Linear Referencing

9.1 Target namespaces

Schema c¢mponents_specified in Clause 9 are in the following target namespaces, based| on
conformar]ce class;

http:/Awwsmrepengis.net/gml/3.3/1r - Basic linear referencing functionality
http:/Awww.opengis.net/gml/3.3/Irtr - Towards referent extension; dependent upon gmllr
http://www.opengis.net/gml/3.3/Iro - Offset extension; dependent upon gmllr
http://www.opengis.net/gml/3.3/Irov - Offset vector extension; dependent upon gmllr and gmllro

9.2 Introduction

ISO 19136:2007 so far mainly supports 2-D and 3-D spatial locations. An alternative location scheme
is to use linearly referenced locations, where a location is specified as being at a certain distance along
(and perhaps offset from) a linear element. The linear element might be a feature which exhibits linear
behaviour (i.e,, it is linearly measurable), a curve type of geometry, or a directed edge type of topology.
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A significant amount of historical data is currently linearly referenced, especially in the transportation,
piping, petroleum and mineral exploration industries. There are advantages of using this scheme over
(or in addition to) spatial referencing.

Just as spatial data may utilize a variety of spatial (coordinate) reference systems, linearly referenced
locations use awide variety of Linear Referencing Methods (LRM). A well documented theoretical basis has
been developed to support many of the more common LRMs in practice internationally today (ISO 19148).

9.3 Basic Linear Referencing

9.3]T Targetnamespace
All chema components specified in 9.3 are in the target namespace:

http://www.opengis.net/gml/3.3/Ir

9.312 Introduction

Basjic Linear Referencing includes the specification of linearly referenced locations. These ar¢ described
by dposition expression which consists of the linear elementbeing measured, the method of mdasurement
and a measure value specified with a distance expression.

9.3{3 PositionExpression
gmlllr:PositionExpressionimplements SO 19148 LRxPositionExpression (see ISO 19148:4012, 6.2.2).

Agphllr:PositionExpression specifies a positioifas a linearly referenced location given by the linear
elerthentbeing measured, the method of measurementand a measure value specified by adistanceexpression.

complexType name="PositionExpressionlype”>
<complexContent>
<extension base="gml:AbstractGMLType”>
<sequence>
<element name="lfnearElement”
type="gmllr:Lin€arElementPropertyType” />
<element namex¢{lrm”
type="gmkIts LinearReferencingMethodPropertyType” />
<element @lame="distanceExpression”
typesZgmllr:DistanceExpressionPropertyType” />
</sequenea>
</extensign>
</complexContent>
/complexTypex

elementrname="PositionExpression” type="”gmllr:PositionExpressionType”
substitbtionGroup="gml:AbstractGML"” />

Theelément gml1lr:linearElement specifies the linear element being measured.

The element gm11xr:1rm specifies the linear referencing method of measurement.

The element gmllr:distanceExpression specifies the measured value.

9.3.4 PositionExpressionPropertyType

A property that has a position expression as its value domain may either be an appropriate position
expression encapsulated in an element of this type or an XLink reference to a remote position expression
(where remote includes position expressions located elsewhere in the same document). Either the
reference or the contained element shall be given, but neither both nor none.

<complexType name="PositionExpressionPropertyType”>

<sequence minOccurs="0">
<element ref="gmllr:PositionExpression”/>
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</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
</complexType>

9.3.5 LinearElement
gmllr:LinearElement implements ISO 19148 LR_LinearElement (see ISO 19148:2012, 6.2.3).

A gmllr:LinearElement specifies the underlying linear element upon which the measures in the
Linear Referencing System are made. The linear element can be either a feature, a curve geometry or a
topological edge.

<complg¢xType name="LinearElementType”>
<complexContent>
extension base="gml:AbstractGMLType”>
<sequence>
<choice>
<element name="feature”
type="gml:FeaturePropertyType” />
<element name="curve” type="gml:CurvePropertyType” />
<element name="edge”
type="gml:DirectedEdgePropertyType” />
</choice>
<element name="defaul tLRM”
type="gmllr:LinearReferencingMethodPropertyType”7>
<element name="measure” type="gml:MeasureTypeZ/%
<element name="startValue” type="gmllr:StartVaYueType”
minOccurs="0" maxOccurs="unbounded” />
</sequence>
/extension>
</c¢mplexContent>
</complexType>

<element name="LinearElement” type="gmllr:LinhearElementType”
subst]tutionGroup="gml:AbstractGML"” />

The elemdnt gmllr:feature specifies thatithe linear element is a gml:AbstractFeatyre.
gmllr: fdatureincludesany feature as defined in SO 19109:2005, 7.3 which can be linearly measufed.

Theelementgml1r: curve specifiesthatthelinearelementisagml : AbstractCurve.gmllr:cufve
includes anmy one-dimensional geométry of type GM_Curve from ISO 19107:2003, 6.3.16 which can be
linearly m}asured. Spatial positiohs/can be projected onto the gml:AbstractCurve to determihe a
correspondling linearly referenced location along the curve and vice versa.

The element gml11r:edgetspecifies that the linear element is a gml : DirectedEdge. gmllr:efige
includes any one-dimensional topology of type TP_DirectedEdge from ISO 19107:2003, 7.3.15 wﬂ:ich
can be lingarly measured. Directed edges typically have one or more weights associated with them
instead of having alength. Measuring along a directed edge therefore entails prorating a weight vdlue.
Consequenitly, the Linear Referencing Method of choice is typically of the interpolative type and unlikely
to be of thq relative type.

gmllr:defaultLRM 1mplements the IS0 19148 LR_ILinearklement::defaultLRM() operation (see
[SO 19148:2012, 6.2.8.2).

The element gmllr:defaultLRM specifies the default Linear Referencing Method of the
gmllr:LinearElement. Thisisused for all measurements made alongthe gmllr:LinearElement
unless specified otherwiseinagmllr:PositionExpression or otherwise explicitly overridden.

gmllr:measureimplementsthelSO 19148 LR_ILinearElement::measure(measureAttribute) operation
(see ISO 19148:2012, 6.2.8.3).

The element gmllr:measure specifies the value of one of the measure attributes of the
gmllr:LinearElement. Thisisusually one ofits length attributes or, in the case of gm11r:edge, one
of its weight attributes. Representing the overall length (or weight) of the gm11r:LinearElement,
the gmllr:measure value is used for all calculations requiring the total linear element length,
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unless explicitly overridden, for example, when converting from an absolute to an interpolative Linear
Referencing Method.

gmllr:startValue implements the ISO 19148 LR_ILinearElement::startValue(LRM) operation (see
ISO 19148:2012, 6.2.8.6).

Theelementgmllr:startValuespecifiesthemeasurevalueatthestartofthegmllr:LinearElement

for each appropriate Linear Referencing Method. If not provided, a default value of 0 (zero) is assumed
for all Linear Referencing Methods.

9.3.6 __LinearElementPropertyType

A ptoperty that has a linear element as its value domain may either be an appropriate lindar element
encppsulated in an element of this type or an XLink reference to a remote linear elemént{whlere remote
includes linear elements located elsewhere in the same document). Either the reference or th¢ contained
elerpent shall be given, but neither both nor none.

complexType name="LinearElementPropertyType”>
<sequence minOccurs="0">
<element ref="gmllr:LinearElement”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup” />
/complexType>

9.3]7 StartValueType

Becpuse the start value is a function of the Linear Referéncing Method, the gm11r:StartVhlueType
exténds a start value of type double with two attributés.

complexType name="StartValueType”>
<simpleContent>
<extension base="double”>
<attribute name="uom” type<’gml:UomIdentifier”/>
<attribute name="1lrm” tyjpe="anyURI” use="required”>
<annotation>
<appinfo>
<gml:targetElement>
gmllr:LinearReferencingMethod
</gml:jargetElement>
</appinfic>
</annofgation>
</attribute>
</extensieon>
</simpleComtent>
/complexType>

The optionalattribute gm11r:uom provides the units of measure for the start value. If none is provided,
theuom yalue defaults to the units value of the Linear Referencing Method.

Theg marndatory attribute gml1r:1rm specifies the Linear Referencing Method for whicl} this start
valueapphes: Though the type 15 anyURT, it 1S expected tiat the vatue witt be areference to an already
defined gml1lr:LinearReferencingMethod object.

9.3.8 LinearReferencingMethod

gmllr:LinearReferencingMethod implements ISO 19148 LR_LinearReferencingMethod (see
[SO 19148:2012, 6.2.10).

Agmllr:LinearReferencingMethod specifies the mannerin which measurements are made along
a linear element.

<complexType name="LinearReferencingMethodType”>

<complexContent>
<extension base="gml:AbstractGMLType”>
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<sequence>
<element
<element
<element
<element

</sequence>

name="name” type="gmllr:LRMNameType” />
name="type” type="gmllr:LRMTypeType”/>
name="units” type="gml:UomIdentifier”/>
name="constraint” type="string” minOccurs="0"/>

</extension>
</complexContent>
</complexType>

<element name="LinearReferencingMethod”

type="

gmllr:LinearReferencingMethodType”

substitutionGroup="gml:AbstractGML"” />

The eleme
point”. Allg

The eleme]
specified b

The element gm11r:units specifies the units of measure used by the Linear Referéncing Method

gml :Uom]

The optiox
constraint

9.3.9 LinearReferencingMethodPropertyType

A property
Referencin
Referencin
document)

<compld
<se

</ 88

<atf
</comp]

9.3.10 Di

gmllr:D
[SO 19148

Agmllr:

distance measured\along the linear element. If the Linear Referencing Method gmllr:LRMT

is “relativd

1t gmllr:name specifies the name of the Linear Referencing Method, such as “kilome
wable values are specified by the gm11r: LRMNameType codelist.

ht gml1lr:type specifies the type of Linear Referencing Method. Allowahle”values
y the gm11lr:LRMTypeType codelist.

dentifier. This applies to measurements made along the linear element.

al element gmllr:constraint allows for optional string, values which specify
5 imposed by the Linear Referencing Method.

that has a Linear Referencing Method as its value domain may either be an appropriate Lir
Method encapsulated in an element of this type or an XLink reference to a remote Liy
Method (where remote includes Linear Referencing Methods located elsewhere in the s

Either the reference or the contained elemeit shall be given, but neither both nor none.
xType name="LinearReferencingMeth@@PropertyType”>

fuence minOccurs="0">

element ref="gmllr:LinearReferéncingMethod” />

quence>

ributeGroup ref="gml:AssociationAttributeGroup”/>

exType>

stanceExpressionType

| stanceExpression  implements ISO 19148  LR_DistanceExpression
2012, 6.2.12),

DistanceBxpression specifies the linear referenced measure value. This includes

begins. Ot

the linear ¢lément, unless a towards referent is provided.

tre-

are

AS a

any

ear
ear
hme

[see

the
ype

", the~distance expression also includes an along referent to specify where the measu
erWise, measuring begins at the start of the linear element. Measuring is in the directi

[ing

olnof

<complexType name="DistanceExpressionType”>
<complexContent>
<extension base="gml:AbstractGMLType”>

<sequence>
<element name="distanceAlong” type="gmllr:MeasureType”/>
<element name="referent” type="”gmllr:AlongReferentPropertyType”
minOccurs="0"/>

</sequence>

</extension>
</complexContent>
</complexType>

<element name="DistanceExpression” type="gmllr:DistanceExpressionType”
substitutionGroup="gml:AbstractGML"” />
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The element gmllr:distanceAlong specifies the measure value (usually a distance) of the
distance expression. It is of type gmllr:MeasureType. gmllr:MeasureType is the same as
gml :MeasureType except that the uom value is optional. If none is provided, the uom value defaults to
the units value of the Linear Referencing Method.

If the Linear Referencing Method gmllr:type is ‘absolute’, the distance along is measured from
the start of the linear element. If ‘relative’, it is measured from the along referent’s from referent. If
‘interpolative’, it is based upon the default length or weight of the linear element (gmllr:measure).

The optional element gm11r: referent specifies the referent associated with the distance expression
gmllr:distanceAlong value. A referent is only appropriate if the Linear Referencing Method
gmllr:type is “relative”. If the referent is absent, then the position is measured from the start of the
linear element.

9.3{11 DistanceExpressionPropertyType

A property that has a Distance Expression as its value domain may either bean appropriate Distance
Expression encapsulated in an element of this type or an XLink reference to aremote Distance Expression
(where remote includes Distance Expression located elsewhere in theysame document).|Either the
refdrence or the contained element shall be given, but neither both nof-none.

complexType name="DistanceExpressionPropertyType”>
<sequence minOccurs="0">
<element ref="gmllr:DistanceExpression”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
/complexType>

9.3]12 AlongReferent

gmllr:AlongReferent implements ISO 19148 LR_AlongReferent (see ISO 19148:2012, 6.p.13).

complexType name="AlongReferentliype”>
<complexContent>
<extension base="gml:ApskractGMLType”>
<sequence>
<element namexfromReferent”
type="gml lriReferentPropertyType” />
</sequence>
</extension>
</complexContent>
/complexType>

<elpment name=7AlgngReferent” type="gmllr:AlongReferentType”
subptitutionGreiip="gml:AbstractGML"” />

For|Linear Referencing Methods having a gm11r:type of “relative”, the gmllr:AlongReferent
sperifies\afrom referent.

Theelement gm11r: fromReferent specifies where along the gml1r:TinearF]lementlmeasuring
begins for the distance expression when the Linear Referencing Method is of type ‘relative’.

9.3.13 AlongReferentPropertyType

A property that has an along referent as its value domain may either be an appropriate along referent
encapsulated in an element of this type or an XLink reference to a remote along referent (where remote
includes along referents located elsewhere in the same document). Either the reference or the contained
element shall be given, but neither both nor none.

<complexType name="AlongReferentPropertyType”>
<sequence minOccurs="0">
<element ref="gmllr:AlongReferent”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
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</complexType>

9.3.14 Referent
gmllr:Referent implements [SO 19148 LR_Referent (see ISO 19148:2012, 6.2.14).

For from and towards referents, gml1lr:Referent is used to specify a known location along the
gmllr:LinearElement. This can be a reference marker, an intersection, a jurisdictional boundary,
or a landmark.

<complexType name="ReferentType”>
<cor ltJl‘C Comrterrt
extension base="gml:AbstractGMLType”>
<sequence>
<element name="name” type="gml:CodeType”/>
<element name="type” type="gmllr:ReferentTypeType”/>
<element name="position” type="gml:PointPropertyType”
minOccurs="0"/>
<element name="location”
type="gmllr:PositionExpressionPropertyType” minOccurs="0Q¢/>
<element name="ownedBy” type="gml:FeaturePropertyType” />
</sequence>
/extension>
</c¢mplexContent>
</complexType>

<elemenpt name="Referent” type="gmllr:ReferentType”
substltutionGroup="gml:AbstractGML"” />

The elemett gmllr:name specifies the name of the referent,which is of type gml : CodeType to allow
specificatipn of the authority which created the name.

The element gmllr:type specifies the type of referent. Allowable values are specified by [the
gmllr:RgferentTypeType codelist.

The optiorjal element gm11r:position specifies the spatial position of the referent, given in spme
coordinatelreference system.

The optionpal element gmllr:location specifies the location of the referent given as a lineprly
referenced|location (gmllr:PositdenExpression) along the feature which owns the referent. [The
Linear Refg¢rencing Method contaified within the position expression specifies how this measurement is
made: it copld be absolute from the:start of the element, relative from the previous (or other) referenf, or
interpolatiyve. The Linear Reférencing Method of the referent location gm11r:PositionExpressfon
does not hgve to be the sameas the Linear Referencing Method of the position expression containingthe
distance ejpression whichases this referent. There shall be no offset expression in the referent locagion
gmllr:PdsitionExpression; all referents shall lie on the linear feature.

Atleast ong¢ of thewattributes gm11lr:positionorgmllr:location isusually specified, unlessit/can
be implied| If Both are given they shall refer to the same physical location.

The elementgmtirrownedBy spetifies thefeature whithr ownsthe Teferent—Referentsare owned
by a single feature. For example, the reference markers along Interstate 95 are owned by the feature
which represents Interstate 95. The referent representing the intersection with First Avenue along
Washington Street is owned by Washington Street if it is used to specify relative linearly referenced
locations along Washington Street. The location of this referent will most likely be specified with a
position expression along Washington Street. A different referent can represent the intersection with
Washington Street along First Avenue. This referent is owned by First Avenue and is used to specify
relative linearly referenced locations along First Avenue.

The gml:AbstractFeature which owns a gmllr:Referent does not have to be the same
gml:AbstractFeature whichisthe gml:LinearElement for the gml:PositionExpression
containing that gml1lr:Referent. For example, if US Interstate Highway 95 is coincident with US
Federal Route 1, it is possible to specify locations along Route 1 (the linear element in the position
expression) using referents owned by Interstate 95 (reference post 18). In this case, the location of the
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referent itself most likely would have been made along Interstate 95 as the linear element since the
referent is owned by Interstate 95.

9.3.

15 ReferentPropertyType

A property that has a referent as its value domain may either be an appropriate referent encapsulated
in an element of this type or an XLink reference to a remote referent (where remote includes referents
located elsewhere in the same document). Either the reference or the contained element shall be given,

but

neither both nor none.

<complexType name="ReferentPropertyType”>

9.3

gml

9.3

gm]

names from [SO 19148:2012, Annex C andalso allows for extensions of user-defined Linear R

Met
offd
of t

In 4
are
use

its

<sequence minOccurs="0">
<element ref="gmllr:Referent”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
/complexType>

16 MeasureType

lr:MeasureType is the same as gml : MeasureType except that the uom value is opt

complexType name="MeasureType”>
<simpleContent>
<extension base="double”>
<attribute name="uom” type="gml:UomIdentifier’ />
</extension>
</simpleContent>
/complexType>

17 LRMNameType
1lr:LRMNameType is acodelist which includes the informative values of Linear Referenc
hod names. Because there is such a,diverse range of Linear Referencing Methods and na

red as informative only. The enumerated names should only be used if their meaning m
e so-named Linear Referencing Method in ISO 19148:2012, Annex C.

onal.

ng Method
eferencing
mes, this is
htches that

©IS

ccordance with Linear Referencing Methods having a gm11r:type of ‘absolute’, medsurements
made along the linear(element from its start, in the direction of the linear element. |Commonly
 absolute Linear Referencing Methods include milepoint (also known as true mileage)} its metric
ana[Logue kilometre-pgint (also known as kilopoint), chainage, hectometer-point, reverse milepoint and
etric equivalentpeverse kilometer-point and milepoint with lateral offsets in feet.
complexType hame="LRMNameType” >
<annotation>
<documentation>
Informative values from ISO 19148 Annex C
</documentation>
<appinfo>
TESCIICCION PDase— - SCring
<enumeration value="milepoint”/>
<enumeration value="trueMileage”/>
<enumeration value="kilometre-point”/>
<enumeration value="kilopoint”/>
<enumeration value="”chainage”/>
<enumeration value="hectometre-point”/>
<enumeration value="reverseMilepoint”/>
<enumeration value="reverseKilometre-point”/>
<enumeration value="milepointWithLateralOffsetsInFeet”/>
<enumeration value="milepost”/>
<enumeration value="kilopost”/>
<enumeration value="kilometre-post”/>
<enumeration value="referencePost”/>
<enumeration value="countyMilepoint”/>
<enumeration value="crossStreet”/>
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value="controlSection”/>
value="percentage”/>
value="normalized”/>
value="stationing”/>
value="address” />
value="mileMeasure” />
value="kilometreMeasure” />

<enumeration
<enumeration
<enumeration
<enumeration
<enumeration
<enumeration
<enumeration
</restriction>

</appinfo>
</annotation>
<simpleContent>

<extension base="gml:CodeType” />
</simpleContent>

</comp]

An LRM na

exType>

ime of ‘milepoint’ designates a Linear Referencing Method where measurementsape m

ade

in decimall miles along the linear element from its start, in the direction of the linear element [see
[SO 19148:2012, C.2.2).

An LRM npme of ‘trueMileage’ designates an alternative name for a ‘milepoint’hinear Referen¢ing
Method (sge ISO 19148:2012, C.2.3).

An LRM ngme of ‘kilometre-point’ designates a Linear Referencing Method-Which is identical to|the
‘milepoint’|Linear Referencing Method except that the gm11r:units is kilometre instead of mile pnd
the gmllr|:distanceAlong is measured in kilometres (see [SO 19148:2012, C.2.4).

An LRM ngme of ‘kilopoint’ designates an alternative name for a ‘kilometre-point’ Linear Referen¢ing
Method (sge ISO 19148:2012, C.2.4).

An LRM ndme of ‘chainage’ designates a Linear Referencing Method which is identical to the ‘milepd

Linear Ref
British def
term for
(including

An LRM n{
milepoint
gmllr:di

An LRM ns
made in de
the linear ¢

An LRM na
the ‘revers
mile and tH

Many orgd

brencing Method except that the gm11r:unitsg’is metre instead of mile. Though the orig
nition of “chainage” might imply measuring in-chains, “chainage” was adopted as a conser
his Linear Referencing Method by a team of European Road Authority representat
British) for ISO 14825 Geographic Data Files (GDF) (see ISO 19148:2012, C.2.5).

me of ‘hectometre-point’ designatés a Linear Referencing Method which is identical to
LRM except that the gmllr:uhits is hectometre (100 metres) instead of mile and
stanceAlong is measuredin hectometres (see ISO 19148:2012, C.2.6).

me of ‘reverseMilepoint- designates a Linear Referencing Method where measurements

lement (see ISO 19448:2012, C.2.7).

me of ‘reverseKilemetre-point’ designates a Linear Referencing Method which is identic3

e gmllrsdistanceAlong is measured in kilometres (see ISO 19148:2012, C.2.7).

nizations establish a topological network of links and nodes and then specify liy

locations
node locat

long unlquely 1dent1f1ed links as an absolute dlstance from the start of the link (the bg

int’
inal
sus
ves

the
the

are

cimal miles along thelinear element from its end, in the direction opposite to the direction of

11 to

eMilepoint’ Kinear Referencing Method except thatthe gm11r:units iskilometre instead of

ear
bgin

that

which is being measured) from the L1near Referencmg Method (how 1t is measured) Therefore what is
typically referred to as “link offset” is actually the application of an absolute Linear Referencing Method
(milepoint, kilometre-point) to link linear elements.

In a topological network, links do not have length and cannot be measured. In order to use a milepoint
or kilometre-point Linear Referencing Method then, a gm11r:Curve geometry is typically associated
with each link. Though measurement is actually done along the curve, it is portrayed as being along
the associated link. This International Standard also supports the notion of interpolative measurement
alongagmllr:DirectedEdge, so thata percentage or normalized Linear Referencing Method can be
used to specify linear locations along a link (see ISO 19148:2012, C.2.8).

Therefore, an LRM name of ‘linkOffset’ designating a Linear Referencing Method with a fixed linear

element type of link is therefore not included in the enumeration.
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An LRM name of ‘milepointWithLateralOffsetsInFeet’ designates a Linear Referencing Method which is
an extension of the ‘milepoint’ Linear Referencing Method. A location is first determined by measuring
along the linear element a distance in decimal miles specified by the gm11r:distanceAlong value.
Then, ifa gmllr:LateralOffsetExpression is specified, this location is adjusted in accordance
with the gml1r:offsetlLateralDistance given in feet. The metric analogue would be kilometre-
point or hectometre-point with offsets in metres (see ISO 19148:2012, C.2.9). Support for these Linear
Referencing Methods requires a Linear Referencing Method With Offsets (see 9.5).

In accordance with Linear Referencing Methods having a gm11r: type of ‘relative’, measurements are
made alongthelinear element fromaspecified from referentlocatlon usually inthedirection ofthelinear

ele
to

its
stre

An
dec
dire

Ins
Mil
if s¢
the
sou

Mil

leng

the
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tim
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ards the towards referent. Commonly used relative Linear Referencing Methods incltd
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et, and Control Section.

.LRM name of ‘milepost’ designates a Linear Referencing Method where measurements 3
mal miles along the linear element from the closest, preceding milepost."Measuring is
ction of increasing mileposts which is usually the direction of the linear €lement.

pme States in the US, a single set of mileposts are used for both carriageways of a dividg
bposts are usually numbered in the north or east predominant-direction of the hig
bparate linear elements are defined for each carriageway, thelalong measuring is alws
direction of increasing mileposts, even though this is oppesite the direction of the west
thbound carriageway linear elements.

bposts are one mile apart. Sometimes reconstructionof a part of a roadway may change
rth. To maintain the milepost spacing of exactly ofie mile, all posts within as well as th
area of reconstruction must be relocated. This*is not always feasible or desirable, espe
] is hundreds of miles in length and the reconstruction occurs near the beginning of the

bs the State will only relocate mileposts within the reconstructed area, prorating the rec
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Referencing Method, requiring knowledge of the inter-post spacings.
Mil¢posts are owned by a gmllir:Feature linear element. The milepost location, if specified,
sha]l be specified using a“‘gmllr:PositionExpression. The linear elemenf of this
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his gm11lr:Positionkxpression does not have to be milepost. A milepoint Linear R
hod would allow locating the milepost a certain number of miles from the start of the line
example, milepgst 3 would have a distance along equal to 3.0). Alternatively, a milej
brencing Method Could be used to specify the location of the milepost relative to the pr
e milepost 3would have a from referent of milepost 2 and a distance along of 1.0). Since a
1d have adistance along of 1.0 from the previous milepost and since they are named by th|
the startof the linear element, the location does not have to be persisted; it can be implie
3.04miles from the start of the linear element that owns it) (see ISO 19148:2012, C.3.2).

lr:PositionExpression will be the owning linear element. The Linear Referencing Method
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‘milepost’

Linear Referencing Method except that the gmllr:units is kilometre instead of mile and the
gmllr:distanceAlongismeasuredinkilometres.Kiloposts are exactly one kilometre apart. If not, it
is actually a kilometre reference post Linear Referencing Method. Kilopost locations would be specified
by using a metric Linear Referencing Method such as kilopoint or kilopost, or would be implicitly inferred
by the kilopost name (see ISO 19148:2012, C.3.3).

An LRM name of ‘kilometre-post’ designates an alternative name for a ‘kilopost’ Linear Referencing
Method (see ISO 19148:2012, C.3.4).

An LRM name of ‘referencePost’ designates a Linear Referencing Method which is similar to the milepost
Linear Referencing Method except that the reference posts are not necessarily exactly one mile apart.
It is therefore necessary to explicitly specify the location (or possibly position) of each reference post.
This can be done with a milepoint Linear Referencing Method, specifying their absolute distance along
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from the beginning of the owning gm11xr:Feature. Alternatively, they can be located using a relative
reference post Linear Referencing Method, locating each reference post a distance along from the
previous reference post. Then, if reconstruction occurs, only those reference posts in the reconstruction
area which are moved would have to have their distance along updated (see ISO 19148:2012, C.3.5).

An LRM name of ‘countyMilepoint’ designates a Linear Referencing Method which allows the milepoint
value to be reset to zero when a highway enters a new County. If the linear element along which locations
are to be linearly referenced is a single highway which traverses through many Counties, then this
Linear Referencing Method is used. Linearly referenced locations are specified as a distance in miles
from where the highway enters the County (the from referent).

If however| the highway changes its identity when it enters the new County (for example, it becomes
County Rofite 42) and locations are to be linearly referenced along Route 42, then Route 42 is thelifjear
element arld a simple milepoint (absolute) Linear Referencing Method is appropriate, since it-alrdady
starts at zdro at the County line (see ISO 19148:2012, C.3.6).

An LRM ngme of ‘crossStreet’ designates a Linear Referencing Method which allows a location t¢ be
specified at a distance along a linear element, measured in miles from the intersettion of one stfeet
with the lifear element in a direction towards the intersection of another streetwith the linear elenpent
(see ISO 19148:2012, C.3.7). Support for this Linear Referencing Method requires support for Towqdrds
Referents (see 9.4).

An LRM ngme of ‘controlSection’ designates a Linear Referencing Method which allows the meaqure
value to be|reset to zero when a highway enters a new Control Sectiem.If the linear element along which
locations dre to be linearly referenced is a single highway which traverses through multiple Conjtrol
Sections that are defined according to agency specific business rules, then this Linear Referen¢ing
Method is fised. Linearly referenced locations are specified ag’a distance in the specified measurenjent
unit from yhere the highway enters the Control Section (the from referent or starting Control Secfion
Anchor Point).

—

The philogophy behind the establishment of Control Sections is to distinguish between signifi¢ant
in road physical characteristics (for example, change from an undivided highway section
to a dividgd highway section or vice versa)_.and/or to limit the length of a measured section of rjoad
in order td minimize accumulative measurewalue errors. Control Section begin/end points (Conitrol
Section Anchor Points) may be established either at topological nodes or at points where the lijear
element infersects a stable administrdtive boundary (for example, a County boundary).

If each Congrol Section is a separatelinear element, then any of the absolute Linear Referencing MetHods
(milepoint|kilometre-point) should be used instead (see ISO 19148:2012, C.3.8).

In accordance with Lineap-Réferencing Methods havinga gml1r: type of ‘interpolative’, measuremé¢nts
are interpplated in accerdance with the default length of the linear element (gmllr:measufe).
used intérpolative Linear Referencing Methods include percentage and normalifed.
Interpolative Linear Referencing Methods are the only ones which are likely to be used for ligear
elements of typesgml1lr:DirectedEdge.

An LRM ndm@of ‘percentage’ designates a Linear Referencing Method where measurements are mjade
along the linear element from its start and are expressed as the percentage that this is of the total length
(or weight) of the linear element (see ISO 19148:2012, C.4.2).

An LRM name of ‘normalized’ designates a Linear Referencing Method whichisidentical to the percentage
Linear Referencing Method except that the measured values range from 0 (zero) to 1 (one) instead of 0
(zero) to 100. A measured value of 0 (zero) represents a location at the start of the linear element and 1
(one) represents a location at the end of the linear element.

Two other Linear Referencing Methods commonly used are stationing and address, though neither is
addressed in ISO 19148.

An LRM name of ‘stationing’ designates the simplest stationing Linear Referencing Method. It has a

gmllr:type of absolute and gmllr:units of feet. A plus sign, “+”, is often interjected between the
hundreds place and the tens place (1+00 is 100 feet). If station equations are supported, the Linear
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Referencing Method gmllr:name should instead be “stationingWithStationEquations”, with a
gmllr:type ofrelative; the location of each station equation shouldbeagml 1r:Referent. There would
also be metric equivalents, such as “metricStationing” with, for example, 1+000 representing 1 kilometre.

An LRM name of ‘address’ designates the simplest addressing Linear Referencing Method. It has a
gmllr:type of interpolative. Here the gml1lr:distanceAlong would be an address number. This
would be interpolated against the minimum and maximum address numbers held by the linear element
(typicallyablock).So,iftheblockgoesfromaddressnumber 101 through 199,agmllr:distanceAlong
address of 150 would be half way down the block ((150-101)/(199-101) = 0.5). More sophisticated
address methods might accommodate independent address numbering on each side of the street but

might require splitting the street into two linear elements

Lin
Co
apal
ord

In
med
twa
use

Supjport for these Linear Referencing Methods requires a linear element of type ‘curve’ (see §

NOTI

An
gm]
loca
coo
the

An
gm]
exa
C00
the

Spe

9.3

gm]

gm]

typ
Pre

Itplications such as address numbers containing alpha suffixes, addressing around d

bar referencing by address is very approximate and only works for simple addressin

tment complex addressing, addresses which differ by building floor and addresses assig
b1 preclude the use of an address Linear Referencing Method.

hccordance with Linear Referencing Methods having a gmllr:type of ‘locallnt
isurements are interpolated locally along a segment of a curve type-of linear element b
control points having m coordinate values bracketing the distance-aleng measure value.
 local interpolative Linear Referencing Methods include mile, measure and kilometr

E Measured (“M”) coordinates are described in ISO 19133;2005, 6.5.

LRM name of ‘mileMeasure’ designates ac.Lihear Referencing Method V
lr:distanceAlong measurement is expressed as miles along the linear element.
tion is determined by finding the two contr@l. points along the linear element whi
rdinate values which bracket the gml1r:distanceAlong value and then interpolatiy
be two points based on the length of the cur¥e segment between them.

LRM name of ‘kilometreMeasure*'designates a Linear Referencing Method
lr:distanceAlong measurement-is expressed as kilometres along the linear elg

Fdinate values which bracket the‘gm11r:distanceAlong value and then interpolatiy
be two points based on the length of the curve segment between them.

cification of the above defined Linear Referencing Methods is provided in informative Arn

18 LRMTypeType
lr: LRMTypeType implements ISO 19148 LR_LRMType (see ISO 19148:2012, 6.2.11).

lr:LRMTypeType is a codelist which includes the normative values of Linear Referenc
bs fromISO 19148 and also allows for extensions of user-defined Linear Referencing Mg
Ldefined Linear Referencing Methods types include ‘absolute’ (see ISO 19148:2012, C.2), ‘re¢

b schemes.
ul-de-sacs,
hed in date

brpolative’,
ounded by
Commonly
b measure.
D.3.5).

Uhere the
The exact

ch have M

g between

where the
ment. The

Ct location is determined by findihg the two control points along the linear element whfich have M

g between

nex A.

ng Method
tthod type.
lative’ (see

ISO

19148:2012, C.3), ‘interpolative’ (see ISO 19148:2012, C.4) or ‘locallnterpolative’ which is

common in

Geographic Information Systems supporting m coordinate values.

©IS

<complexType name="LRMTypeType”>

<annotation>
<documentation>
Normative values from ISO 19148
</documentation>
<appinfo>
<restriction base="string”>
<enumeration value="absolute”/>
<enumeration value="relative”/>
<enumeration value="interpolative”/>
<enumeration value="locallInterpolative”/>
</restriction>
</appinfo>
</annotation>

02015 - All rights reserved
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<simpleContent>
<extension base="gml:CodeType” />
</simpleContent>
</complexType>

An LRM type of ‘absolute’ designates a Linear Referencing Method where measurements are made from
the start of the linear element being measured, in the direction of the linear element.

An LRM type of ‘relative’ designates a Linear Referencing Method where measurements are made from
the specified from referentlocation, in the direction of the linear element unless overridden by a towards
referent in which case the direction is from the from referent towards the towards referent.

are
nt.

An LRM tj
interpolate

pe of ‘interpolative’ designates a Linear Referencing Method where measurements
d in accordance with the default length or weight (gm11r:measure) of the linear elens

An LRM ty
are interpg
havingm ¢

pe of ‘locallnterpolative’ designates a Linear Referencing Method where meastremegnts
lated locally along a segment of a curve type linear element bounded by twa-control pojints
pordinate values bracketing the distance along measure value.

9.3.19 ReferentTypeType

gmllr:RgferentTypeType implements ISO 19148 LR_ReferentType (see ISO 19148:2012, 6.2.15

rent
lent

gmllr:Rqg
types and :
upon the L

ferentTypeType is a codelist which is the union of an enunieration of pre-defined refe
| pattern for specifying a user-defined referent type. Allowable types are typically depeng
near Referencing Method.

<simplq
<ref{

Type name="ReferentTypeType”>
triction base="string”>

enumeration value="referenceMarker”/>
enumeration value="intersection”/>
enumeration value="boundary”/>
enumeration value="landmark”/>
</r¢striction>
</simpleType>
A referent type of ‘referenceMarker’ indicates that the referent is a reference marker typically physidally

located in t
initially sp
alignments
Linear Refg

Areferent
referentna
lines of the
Physical m
rules about

A referent]

may result in uneven spacing between the markers. Specifying their location with a rel

streets comprising the intersection and is therefore not necessarily precise or determini
hrkers may)be installed to remedy this. The Linear Referencing System should include spe
how ifitersection locations are determined if this type of referent is to be permitted.

he right of way of the road, rail or other transportation system. Usually reference markers
hced at a uniform distance along the linear element being measured, though subsequent

ive
rencing Method a distance from the preceding marker minimizes the impact of such char?Ees.

ype of ‘intersection*indicates that the referent is the location of an intersection specified by
Ine. The interséction location is typically taken as the location of the intersection of the refere

type of ‘boundary’ indicates that the referent represents where an administrative

are
re-

the
nce
Stic.
rific

or

maintenan

€ DOUTdary Crosses the Hnear efement being measured. This istypicatty the firsttime

the

boundary crosses the linear element. If the boundary runs along the linear element, it would be the point
at which they first become collinear. The Linear Referencing System should include specific rules about
how boundaries are handled if this type of referent is to be permitted. If the linear element changes
at the boundary as for a County route beginning at the County boundary, then the Linear Referencing
method is more correctly categorized as absolute.

A referent type of ‘landmark’ indicates that the referent is the location of a physical landmark visible
in the field.
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gmllr:LinearSRS specifies a Linear Spatial Reference System as a combination of a linear element
and a Linear Referencing Method, the first two components of a gml1lr:PositionExpression.

<complexType name="LinearSRSType”>

<complexContent>
<extension base="gml:IdentifiedObjectType”>
<sequence>
<element name="linearElement”
type="gmllr:LinearElementPropertyType” />
<element name="lrm”

Thd
Thd

Thi
use

defi
med

Bec

Ty gmM I I T LINSar RS e eNC I NgMEtNOdPTOPE T Ty TYDPS
</sequence>
</extension>
</complexContent>
/complexType>

element name="LinearSRS” type="gmllr:LinearSRSType”
substitutionGroup="gml:Definition” />

elementgmllr:linearElement specifies the linear element being'measured.
element gm11r:1rmspecifies the linear referencing method ofimeasurement.

5 combination of a linear element and a Linear Referencing Méthod, identifiable by a gm1
H as an SRS. For example:

gml:Point gml:id="pl” srsName="#LSRS123”>
<gml:pos>15.5</gml:pos>
/gml:Point>

nes a Point geometry as a distance alongs{15.5) the linear element encapsulated if
isured in accordance with the Linear Refereéncing Method which is also encapsulated in I

gmllr:LinearSRS gml:id="LSRS123">
<gmllr:linearElement>
<gml:LineString srsName=%." srsDimension="3"” gml:id="LS BH18">
<gml:posList>407829%268621 23.93 407415 268600 8.43</gml:posList>
</gml:LineString>
</gmllr:linearElement>
<gmllr:lrm>
<gmllr:LinearReferencingMethod gml:id="LRM001"”>
<gmllr:nafpe>chainage</gmllr:name>

<!--¢chainage = measurement in metres -->
<gmlltsrtype>absolute</gmllr:type>
<!3-absolute = measure from start of linear element -->

<dwldr:units uom="m”/>
</gmdTr:LinearReferencingMethod>
</gmidy:lrm>
/gmllr:LinearSRS>

atise gml:pos only allows values of type double, relative Linear Referencing Meth

id, canbe

LSRS123,
SRS123:

ods would

be

precluded Irom this short-hand encoding since the distance along would require 1nc

gmllr:referent.

9.3

©lI

.21 LinearSRSPropertyType

<complexType name="LinearSRSPropertyType”>
<sequence minOccurs="0">
<element ref="gmllr:LinearSRS”/>

</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>

</complexType>

SO 2015 - All rights reserved
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9.4 Linear Referencing Towards Referent

9.4.1 Target namespace

All schema components specified in 9.4 are in the target namespace:

http://www.opengis.net/gml/3.3/Irtr
9.4.2 Introduction
Linear Refereneing-FowardsReferentincludesthe-speeification-of-Hnearhyreferencedlocations—which
can have aftowards referent in their distance expressions.
9.4.3 DualAlongReferent
gmllrtr:DualAlongReferent implements ISO 19148 LRTR_DualAlongReferent [see
ISO 19148:p012, 6.3.3).

<complg¢xType name="DualAlongReferentType”>

<complexContent>
extension base="gmllr:AlongReferentType”>
<sequence>
<element name="towardsReferent”
type="gmllr:ReferentPropertyType” minOccurs=%0Y/>
</sequence>
/extension>
</c¢mplexContent>
</complexType>
<elemenpt name="DualAlongReferent” type="gmllrtriDualAlongReferentType”
subst]tutionGroup="gmllr:AlongReferent”/>

For Lingar Referencing Methods having a gmllrtr:type of ‘“relative”, |the
gmllrtr:DualAlongReferent specifies amoptional towards referent.
The optignal element gmllrtr:towakdsReferent specifies a second location along [the
gmllr:LinearElement to help disambiguate the gmllr:fromReferent and the direction in
which the measurement is made. The;gml1lrtr:towardsReferent overrides the directional sgnse
of the gmlflr:LinearElement, and’may influence the offset direction if an offset is included. When
a gmllrtfr:towardsReferent.is part of a distance expression, the gmllr:distanceAlpng
value is rheasured along they;gmllr:LinearElement, beginning at the location specified| by
the gmllf:fromReferenmt  in the direction towards the gmllrtr:towardsReferent] A
gmllrtr:towardsReferent is only appropriate for Linear Referencing Method with towdrds
referent, fdr examplethie “cross-street” Linear Referencing Method.
9.4.4 DualAlengReferentPropertyType
A propertyf that has a dual along referent as its value domain may either be an appropriate dual along

referent encapsulated in an element of this type or an XLink reference to a remote dual along referent
(where remote includes dual along referents located elsewhere in the same document). Either the
reference or the contained element shall be given, but neither both nor none.

<complexType name="DualAlongReferentPropertyType”>
<sequence minOccurs="0">
<element ref="gmllrtr:DualAlongReferent”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
</complexType>

34

© ISO 2015 - All rights rese

rved


http://www.opengis.net/gml/3.3/lrtr
https://standardsiso.com/api/?name=507cb141cffeeef8166e59e6b2ccca0e

ISO 19136-2:2015(E)

9.5 Linear Referencing Offset

9.5.1 Target namespace
All schema components specified in 9.5 are in the target namespace:

http://www.opengis.net/eml/3.3/1ro

9.5.2 Introduction

Lineas Raofarancing Offcnt 1ncladac thao coacificatioy of oo iz rafaranca dlocations—which can have

T INCTCTCTICTITS O TrotT Hedaes—+tae TP CTIIICO IO OT it orry 1 oreTrectC O ToCTatroTTs vy 11T

lategral and vertical offsets in their distance expressions.

9,513 LRMW:ithOffset
gmllro:LRMWithOf fset implements ISO 19148 LRO_LRMWithOffset (see [S0,19148:201L, 6.4.2).

A dgmllro:LRMWithOffset specifies the manner in which measurements are made plong (and
optljonally laterally offset from) a linear element.

complexType name="LRMWithOffsetType”>
<complexContent>
<extension base="gmllr:LinearReferencingMethodType”>
<sequence>
<element name="offsetUnits” type="gml:omIdentifier”/>
<element name="positivelateralOffsetBirection”
type="gmllro:LateralOffsetDirectienType” default="right”
minOccurs="0"/>
<element name="positiveVertical@ffsetDirection”
type="gmllro:VerticalOffsetBirectionType” default="up”
minOccurs="0"/>
</sequence>
</extension>
</complexContent>
/complexType>

element name="LRMWithOffset”™type="gmllro:LRMWithOffsetType”
substitutionGroup="gmllriLinearReferencingMethod” />

Thegelementgmllro:offgetUnitsspecifiestheoffsetunitsof measureused by the Linear Heferencing
Method as a gm1 : UomIdentifier. It is mandatory for Linear Referencing Methods that allow offsets.
Thi applies to measurements made laterally, vertically or along a vector from the linear elgment to an
offget location.

The optional element gmllro:positiveLateralOffsetDirection gipes the
gnlllro:LateralOffsetDirectionType value used as the positive directionl for the
Ling¢ar Referéncing Method for lateral measures perpendicular to the linear element.| It is only
applicable to Linear Referencing Methods that allow offsets. Allowable values are specified by the
gm%rlro :LateralOffsetDirectionType codelist. The default value is “right”.

The optional element gmllro:positiveVerticalOffsetDirection gives the
gmllro:VerticalOffsetDirectionType value used as the positive direction for the
Linear Referencing Method for vertical measures perpendicular to the linear element. It is only
applicable to Linear Referencing Methods that allow offsets. Allowable values are specified by the
gmllro:VerticalOffsetDirectionType codelist. The default value is “up”.

9.5.4 LRMWithOffsetPropertyType

A property that has a LRM With Offset as its value domain may either be an appropriate LRM With
Offset encapsulated in an element of this type or an XLink reference to a remote LRM With Offset (where
remote includes LRMs With Offset located elsewhere in the same document). Either the reference or the
contained element shall be given, but neither both nor none.
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<complexType name="LRMWithOffsetPropertyType”>
<sequence minOccurs="0">
<element ref="gmllro:LRMWithOffset”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
</complexType>

9.5.5 LateralOffsetDistanceExpressionType

gmllro:L

ateralOffsetDistanceExpressionType implements ISO

LateralOffsetDistanceExpression (see [SO 19148:2012, 6.4.5).
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| offsets.
xType name="LateralOffsetDistanceExpressionType”>
plexContent>
extension base="gmllr:DistanceExpressionType”>
<sequence>
<element name="lateralOffsetExpression”
type="gmllro:LateralOffsetExpressionType” minOccurs#£Z0*/>
<element name="verticalOffsetExpression”
type="gmllro:VerticalOffsetExpressionType” minOcctrs="0"/>
</sequence>
/extension>
mplexContent>
exType>
t name="LateralOffsetDistanceExpression”

gmllro:LateralOffsetDistanceExpressionType¥

—_

tutionGroup="gmllr:DistanceExpression” />

lement or from an offset referent.

bws lateral offsets.

:LateralOffsetDistanceExpressionType specifies a linear referenced meéag
h may contain a lateral offset value. It extends the gm11lr:DistanceExpressionT

al element gmllro:lateral@ffsetExpression specifies the laterally offset distd
fance expression. If absent; the position is not displaced laterally left or right of
nearElement. A lateral-offset expression is only appropriate if the Linear Referen

ure
ype

bets extend the definition of a position expréession to accommodate locations which do nott lie
the linear element, but instead are located some distance horizontally or vertically (or b
from the linear element. The horizontal and vertieal distances are measured along a perpendicular f

hth)
fom

nce
the
[ing

The optiopal element gmdiro:verticalOffsetExpression specifies the vertically offfset

distance o
thegmllr
Method all

9.5.6 La

bws vertical offsets.

teral OffsetExpressionType

[ the distance‘expression. If absent, the position is not displaced vertically above or be
:LinearEl&nment. A vertical offset expression is only appropriate if the Linear Referen

low
fing

gmllr:LateralOffsetExpressionType implements [SO 19148 LRO_LateralOffsetExpression

(see ISO 19148:2012, 6.4.6) and LRO_LateralOffsetReferent (see ISO 19148:2012, 6.4.7).

gmllr:LateralOffsetExpressionType is used to describe the lateral offset for a linearly

referenced

location.

<complexType name="LateralOffsetExpressionType”>
<simpleContent>
<extension base="double”>

36

<attribute name="uom” type="gml:UomIdentifier”/>
<attribute name="lateralOffsetReferent” type="string”/>
<attribute name="featureGeometry” type="anyURI”>
<annotation>
<documentation>
The featureGeometry attribute value should

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=507cb141cffeeef8166e59e6b2ccca0e

ISO 19136-2:2015(E)

reference a Geometry object
</documentation>
<appinfo>
<gml:targetElement>
gmllr:AbstractGeometry
</gml:targetElement>
</appinfo>
</annotation>
</attribute>
</extension>
</simpleContent>
</complexType>

The lateral offset distance is the measure of the lateral offset of the distance expression.
disfance left or right of the lateral offset referent (or left or right of the linear element being
no lpateral offset referent is specified) to the position being specified. A positive (+) value-is m

This is the
neasured if
easured in

the[direction specified by the positive lateral offset direction of the Linear Referen¢ing Methiod. A value

of () (zero) is to be interpreted as not having a lateral displacement from the latenal offset 1
thellinear element being measured if no lateral offset referent is specified). Thelateral offset
a dquble value extended with three attributes.

The optional attribute gm11r:uom specifies the units of measure gf-the double value. If
gml : UomIdentifier. If none is provided, the uom value defaults to the offsetUnits value of
Referencing Method.

The optional attribute gmllr:lateralOffsetReferentiindicates the base line for
offdet measure.

gmllr:lateralOffsetReferent specifies the lateral offset referent as a character stri
only a value of “back of curb” for example, allows a‘location to be specified as 5 feet behir
of the curb. This aides in locating the position intthe field without having to measure fron
elethent. The value can be a conventional valué;'such as -L1 or RE from XSP (see ISO 19148:2

If the curb is represented as a Feature with a spatial representation, the distance that

from the linear element being measured'is determinate and therefore the exact spatial pos
posftion expression can be calculated:Because the Feature can have multiple spatial repre
thelgml : AbstractGeometry, rather than the Feature, is specified.

The
itis

optional attribute gm11r {featureGeometryisthe geometry ofa Feature. Though the typ
expected that the value will be a reference to an already defined gml : AbstractGeometr

EXA
Mm

MPLE
lepointWithLateralOffsetInFeet” from Annex A). The distance expression:

gmllr:distan€eExpression>
<gmllro@hkateralOffsetDistanceExpression gml:1d="DE002”>
<gullr:distanceAlong>25</gmllr:distanceAlong>
<gmllro:lateralOffsetExpression lateralOffsetReferent="back of curb”>
5
</gmllro:lateralOffsetExpression>

eferent (or
distance is

is of type
the Linear

the lateral

ng. Having
d the back
the linear
D12, C.5.2).

he curb is
tion of the
sentations,

b isanyUR],
 object.

The following Linear Referencing Method is Milepoint with lateral offsets measyred in feet

cmllroslotorglOoffootDg

tancolvorg
T

</gmllr:distanceExpression>

would specify alocation thatis 25 miles along the linear element then offset 5 feet behind the back of curb.

9.5.7 VerticalOffsetExpressionType

gmllr:VerticalOffsetExpressionType implements ISO 19148 LRO_VerticalOffsetExpression

(see ISO 19148:2012, 6.4.8) and LRO_VerticalOffsetReferent (see ISO 19148:2012, 6.4.9).

gmllr:VerticalOffsetExpressionType is used to describe the vertical offset for
referenced location.

<complexType name="VerticalOffsetExpressionType”>
<simpleContent>

© ISO 2015 - All rights reserved
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<extension base="double”>

<attribute name="uom” type="gml:UomIdentifier”/>
<attribute name="verticalOffsetReferent” type="string”/>
<attribute name="featureGeometry” type="anyURI”>
<annotation>
<appinfo>
<gml:targetElement>
gmllr:AbstractGeometry
</gml:targetElement>
</appinfo>
</annotation>
</attribute>

</extension>

</s]
</comp]
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measured
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The option
offset mea

gmllr:vg

only a valule of “existing ground at lateral offset” for-eéxample, allows a location to be specified as 5
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hl offset distance is the measure of the vertical offset of the distance expression. Th
fe above or below the vertical offset referent (or above or below the linear-element b
f no vertical offset referent is specified) to the position being specified. A positive (+) v
d in the direction specified by the positive vertical offset direction of the Linear Referen
value of 0 (zero) is to be interpreted as not having a vertical displacement from the vert
‘ent (or the linear element being measured if no vertical offset referent is specified).
set distance is a double value extended with three attributes.

al attribute gml1lr:uom specifies the units of measure of the double value. It is of t
dentifier. If none is provided, the uom value defaults tothe offsetUnits value of the Liy

al attribute gmllr:verticalOffsetReferent indicates the base line for the vert
bure.

rticalOffsetReferent specifies the vertical offset referentas a character string. Hay

xisting ground at the lateral offset (for €xample, back of the curb). This aides in locating]
the field without having to measurefrom the linear element.

ultiple spatial representations, the gml : Geometry, rather than the Feature, is specifieq

] attribute gm11r: featureGeometryisthe geometry ofa Feature. Though the typeis any

feral OffsetDirectionType

teralQffsetDirectionType implements ISO 19148 LRO_LateralOffsetDirection
012, 6:4:3).

tweralOffsetDirectionType is an enumeration of pre-defined lateral offset directic

bd that the value willbe'a reference to an already defined gml : AbstractGeometry objec.

s is
Ping
hlue
fing
ical
The
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ical
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the

srepresented as a Feature with a spatial representation, the height of the curb is determinate
and therefgre the exact spatial position ef the position expression can be calculated. Because the Feat

ure
.

JRI,

see

ns.

<simpleType name="LateralOffsetDirectionType”>
<restriction base="string”>
<enumeration value="left”/>
<enumeration value="right”/>
</restriction>
</simpleType>

The lateral offsetdirection is as viewed from above the linear element facing in the direction of increasing
measure. Ifa from referent and a towards referents have both been specified, then the offset direction is
as viewed from above the from referent facing in the direction of the towards referent.
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9.5.9 VerticalOffsetDirectionType

gmllr:VerticalOffsetDirectionType implements ISO 19148 LRO_VerticalOffsetDirection (see
[SO 19148:2012, 6.4.4).

gmllr:VerticalOffsetDirectionTypeisanenumerationofpre-definedvertical offsetdirections.

<simpleType name="VerticalOffsetDirectionType”>
<restriction base="string”>

<enumeration value="up”/>

<enumeration value="down”/>
</restriction>
simpleType>

The vertical offset direction is as viewed from above the linear element facing in the direction of
incrreasing measure. If a from referent and a towards referents have both been specified, theh the offset
dirgction is as viewed from above the from referent facing in the direction of thetowards referent.

9.5]10 LateralOffsetLinearSRS

gmlllro:LateralOffsetLinearSRS specifies a Linear Spatial Reference System as a combination
of 4 linear element and a Linear Referencing Method With Offsety the first two compdnents of a
gmllr:PositionExpression.

complexType name="LateralOffsetLinearSRSType”>
<complexContent>
<extension base="gml:IdentifiedObjectType”>
<sequence>
<element name="linearElement”
type="gmllr:LinearElementPropextyType” />
<element name="lrm”
type="gmllro:LRMWithOffsetPropertyType” />
</sequence>
</extension>
</complexContent>
/complexType>

element name="LateralOffsetli¥hearSRS”
type="gmllro:LateralOffisetLinearSRSType”
substitutionGroup="gmdiiDefinition”/>

The element gml1lro:1inedarElement specifies the linear element being measured.

The element gm11re'wlrm specifies the linear referencing method of measurement.

Thif combination of a linear element and a Linear Referencing Method, identifiable by a gii1:id, can
be ysed as an SRS. Lateral and vertical offsets can be accommodated with the following assymptions:

1) [the Linear Referencing Method type is either “absolute” or “interpolative”

2) |the Linear Referencing Method supports offsets

3) the first double value in gml:pos is the distance along
4) the second double value in gml:pos, if present, is the offset lateral distance

5) if an offset vertical distance is present, it is the third double value in gml:pos, thus requiring the
presence of a (possibly zero valued) offset lateral distance

6) if multiple positions are required (e.g., for defining a gml:LineString), multiple gml:pos are used
instead of a gml:posList.

EXAMPLE 1
<gml:Point gml:id="p2” srsName="#LSRS234">

<gml:pos>25 30 5</gml:pos>
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</gml:Point>

defines a Point geometry as a distance along (25), an offset lateral distance (30) and an offset vertical
distance (5) from the linear element encapsulated in LSRS234, measured in accordance with the Linear

Referencing Method which is also encapsulated in LSRS234:

<gmllro:LateralOffsetLinearSRS gml:id="LSRS234">
<gmllro:linearElement>
<gmllr:LinearElement gml:id="LE005”>
<gmllr:curve>
<gml:LineString gml:id="LS001”>
<gml:posList>407829 268621 23.93

07415 68600643 gt T PoOS LISt
</gml:LineString>
</gmllr:curve>
<gmllr:defaultLRM>
<gmllr:LinearReferencingMethod gml:id="LMO01”>
<gmllr:name>milepoint</gmllr:name>
<gmllr:type>absolute</gmllr:type>
<gmllr:units>mile</gmllr:units>
</gmllr:LinearReferencingMethod>
</gmllr:defaultLRM>
<gmllr:measure uom="mile”>100</gmllr:measure>
<gmllr:startValue lrm="LRM001”>0</gmllr:startValue>
/gmllr:LinearElement>
</gllro:linearElement>
<gm}lro:lrm>
gmllro:LRMWithOffset gml:id="LRM002">
<gmllr:name>chainage</gmllr:name>

<!--chainage = measurement in metres -->
<gmllr:type>absolute</gmllr:type>
<!--absolute = measure from start of linéar element -->

<gmllr:units>metre</gmllr:units>
<gmllro:offsetUnits>metre</gmllro:offsetUnits>
<!--positivelateralOffsetDirection \d€faults to
“right” -->
<!--positiveVerticalOffsetDirection defaults to “up” -->
/gmllro:LRMWithOffset>
</gfllro:lrm>
</gmllfo:LateralOffsetLinearSRS>

EXAMPLE 2

<gml:LlneString gml:id="feneel01” srsName="#LSRS345">
<gm}:pos>15.5 35</gml{pas>
<gm}:pos>16.2 37</gni¥Hpos>

</gml:}ineString>

units for offsets'itr feet, and positive offset measures to the right. The fence is therefore 35 feet rig}
terline atalocation 15.5 miles along the road measured from the start of the road. The fg

theroadc
continues

9.5.11 LateralOffsetLinearSRSPropertyType

<complexType name="LateralOffsetLinearSRSPropertyType”>
<sequence minOccurs="0">
<element ref="gmllro:LateralOffsetLinearSRS”/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
</complexType>

ine string geametry for a fence relative to a road centerline. The road is the locating feaf
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9.6 Linear Referencing Offset Vectors

9.6.1 Target namespace
All schema components specified in 9.6 are in the target namespace:

http://www.opengis.net/gml/3.3/lrov

9.6.2 Introduction

Lin anr Doaforancing Nffcnt Vnctor ol dnc thn cnncifioatingy Af linnavnly waforanend locsabionc Wthh can

O IXCTCT CTICTIIT S U T oC T vV C e ToOT It O S o S p oI ICo tIoTT UT IIicorry T CreTrCcC o 1O TTOtIoTTy)

havg a vector offset in their distance expression.

9.6]3 VectorOffsetDistanceExpressionType

gnllrov:VectorOffsetDistanceExpressionType implements [5§0 19144 LROV_
VecforOffsetDistanceExpression (see SO 19148:2012, 6.5.2).

A gmllrov:VectorOffsetDistanceExpressionType specifies(a) linear referencefl measure
valye which may contain a vector offset value. It extends the gm11r?»DistanceExpresgionType
with vector offsets.

complexType name="VectorOffsetDistanceExpressionType’ >
<complexContent>
<extension base="gmllr:DistanceExpressionType”>
<sequence>
<element name="vectorOffsetExpression”
type="gmllrov:VectorOffsetExpressionType” minOccurs="0"/>
</sequence>
</extension>
</complexContent>
/complexType>

element name="VectorOffsetDistaneeExpression”
Fype="gmllrov:VectorOffsetDispanceExpressionType”
EubstitutionGroup="gmllr:DistahceExpression”/>

As hn alternative to lateral offsets, vector offsets extend the definition of a position expression to
accpmmodate locations which-do not lie directly on the linear element, but instead are lo¢ated some
distlance from the linear element specified by a vector.

The optional element\grmllrov:VectorOffsetExpression specifies the vector offset expression
of the distance expression. If absent, the position is not displaced from the gml11r:LineatrElement.
A véctor offset éxpression is only appropriate for Linear Referencing Method With Offset. If a distance
expression has\€ither a lateral or vertical offset expression, it cannot also have a vector offset ¢xpression.

9.614 «VectorOffsetExpressionType

P <z - —c — : o : 1 e ICO 101440 T DA Yoot oNCe :
gm oV veC tToror st XpP res s oI yre IpPreients 1501770 GOV _v eCTOTOITSeTLXpression

(see ISO 19148:2012, 6.5.3) with a minor extension - the cardinality of the offsetVector attribute has
been increased froml[l] to [1..3] to enable the offset direction to be defined in terms of up to three
component base offset vectors.

gmllrov:VectorOffsetExpressionType is used to describe the vector offset for a linearly
referenced location.

<complexType name="VectorOffsetExpressionType”>
<sequence>
<element name="offsetVector” type="gml:VectorType”/>
</sequence>
</complexType>
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The element gmllrov:offsetVector is the offset vector of the distance expression. This specifies
the distance and direction of the offset from the linear element being measured to the position being
specified. A 0 (zero) length vector is to be interpreted as not having a vector displacement from the
linear element being measured.

The attribute srsName, inherited from gml:VectorType specifies the offset vector Coordinate
Reference System.

9.6.5 VectorOffsetLinearSRS

gmllrov-VQn+mr0FFQp+PinmarQRqQppdﬁpqnlinparanﬁnlRpﬁwpnrvadﬁn1nqnrﬂnﬂﬁnnion
of a lineal element and a Linear Referencing Method With Offset, the first two componentsypf a
gmllr:PdsitionExpression. It also contains one or more offset vectors to specify the“offfset
reference frame (examples are provided below).

<complg¢xType name="VectorOffsetLinearSRSType”>
<conplexContent>
extension base="gmllr:LinearSRSType”>
<sequence>
<element name="linearElement”
type="gmllr:LinearElementPropertyType” />
<element name="lrm” type="gmllro:LRMWithOffsetPropértyType” />
<element name="offsetVector” type="gmllrov:VectorType”
maxOccurs="3"/>
</sequence>
/extension>
</c¢mplexContent>
</complexType>

<element name="VectorOffsetLinearSRS”
type=lgmllrov:VectorOffsetLinearSRSType”
subst]tutionGroup="gmllr:LinearSRS”/>

<complg¢xType name="VectorType”>
<complexContent>
extension base="gml:VectorType'>
<attribute name="offsetUom™ Mype="gml:UomIdentifier”/>
/extension>
</c¢mplexContent>
</complexType>

The elemeIt gmllrov:linearklement specifies the linear element being measured.
The element gm11rov: 1rmspecifies the linear referencing method of measurement.

The element gmllrovdoffsetVector specifies the offset vector, that is, the direction in which|the
offset distgnce will bé . measured.

The attribjite srsName, inherited from gml:VectorType, specifies the offset vector Coordipate
Reference Pystem.

The gmlTIrov:vVectorlype extends gml:Vectorlype with an _ optional  attribute
gmllrov:offsetUom, which specifies the units of measure of the vector distance. It is of type
gml:UomIdentifier. If none is provided, the uom value defaults to the offsetUnits value of the Linear
Referencing Method With Offset.

This combination of alinear element, a Linear Referencing Method, an offset vector and an optional vector
CRSreferenced by the srsName attribute on the offsetVector element, can be used as an SRS. Vector offsets
can be accommodated in gm1 : pos or gml : posList expressions with the following assumptions:

1) the Linear Referencing Method type is either “absolute” or “interpolative”
2) the Linear Referencing Method supports offsets

3) the first double value in gml:pos (or gml:posList) is the distance along the linear element
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correspond to the

component distance along the offset vector elements in document order as specified in the

gmllrov:VectorOffsetLinearSRSType.

EXAMPLE1 Single Offset Vector

A single offset vector can be used to describe the positions P1 to P11 relative to a linear element in the direction

of the offset vector v as illustrated in Figure 7.

Figure 7+ Single offset vector

Sanpple gml:Point encodings of the positions P1 to P11 are shown as follows, where the first prdinate in
each gml:pos element corresponds to distance along the linear element L1 and the second prdinate in
each gml:pos element corresponds to the distance (in units specified by offsetUom) in the direction of

theloffset vector v.

<gm]L.:Point gml:id="P1l{ srsDimension="2"
gml:pos>0 1.7</Agnd:pos>
</gpl:Point>

<gm]L:Point gml:¥d3"P2” srsDimension="2"
gml :pos>1 4</gml:pos>

</gmhl:PointX

<gmfl:Point\’)gml:id="P3” srsDimension="2"
gml :pos>2 0.6</gml:pos>
</gplBoint>

<gm|L {PeInt gml:id="P4” srsDimension="2"
al al 2 |

srsName="#volsrs001”>

srsName="#volsrs001”>

srsName="#volsrs001”>

srsName="#volsrs001”>

= g SH—

<gml:Point gml:id="P5” srsDimension="2"
<gml:pos>4 -0.3</gml:pos>

</gml:Point>

<gml:Point gml:id="P6” srsDimension="2"
<gml:pos>5 -0.1</gml:pos>

</gml:Point>

<gml:Point gml:id="P7” srsDimension="2"
<gml:pos>6 0.7</gml:pos>

</gml:Point>

<gml:Point gml:id="P8” srsDimension="2"
<gml:pos>7 1.5</gml:pos>

</gml:Point>

<gml:Point gml:id="P9” srsDimension="2"
<gml:pos>8 1.7</gml:pos>

© ISO 2015 - All rights reserved
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</gml:Point>

<gml:Point gml:id="P10” srsDimension="2" srsName="#volsrs001”>
<gml:pos>9 1.8</gml:pos>

</gml:Point>

<gml:Point gml:id="P11” srsDimension="2" srsName="#volsrs001”>
<gml:pos>10 1.9</gml:pos>

</gml:Point>

<gmllrov:VectorOffsetLinearSRS gml:id="volsrs001”
xmlns:gmllr="http://www.opengis.net/gml/3.3/1r”
xmlns:gmllrov="http://www.opengis.net/gml/3.3/1lrov”
xmlns:gml="http://www.opengis.net/gml/3.2">
<gml:identifier codeSpace="...”>...</gml:identifier>

<gmllr{linearElement xlink:href="#L1"
xlink:tifle="LinearElement”/>

<gmllr{lrm xlink:href="#1rm0001"”
xlink:title="LinearReferencingMethod” />

<gmllr¢v:offsetVector
srsName=lhttp://www.opengis.net/def/crs/EPSG/0/7405"”
offsetUop="m”>0 1 0</gmllrov:offsetVector>
</gmllrov{VectorOffsetLinearSRS>

<gmllr:LifearReferencingMethod gml:id="1rm0001"”
xmlps:gmllr="http://www.opengis.net/gml/3.3/1x”>
<gmllr{name>chainage</gmllr:name>
<gmllr{type>absolute</gmllr:type>
<gmllrjunits>m</gmllr:units>
</gmllr:LlnearReferencingMethod>

EXAMPLE 2] Two Offset Vectors

A basis of tyo offset vectors v1 and v2 can be used to describe the jgositions S1 to S11 relative to a linear element
L2 in the offset reference frame as illustrated in Figure 8. Sample'gml:Point encodings of the positions S1 to[S11
are shown adjacent to the Figure 8, where the first ordinate in.each gml:pos element corresponds to distance ajong
the linear element L2, the second ordinate in each gml:posielement corresponds to the component distance ajong
the direction of offset vector v1 and the third ordinate-in each gml:pos element corresponds to the compohent

distance aldng the direction of the offset vector v2.

~e—— .84
S2 LR

S10

Figure 8 — Two offset vectors
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<gml:Point gml:id="S1"
<gml:pos>0 1 0</gml
</gml:Point>
<gml:Point gml:id="S2"
<gml:pos>1 0 1</gml
</gml:Point>
<gml:Point gml:id="S3"

srsDimension="3"

:pos>

srsDimension="3"

:pos>

srsDimension="3"

<gml:pos>2 -1 0</gml:pos>

</gml:Point>
<gml:Point gml:id="S4"

srsDimension="3"

<gml:pos>3 0 -1</gml:pos>

</gml:Point>
<gml:Point gml:id="S5"

srsDimension="3"

srsName="#volsrs002”>

srsName="#volsrs002”>

srsName="#volsrs002”>

srsName="#volsrs002”>

srsName="#volsrs002”>

ISO 19136-2:2015(E)

</gpl:Point>
<gm] :Point gml:id="S6"

</gpl:Point>
<gm]L.:Point gml:id="S7"

</gpl:Point>
<gm|l:Point gml:id="S8"

</gpl:Point>
<gmf :Point gml:id="S9”

</gpl:Point>

<gm]L: Point gml:id=”S10"” srsDimension="3" srsName="#vaodsys002”>
gml:pos>9 0 1</gml:

</gpl:Point>

<gm[L:Point gml:1id="S11” srsDimension="3" srsName=¢#volsrs002”>
gml:pos>9.3 -0.45 0.89</gml:pos>

</gpl:Point>

gml:pos>4 1 0</gml:

gml:pos>5 0 1</gml:

gml:pos>8 1 0</gml:

pos>

srsDimension="3"
pos>

srsDimension="3"

gml:pos>6 -1 0</gml:pos>

srsDimension="3"

gml:pos>7 0 -1</gml:pos>

srsDimension="3"
pos>

pos>

srsName="#volsrs002”>

srsName="#volsrs002”>

srsName="#volsrs002”>

srsName="#volsrs002%>

<gm]Llrov:VectorOffsetLinearSRS gml:id="velgrs002”

xmlns:gmllr="http://www.opengis.netd/gml/3.3/1r”

xmlns:gmllrov="http://www.opengiES)net/gml/3.3/1rov”

xmlns:gml="http://www.opengis.met/gml/3.2">

xlipk:title="LinearReferepcingMethod” />

<gm]Llrov:offsetVector

gml:identifier codeSpace=".."> <{gml:identifier>

gmllr:linearElement xlink:hfef="#L2"
xlink:title="LinearElement”/>

gmllr:lrm xlink:href="#1%xm0001”

srsName="http://www.opengis.net/def/crs/EPSG/0/7405"

of fpetUom="m”>0 1 0<4gmllrov:offsetVector>

<gm]Llrov:offsetVector

srsName="http://www) opengis.net/def/crs/EPSG/0/7405”

</gpmllrov:Vegt8rOffsetLinearSRS>

offsetUoms/m”>0 0 1</gmllrov:offsetVector>

9.6)6 VectorOffsetLinearSRSPropertyType

L

CcomplexType name="VectorOffsetLinearSRSPropertyType”>

ScoueTrc

. L
ot rsT o

<element ref="gmllrov:VectorOffsetLinearSRS”/>

</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup”/>

</complexType>

9.7 Requirements classes

Table 8 specifies the requirements class “Linear Referencing Systems”.
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Table 8 — Requirements class “Linear Referencing Systems”

Requirements Class

http://www.opengis.net/spec/GML/3.3/req/Ir

Target type Data instance

Name Linear Referencing Systems

Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4
Requirement http: .opengis.n ML/3.3/req/Ir/vali

Any XML nodewhaose contentmodelis cpp(‘ifind ncing schema components inthe httn: //swww.

opengis.net/gml/3.3/Ir schema SHALL be well-formed and valid.

Table 9 spdcifies the requirements class “Linear Referencing Towards Referents”.

Table 9 — Requirements class “Linear Referencing Towards Referents”

Requireme¢nts Class

http://www.opengis.n ML req/Irtr

Target typqg Data instance

Name Linear Referencing Towards Referents

Dependency http://www.opengis.net/spec/GML/3.3/req/Ir
Requireme¢nt http://www.opengis.net/spec/GML/3.3/req/Irti/valid

Any XML node whose content model is specified gsihg schema components in the http://www.
opengis.net/gml/3.3/Irtr schema SHALL be wel-formed and valid.

Table 10 syecifies the requirements class “Linear Refer@ncing Offsets”.

Table 10 — Requirements class “Linear Referencing Offsets”

Requirements Class

http://wwp.opengis.net/spec/GML/3.3/req/Iro

Target typg Data instance
Name Linear Referencing-Offsets
Dependency http://wwwlepéngis.net/spec/GML/3.3/req/Ir

Requirement

http: .opengis.net/spec/GML/3.3/req/lro/valid

Any XMEnode whose content model is specified using schema components in the http://www.

opengis.net/gml/3.3/Iro schema SHALL be well-formed and valid.

Table 11 specifigs-the requirements class “Linear Referencing Vector Offsets”.

Iaplie 11 — Requirements Cldss Lilledr relerencing vecuor UIisets

Requirements Class

http://www.opengis.net/spec/GML/3.3/req/lrov

Target type Data instance

Name Linear Referencing Vector Offsets

Dependency http://www.opengis.net/spec/GML/3.3/req/Iro

Requirement http: .opengis.n ML/3.3/req/Ir li
Any XML node whose content model is specified using schema components in the http://www.
opengis.net/gml/3.3/lrov schema SHALL be well-formed and valid.
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9.8 Conformance

Table 12 specifies the conformance class “Linear Referencing Systems”.

Table 12 — Conformance class “Linear Referencing Systems”

Conformance Class
http: .opengis.n ML/3. nf/Ir
Requirements http://www.opengis.n ML/3.3/req/Ir
Dependency http://www.opengis.net/doc/IS/GML/3.2 /clause/2.4
Teslt http://www.opengis.net/spec/GML/3.3/conf/Ir/valid
Requirement http://www.opengis.net/spec/GML/3.3/req/Ir/valid
Test purpose Verify that any XML node whose content model is specified usfng schema
components in the http://www.opengis.net/gml/3.8/l¥'schema is yell-formed
and valid.
Test method  Validate the XML document using the XML schema document http}//schemas.
opengis.net/gml/3.3/Ir.xsd. Pass if no errors’reported. Fail other
Test type Basic
Tabje 13 specifies the conformance class “Linear Referencing Fewards Referents”.

Table 13 — Conformance class “Linear Referencing Towards Referents”

Conformance Class

http: .opengis.n ML/3. nf/lIrtr
Reduirements http: .opengis.n ML/3.3/req/Irtr
Dependency http://www.opengis.net/Spec/GML/3.3/conf/Ir

Tegt

http://www.opengis.net/spec/GML/3.3/conf/Irtr

Requirement http://www.opengis.net/spec/GML/3.3/req/Irtr/valid

Test purpose ._‘Verify that any XML node whose content model is specified using s

ponents in the http://www.opengis.net/gml/3.3/Irtr schema is y

and valid.

Chema com-
vell-formed

Test method  Validate the XML document using the XML schema document http

//schemas.
opengis.net/gml/3.3/Irtr.xsd. Pass if no errors reported. Fail otherwise.

Test type Capability

Table 14 specifies

the conformance class “Linear Referencing Offsets”.
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Table 14 — Conformance class “Linear Referencing Offsets”

Conformance Class

http://www.opengis.net/spec/GML/3.3/conf/Iro

Requirements http://www.opengis.net/spec/GML/3.3/req/lro

Dependency http://www.opengis.net/spec/GML/3.3/conf/Ir

Test http://www.opengis.net/spec/GML/3.3/conf/Iro

Requirement http: .opengis.n ML/3.3/req/Ir li

Test purpase Verifvthat any XMI.node whose content modelisspecified nsing schema com-

ponents in the http:Mwww.opengis.netnglz3.3211‘0 schema is well-férmhed

and valid.

Test method  Validate the XML document using the XML schema document http://scherhas.
opengis.net/gml/3.3/Iro.xsd. Pass if no errors reported. Failotherwise.

Test type Capability

Table 15 specifies the conformance class “Linear Referencing Vector Offsets”.

Table 15 — Conformance class “Linear Referencing Vector Offsets”

Conformance Class

http://www.opengis.net/spec/GML/3.3/conf/Irov

Requiremepts http://www.opengis.net/spec/GML/3.3/req/lroy
Dependency http://www.opengis.net/spec/GML/3.3/conf/lro
Test http://www.opengis.net/spec/GML/3.3/conf/lrov

Requirement http: .opengis. ML/3.3/req/Ir li

Test purpose  Verify that any XML)node whose content model is specified using sch¢ma

components in«the http://www.opengis.net/gml/3.3/Irov schema is well-

formed and valid.

Test method  Validate the XML document using the XML schema document http://schen
opengistnet/gml/3.3/Irov.xsd. Pass if no errors reported. Fail otherwise.

Test type Capability

=
|m
X

10 ReferlenceableGrid

10.1 Target namespace

All schemalcompenents specified in Clause 10 are in the target namespace:

http:/Awww.opengis.net/gml/3.3/rgrid

10.2 Clarifications to ISO 19123:2005

The CV_ReferenceableGrid class in ISO 19123:2005(see 8.10 and Figure 17) assume the existence of a
coordinate transformation, as defined by ISO 19111:2007 by which CV_ReferenceableGrid is referenced.

However, this grid may be, and often is, referenced by a concatenated coordinate operation, as defined
by ISO 19111:2007

Of course, multiple coordinate transformations or concatenated operations may exist for the same image,
that are referenced to more than one other CRS, and/or are referenced to the same other CRS by multiple
Transformation versions (with different accuracy characteristics). However, 5.3.10 of Topic 6 requires
that if a coverage domain is defined in a different coordinate reference system, the domain is different
so the coverage shall be different. Therefore, if multiple coordinate transformation or concatenated
operations exist for the same image range values, these are encoded as different grid coverages.

48 © IS0 2015 - All rights reserved



http://www.opengis.net/spec/GML/3.3/conf/lro
http://www.opengis.net/spec/GML/3.3/req/lro
http://www.opengis.net/spec/GML/3.3/conf/lr
http://www.opengis.net/spec/GML/3.3/conf/lro
http://www.opengis.net/spec/GML/3.3/req/lro/valid
http://www.opengis.net/gml/3.3/lro
http://schemas.opengis.net/gml/3.3/lro.xsd
http://schemas.opengis.net/gml/3.3/lro.xsd
http://www.opengis.net/spec/GML/3.3/conf/lrov
http://www.opengis.net/spec/GML/3.3/req/lrov
http://www.opengis.net/spec/GML/3.3/conf/lro
http://www.opengis.net/spec/GML/3.3/conf/lrov
http://www.opengis.net/spec/GML/3.3/req/lrov/valid
http://www.opengis.net/gml/3.3/lrov
http://schemas.opengis.net/gml/3.3/lrov.xsd
http://schemas.opengis.net/gml/3.3/lrov.xsd
http://www.opengis.net/gml/3.3/rgrid
https://standardsiso.com/api/?name=507cb141cffeeef8166e59e6b2ccca0e

ISO 19136-2:2015(E)

10.3 AbstractReferenceableGrid

Areferenceable gridisassociated with atransformbetween grid coordinates and coordinatesinan external
coordinate reference system. Unlike a rectified grid, this transformation is usually not characterised
through an affine transformation. The grid curves in the external coordinate reference system need not
be straight or orthogonal, but they should retain a grid topology (i.e. the sets of curves defining the grid
network should not intersect within themselves). Grid cells may be of different shapes and sizes.

NOTE1 Notwithstanding some ambiguity in ISO 19123, a gm1:Grid represents a geometry, and is always
associated with an ‘internal’ grid coordinate system (with integer coordinates and a zero origin). A grid that is
also defined in terms of an ‘external’ coordinate reference system is a rectified grid (GML 3.2 19.2.3), if there is
an dffine relationship between the internal and external coordinates, or a referenceable grid as spedified in 10.3
othgrwise. The external coordinate reference system for both these subclasses is provided through-the inherited
gmll: SRSReferenceGroup (including the srsName attribute). The use of gml:SRSReferencpGroup for
gml: Grid is not defined since it has no analogue in ISO 19123.

In [SO 19123, the external coordinate reference system for a CV_ReferenceableGrid [is defined
(IS® 19123:2005, 8.10.2) through an explicit association Coordinate Referepce.System with| role name
crs to an ISO 19111 SC_CRS coordinate reference system object. For a CVaRectifiedGrid, if is defined
implicitly (ISO 19123:2005, 8.9.2) as the coordinate reference system of(the origin.

NOTE 2 A grid topology is retained automatically through the affine transformation of a RectifiedGrid.
EXAMPLE Figure 9 shows an example of a referenceable grid.

A

/ .

Figure 9 — ReferenceableGrid example

The transformatidon)between grid coordinates and ‘external’ coordinates is usually non-affi
take different fofms. It may be described analytically (e.g. through parametrised mathematical image
rectificationmodels); or it may be provided in a table, for instance, relating the grid points to doordinates
in the extérnal coordinate reference system (IS0 19123:2005, 8.2.1). The method of transformation is an
implemeritation detail not specified by ISO 19123.

The i — i element,
gmlrgrid:AbstractReferenceableGrid, as the head of a substitution group that may include
various concrete implementations of the transformation.

<complexType abstract="true” name="AbstractReferenceableGridType”>
<complexContent>
<extension base="gml:GridType”>
<sequence>
<element ref="gmlrgrid:gridCRS” minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

<element abstract="true” name="AbstractReferenceableGrid”
substitutionGroup="gml:Grid”
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ty

pe="gmlrgrid:AbstractReferenceableGridType” />

The attribute group gml:SRSReferenceGroup inherited from gml:AbstractGeometry shall
link the referenceable grid to the external coordinate reference system to which it is referenceable
(represented in ISO 19123 as an explicit association Coordinate Reference System with role name crs to
an ISO 19111 SC_CRS coordinate reference system object).

The optional gridCRS property is a composition association to the definition of the grid CRS for this
AbstractReferenceableGrid. This definition should be included here when not otherwise known to
all data receivers, especially when extended by ReferenceableGridByTransformation which uses a

coordinate

Transformation or Concatenated Operation that references a gridCRS.

A property

<comp]
<

<
<
<
</ comy

<elemq

type="gml]

10.4 Refe

The gmlrg
of grid poi
grid. Itis d

<comp]
<

<
</comj

<elemq
subst

type:,

The eleme

in the extefnal cooerdinate reference system (through either a gm1 : posList element, or a sequenc
gml : pos ¢lements or gml: Point objects). The gml : sequenceRule element specifies the seque
order of thpségrid point locations over the grid.

1t locations explicitly, as a sequence of direct positions in a defined sequence order over]
efined as follows:

type for the gmlrgrid:AbstractReferenceableGrid is also defined:

exType name="ReferenceableGridPropertyType”>
equence>

<element ref="gmlrgrid:AbstractReferenceableGrid”/>
sequence>
ttributeGroup ref="gml:AssociationAttributeGroup”/>
ttributeGroup ref="gml:OwnershipAttributeGroup”/>
lexType>

nt name="referenceableGridProperty”
grid:ReferenceableGridPropertyType” />

renceableGridByArray

rid:ReferenceableGridByArrayType definesareferenceable grid by listing an a1

exType name="ReferenceableGridByArraylgpe”>
omplexContent>
<extension base="gmlrgrid:AbstractReferenceableGridType”>
<sequence>
<group ref="gml:geometricPositionListGroup”/>
<element name="sedquehceRule”
type="gml:SequenceRuleType” />
</sequence>
</extension>
complexContent>
lexType>

nt name="ReferenceableGridByArray”

itutionGroup~4gmlrgrid:AbstractReferenceableGrid”
"gmlrgrid:ReferenceableGridByArrayType” />

tgroupQml :geometricPositionListGroup specifies the array of grid point locat

EXAMPLE
locations ex

ray
the

ons
e of
nce

The referenceable grid of Figure 10 can be represented by specifying an array of grid point

plicitly as follows (note that coordinates are specified as (Lat, Long) in EPSG 4326):

<gmlrgrid:ReferenceableGridByArray gml:id="ex” dimension="2"
srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:limits>

<gml:GridEnvelope>
<gml:low>0 0</gml:low>
<gml:high>4 3</gml:high>

</gml:GridEnvelope>

</gml:limits>
<gml:axisLabels>x y</gml:axisLabels>
<gml:posList>

50

6 12 8 14 10 18
8 12 10 14 12 16

2 8 310
4 6 6 8
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627 4 9 610 8 13 12
8 28 310 5 11 8 13 10
</gml:posList>
<gml:sequenceRule axisOrder="+1 +2”>Linear</gml:sequenceRule>
</gmlrgrid:ReferenceableGridByArray>

A
Lat 13,12)

— y

10.

The
an

me
(un

In f
cor
grid
cor

NOT

(10.18)

Long

Figure 10 — ReferenceableGridByArray - grid point locations listed explicitl

5 ReferenceableGridByVectorsType, ReferenceableGridByVectors

gmlrgrid:ReferenceableGridByVectorsType defines a referenceable grid by
prigin and offset vectors,\with coefficients that may vary over the grid. This gene
hanism used for the RéctifiedGrid (GML 3.2 19.2.3), which uses offset vectors with imp
t) coefficients.

hct, a hierarchy éfgrid types may be represented using this mechanism (Figure 11). A Re
‘esponds to Offset vectors with scalar (unit integer) coefficients; an irregular but

corresponds to real-valued coefficient vectors; while a completely irregular (curvil
‘esponds te‘coefficient arrays.

E 1¢ \(The latter two cases are both examples of an ISO 19123 CV_ReferenceableGrid.

specifying
ralises the
licit scalar

ctifiedGrid
rectilinear
near) grid

NOT

mer

to ISO 19123, where CV_RectifiedGrid is nt regarded as a specialisati

on of CV_Referen
it in revisiting the relationship between these classes in any future revision of ISO 19123.
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coefficient arrays

¢;(x.y).ite, (x.y).j

>— CV_ReferenceableGrid

f
SE

coefficient vectors

Cd

Figure 11

The gmlrg

<comp]
<

<
</ comy

<elemq
substitut]
£)

The elemé)
coordinate

The set of

ci(x).i+cj (v).j

g

efficient scalars (unity CV RectifiedGrid

X.ity.j

J§
l ?
| %
iv
1
— Hierarchy of grids with different offset vector coefficients (x and y range over t
integer grid point indices)

rid:ReferenceableGridByVectorsTypeisdefined as follows:

exType name="ReferenceableGridByVectorsType”>
omplexContent>
<extension base="gmlrgrid:AbstractReferenceableGridType”>
<sequence>
<element name="originitype="gml:PointPropertyType”/>
<element maxOccurs=¥urbounded” name="generalGridAxis”
type="gmlrgridiGeneralGridAxisPropertyType” />
</sequence>
</extension>
complexContent>
lexType>

nt name="ReferenceableGridByVectors”

onGroup="gmlrgZid:AbstractReferenceableGrid”
lpe="gmlrgridéiRéferenceableGridByVectorsType” />

nt gmlrgrid:origin represents the origin of the referenceable grid in the exte
referenceSystem.

glrgrid:generalGridAxis elements provide offset vectors (with correspong

coefficient

rnal

ling

5) that together span the (sub-)space containing the convex hull of the referenceable gri

d. A

grid point location in the external coordinate reference system is calculated from the sum of the offset
vectors from all gmlrgrid:generalGridAxis elements weighted by their respective coefficients
for the grid point concerned.

The gmlrgrid:GeneralGridAxisType specifies an offset vector and array of coefficients over all
grid points. Both an element and property-type are defined in order to allow the GML by-reference
pattern (GML 3.2, 7.2.3.3):

<complexType name="GeneralGridAxisType”>

<sequence>
<element name="offsetVector” type="gml:VectorType” />
<element name="coefficients” type="gml:doublelList”/>
<element name="gridAxesSpanned” type="gml:NCNameList”/>
<element name="sequenceRule” type="gml:SequenceRuleType”/>
</sequence>

52
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</complexType>

<element name="GeneralGridAxis” type="gmlrgrid:GeneralGridAxisType”/>

<complexType name="GeneralGridAxisPropertyType”>
<sequence minOccurs="0">
<element ref="gmlrgrid:GeneralGridAxis” />
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup”/>
<attributeGroup ref="gml:OwnershipAttributeGroup”/>
</complexType>

points. In some cases these coefficients will be uniform along one or more axes ofthe g

:2015(E)

element gmlrgrid:coefficients specifies a corresponding set of weighting coefficier]ts over the

id, and for

effigiency reasons the coefficients need only be specified along those axes on which theyvary. The grid axes

ovel which the coefficients vary is indicated with the gmlrgrid:gridAxesSpanned eleme
order of the coefficients over those grid axes is indicated using the gmlrgrid: seguenceRul

NOT
equ

NOT
ovel

NOTI

dimension. For example, a two-dimensional grid may be embedded within a three-dimensional volt
by lying in an oblique plane (Figure 12), or by lying in a surface curved within three dimensions

The

valent to a RectifiedGrid.

E4  Areferenceable grid with each ‘general grid axis’ having a coefficient vector (i.e. coefficie

(grid dimension) < (number of offset vectors)< (CRS dimension)

nt, and the

- element.

E3 A referenceable grid with each ‘general grid axis’ having unit coefficients over one jgrid axis is

nts varying

just one axis of the grid) is ‘rectilinear’ (i.e. parallel grid lines in the@xternal coordinate referenice system).

E5 Anyreferenceable grid may be embedded within a spacefef dimension greater than, or equl to, its grid

me - either

[Figure 13).
latter case is defined by specifying three offset vectors. In general, the following constraints apply for any
referenceable grid (analogous to those for rectified grids,4S0 19123:2005, 8.9.6):

©IS
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Grid Points o

origin

0 Offset Vectors

Figure 12 — ReferenceableGridlembedded in oblique plane (two offset vectors)
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0

origin

Offset Vectors

Figure 13 — ReferenceableGrid-embedded in curved surface (three offset vectgrs)

EXAMPLE 1  The (rectilinear) referenceable grid of Figure 14 requires coefficient vectors along eafh grid axis.
Itisfrepresented as follows:

<ReferenceableGridByiVactors gml:id="ex1” dimension="2" srsName="http://www.ogengis.
netfdef/crs/EPSG/0/4326¢>
<limits>
<GridEnwe&lope>
<loew>0 0</low>
<high>4 3</high>
<AGridEnvelope>
</Ximits>
<axisLabels>x y</axisLabels>
<origin>
<gml:Point gml:id="0l.1">
<pos>2 8</pos>
</gml:Point>
</origin>
<generalGridAxis>
<GeneralGridAxis>
<offsetVector>1 2</offsetVector>
<coefficients>0 1 3 6 7</coefficients>
<gridAxesSpanned>x</gridAxesSpanned>
<sequenceRule axisOrder="+1"”>Linear</sequenceRule>
</GeneralGridAxis>
</generalGridAxis>
<generalGridAxis>
<GeneralGridAxis>
<offsetVector>l -1</offsetVector>
<coefficients>0 1 4 6</coefficients>
<gridAxesSpanned>y</gridAxesSpanned>
<sequenceRule axisOrder="+1"”>Linear</sequenceRule>
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</GeneralGridAxis>
</generalGridAxis>
</ReferenceableGridByVectors>

Lat
A (11,8) =(2,8) + 3 x (1,2) + 6 x (1,-1)

/-

<

b = (1,-1)

R it

Long

Figyre 14 — ReferenceableGridByVectors - rectilinear grid with coefficient vectors

EXAMPLE 2  The (curvilinear) referenceable grid of Figure 10 may be specified using coefficient arrays acfoss
both axes of the grid. It is represented-as.follows (Figure 15):

<RefetenceableGridByVectors gml:id="ex2” dimension="2" srsName="http://www.opengis.

net/def/c¥s/EPSG/0/4326">
<limits>

<GridEnvelope>

<low>0=0</low>

<high>4 3</high>
</GridEnvelope>
<[limigs>
<@xidlabels>x y</axisLabels>
<¢rigin>

R = DL 2 R D7 N T W /4
g ToOTITC gL . o _—

<pos>2 8</pos>
</gml:Point>

</origin>
<generalGridAxis>
<GeneralGridAxis>
<offsetVector>0.333 0.667</offsetVector>
<coefficients>
0 3 8 12 18
0 4 10 14 18
-2 1 5 8 15
0 1 5 9 13
</coefficients>

<gridAxesSpanned>x y</gridAxesSpanned>
<sequenceRule axisOrder="+1 +2”>Linear</sequenceRule>
</GeneralGridAxis>
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</generalGridAxis>
<generalGridAxis>
<GeneralGridAxis>
<offsetVector>0.667 -0.667</offsetVector>

<coefficients>
0 0 2 3 3
3 4 4 5 6
7 7 8 8 9
9 8.5 9.5 9 10
</coefficients>

<gridAxesSpanned>x y</gridAxesSpanned>
<sequenceRule axisOrder="+1 +2”>Linear</sequenceRule>
</GeneralGridAxis>

</generalGridAxis>
</ReferenceableGridByVectors>

A (10,5) = (2,8) +5 x (1/3,2/3) + 9.5 x (2/3,-2/3)
Lat

v,= (213, -2/3)

N ~_ o7 vy =(1/3,2/3)

Long

Figure 15 —ReferenceableGridByVectors - curvilinear grid with coefficient ar}

6 ReferenceableGridByTransformation

elemgnt name="ReferenceableGridByTransformation”
b=""gmlrgrid:ReferenceableGridByTransformationType”

EtitutionGroup="gmlrgrid:AbstractReferenceableGrid” />

<complexType name="ReferenceableGridByTransformationType”>
<complexContent>
<extension base="gmlrgrid:AbstractReferenceableGridType”>
<choice>
<element name="transformation”
type="gml:TransformationPropertyType” />
<element name="concatenatedOperation”
type="gml:ConcatenatedOperationPropertyType” />
</choice>
</extension>
</complexContent>
</complexType>

02015 - All rights reserved

v

ays

57


https://standardsiso.com/api/?name=507cb141cffeeef8166e59e6b2ccca0e

ISO 19136-2:2015(E)

ReferenceableGridByTransformation encodes one type of CV_ReferenceableGrid as defined in ISO 19123,
using a gml:Transformation or gml:ConcatenatedOperation to specify the relationship
between positions in the grid and corresponding positions in another CRS.

The choice in ReferenceableGridByTransformation encodes an association to a coordinate Transformation
or Concatenated Operation that (geo)references this ReferenceableGrid. This Transformation or
Concatenated Operation shall reference the grid CRS for this gml : AbstractReferenceableGrid, as
either its sourceCRS or targetCRS. If a grid is referenced to more than one other CRS, or is referenced to the
same other CRS by multiple Transformation versions, different grids and different coverages shall be used.

£DC

10.7 gridl.x\u

<elemer

<complq
<se

</s8
</comp]

A grid coot
system co
gml:Grid

t name="gridCRS” type="gmlrgrid:GridCRSPropertyType” />
xType name="GridCRSPropertyType”>

fuence>

element ref="gml:AbstractCRS”/>

quence>

exType>

hgruent with the coordinate system described by the GridEnvelope and axisLabel
Type. That is, this defined coordinate system shall have the same grid axis positions

origin as the GridEnvelope, with the same axisLabels, but need not defife the same or any limits on|

grid size. |
origin may

The gridCR
This CRS 1y

NOTE ’

h addition to this defined coordinate system, a gridCRS{shall have a defined datum, wh
be a specific grid point in a specific quadrilateral grid.coverage that uses this gridCRS.

Sis acomposition association to the definition of the CRS for this AbstractReferenceable(
ay be a DerivedCRS, EngineeringCRS, ImageCRS;or CompoundCRS.

'he proposed OGC BestPractices Paper 09-085r1tecommends thatthis gridCRS alwaysbeaDerived

10.8 Covérages using ReferenceableGrid

The OGC st
an elemen
where the
Since such
element is

Table 16 ex

hndard “GML Application Schema - Coverages”, version 1.0, 0GC document 09-146r1, prov
I ReferenceableGridCoverage as a GML implementation of CV_DiscreteGridPointCover
domain is one of the GMLiniplementations of CV_ReferenceableGrid specified in Clause
hn element is provided alreddy in that GML application schema for coverages, no new covel
provided in this part/of ISO 19136.

tends GML 3.2, 1S0-19136:2007, Table D.8, to include 1SO 19123 CV_ReferenceableGrid.

Table 16,~ Description of the profile of ISO 19123 (GML 3.3 extension)

dinate reference system for positions in a ReferenceableGrid thatdises a defined coordinate

b of
and
the
ose

rid.

CRS.

des

age

[ 10.
age

1SO:39123 construct GML construct

CV_ReferenceableGrid ReferenceableGrid
coordTransferm{eperations GridReintlist
and
GeneralGridAxis

10.9 Requirements classes

Table 17 specifies the requirements class “ Referenceable Grids (Base)”.
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Table 17 — Requirements class “Referenceable Grids (Base)”

Requirements Class

http://www.opengis.net/spec/GML/3.3/re rids

Target type

Data instance

Name

Referenceable Grids (Base)

Dependency

http://www.opengis.net/doc/IS/GML/3.2/clause/2.4

Requirement

http: g ngis.n ML/3.3/r ri r

Ingml Grid the attribute group gml :SRSReferencelGroun inherited fro gml:Ab-

stractGeometry SHALL not be used.

In gml:RectifiedGrid the attribute group gml: SRSReferenceGroup)inherited from
gml:AbstractGeometry SHALLlink the rectified grid to the external-coordinate reference
system to which it is referenceable (identified in ISO 19123 through the ¢6ordinafe reference
system of the origin).

For consistency with ISO 19123, the gml : SRSReferenceGrbup of gml :RectifiedGrid
MAY be omitted in favour of providing it with the gml:orig®n. If both are supplied, then
they SHALL be identical.

Requirement

http:// . : GML/3.3/req/arids/erid

gml:GridCoverage SHALL not be used.

Table 18 specifies the requirements class “ Referenceable Grids”.

Table 18 — Requirements class “Referenceable Grids”

Requirements Class

htth:// : f GML/3.3/req/raxtd

Target type

Data instance

Narpe

Referenceable Grids

Depgendency

http:// www. ngis.net ML/3.3/r rid

Requirement

http:// www. ngis.net/spec/GML/3.3/req/rgrid/valid

Any XML nedewhose content model is specified using schema components in the hitp://www:.
opengis.net/gml/3.3/rgrid schema SHALL be well-formed and valid.

10.10 Conformance

Table 19 specifies the conformance class “ Referenceable Grids (Base)”.

Table 19 — Conformance class “Referenceable Grids (Base)”

Confformance Class

http: . ngis.n ML/3. nf/gri
Requirements http://www. ngis.n ML/3.3/r ri
Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4
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Table 19 (continued)

Conformance Class

http://www.opengis.net/spec/GML/3.3/conf/grids

Test http://www.opengis.net/spec/GML/3.3/conf/grids/srs

Requirement http://www.opengis.net/spec/GML/3.3/req/grids/srs

Test purpose Inspect the XML instance to verify that all requirements are met.

Test method  Ifthe XML document contains a gm1 : Grid element verify that no attribute of
the attribute group gml : SRSReferenceGroup including srsName is provided.

the attribute @srsName or gml:origin/*/@srsName is provided.\Vefify
that the value identifies the external coordinate reference system to which
itis referenceable. If both are provided, verify that the values dre,identical.

If the XML document contains a gml : RectifiedGrid element verify 1hat

Test type Capability

Test http://www.opengis.net/spec/GML/3.3/conf/grids/gridcov

Requirement http://www.opengis.net/spec/GML/3.3/req/grids/gridcov

Test purpose Inspect the XML instance to verify that all requirements are met.

Test method  Verify thatthe XML document does not contain§a gml : GridCoverage elemgnt.

Test type Capability

Table 20 specifies the conformance class “Referenceable Grids”.

Table 20 — Conformance class “Referenceable Grids”

Conformaince Class

htto:// : : GML/3.3/conf/rgrid

Requirements http: . ngis.n ML/3.3/req/rgri
Dependency http: . ngis.n ML/3. nf/gri
Test http://www.opengis.net/spec/GML/3.3/conf/rgrid/valid
Requirement http://Www.opengis.net/spec/GML/3.3/req/rgrid/valid

Test purpose  Verify that any XML node whose content model is specified using sch¢ma

components in the http://www.opengis.net/gml/3.3/rgrid schema is well-

formed and valid.

Test method  Validate the XML document using the XML schema document http://scherhas.
opengis.net/gml/3.3/referenceableGrids.xsd. Pass if no errors reported. Fail
otherwise.

TeSt type Basic

11 Code lists;dictionariesanddefinititons——mm

11.1 Overview

Definition and Dictionary encoding is part of the GML schema as a stop-gap, pending the availability
of a suitable general purpose dictionary model. Since the GML Dictionary schema was developed,
standards on this topic within the semantic web community have emerged and matured. In particular
best-practice is to generally use URIs for referring to items in vocabularies, and RDF (OWL, SKOS) for
encoding their descriptions. The GML dictionary schemas for units of measures and reference systems
are implementations of specific dictionaries and unaffected by the changes described in Clause 11.

Within GML 3.2 gml :ReferenceType and gml:CodeType are both used to refer to an external
item. Furthermore, the pattern for using gml :CodeType to refer to a resource identified by URI is
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not standardized: in particular the two-component value codeSpace/value is not consistent with
contemporary web practice which is to use the URI for referencing. In the context of GML 3.3, the scope
of gml:CodeType is clarified to be name assignment, not cross-referencing.

Table 21 lists all clarifications on the use of gm1 : CodeType in the context of this part of ISO 19136. In
the context of ISO 19136:2007, the GML 3.2 conformance classes, gm1 : CodeType may still be used as
specified in ISO 19136:2007.

Table 21 — Clarifications for code list values and definitions

Reference in

Clarification in t1 fil f 1

ISO 19136:2007

specified in Clause 11

8.2]3.5 CodeType, CodeWith-
AutfhorityType

gml:CodeType is a generalized type to be used for assigning a ferm,
name.

keyword or

NOTE 1 Elements with type=’ gml:CodeType’ are used tp-dssign a ngdme to a fea-
ture or otherresource.gml : ReferenceType is used tohold a referen(} to another

resource. The use of CodeType to reference code list efitries is depreca

ed.

8.2
OrN

4.2 CodeListType, Code-
ilReasonListType

These types are deprecated.

15.
15.
dic
21.
tior

| Overview

.4 Using definitions and
ionaries

|0 Schemas defining dic-
aries and definitions

Certain types of definition are specifically required to support geograp}
tion. GML provides encodings for the following: coordinate operations an
objects (GML 3.2, Clause 12), coordinate reference systems and depeng
(GML 3.2, Clause 12), temporal reference systems (GML 3.2, Clause 14),
measure (GML 3.2, Clause 16). Thé-elements gm1 : Definitionand gml
ary provide a common basis for the GML definition types and collectio

The GML Schema for definitions and dictionaries was previously used
definitions and code lists\but is now deprecated for these purposes.

NOTE 2 Definitions prévided by external authorities may already be p
delivery in variousways, both online and offline. In order that they may
to from GML documents it is merely necessary that a URI be available to
each definitien:Applications that do not have existing dictionaries, voc:

ontologies'may choose any suitable encoding. Semantic web representaftions based

on the RDFmodel should be considered for new dictionaries, or to encq

dictioharies in a form compatible with contemporary web technologieg.

icinforma-

dependent
ent objects
hnd units of
Diction-
ns.

for generic

hckaged for
be referred
identify for
bularies or

de existing

11.

Table 22 specifies the requirements class “Code lists, dictionaries and definitions”.

2 Requirements class

Table 22 — Requirements class “Code lists, dictionaries and definitions”

Requirements Class

htt]

p://Wwww.opengis.net/spec/GML/3.3/req/definitions

TarJPf fype Data instance

Name Code lists, dictionaries and definitions

Dependency http://www.opengis.net/doc/IS/GML/3.2/clause/2.4

Requirement http://www.opengis.net/spec/GML/3.3/req/definitions/codetype
Property elements with a content model of gm1 : CodeType SHALL only occur to assign aname
to an object, not for references to another resource.
Property elements with a content model of gm1:CodeListType or gml:CodeOrNilRea~-
sonListType SHALL not occur.

Requirement http://www.opengis.net/spec/GML/3.3/req/definitions/definition
gml : Definition SHALL not occur in the instance document.
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11.3 Conformance

Table 23 specifies the conformance class “Code lists, dictionaries and definitions”.

Table 23 — Conformance class “Code lists, dictionaries and definitions”

Conformance Class

htt:// - I /GML/3.3/conf/definiti
Requirements http://www.opengis.net/spec/GML/3.3/req/definitions

Dependenc z hl—l»n: L/ AIXAIIAL .n“nnnin.nnl- [doc II(‘ If‘}l/:L I').

Test http: . ngis.n ML/3. nf/definition

Requirement http://www.opengis.net/spec/GML/3.3/req/definitions/codetype

Test purpose Inspect the XML instance to verify that all requirements aremet!

Test method  Verify using the schemas directly or indirectly referenced from the XML dgcu-
ment that no property element of the XML document is oftype gml : CodeT}pe
unless the documentation of the schema clarifies that this property is usef to
assign a name to an object, not to reference anotherresource.

Verify using the schemas directly or indirectly«referenced from the XML doc-
ument that no property element of the XML.document is of type gm1 : Cod¢L—
istType orgml:CodeOrNilReasonkistType.

Test type Capability

Test http://www.opengis.net/spec/GML/3.3/conf initions/definition

Requirement http://www.opengis.net/spe¢/GML/3.3/req/definitions/definition

Test purpose Inspect the XML instance to verify that all requirements are met.

Test method  Verify that the XML document does not contains a gm1 : Definition elempnt.

Test type Capability

12 Encodling rule

12.1 Target namespace

All schemalcomponents specifiéd)in 12.4 are in the target namespace:

http:/fwww.opengis.net/gml/3.3/exr

12.2 Impfoved conversion rule

12.2.1 Copversion rule changes

Th Hoidnalain I1CN 1Q012.20N0N7 T 2 A4 (CNT 2 I 3o dpnnpaad oc conoifind 10 Tob1a 24
€ converstepfruare-Hrroo 156 rouA T ot oz 15 T pr ov etasSpttmt oot =1~

Table 24 — Improvements to the encoding rule for code lists

Reference in Clarification in the context of the conformance class
[SO 19136:2007 specified in Clause 12
Table E.1 — Schema encod- |A <<CodeList>> is by default converted to an external dictionary, within which each
ing overview item is identified by a URI. An alternative mapping is a union of an enumeration and
a pattern.
NOTE This changes the default conversion for code lists.
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