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= HZFD}
= OGC (Open Geospatial Consortium)

= OpenGIS® Geography Markup Language Encoding Specification
(Implementation Spec.)

= 1SO/TC211 (International Organization for Standardization)
ISO 19136 Geographic information — Geography Markup Language
International Standard —3.2.1

GML 3.0 (Jan 2003) GML 3.2.0 (Oct 2005)
GML 1.0 (May 2000) ISO/WD 19136 ISO/DIS 19136
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User-defined application schema
(UML using ISO/TS 19103 and ISO 19109)

ISO 19107 ISO 19108
profile profile

Well-defined GML application schema encoding GML application schema
Mapping rules (ISO 19136 Annex E and ISO encoding rules
(ISO 19136 Annex D) 19118) (1ISO 129136 Annex F)
import
GML application schema
GML Schema GGl EE e, GML Document

(XML Schema) _ (XML)
CityGML IndoorGML
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6709 - Standard representation of latitude, longitude and altitude for
geographic point locations

19120 - Functional standards

19101 - Reference model

19121 - Imagery and gridded data

19103 - Conceptual schema language

19122 - Qualifications and Certification of personnel

19104 - Terminology Introduction

19123 - Schema for coverage geometry and functions

19105 - Conformance and testing

19124 - Imagery and gridded data components

19106 - Profiles

19125 - Simple feature access - Part 1 -3

19107 - Spatial schema

19126 - Profile - FACC Data Dictionary

19108 - Temporal schema

19127 - Geodetic codes and parameters

19109 - Rules for application schema

19128 - Web Map server interface

19110 - Methodology for feature cataloguing

19129 - Imagery, gridded and coverage data framework

19111 - Spatial referencing by coordinates

19130 - Sensor and data models for imagery and gridded data

19112 - Spatial referencing by geographic identifiers

19131 - Data product specifications

19113 - Quality principles

19132 - Location based services - Reference model

19114 - Quality evaluation procedures

19133 - Location based services - Tracking and navigation

19115 - Metadata

19134 - Multimodal location based services for routing and navigation

19116 - Positioning services

19117 - Portrayal

19118 - Encoding

19135 - Procedures for registration of geographical information items

19139 - Metadata - Implementation specification
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- e &

1. Scope

17. Directions

2. Conformance

18. Observations

3. Normative references

19. Coverages

4. Terms and symbols

20. Profiles

5. Conventions

21. Rules for GML application schemas

6. Overview of the GML schema

Annex A. Abstract test suites

7- General rules and base schema components

Annex B. Abstract test suite for software implementations

8. Xlinks and basic types

Annex C. GML schema

9. Features

Annex D. Implemented Profile of the ISO 19100 series

10. Geometric primitives

Annex E. UML-to-GML application schema encoding rules

11. Geometric complex, composites and aggregates

Annex F. GML-to-UML application schema encoding rules

12. Coordinate reference systems schemas

Annex G. Guidelines for subsetting the GML schema

13. Topology

Annex H. Default styling

14. Temporal information and dynamic features

15. Definitions and dictionaries
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= UML, feature, spatial schema, CRS, temporal schema,
coverage

AERulYy
= XML, XML Namespace, XLink, XML Schema

GML 27| 0f

= General rules, base schema, basic types, geometry, CRS,
temporal information and dynamic feature, coverage,
dictionary, units, measures, values, directions, observations
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Real world

Universe of
discourse

defined in

> Conceptual model
provides concepts

for describing

Conceptual
formalism

basie fo
l 98 for one or more formally represented in

(Conceptual schema language(s) \

Conceptual schema

[ Lexical languages ]

Graphical languages

{ J )
provides formal
language for
representing
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<<stereo type>> <<stereo type>>
ClassName ClassName i
: relationship . Notes
Attributes Attributes n or
Operations Operations OCL
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» 5370

<property> ::= [<visibility>] ['/'] <name> [*:’ <prop-type>] ['[' <multiplicity>']'] ['=" <default>] ['{' <prop-
modifier > [',’ <prop-modifier >]* '}']

= Ex) +coordinates : Number[1..*] {sequence}

= Ex) #origin : Point [0..1]

o Ex) -characterSet : MD_CharacterSetCode = “utf8”
« LR |=

[<visibility>] <name> '(* [<parameter-list>] ")’ [":' [<return-type>] ['{* <oper-property> ['," <oper-
property>]* ‘1']]

= Ex) +dimension(point : DirectPosition = NULL) : Integer
= Ex) +GM_Surface(patch[1..*] : GM_SurfacePatch) :
GM_Surface
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= Relationship
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Association
{> Generalization
A

r2 i
classi class2 | . Dependenc
1 0..% 4 Y
_____________________ [> Refinement
Aggregation
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= Relationship

Exactly one
Many, optional zero or more

Zero or one

At least one

—_ —

— I

~ | —

@FISS

Class

Class

Class

Class
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= XML (eXtensible Markup Language)

* XML A2t =8| &

S70=

<name
K 4~ (Element) <||: John Doe
</name>

nickname="“John”

>

Vv VYV j/

HIOlE AN =2| S~

2 M (Attributes)
A|ZFER
PCData

nEq
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= XML Namespace

s IRI(Internationalized Resource Identifiers)= 4| & A I
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= xmlns:

<x xmlns:edi="http://ecommerce.example.org/schema’'>
<!-- the "edi" prefix is bound to http://ecommerce.example.org/schema




XLink
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= XLink
o glas 79| HES d-dot 7|Eot| ?lofl &
27FXML A L0 & Il =

<my:crossReference
xmlns:my="http://example.com/"
xmlns:xlink="http://www.w3.0rg/1999/xlink"
xlink:type="simple"
xlink:href="students.xml"
xlink:role="http://www.example.com/linkprops/studentlist"
xlink:title="Student List"
xlink:show="new"
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Instance XML
document Schema
(xml) U (xsd) H

<?xml version="1.0"?>
<purchaseOrder orderDate="1999-10-20">
<shipTo country="US">
<name>Alice Smith</name>
<street>123 Maple Street</street>
<city>Mill Valley</city>
<state>CA</state>
<zip>90952</zip>
</shipTo>
<billTo country="US">
<name>Robert Smith</name>
<street>8 Oak Avenue</street>
<city>Old Town</city>
<state>PA</state>
<zip>95819</zip>
</billTo>
<comment>Hurry, my lawn is going wild!</comment>
<items>
<item partNum="872-AA">
<productName>Lawnmower</productName>
<quantity>1</quantity>
<USPrice>148.95</USPrice>
<comment>Confirm this is electric</comment>
<[item>
<item partNum="926-AA">
<productName>Baby Monitor</productName>
<quantity>1</quantity>
<USPrice>39.98</USPrice>
<shipDate>1999-05-21</shipDate>
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<xsd:schema xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">
<xsd:annotation>
<xsd:documentation xml:lang="en">
Purchase order schema for Example.com.
Copyright 2000 Example.com. All rights reserved.
</xsd:documentation>
</xsd:annotation>
<xsd:element name="purchaseOrder" type="PurchaseOrderType"/>
<xsd:element name="comment" type="xsd:string"/>
<xsd:complexType name="PurchaseOrderType">
<xsd:sequence>
<xsd:element name="shipTo" type="USAddress"/>
<xsd:element name="billTo" type="USAddress"/>
<xsd:element ref="comment" minOccurs="0"/>
<xsd:element name="items" type="Items"/>
<[xsd:sequence>
<xsd:attribute name="orderDate" type="xsd:date"/>
<[xsd:complexType>
<xsd:complexType name="USAddress">
<xsd:sequence>
<xsd:element name="name" type="xsd:string"/>
<xsd:element name="street" type="xsd:string"/>
<xsd:element name="city" type="xsd:string"/>
<xsd:element name="state" type="xsd:string"/>
<xsd:element name="zip" type="xsd:decimal"/>
</xsd:sequence>
<xsd:attribute name="country" type="xsd:NMTOKEN" fixed="US"/>

<xsd:complexType name="Items">
<xsd:sequence>
<xsd:element name="item" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="productName" type="xsd:string"/>
<xsd:element name="quantity">
<xsd:simpleType>
<xsd:restriction base="xsd:positivelnteger">
<xsd:maxExclusive value="100"/>
<[xsd:restriction>
</xsd:simpleType>
<[xsd:element>
<xsd:element name="USPrice" type="xsd:decimal"/>
<xsd:element ref="comment" minOccurs="0"/>
<xsd:element name="shipDate" type="xsd:date" minOccurs="0"/>
<[xsd:sequence>
<xsd:attribute name="partNum" type="SKU" use="required"/>
<[xsd:complexType>
</xsd:element>
<[xsd:sequence>
<[xsd:complexType>
<!-- Stock Keeping Unit, a code for identifying products -->
<xsd:simpleType name="SKU">
<xsd:restriction base="xsd:string">
<xsd:pattern value="\d{3}-[A-Z]{2}"/>
</xsd:restriction>
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Reality: phenomena

Universe of
Discourse
<8~

perceived in context of

[ geographic application ]

lclassiﬁed into

[ feature types ]

defining O:n

[ feature instances ]

31
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Meta-meta

Modeling Concepts
(defining schema)
Model

| General

Defined usin
Feature Model

language based on

— — — — m— — m— — — — — I_ — — — =

Defined using
language based on

| Defined using ISO 19100 series
I language standardized schema

,* based on
-—_4"

Abstract Data Typing

Unified Modeling | - ----"—~
Object Model* | ___----"""1 Language (UML) -« - |
. _- r; -
(normative schema) Conform to ‘l ! r: Defines meta
. 1" “~_ Defined using | , | model for
(Conceptual Formalism) ! A Ianguage based on R features in
!
| ! N |/ !
1 ~ 4
*Model of ' N L

, | ; N a ' Meta Model

[ - r I

,P ~ N , ’ | ,;

: ~F :
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General Feature Model

Generalization

<<Metalclass>>
GF FeatureType

Specialization

GF_InheritanceRelation

+ namel[o..1] : CharacterString
+ description : CharacterString

0..* | +uniquelnstance : Boolean

+typeName[o..1]: LocalName [
+ definition : CharacterString
+isAbstract: Boolean =false |, =

<<Metalclass>>

GF_AssociationType

0..*
$ ¢
0..* constraint
<<Metalclass>> 0. %
GF_PropertyType > <<Metalclass>> 2ol
: ole
+ memberName[o..1]: LocalName constraint GF_Constraint
+ definition : CharacterString >+ description : CharacterString
o..
1.%

<<Metalclass>>
GF_Operation

+ signature : CharacterString

<<Metalclass>>
GF_AttributeType

<<Metalclass>>
GF_AssociationRole

+ valueType : TypeName

+ domainOfValues : CharacterString

+ cardinality : Multiplicity

+ cardinality : Multiplicity

33
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<<Metaclass>>
GF_AttributeType

f

)0

ujn

<<Metaclass>>
GF_TemporalAttributeType

v

TM_Object
(from Temporal Objects)

<<Metaclass>>
GF_LocationAttributeType

i
A4

<<Metaclass>>
GF_ThematicAttributeType

SI_Locationlnstance
(from Gazetteer)

GF_MetadataAttributeType

<<Metaclass>>

<<Metaclass>>
GF_SpatialAttributeType

TP_Object
(from Topology Root)

v

GM_Object

i

<<Metaclass>>
GF_QualityAttributeType

DQ_Element

MD_Metadata
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<<Type>>
AbstractObject
(from gmIBase) <complexType name="AbstractFeatureType" abstract="true">
<complexContent>
T <extension base="gml:AbstractGMLType">
<sequence>
<<Type>> <element ref="gml:boundedBy" minOccurs="0"/>
AbstractGML <element ref="gml:location" minOccurs="0"
(from gmlBase) </sequence>
+ description[o..1]: CharacterString </extension>

+ descriptionReference[o..1] : URI
+ nameJfo..*]: GenericName
+ identifier[o..1] : ScopeName

</complexContent>
</complexType>

T <element name="AbstractFeature"
type="gml:AbstractFeatureType"

<<FeatureType>> abstract="true" substitutionGroup="gml:AbstractGML"/>

AbstractFeature




Featur‘eQI

Y| F ol oY A—

ol

<<FeatureType>>
AbstractFeature
(from gml)

T

<<Feature>>
Building

+ code : Integer

+ shape : GM_Curve

+ centerPosition : Position

+ address : SI_Locationlnstance
+ type : BuildingType = Private

<complexType name="BuildingType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="code" type="xs:integer"/>
<element name="shape" type="gml:CurvePropertType"/>

<[sequence>
<[/extension>
</complexContent>

</complexType>

<element name="Building" type="my:BuildingType"
substitutionGroup="gml:AbstractFeature"/>

<<Type>>
Position

<<Enumeration>>
BuildingType




Feature
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Collection

F at o Y uibs il anl ol bz ot Y B |

<<FeatureType>> <<Type>>
AbstractFeature AbstractFeatureMember
(from gml) (from gml)

A A
<<Feature>> <<Feature>> <<Type>>
BuildingPart Building BuildingMember

‘ 0..* N
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Dim. | Boundary Example
Point 0 > Empty o
Curve 11 . Point —
Surface .——=>— -+ Curve -
Solid 35— Surface
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<<Type>>
GM_Object
<< Types> <<Type=>
GM_Camplex GM_Aqgyregde
<< Type>> << Type>> << Type>>
GM_Primitive GM_Composike GM_MUtiPimi tive
| | |
<<Type>> <<Type>> <<Type=>
GM_Point = GM_Compos kePoint GM_MultiPoint
<<Type=>
GM_OrientablePrimitive
(Fovn Geomeinc primitive)
<<Type>> <<Type>> <<Type>>
GM_OfentableCuve |-~ GM_ComposikeCune GM_MukiCurve
(feom Geomeiscpres b ve)
<<Type>> <<Type=> <<Type=>




Pr1m1t1ve
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<<Type>> | 0.* Coordinate Reference System (_1 - <<Abstract>>
GM_Object ; SC _CRS
]% ) +object +CRS (from Spatial Referencing by Coordinates)
<<Type>> +complex ~ Complex +element <<Type>>
GM_Complex <— g GM_Primitive
(from Geometric complex) | O~ 1"\ (fom Geometric primitive)

1

<<Type>>
GM_OrientablePrimitive
(from Geometric primitive)

1

<<Type>> <<Type>>
GM_OrientableCurve| |GM_OrientableSurfacg
(from Geometric primitive) (from Geometric primitive)




Coordinates
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<complexType name="DirectPositionType">
<simpleContent>
<extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>
<[/extension>
</simpleContent>
</complexType>
<element name="pos" type="gml:DirectPositionType"/>

<complexType name="DirectPositionListType">
<simpleContent>

<extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>
<attribute name="count" type="positivelnteger" />
<[/extension>

</simpleContent>

<pos srsDimension="3">
1053

</pos>

<pos srsDimension ="3">
1154

</pos>

<pos srsDimension ="3">
20108

</pos>

<posList
srsDimension ="3"

count="3">

1053
1154




Point

| £ AN"T1)r

By value

<<Type>>
GM_Point

+ position : DirectPosition

<my:centerPosition>
<gml:Point id="pa1" srsName="epsqg:4326">

<gml:pos srsDimension="2">
5.5623 33.2323

</gml:pos>

</gml:Point>

</my:centerPosition>

By reference




Curv

<<Type>> 0..1 {sequence} 1..% <<Abstract>>
>
GM_Curve +curve Segmentation +segment GM_CurveSegment
A
<<Type >> <<Type >> <<Type >> <<Type>>
GM_ArcString GM_ArcStringByBulge GM_SplineCurve GM_LineString
I ; I
I I

<<Type >> <<Type >> <<Type >> <<Type >>

GM_Arc GM_PolynomialSpline GM_BSplineCurve GM_LineSegment
<<Type >> <<Type >> <<Type >>
GM_Circle GM_CubicSpline GM_Bezier




LineString
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<complexType name="LineStringType">

<complexContent>

<extension base="gml:AbstractCurveType">

<sequence>
<choice>

<choice minOccurs="2" maxOccurs="unbounded">

<element ref="gml:pos"/>
<element ref="gml:pointProperty"/>
<element ref="gml:pointRep"/>
</choice>
<element ref="gml:posList"/>
<element ref="gml:coordinates"/>
</choice>
<[sequence>
</extension>

<gml:LineString>
<gml:posList srsDimension ="3"
count="3">
5618686.0 2573988.4 158.200000
5618692.5 2574008.8 158.000000
5618705.5 2574049.8 158.100000
</gml:posList>
</gml:LineString>




Boundar
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y

{isCycle() = TRUE} B}

<<Abstract>>
GM_Boundary

Z

<<Abstract>>

GM_PrimitiveBoundary

T

<<Type>>
GM_ComplexBoundary

<<Type>>

GM_CurveBoundary

GM_SurfaceBoundary

<<Typa>>

<<Type>>

GM_SolidBoundary

0..n 0..n
1| <<Type»> | 1
+startPoint | GM_Point
<<Type>»>

GM_CompositeSurface

0.1

+endPoint +exterior

<<Type>>

GM_Ring |

D..n 0.1 | <<Type=>
+interior +exterior GM_Shell
<<Type>>

GM_CompositeCurve

0..n

+interior
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2-Dimension plane 3-Dimension surface

—> 1 exterior boundary —> o exterior boundary




Surface
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<<Type>> | 0.1 Segmentation 1--*> <<Abstract>>
GM_Surface | ¢ rface I:\ +patch GM_SurfacePatch
|
T subset 4
1
<<Type >> 0.1 | 1.% <<Type >> <<Type>>
GM_PolyhedralSurface  |;surface I:\ +patch GM_Polygon GM_ParametricCurveSurface
i " i i
<<Type >> ll I 1--*> <<Type >> <<Type >>
GM_TriangulatedSurface +surface +patch GM_Triangle GM_GriddedSurface
$ )
I I I
<<Type >> <<Type >> <<Type >> <<Type >>
GM_Tin GM_Sphere GM_Cone GM_Cylinder




Polygon and LinearRin
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<complexType name="PolygonType">
<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:exterior" minOccurs="0" />
<element ref="gml:interior" minOccurs="0"
maxOccurs="unbounded" />
<[sequence>
<[extension>
</complexContent>
</complexType>

<gml:Polygon>
<gml:exterior>
<gml:LineRing>
<gml:posList dimension="3">
111
151
551
511
111
</gml:posList>
</gml:LineRing>
<gml:exterior>
</gml:Polygon>




Solid
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<complexType name="SolidType">
<complexContent>
<extension base="gml:AbstractSolidType">
<sequence>
<element name="exterior"
type="gml:ShellPropertyType" minOccurs="0"/>
<element name="interior"
type="gml:ShellPropertyType" minOccurs="0"
maxOccurs="unbounded"/>
<[sequence>
</extension>
</complexContent>
</complexType>

<gml:Solid>
<gml:exterior>
<gml:Shell>
<gml:surfaceMember>
<gml:Polygon>
<gml:exterior>
<gml:LineRing>
<gml:posList dimension="3">
111
151
551
511
111

</gml:surfaceMember>




A regate
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<<Typa>>
GM Object
(from Geomesiry roof)

?

<<Type>> <<Type>>
+alement
GM_Aggragata S| GM Object
+ from Sel(set : Sat<GM_Object>) : GM_Aggregate 0.n | from Geometry rool)
<<Typa>> L
GM_MultiPrimitive |-——————————- {elements.subTypeOf{GM_Primitiva)}
<<Type>> <<Typa>> <<Type>> <<Type>>
GM_MultiPoint GM_MultiCurve GM_MultiSurface GM_MultiSolid
[+ position : Set<DirectPosition=| |/+length : Length f+ area : Area H wolume : Volume
[+ perimeter : Length| |+ area : Area

elementsubTypeOf{GM_OrientableSurface




ComElex

el Y N R b il ol W 4

-:-:Typez» -- a complex is closad under the boundary operation
GM_Object {subComplex includes boundary()}
(from Geomelry root)
:
|
|
|
|
|
:
|
<<Type>> o.n +superComplex
GM_Complex

Conftains

+ isMaximal() : Boolean o +subComplex

0..n | +complex
Complax
bi t 1..n | +element
subse
<<Typa>> +composite : +generator Gﬁgﬁ?ﬁ;ﬁg
GM_Compaosite 0..n Composition 1.n " oM Conme ic priitive)
I
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<<Type>>
GM_Complex | ~---——————-- {dimension{) = generator.dimension(}} 'T
[
[
[
% |
: Composition
<<Type>> +composite +generator <<Type>>
GM _Composite D n n GM _Primitive
h B (from Geomefric primitive)
<<Type»> <<Typa»> <<Type>:> <<Type>>
GM_CompositePoint GM_CompositeCurve GM_CompositeSurface GM_CompaesiteSclid
0..n <> 0..n 0..n
+composite +composite +composite +composite
Composition Composition
{segugnce}
+gensarstor +generstor +genergtor



= Aggregate, MultiPrimitive, Complex,
Composite2| X}O|H

Bl
- M =

| Aggregate Multi Surface Complex Composite Surface
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<<|nterface>>

V TP_Object v
<<Type>> " +element Complex +complex <<Type>>
TP_Primitive |7 1 | TP_Complex
<<Type>> <<Type>> <<Type>> <<Type>>
TP_Node TP_Edge TP_Face TP_Solid
<<Type>> <<Type>> <<Type>> <<Type>>
TP_DirectedNode TP_DirectedEdge TP_DirectedFace TP_DirectedSolid




71otst

2| Ato)

-
) .

-

£HA

<<Interface>>
TP_Object
{from Topology root)

v Y,

<<Type>>
TP_Primitive

{from Topological primitive)

Complex
1..n P 1..n

+complex

+element

+topology | 0..n

Realization

+geometry 0.1

~
~
~
-~
~
~
-
-~

{geometry.complex -> includesAll 'j

complex. geometry}

<<Type>>
GM_Primitive +element 0.n
(from Geometric primitive) | 1-N +complex
Complex

<<Type>>
TP_Complex

+subComplex

<> 1.n {Contains
(from Topological Complex) | 1..n

0..1 | Hopology

Realization

0..1.|,+geometry

+superComplex

<<Type>>
GM_Complex
{from Geometfric complex}

+subComplex

0..n ]
Contains
0..n

+superComplex







Coordinate Reference Systems

o rnd AN~ ~r~ R 7™ " ™ ‘anl B W ¥ o -

<<Type>> | o..* Coordinate Reference System .1 <<Abstract>>
GM_Object [ ,object +CRS SC_CRS

(55, 15)




<<Typa>> +object

This assoclation links this GM_Cbject to the
CRS used in its DirectPosition coordinates, If

GM Obiject
{from Geometry) | 0.." empty the GM_Object shall use the SC_CRS
_____ from another GM_Cbject in which it is

~ contained.

Defined in

1S 19107 5 Coordinale Reference Syslem ——

R
e o e e — 150 115
<<DataType>>
DirectPasition <<Type>>
(from Coordinate geomeiry) — {10 _IdentifiedObjectBase
0. | +drectPosition {from Identified Cbjects)
+CRS
0.1
Coordinate Reference Systom <<Typa>> +sourceCRS +coordCperationFrom
0.1 SC_CRS o Source o <<Type>>
7 = .. ) Taret CC_CoerdinateOperation
, +CRS ~ |+ scope(1..*] : CharacterString] 0.1 argol o.r {from Coondinate Operations)
+argetCRS +coordOperationTo
If empty, the CRS of the
coordinates is determined by
the GM_Cbject that contalns <<Type>>
the DirectPosition. CD_Datum
{from Datums)
| +datum | 0..1
<<Type>> 2.* <<Type>> <>+mfumnos$ys1nm
SC_CompoundCRS s 0.. {ordenad} SC_SingleCRS 0.. DefiningDatum
+compoundCRS  +componentReferenceSystem 0.* CoordinateSystem

ﬁs 1 +baseCRS

SC_EngineeringCRS

<<Typa>> <<Type>>
SC_ImageCRS SC_Vertical CRS
<<Type>> <<Typa>>

SC_GeodeticCRS

<<Type>>
CC_Cenversion
{from Coordinate Operations)

+conversion T1

Definition

<<Type>>

SC_GeneralDerivedCRS | "

+raferanceSystem

g

]
+bassCRS |1
<=Typa>>
T™M TemperalCRS
{from Temporal Referance Systems)
Y & +dedvedCRS |0..* |

Defined in ISC 19108 ﬁ

<<Type>>
SC_ProjectedCRS

| +ierivedCRE | 0.

+coondinateSystem \ 1

<=Typa>>
CS_CoordinateSystem
{from Coordinate Systems)

<<Codelisi>>
SGC_DerivedCRSType

+ gecdetic

+ vartical

+ engineering
+ image

<<Typa>>
SC_DerivedCRS

+ derivedCRSType : SC_DerivedCRSType

weJdsetq ToA97-dOl SYD
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Coordinate System

<<Type>> <<Type>> <<CodeList>> b Co.del_.isb >
SC_SingleCRS I0_ldentifiedObject | CS_RangeMeaning CS_AxisDiredtian
{from Coordinate Referance Systems) {from identifled Objects) + exact + north
5 + wraparound + northNorthEast
+ northEast
+referenceSystem | 0. + eastNorthEast
+ gast
. + eastSouthEast
CoordinaleSystem + southEast
<<Typa>> + southSouthEast
CS_CoomdinateSystemAxis + Soumso thWest
+
+ axisAbbrev: CharacterSiring " 33&1Weust o8
+coordinateSystem | 1 + axisDirection : CS_AxisDirection + westSouthWest
W + axisUnitlD : UnitOfMeasure + west
<<Typer> . ) + mlmp"lumVaIue[O.J] : Number
CS_ CoordinateSystem ko> +coordinateSystem +axis . mxlnumellue[O- A] : Number . I werstr;ﬂugrthtWest
0.* 1..* * |+ rangeMeaning[0..1] : CS_RangeMeaning no s
{ordered} + northNorth\West
+up
+ down
+ geocentricX
+ geocentricY
+ geocentricZ
<<Type>> <<Type>> <<Type>> <<Typa>> : 00: um:zOSItI:i’:
CS_CartesianGCS CS_AfineCS CS_PolarCS CS_LinearCs colimnivegative
+ rowPositive
+ rowNegative
+ displayRight
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> I g::p::ybeﬁ
CS_EllipsoidalCS CS_VerticalCS CS_CylindricalC$ CS_SphericalCS CS_UseDefinedCS | |, disﬁlaﬁnﬂm




Datum

<<Type>>
8C_SingleCRS
{from Coordinate Reference Systems)

0.* | +referenceSystem

DefiningDatum

0.1 | +datum

<=Type>>
ID_ldentified Object
{from Identified Object)

<<DataType>>
EX_Extent
{from Extent information)

<<Type>>
CD_Datum

+ anchorDefinition[0..1] : CharacterString

+ realizationEpoch[0..1] : Dale

+ domainOfValidity[0..1] : EX_Exient

+ scope[1..*] : CharacterString

<<Type>>
CD_PrimeMeridian

+ greenwichLongitude : Angle = 0

A

1

+primeMeridian

<<Type>>
CD VerticalDatum

+datum

<<Type>>
CD_GeodeticDatum

Defined in
IS0 19115

<<Type>>
CD_Ellipsoid

+ semiMajorAxis : Length
+ secondDefiningParameter : CD_SecondDefiningParameter

<<Type>>
CD_EngineeringDatum

<<Type>>
CD_ImageDatum

+ pixelinCell : CD_PixelinCell

1| +ellipsoid
0.
+datum
=<<lInign>>
<<CodelList>> CD_SecondDefiningParameter
GD=Ruellntal + inverseFlattening : Scale
+ cellCenter + semiMinorAxis : Length
+ cellComer + isSphere : Boelean ="true"
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The "sourceCRS" and “targetCRS" assoclations are mandatory for coondinate transformations only .

<<Type>>

10_IdentifiedObject
{from Identified Objects) For a concatenated coordinate operation saequence of n coordinate operations:

Coordinate cony ersions have a source CRS and a target CRS that are NOT specified through these
associations, but through assoclations from GeneralDervedCRS to SingleCRS.

source CRS {concatenated coordinate openation) = source CRS {coordinate opemtion step 1)

target CRS (coordinate operation step i) = source CRS {coordinate opemation step i+1), i=1...(n-1)
target CRS (concatenated coordinate operation) = target CRS {coondinate operation step n)
Instead of a forward coondinate opecation, an inv erse coondinate operation may be used for one or
more of the coordinate operation steps mentionad abov e, if the inv erse coordinate operation is
uniquely defined by the forwand coordinate operation method.

AN

/i
/
<<Type>> / /,
CGC_CoordinateQperation +coordOperationFrom / +30urceCRS
+ operationVersion[(..1] : CharacterString 0. Source [ 0.1 <<Type>>
+ domainOfvalidity[0..1] : EX_Extent 3 / SC_CRS
+ scope[1..*] : CharaclerString *+coordOperationTo +amgetCRS |(from Coordinate Reference Systems)
+ coordinateOperationAccuracy[0..*] : DQ_PositionalAccuracy| 0.” Taget 0.1
1 A
2. * | +coomiCperation
+ooordOperation | 1 forlemd)
+passThruOperation | 0..* 0..* | +concatOperation
<<Type>> . <<Type>> <<Type>>
CC_PassThmughOperation CC_SingleOperation CC_ConcatenatedOperaticn
+ modifiedCoordinate : Sequence<integer>
- [|3
-
-
. -

Additional associationsto

other classes shown on

paclege diagram part 2.

<<Type>> <<Type>>
<<Type>> 0."  Defintion 1 CC_Conversion CC_Transformation

SC_GeneralDerivedCR S
from Coordinate Reference Systems

+mferanceSystem +conversion |+ operationVersion[0..0] : CharacterString + operationVersion : CharacterString

uotledadp 91eUTpJOO)
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TemEoral Object Diagram

'Y | ™~ - 'Y r~~ ™~ r ™ "rm

TM_Object

TM _Primitive

T

TM_Complex

1

TM_Topological Complex




TemEoral Geometrlc Objects

B ~10) P el ol LYol ol | F ol o B ™

«|ntarface»
TM_Order
+relativePosition{othar : TM_Primitive) : TM_HRelativePosition
A
« Usps»
|
|
«|ntarface= l
TM_Separation
TM Primitive
+distanca(othar : TM_GeometricPrimitive) : TM_Duration

+length{) : TM_Duration
N ’—EP

————————— TM GeomeiricPrimitive

begin | 1..1 Beginning

TM_' nstant TM_Pariod

] | ]|
o
o
=
= o
E *




TemEoral Position

B /~J110) | ' 2. Y T il abs u oY B |

«Lnion»
TM Position

+anyCOther : TM_TemporalPosition
+dateB601 : Date

+time8601 : Time

+date TimeB601 : DateTime

position TM_TemporalPosition
0 *
frame | 1..1 - +indeterminatePesition [0..1] : TM_IndeterminateValue
TM_ReferenceSystem
«Data Type» «Data Type»

JulianDate = TM_Coordinate

+coordinateValue : Number

' value 1 «Data Type»
M OrdinalEra | == """ —~TM_OrdinalPosition
«Enumeration»
TM_IndeterminateValue «Data Type»
TM_CalDate

+unknown : Code
+now : Code +calDate : Sequence<Integer>
yocipECoce +calendarEraName : CharacterString




TemEoral ToEology

P ~11 'Y | & | ™ TN

TM_TopologicalComplex TM_Order

I

TM _Primitive

complex | 1..1

Complex

1..* | primitive ?5
TM_TopologicalPrimitive |

7

0." end
TM_Edge | previousEdge  Termination 1.1 TM_Node
0." start\
nextEdge Initi'atiun 1.1
topelogy | 0..1 topology | 0..1
Realigation Realigation
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Coverage Model

F el oY . B ol |

| | FaVYal ol =

<<Union>>
RangeSet
<<Union>>
DomainSet + sequence<ValueArray>
) AbstractCoverage + sequence<AbstractScalarValuelist>
+ GM_Object g + DataBlock
+ TM_Object + domainSet : DomainSet + File
+ rangeSet : RangeSet
AbstractDiscrefeCoverage AbstractContinuousCoverage




Discrete Coverage

Py, TR O, e B o Y Y |

AbstractCoverage

+ domainSet : DomainSet
+ rangeSet : RangeSet

<<LUnion>>
CoverageFunction
+ MappingRule
+ GridFunction
AbstraciContinuousCoverage
AbstractDiscreleCoverage

+ coverageFunction [0..1] : CoverageFunction

?

MultiPolntCoverage MultiSurfaceCoverage

GridCoverage




MultiPoint Coverage

P AN ™™ S "1\~

S~ A ™)

<AverageTempPressure>
<gml:boundedBy>
<gml:Envelope>
<gml:lowerCorner>1 1</gml:lowerCorner>
<gml:upperCorner>3 3</gml:upperCorner>
</gml:Envelope>
</gml:boundedBy>
<gml:domainSet>
<gml:MultiPoint>
<gml:pointMember>
<gml:Point>
<gml:pos>1 1</gml:pos>
</gml:Point>
</gml:pointMember>
<gml:pointMember>

</gml:pointMember>
<gml:pointMember>
<gml:Point>
<gml:pos>3 3</gml:pos>
</gml:Point>
</gml:pointMember>
</gml:MultiPoint>
</gml:domainSet>
<gml:rangeSet>
<gml:ValueArray>
<gml:valueComponents>
<Temperature>3</Temperature>
<Temperature>g</Temperature>
<Temperature>7</Temperature>
</gml:valueComponents>




Grid and Rectified Grid

) TN alBFa N/ T TN /) TN

V2

Vi




Sequential Enumeration

(x, y) order (y, x) order (X, - y) order
D MENEALA .
. el
—— -
- P e
= AV i
i "
P Y 3 ¥ - IP
linear scanning
(x, y) order (y, x) order (x, - y) order
<
' -

boustrophedonic scanning

(1/3)

(- y, - xX) order

\-tA-

(- y, - X) order

A
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Sequential Enumeration (2/3)

(x, y) order

(y, x) order

(x, - y) order

(-y, - xX) order

<K

S

P

¥
4%

PO

Inward
(x, y) order

Cantor-diagonal scanning

Outward
(y, x) order

Inward
(x, - y) order

Outward
(- y, - x) order

-

A

A

spiral scanning
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Sequential Enumeration (3/3)

(x, y) order

(y, x) order

SOk

™ e

-~y
h":h
™

(x, -y) order

(-y, -X) order

SOk

Morton ordering

(x, y) order
lq | || |
.

s

il el b
N
] ] [ |

Sagy ey
aniinml funiban
=171 B I

(x, -y) order (y, x) order
1] 1] ] Il r1lr
i g | |
aniiilsnlb=s anl Bnwl bxnil =
HE | | 111 I T
i1 1] [ ] [ LLJ |
| By g I g g
aniinsdinnlbun Ml e
‘ | | | | | | | | |

Hilbert ordering

{y, -x) order

EEEE NN

L L

O N
1 |

znlBeallzw .

1
Iy ) A ) B

I ]
L |

L 0 L
| 5
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geometry
BasicOd1d

geometry
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geometry
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geometry
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geometry
Complexes

topology

P e

coverage

dynamic
Feature

observation
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“basicTypes” I}7|X|

<<CodaList>>
NilReasonEnumeration

+ inapplicable
+ missing

+ template

+ unknown

+ withhald

<<Union=»>
booleanOrNilReason

+ value : Boolean
+ nilReason : NilReason

<<Union>>
NilReason

+ NilReasonEnumeration
+URI

<<Enumeration>>
Sign

4 g

4um

A gtring value I resiricted to the pattern
Implled by the xsd:Name type

]

<<lnion ==
stringCrNilReason

<<Linion>
NamaeOrNilReasen

+ value ; CharacterString
+ nilReason : NilReascn

+ value ;: CharaclerString
+ nilReasan : NiReason

<<Union=:>
doublaCrNilReason

intagerOrNilReason

<<Lnion=>

+ value : Real
+ nilReason : NilReason

+ value : Integer
+ nilReason : NilReason

<<Type>>
CharacterString
{from ISOITS 18103)

£

<<Typa>>
booleanList

+ list : sequence<Boolsan>

<<Typa>>
intagerList

+ list : sequence<integar>

<<Typa>>
doublalist

+ list : sequance<Real>

i

<<Typa>>
Measurelist

+ uom : UnitOfMeasure

<<Typa>>
NameList

+ ligt : sequence<GenaricNama>

&

<<Typa=>
boolaanOrNilRaasonList

+ list : saquence<booleanOrNilReason>

<<Type=>
integarOrNilRaasonList

+ list : saquence<integerOrNilReason>

<<Typa>>
doublaOrNilReasonList

+ list : saquence<doublaOrNilRaascn>

i

<<Typa=>
MeasuraOrNilReasonList

+ uom : UnitDfMeasure

<<Typa>>
NameOrNilReascnList

+ list : saquence<NamaCrNilReason>

<<Typg>>
Coordinatas

+ cs [0..1] : CharacterString =","

+ decimal [0..1] : Character&fring = "."

+ is [0..1] : CharacterString = "&#x20;"

|
A
il
I8

<<Typa>>
CodelList

<<Typa>>
QNameList

<<Typa>>
CodaCrNilReasonlList

+ codaSpaca [0..1] : URI

+ list : seguenca<ScopadName>

+ codeSpaca [0..1] : URI

<<Typa>>

URI

<<Typa>>
NCNamalist

+ list : sequence<LocalName=>

87



“gmlBase” Iif7|X|

111 T NN ™ — 1 o 1. |

<< Type>>

(from ISOITS 19103)

<<Enumeration>>
AggregationType

<< Type>» + set
AbstractObject + bag
+ sequence
+ array
+ record
+ table

<< Typa>>
AbstractGML

+ dascription [0..1] : CharacterSiring
+ descriptionRaference [0..1] : URI
+ name [0..*] : GenericName




“feature” | 7 | 7(l

ey rry

1l < .

<<Type>>
AbstractObject
{from gmiBase)

&

<<Type>>
AbstractGML
(from gmiBase}

+ description [0.. 1] : CharacterString
+ descriptionReference [0..1] : URI
+ name [0..*] : GenericName

+ identifier [0.. 1] : ScopeName

7

<<FeatureType>>
AbstractFeature

+ boundedBy [0..1] : GM_Envelope

<<DataType>>

GM_Envelope
{from SO 19107)

L

<<MetaClass>>

GF_FeatureType
(from 1SO 18108)




Geometries Ij7|X|

e W al ol RY i ol | e il el

<<Type>>
GM_Curve
{from 1SO 19107}

<<Type>>
LineString

<<Type>>
GM_Surface
{from I1SO 19107)

<<Type>>
Pclygon

{segment->size=1 and

seagment->forAll{oclisKindOXGM_LineString))}

]

<<Type>>
GM_Aggregate

{from Geomeiric aggregates)

MultiGeometry

<<Type>>
GM_Ring
(from 1SO 19107)

{patch >S|za—1 and

<<Type>>
LinearRing

{genaratnr—:v5|ze-1 and




Geometries IH7|X]|

<<Abstract>>
GM_CurveSegment
(from Geometric primitive}

+ interpolation : GM_Curvelnterpolation = "linear"
+ numDerivativesAtStari[0.. 1] : Integer=0

+ numDerivativesAtEnd[0..1] : Integer=0

+ numDerivativelnterior[0.. 1] : Integer =0

<<DataType>>
ArcByCenterPoint

+ controlPoint : GM_PointArray
+ radius : Length

+ gtartAngle [0.. 1] : Angle

+ endAngle [D..1] : Angle

<<DataType>>
CircleByCenterPoint

<<Ahstract>>
GM_SurfacePatch
{from Geomelric primitive}

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

Rectangle
+ boundary : GM_SurfaceBeoundary

boundary.interior->isEmpty and j

boundary.exterior.ocllsKindOf{LinearRing)

interpolation = "circularArcCenterPointWithRadius" Ill
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“topology” 7| X

S, T g

=<DataTypa>>
TP_Expression
(from Topolegical primitive)

N

<<DataTypa>>» <<DataTypa=>> <<DataTypa>> <<DataType>>
TopePoint TopoGCurve TopoBurface TopoVolume
I I I I
I I I I
' I ' I
term->forAlifvanable.cclisKInd O TP_DirectedNode) | term->forAll{variable.oclisKIndOf(TP_Directed Face) |
I I
I I
I I




“dynamicFeature” TLH 9! I!

M Fea il ol | ‘ol oo I o o B |

<<FeatureType>>
DynamicFeature

+ validTime [0..1] : TM_Primitive

+ higtory [0..*] : AbstractTimeS3lice

+ dataSource [0..1] : CharacterString
+ dataSourceReference [0..1] : URI

8 oo

+dynamicMembers

<<Type>>
AbstractTimeSlice

+ validTime : TM_Primitive
+ dataSource [0..1] : CharacterString
+ dataSourceReference [(..1] : URI

<<FeatureType>>
DynamicFeatureCollection




“dictionary” I 1LH 9| Il

N"T ™ r sy

<<Type>>
AbstractGML
{from gmiBasa)

+ description [0..1] : CharacterString
+ descriptionReference [0..1] : URI
+ name [0..*] : GenericName

+ identifier [0..1] : GenericName

{identifier->size>=1} j

-~
<<Type>> P -~
Definition
+dictionaryEntry
0.n




“units” 7| X|

NIIT ™ I S
<<Type>>
Definition
{from dictionary)
<<Type>>
UnitDefinition
+ quantityType [0..1] : CharacterString
+ quantity TypeReference [0..1] : URI - -
. . roughCaonvarsionToPrefarredUnit->size +
* catalogSymhol [9..1) : GenericName e o ToPlaedunisicn o 11 D]
Q 7
/
4
/!
/
<<Type>> <<Type>>
BaseUnit ConventionalUnit
+ unitsSystem : URI + conversionToPreferredUnit [0..1] : ConversionToPreferredUnit
+ roughConversionToPreferredUnit [0..1] : ConversionToPreferredUnit
+ derivationUnitTerm [0..”] : DerivationUnitTerm
<<Type>>
DerivedUnit <<DataType>>

ConversionToPreferredUnit

+ wom : UnitOMeasure
+ factorOrFormula : FactorOrFormula

+ derivationUnitTerm [1..”] : DerivationUnitTerm




“valueObjects” I{7|X|

o mem e e e e = g g 1)

<<Type>>
AbstractValue
<<Typa>> <<Type>>
AbstractObject AbstractScalarValue
(from gmiBase)
<<Union>>
Value [P

+ AbstractValue

+ GM_Object

+ TM_Object <<Type>> <<Type>>

<<Type>> BocleanValue Quantity
AbstractValue + value : booleanOrNilReason + value : MeasureOrNilReason
<<Type>> <<Type>>
Category Count
+ value : CodeOrNilReason + value : integerOrNilReason
<<Union>> <<Union>> <<Union>> <<Union>>
booleanOmMNilReason CodeOrNilReason MeasureOrNilReason integerOrNilReason
(from basicTypes) E (from basicTypes) ({from basicTypes)
+ value : GenericName
+ value : Boolean + nilReason : NilReason + value : Measure + value : Integer
+ nilReason : NilReason + nilReason : NilReason + nilReason : NilReason




“valueObjects” TLHE’III

A N ™ MANm™rsSr F el ol ol ™

<<Type>>
AbstractValue
% <<Union>>
<<Type>> Value P ——
CompositeValue +valueComponent [ AhstractValue AbstractValue
~ o+ |+GM_Object
+ TM_Object
<<Type>> <<Type>>
p— ValueArray pE— AbstractScalarValuel ist
hmol-::t b:nous — 1+ uom [0..1] : UnitOfMeasure — —  count{scopa) = 1}
cg + codeSpace [0..1] : Namespace %
<<Type>> <<Type>>
] BooleanList QuantityList
I + value : sequence<booleanQOrNilReason> + value : sequence<MeasureQrNilReason>
<<Type>> <<Type>>
CategoryList CountList

+ value : sequence<CodeOrNilReason> + value : sequence<integerOrNilReason>




“valueObjects” If 7| 7(l

A e = ey e e e Pl ol cla 1] < N

<<Type>>
AbstractValue
<<Type>> <<Type>>
QuantityExtent CountExtent
+ value : MeasureQOrNilReasonList + value : integerOrNilReasonList
<<Type>>
CategoryExtent

|
|
|
|
+ value : CodeOrNilReasonList |
|
|
|
|

______ Length of list shall be 2 B‘_ 1

I
r




“direction” JlH 9| 7(l

™ 1T

~r TN 1] <

<<lUnion>>
Direction

+ vector : Vector

+ compassPoint : CompassPoint
+ keyword : GenericName

+ description : CharacterString

+ reference : URI

-

<<Enumeration>>
CompassPoint

+ N

+ NNE
+ NE

+ ENE
+E

+ ESE
+ SE

+ SSE
+8

+ S3W
+ SW
+ WSW
+ W

+ WNW
+ NW
+ NNW




‘“observation” JlH 7 | 7(l

rra"-S™1 A Y T rs

-y

<<FeafureType>>
Observation

+ validTime : TM_Instant
+uging[0..1]:Any | ————
+ farget [0..1] : Any
+ resultOf : Any

If set, the value of "using"” shall be an instance
of a class that is a realization of
GF_FeaturaType

If set, the value of "target’ shall be an
instance of a class that is a realizaton of
GF_FeatureType or a subtype of GM_0Object

AN

1

<<FealureType>>
DirectedObservation

+ direction : Direction

1

<<FeafureType>>
DirectedObservationAtDistance

+ distance : Length
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Application Instance
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- Basic types, geometry, CRS, temporal information
and dynamic feature, coverage, dictionary, units,
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