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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
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roduction

This part of ISO 19125 describes the common architecture for simple feature geometry. The simple feature
geometry object model is Distributed Computing Platform neutral and uses UML notation. The base Geometry
class has subclasses for Point, Curve, Surface and GeometryCollection. Each geometric object is associated
with a Spatial Reference System, which describes the coordinate space in which the geometric object is
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extended Geometry model has specialized 0, 1 and 2-dimensional collection classes-named
iLineString and MultiPolygon for modelling geometries corresponding to collections of Points,
Polygons, respectively. MultiCurve and MultiSurface are introduced as abstract superg
bralize the collection interfaces to handle Curves and Surfaces.

attributes, methods and assertions for each Geometry class are described in Figure 1

SFA COM function “signatures” may use a different notation froem SFA SQL. COM notat
liar for COM programmers. However, UML notation is used thralghout this part of ISO 19125
be methods used in this International Standard that differ from_one part to another. Where thig
Hifferences are shown within the part.

part of ISO 19125 implements a profile of the spatial.schema described in ISO 19107:2003,
‘mation — Spatial schema. Annex A provides a detailed mapping of the schema in this part of
the schema described in ISO 19107:2003.

cribing methods, this is used to refer to the receiver of the method (the object being messaged).
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Scope

part of ISO 19125 establishes a common architecture and defines terms to use‘within the arch

part of ISO 19125 does not attempt to standardize and does not depend-upon any part of the
hich Types are added and maintained, including the following:

syntax and functionality provided for defining types;

syntax and functionality provided for defining functions;

physical storage of type instances in the database;

specific terminology used to refer to User Defined Jypes, for example UDT.

part of ISO 19125 does standardize names and ;geometric definitions for Types for Geometry.

part of ISO 19125 does not place any requirements on how to define the Geometry Types in
bma nor does it place any requirements on“when or how or who defines the Geometry Types.

Conformance
Fder to conform to this part of ISO 19125, an implementation shall satisfy the requirements of
suites specified in the(other parts of ISO 19125.

Normative references

following. referenced documents are indispensable for the application of this document
rences,~only the edition cited applies. For undated references, the latest edition of the
imeént'(including any amendments) applies.

itecture.

mechanism

the internal

pne or more

For dated
referenced

ISO

ISO

4
For

41

19107:2003, Geographic information — Spatial schema

19111:2003, Geographic information — Spatial referencing by coordinates

Terms and definitions

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

boundary
set that represents the limit of an entity

© 1SO 2004 - All rights reserved
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NOTE Boundary is most commonly used in the context of geometry, where the set is a collection of points or a
collection of objects that represent those points. In other arenas, the term is used metaphorically to describe the transition
between an entity and the rest of its domain of discourse.

[1SO 19107]

4.2
buffer

geometric object (4.14) that contains all direct positions (4.7) whose distance from a specified geometric
object is less than or equal to a given distance

[ISO 19107

4.3
coordinate|
one of a se

NOTE |

[adapted frg

4.4

juence of n-numbers designating the position of a point (4.17) in n-dimensional space
h a coordinate reference system, the numbers must be qualified by units.

m 1SO 19111]

coordinatel dimension

number of 1

[ISO 19107

4.5
coordinate]

heasurements or axes needed to describe a position in a coordinate system (4.6)

reference system

coordinate| system (4.6) that is related to the real world by a‘datum

[adapted frq

4.6

m ISO 19111]

coordinate| system

set of math
[ISO 19111

4.7
curve

bmatical rules for specifying how coerdinates (4.3) are to be assigned to point (4.17)

1-dimensiofal geometric primitive (4.15), representing the continuous image of a line

NOTE T

point, and th
A topologica

[ISO 19107

theoremistates that a continuous image of a connected set is connected.

[he boundary 6f‘a-curve is the set of points at either end of the curve. If the curve is a cycle, the two end
identical, angl the curve-(if'topologically closed) is considered to not have a boundary. The first point is called the
e last is the/end point. Connectivity of the curve is guaranteed by the “continuous image of a line” clg

are
start
use.

4.7

direct position

position described by a single set of coordinates (4.3) within a coordinate reference system (4.5)

[1SO 19107]

49
end point

last point (4.17) of a curve (4.7)

[1ISO 19107]
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4.10
exterior
difference between the universe and the closure

NOTE The concept of exterior is applicable to both topological and geometric complexes.
[1ISO 19107]

411

feature

abstraction of real world phenomena

NOTE A feature may occur as a type or an instance. Feature type or feature instance is used when énly one is meant.
[adapted from ISO 19101]

4.12
feafjure attribute
chafacteristic of a feature (4.11)

NOTE A feature attribute has a name, a data type, and a value domain, asseciated to it. A feature gttribute for a
featlire instance also has an attribute value taken from the value domain.

[adapted from ISO 19101]

4.13
gegmetric complex
set |of disjoint geometric primitives (4.15) where the(boundary (4.1) of each geometric primitive can be
represented as the union of other geometric primitives,of smaller dimension within the same set

NOTE The geometric primitives in the set are disjoint in the sense that no direct position is interior to more than one
geoinetric primitive. The set is closed under boundary operations, meaning that for each element in the geomgtric complex,
therg is a collection (also a geometric complex).of geometric primitives that represents the boundary of that element.
Rechll that the boundary of a point (the only. 0D primitive object type in geometry) is empty. Thus, if the larggst dimension
geommetric primitive is a solid (3D), the cémposition of the boundary operator in this definition terminates pfter at most
3 steps. It is also the case that the boundary of any object is a cycle.

[1SQ 19107]

4.14
gegmetric object
spatial object representing a geometric set

NOTE A geometric object consists of a geometric primitive, a collection of geometric primitives, or[a geometric

complex treated as a single entity. A geometric object may be the spatial representation of an object such as @ feature or a
signfficantpart of a feature.

[1SQ 49107]

415
geometric primitive
geometric object (4.14) representing a single, connected, homogeneous element of space

NOTE Geometric primitives are non-decomposed objects that represent information about geometric configuration.
They include points, curves, surfaces, and solids.

[1SO 19107]

© 1SO 2004 - All rights reserved 3
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4.16
interior

set of all direct positions (4.7) that are on a geometric object (4.14) but which are not on its boundary (4.1)

NOTE The interior of a topological object is the homomorphic image of the interior of any of its geometric realizations.
This is not included as a definition because it follows from a theorem of topology.

[1SO 19107]

4.17
point

0-dimensiofal geometric primitive (4.15), representing a position

NOTE 1
[1ISO 19107
418

simple feafure

feature (4.
non spatial

4.19
start point
first point (

[1ISO 19107

4.20
surface

2-dimensional geometric primitive (4.15), locally representing a continuous image of a region of a plane

NOTE i

[adapted frg

5 Abbreviated terms

API
COM
CORBA
DCE

'he boundary of a point is the empty set.

1) restricted to 2D geometry with linear interpolation between vertices,_having both spatial [and
attributes

1.17) of a curve (4.7)

'he boundary of a surface is the set of orieated, closed curves that delineate the limits of the surface.

m 1SO 19107]

Application Program Interface
Component)Object Model
Common Object Request Broker Architecture

Distributed Computing Environment

DCOM

DE-9IM
IEEE
NDR
OLE
RPC
SQL

Bistribtted-Component-Objectedtodet
Dimensionally Extended Nine-Intersection Model
Institute of Electrical and Electronics Engineers, Inc.
Little Endian byte order encoding

Object Linking and Embedding

Remote Procedure Call

Structured Query Language

© ISO 2004 - All rights reserved
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SRID Spatial Reference System Identifier

XDR Big Endian byte order encoding

ubT User Defined Type

UML Unified Modeling Language

WKB Well-Known Binary (representation for example, geometry)

6 |Architecture

6.1| Geometry object model

6.1.1 Overview

Thig subclause describes the object model for simple feature geometry. The-simple feature geometry object
model is Distributed Computing Platform neutral and uses UML notation..Fhe object model fgr geometry
is $hown in Figure 1. The base Geometry class has subclasses\for Point, Curve, Sprface and
GegmetryCollection. Each geometric object is associated with a Spatial Reference System, which describes
the poordinate space in which the geometric object is defined.

Geometry

g

0..* SpatialReferenceSystem

I |

Point Curve Surface GeometryCollection
2.
LineString Polygon M It'S[ rf
1. ulisurtace MultiCurve vhiiPont
4& /ﬁ 1.% Z}
MultiPolygon MultiLineString
Line LinearRing

Figure 1 — Geometry class hierarchy

Figure 1 is based on an extended Geometry model with specialized 0-, 1- and 2-dimensional collection
classes named MultiPoint, MultiLineString and MultiPolygon for modelling geometries corresponding to
collections of Points, LineStrings and Polygons, respectively. MultiCurve and MultiSurface are introduced as
abstract superclasses that generalize the collection interfaces to handle Curves and Surfaces. Figure 1 shows
aggregation lines between the leaf-collection classes and their element classes; the aggregation lines for

non

-leaf-collection classes are described in the text.

© 1SO 2004 - All rights reserved
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The attributes, methods and assertions for each Geometry class are described below. In describing methods,
this is used to refer to the receiver of the method (the object being messaged).

6.1.2 Geometry

6.1.2.1 Description

Geometry is the root class of the hierarchy. Geometry is an abstract (non-instantiable) class.

The instantiable subclasses of Geometry defined in this International Standard are restricted to 0, 1 and
2-dimensional-gecmets i h ict in ; . . 22

All instanti
Geometry

ble Geometry classes described in this part of ISO 19125 are defined so that valid instances |of a
dass are topologically closed, i.e. all defined geometries include their boundary.
6.1.2.2 Basic methods on geometric objects
— Dimengion ( ):Integer — The inherent dimension of this geometric object, which“must be less than or

equal fo the coordinate dimension. This specification is restricted to geotmetries in 2-dimensipnal
coordinate space.

— GeometryType ():String — Returns the name of the instantiable subtype of Geometry of which|this
geometric object is a instantiable member. The name of the subtype 6f Geometry is returned as a string.

— SRID (|):Integer — Returns the Spatial Reference System ID for, this geometric object.

— Envelgpe( ):Geometry — The minimum bounding box for(this Geometry, returned as a Geometry. [The
polygon is defined by the corner points of the boundidg box [(MINX, MINY), (MAXX, MINY), (MAXX,
MAXYY), (MINX, MAXY), (MINX, MINY)].

— AsTex}( ):String — Exports this geometric object to a specific Well-known Text Representation of
Geomatry.

— AsBinary( ):Binary — Exports this geometric object to a specific Well-known Binary Representation of
Geomatry.

— IsEmpty( ):Integer — Returns_1\(TRUE) if this geometric object is the empty Geometry. If true, then|this
geometric object represents-the' empty point set, &, for the coordinate space.

— IsSimple( ):Integer —Returns 1 (TRUE) if this geometric object has no anomalous geometric pojnts,
such a$ self intersection or self tangency. The description of each instantiable geometric class will include
the sp4gcific conditions that cause an instance of that class to be classified as not simple.

— Boundary( iGeometry — Returns the closure of the combinatorial boundary of this geometric object
(Refergnee 1], section 3.12.2). Because the result of this function is a closure, and hence topologi¢ally
closed | _the rpcnlfing hmmdary can bhe represented ncing representational (-‘.nnmpfry primifives

(Reference [1], section 3.12.2).

6.1.2.3 Methods for testing spatial relations between geometric objects

The methods in this subclause are defined and described in more detail following the description of the sub-
types of Geometry.

— Equals(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object is “spatially
equal’ to anotherGeometry.

— Disjoint(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object is “spatially
disjoint” from anotherGeometry.

6 © ISO 2004 - All rights reserved
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Intersects(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric obje
intersects” anotherGeometry.

Touches(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object

touches” anotherGeometry.

Crosses(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object

crosses’ anotherGeometry.

Within(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object
within” anotherGeometry

ct “spatially
“spatially
“spatially

is “spatially

Contains(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric~obje|
contains” anotherGeometry.

Overlaps(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric obje
overlaps” anotherGeometry.

Relate(anotherGeometry:Geometry, intersectionPatternMatrix:String):Integer — Returns 1 (T
geometric object is spatially related to anotherGeometry by testing for-intersections between
boundary and exterior of the two geometric objects as “specified by the valu
intersectionPatternMatrix.

2.4  Methods that support spatial analysis

Distance(anotherGeometry:Geometry):Double — Returns the shortest distance between any
in the two geometric objects as calculated in the spatial reference system of this geometric obj

Buffer(distance:Double):Geometry — Return§’ya geometric object that represents all Po
distance from this geometric object is less+than or equal to distance. Calculations are in
reference system of this geometric object,

ConvexHull( ):Geometry — Returns:a geometric object that represents the convex hull of th
object.

Intersection(anotherGeometry:Geometry):Geometry — Returns a geometric object that rep
Point set intersection of this geometric object with anotherGeometry.

Union(anotherGeometry:Geometry):Geometry — Returns a geometric object that represent
set union of this-geometric object with anotherGeometry.

Difference(anotherGeometry:Geometry):Geometry — Returns a geometric object that rep
Point set\difference of this geometric object with anotherGeometry.

SymbDifference(anotherGeometry:Geometry):Geometry — Returns a geometric object that

ct “spatially
“spatially

RUE) if this
the interior,
es in the

two Points
ect.

ints whose

the spatial

s geometric

resents the

s the Point

resents the

represents

the’Point set symmetric difference of this geometric object with anotherGeometry

6.1.3 GeometryCollection

6.1.3.1

Description

A GeometryCollection is a geometric object that is a collection of 1 or more geometric objects.

All the elements in a GeometryCollection shall be in the same Spatial Reference. This is also the Spatial
Reference for the GeometryCollection.

© 1SO 2004 - All rights reserved
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GeometryCollection places no other constraints on its elements. Subclasses of GeometryCollection may
restrict membership based on dimension and may also place other constraints on the degree of spatial
overlap between elements.

6.1.3.2 Methods

NumGeometries( ):Integer — Returns the number of geometries in this GeometryCollection.

GeometryN(N:integer):Geometry — Returns the Nth geometry in this GeometryCollection.

6.1.4 Point

6.1.4.1 escription

A Point is has

an x-coordi

0-dimensional geometric object and represents a single location in coordinate space. A Point
ate value and a y-coordinate value.

The bound3ry of a Point is the empty set.

6.1.4.2 Methods

uble — The x-coordinate value for this Point.

X( ):Do

Y( ):Dguble — The y-coordinate value for this Point.

6.1.5 MultiPoint

A MultiPoin The

Points are 1

| is a 0-dimensional GeometryCollection. The-glements of a MultiPoint are restricted to Points.
ot connected or ordered.

A MultiPoin} is simple if no two Points in the MultiPeint are equal (have identical coordinate values).

The bound3ary of a MultiPoint is the empty set.

6.1.6 Curye

6.1.6.1 Description

A Curve is
Curve speq
subclass of

A Curve is
b] ={x € %,

a 1-dimensionalygeometric object usually stored as a sequence of Points, with the subtyp
ifying the form-of the interpolation between Points. This part of ISO 19125 defines only
Curve, LineString, which uses linear interpolation between Points.

h 1-dimensional geometric object that is the homeomorphic image of a real, closed, interval D
[a<x < b} under a mapping f:[a,b] — 2.

of
one

[4%

[a,

A Curve is simple if it does not pass through the same Point twice (Reference [1], section 3.12.7.3):

Vv ¢ € Curve, [a, b] = c.Domain,

c.IsSimple< (V x1, x2 € (a, b] x1 # x2 = f(x1) = f (x2)) A (V x1, X2 € [a, b) x1 # x2 = f(x1) = f(x2))

A Curve is closed if its start Point is equal to its end Point (Reference [1], section 3.12.7.3).

The boundary of a closed Curve is empty.

A Curve that is simple and closed is a Ring.

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=d127e629e787770b6e08a68c9addce2d

AC

6.1.

6.1.

6.1.

AL

ALij

AL

ISO 19125-1:2004(E)

The boundary of a non-closed Curve consists of its two end Points (Reference [1], section 3.12.3.2).

urve is defined as topologically closed.

6.2 Methods

Length( ):Double — The length of this Curve in its associated spatial reference.

StartPoint( ):Point — The start Point of this Curve.

EndPoint():Point—TFhe-endPointof this-Ctrve:

IsClosed( ):Integer — Returns 1 (TRUE) if this Curve is closed [StartPoint ( ) = EndPoint (})].

IsRing( ):Integer — Returns 1 (TRUE) if this Curve is closed [StartPoint ( ) = EndPoint ( )] and this Curve

is simple (does not pass through the same Point more than once).

7 LineString, Line, LinearRing

7.1 Description

neString is a Curve with linear interpolation between Points.,-Each consecutive pair of Poin{s defines a
Ling segment.

he is a LineString with exactly 2 Points.

nearRing is a LineString that is both closed and\simple. The Curve in Figure 2, item (c), |is a closed
LingString that is a LinearRing. The Curve in Figure 2}item (d) is a closed LineString that is not a LfinearRing.

$50%

a) b) c) d)

Key|

S
e

start
end

Figure 2 — Examples of LineStrings — Simple LineString (a), Non-simple LineString (b), Simple,

closed LineString (a LinearRing) (c), Non-simple closed LineString (d)

6.1.7.2 Methods

NumPoints( ):Integer — The number of Points in this LineString.

© 1SO 2004 - All rights reserved
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PointN(N:Integer):Point — Returns the specified Point N in this LineString.

6.1.8 MultiCurve

6.1.8.1

Description

A MultiCurve is a 1-dimensional GeometryCollection whose elements are Curves as in Figure 3.

MultiCurve is a non-instantiable class in this specification; it defines a set of methods for its subclasses and is
included for reasons of extensibility.

A MultiCurVe is simple if and only if all of its elements are simple and the only intersections betweencany
elements og¢cur at Points that are on the boundaries of both elements.

The boundary of a MultiCurve is obtained by applying the “mod 2” union rule: A Point is in the boundary
MultiCurve

3.12.3.2).

A MultiCurve is closed if all of its elements are closed. The boundary of a closed MultiCurve is always emp

A MultiCurve is defined as topologically closed.

6.1.8.2

6.1.9 MultiLineString
A MultiLinetring is a MultiCurve whose elements are LineStrings.

The bound3ries for the MultiLineStrings-insFigure 3 are (a)—{s1, e2}, (b}— {s1, e}, (c)—.

Key

S

IsClosgd( ):Integer — Returns 1 (TRUE) if this MultiCurve is closed [StartPoint ( ) = EndPoint () for ¢

Curve

Length( ):Double — The Length of this MultiCurve whichis equal to the sum of the lengths of the elen
Curved.

start
end

if it is in the boundaries of an odd number of elements of the MultiCurve (Reférence [1], seq

Methods

n this MultiCurve].

two

of a
tion

ty.

ach

hent

S €2 $4 S €2
S; &2
€4
VL v
€ s,
a) b) c)

Figure 3 — Examples of MultiLineStrings — Simple MultiLineString (a), Non-simple MultiLineString

10

with 2 elements (b), Non-simple, closed MultiLineString with 2 elements (c)
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6.1.10 Surface

6.1.10.1 Description
A Surface is a 2-dimensional geometric object.

A simple Surface consists of a single “patch” that is associated with one “exterior boundary” and 0 or more
“interior” boundaries. Simple Surfaces in 3-dimensional space are isomorphic to planar Surfaces. Polyhedral
Surfaces are formed by “stitching” together simple Surfaces along their boundaries, polyhedral Surfaces in
3-dimensional space may not be planar as a whole (Reference [1], sections 3.12.9.1, 3.12.9.3).

The| boundary of a simple Surface is the set of closed Curves corresponding to its “exterior’apd “interior”
bouhdaries (Reference [1], section 3.12.9.4).

Thel| only instantiable subclass of Surface defined in this specification, Polygon, is a simple Sufface that is
planar.

6.1.10.2 Methods
— | Area( ):Double — The area of this Surface, as measured in the spatial-feference system of this Surface.

— | Centroid( ):Point — The mathematical centroid for this Surfac€,as a Point. The result is not|guaranteed
to be on this Surface.

— | PointOnSurface( ):Point — A Point guaranteed to be onthis Surface.
6.1.11 Polygon

6.1.11.1 Description

A Pplygon is a planar Surface defined by 1 exterior boundary and 0 or more interior boundaries. Bach interior
boupdary defines a hole in the Polygon.

The assertions for Polygons (the rules that define valid Polygons) are as follows:
a) |Polygons are topologically glosed;

b) |The boundary of a_Polygon consists of a set of LinearRings that make up its exterior pnd interior
boundaries;

c) |No two Rings/in the boundary cross and the Rings in the boundary of a Polygon may interse¢t at a Point
but onlysasfa tangent, e.g. P e Polygon, V' c1, c2 € P.Boundary(), c1 = c2, V¥p, q € Point, p, q ec1,
p#qpec2=qgec2

d) |A’Rolygon may not have cut lines, spikes or punctures e.g.: VP e Polygon, P = Closure(Interipr(P);

e) The interior of every Polygon is a connected point set;

f) The exterior of a Polygon with 1 or more holes is not connected. Each hole defines a connected
component of the exterior.

In the above assertions, interior, closure and exterior have the standard topological definitions. The
combination of (a) and (c) make a Polygon a regular closed Point set.

Polygons are simple geometric objects.
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Figure 4 shows some examples of Polygons.

Figure 5 shows some examples of geometric objects that violate the above assertions and are
representable as single instances of Polygon.

6.1.11.2 MNethods

— ExterigrRing( ):kineéString — Returns the exteriorRing of this Polygon.

~N

a)

Figure 4 — Examples of Polygons with 1 (a), 2 (b) and 3 (c) Rings, respectively

V
A

Figure 5 — Examples of\.objects not representable as a single instance of Polygon

— NumlinteriorRing( ):Integer — Returns the number of interiorRings in this Polygon.

Al

— Interio R;ngl‘"(w

6.1.12 MultiSurface

6.1.12.1 Description

Lo A fa Yy Dok bl NI - g (=¥ £ bloia D ol 1 fa Yy
ATICYTT ). LITTCOUNTY — TNTUWUTTIS T INUT TTTICTIUTTNITY TOT U711 T"UTYyYUIlT doS ad LITITOUITTYy.

not

A MultiSurface is a 2-dimensional GeometryCollection whose elements are Surfaces. The interiors of any two
Surfaces in a MultiSurface may not intersect. The boundaries of any two elements in a MultiSurface may

intersect, at most, at a finite number of Points.

12
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MultiSurface is a non-instantiable class in this International Standard. It defines a set of methods for its
subclasses and is included for reasons of extensibility. The instantiable subclass of MultiSurface is
MultiPolygon, corresponding to a collection of Polygons.

6.1.12.2 Methods

— Area( ):Double — The area of this MultiSurface, as measured in the spatial reference system of this
MultiSurface.

— Centroid( ):Point — The mathematical centroid for this MultiSurface. The result is not guaranteed to be
on-this MultiSurface.

— | PointOnSurface( ):Point — A Point guaranteed to be on this MultiSurface.
6.1.13 MultiPolygon

A MultiPolygon is a MultiSurface whose elements are Polygons.

Thel| assertions for MultiPolygons are as follows.

a) |The interiors of 2 Polygons that are elements of a MultiPolygon may\not intersect.
Vv M e MultiPolygon, V Pi, Pj e M.Geometries(), i#j, Interior(R)./ Interior(Pj) = &;

b) | The boundaries of any 2 Polygons that are elements of @yMultiPolygon may not “cross” and may touch at
only a finite number of Points.

vV M e MultiPolygon, V Pi, Pj e M.Geometries(), ™ ci € Pi.Boundaries(), ¢j € Pj.Boundaries()
cincj={p1, ..... , pk | pi € Point, 1 <i <k};

NOTE Crossing is prevented by assertion.(a) above.

c) |A MultiPolygon is defined as topologically closed.
d) |A MultiPolygon may not hayvé:cut lines, spikes or punctures, a MultiPolygon is a regular closed Point set:
Vv M e MultiPolygon, M.="Closure(Interior(M))

e) |The interior of a~MultiPolygon with more than 1 Polygon is not connected, the number of connected
components of’the’interior of a MultiPolygon is equal to the number of Polygons in the MultiPoJygon.

Thel boundary-of a MultiPolygon is a set of closed Curves (LineStrings) corresponding to the boundaries of its
element Palygons. Each Curve in the boundary of the MultiPolygon is in the boundary of exactly 1 element
Polygon, @nd every Curve in the boundary of an element Polygon is in the boundary of the MultiPo|ygon.

Thelreader—is—referred—to—works—byv—\Aerbevys—et—al [13, 14] o d OClapeantin: ~t 1[5 6] £, 1 definition and
< reavucl o Touiruiroeu v VVUITINOD U_Y vVvVUI UU_Y\J wLU Ul L= 1AV} o rrreriarnm wli dUr. LAY e uUuo

specification of MultiPolygons.
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Figure 6 shows four examples of valid MultiPolygons with 1, 3, 2 and 2 Polygon elements, respectively.

0208

a) b) c) d)

Figlire 6 — Examples of MultiPolygons with 1 (a), 3 (b) , 2 (¢) and 2 (d) Polygon elements

Figure 7 shpws examples of geometric objects not representable as single instances of MultiPolygons.

NOTE The subclass of Surface named Polyhedral Surface as described in Reféerence [1], is a faceted Surface whose
facets are Pplygons. A Polyhedral Surface is not a MultiPolygon because it vidlates the rule for MultiPolygons that the
boundaries df the element Polygons intersect only at a finite number of Points,

o G2

Figure 7 — Geometric objects not representable as a single instance of a MultiPolygon

6.1.14 Relational operators

6.1.14.1 Background

The relational operators are Boolean methods that are used to test for the existence of a specified topological
spatial relationship between two geometric objects. Topological spatial relationships between two geomgtric
objects ha\le been a topic of extensive study; see References [4, 5, 6, 7, 8, 9, 10]. The basic approach to
comparing two geomelric objecis is 1o make pair-wise tesis of the intersections between the interiors,
boundaries and exteriors of the two geometric objects and to classify the relationship between the two
geometric objects based on the entries in the resulting ‘intersection’ matrix.

The concepts of interior, boundary and exterior are well defined in general topology; see Reference [4]. These
concepts can be applied in defining spatial relationships between 2-dimensional objects in 2-dimensional
space (R2). In order to apply the concepts of interior, boundary and exterior to 1- and 0-dimensional objects in
2, a combinatorial topology approach shall be applied (Reference [1], section 3.12.3.2). This approach is
based on the accepted definitions of the boundaries, interiors and exteriors for simplicial complexes (see
Reference [12]) and yields the following results.

The boundary of a geometric object is a set of geometric objects of the next lower dimension. The boundary of
a Point or a MultiPoint is the empty set. The boundary of a non-closed Curve consists of its two end Points,
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the boundary of a closed Curve is empty. The boundary of a MultiCurve consists of those Points that are in
the boundaries of an odd number of its element Curves. The boundary of a Polygon consists of its set of
Rings. The boundary of a MultiPolygon consists of the set of Rings of its Polygons. The boundary of an
arbitrary collection of geometric objects whose interiors are disjoint consists of geometric objects drawn from
the boundaries of the element geometric objects by application of the “mod 2” union rule (Reference [1],
section 3.12.3.2).

The domain of geometric objects considered is those that are topologically closed. The interior of a geometric
object consists of those Points that are left when the boundary Points are removed. The exterior of a
geometric object consists of Points not in the interior or boundary.

Studlies on the relationships between two geometric objects both of maximal dimension in ' and %2
congidered pair-wise intersections between the interior and boundary sets and led to the definitign of a four-
intefsection model; see Reference [8]. The model was extended to consider the exterior of the‘input geometric

objgcts, resulting in a nine-intersection model (see Reference [11]) and further extended to include|information

on
inte

between points, lines and areas, including areas with holes and multi-componhent lines and

'section model; see Reference [5]. These extensions allow the model to express spatial r

he dimension of the results of the pair-wise intersections resulting in a dimensionally ext¢nded nine-

plationships
areas; see

Reference [6].

6.1.14.2 The Dimensionally Extended Nine-Intersection Model (DE=9IM)

Givén a geometric object a, let /(a), B(a) and E(a) represent thé. interior, boundary and extgrior of “a”,
respgectively.

Let pim(x) return the maximum dimension (-1, 0, 1, or 2) of‘the geometric objects in x, with a numeric value of
-1 cprresponding to dim(<).

The| intersection of any two of /(a), B(a) and E(g)ican result in a set of geometric objects, k, of mixed
dimgnsion. For example, the intersection of the boundaries of two Polygons may consist of a point and a line.

Tab

e 1 shows the general form of the dimensionally extended nine-intersection matrix (DE-9IM).

Table 1 — The DE-9IM

Interior Boundary Exterior
Interior dim(l(a)l(b)) dim(l(a)~B(b)) dim(l(a)E(b))
Boundary dim(B(a) (b)) dim(B(a)~B(b)) dim(B(a)E(b))
Exterior dim(E(a)l(b)) dim(E(a)~B(b)) dim(E(a)E(b))

For[regular; topologically closed input geometric objects, computing the dimension of the intersgction of the
intefiors/{ boundary and exterior sets does not have, as a prerequisite, the explicit compytation and
reprlesentation of these sets. To compute if the interiors of two regular closed Polygons intergect, and to
ascqﬁmmmm' of the two
Polygons, which are topologically open sets, as separate geometric objects. In most cases, the dimension of
the intersection value at a cell is highly constrained, given the type of the two geometric objects. In the Line-
Area case, the only possible values for the interior-interior cell are drawn from {-1, 1} and in the Area-Area

case, the only possible values for the interior-interior cell are drawn from {-1, 2}. In such cases, no work
beyond detecting the intersection is required.
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Figure 8 shows an example DE-9IM for the case where a and b are two Polygons that overlap.

(a) (b)

Interior Boundary Exterior

Interior 2 1 2
Boundary 1 0 1
Exterior 2 1 2

Figure 8 — An example instance and its DE-9IM
A spatial r¢lationship predicate can be formulated on two geometric objects that takes as input a paftern
matrix reprg¢senting the set of acceptable values for the DE-9IM for the 4wo geometric objects. If the spptial
relationship| between the two geometric objects corresponds to one of the acceptable values as represented
by the pattgrn matrix, then the predicate returns TRUE.
The pattern matrix consists of a set of nine pattern-values, ong for each cell in the matrix. The posgible
pattern-valles p are {T, F, *, 0, 1, 2} and their meanings for any cell where x is the intersection set for the| cell
are as folloyvs:

p=Txdim(x)e{0,1,2},iex=J

p=Fx3dimXx)=-1,i.e.x=0

p =* =|dim(x) € {-1, 0, 1, 2}, i.e. Dof’t:Care

p=03dim(x)=0

p=13dim(x)=1

p=23dim(x)=2

The pattern| matrix’can be represented as an array or list of nine characters in row major order. As an exarple,
the following code fragment could be used to test for “Overlap” between two areas.

A spatial relationship predicate can be formulated on two geometric objects that takes as input a pattern
matrix representing the set of acceptable values for the DE-9IM for the two geometric objects. If the spatial
relationship between the two geometric objects corresponds to one of the acceptable values as represented
by the pattern matrix, then the predicate returns TRUE.

The pattern matrix consists of a set of nine pattern-values, one for each cell in the matrix. The possible
pattern-values p are {T, F, *, 0, 1, 2} and their meanings for any cell where x is the intersection set for the cell
are as follows:

p=T>dimx) {0, 1,2} ie x=Q

16 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=d127e629e787770b6e08a68c9addce2d

ISO 19125-1:2004(E)

p=F>dim(x)=-1,i.e.x=0
p="*=dim(x) e {-1,0, 1, 2}, i.e. Don’t Care
p=0>dim(x)=0

1>dim(x)=1

p

p=2>dim(x)=2

Thel| pattern matrix can be represented as an array or list of nine characters in row major order,-As fan example,
the following code fragment could be used to test for “Overlap” between two areas.

A spatial relationship predicate can be formulated on two geometric objects that takes as inpyit a pattern
matfix representing the set of acceptable values for the DE-9IM for the two geometri¢’ objects. If the spatial
relationship between the two geometric objects corresponds to one of the acceptable values, as fepresented
by the pattern matrix, then the predicate returns TRUE.
The| pattern matrix consists of a set of nine pattern-values, one for eaghcell in the matrix. The possible
pattern-values p are {T, F, *, 0, 1, 2} and their meanings for any cell where'x is the intersection sef for the cell
are ps follows:

p=T=>dim(x) €{0,1,2},ie.x=J
p=F>dimXx)=-1,ie.x=9
p=">dim(x) e {-1,0, 1, 2}, i.e. Don’'t Care
p=0>dim(x)=0

1>dim(x)=1

p
p=2z>dim(x)=2

Thel| pattern matrix can be représented as an array or list of nine characters in row major order. As fan example,
the following code fragment-could be used to test for “Overlap” between two areas:

char * overlapMatfix = WI*T**x*T*x”;
Geometry* a, b7

Boolean‘ ¥ a->Relate (b, overlapMatrix);

6.1.114.3. ‘Named spatial relationship predicates based on the DE-9IM

The Relate predicate based on the pattern matrix has the advantage that clients can test for a large number of
spatial relationships and fine tune the particular relationship being tested. It has the disadvantage that it is a
lower-level building block and does not have a corresponding natural language equivalent. Users of the
proposed system include IT developers using the COM API from a language such as Visual Basic, and
interactive SQL users who may wish, for example, to select all features ‘spatially within’ a query Polygon, in
addition to more spatially “sophisticated” GIS developers.

To address the needs of such users, a set of named spatial relationship predicates has been defined for the
DE-9IM; see References [5, 6]. The five predicates are named Disjoint, Touches, Crosses, Within and
Overlaps. The definition of these predicates (see References [5, 6]) is given below. In these definitions, the
term P is used to refer to O-dimensional geometries (Points and MultiPoints), L is used to refer to
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1-dimensional geometries (LineStrings and MultiLineStrings) and A is used to refer to 2-dimensional
geometries (Polygons and MultiPolygons).

Disjoint
Given two (topologically closed) geometric objects a and b:
a.Disjoint(b) @anb=9

Expressed in terms of the DE-9IM:

a.Disjolnt(b) & (I@a) A I(b) = @) A (I(@)~B(b) = @) A (B(a) N I(b) = D) A (B(a)B(b) = &)
< a.Relate(b, “FF*FF****)

Touches

The Touchgs relationship between two geometric objects a and b applies to the A/A, LIy YA, P/A and|P/L
groups of relationships but not to the P/P group. It is defined as

a.Touch(b) = (I(@) N I(b)=D)Ar(@anb)# T
Expressed |n terms of the DE-9IM:

a.Touch(b) < (I(a) N I(b) = @) A ((B(a) N I(b) @) v (I(a) N B(b) = @) V (B(a) N B(b) = D))
& a.Rglate(b, “FT****") y a.Relate(b, “F**T*****") v a.Relate(b,F**T***")

Figure 9 shpws some examples of the Touches relationship.

Polygon/LineString Polygon/Roint LineString/Point
Polygon/Polygon LineString/LineString

1 1 \2
(@) (b) (a) 2

Figure 9 — Examples of the Touches relationship

Crosses

The Crosségs relationship applies to P/L, P/A, L/L and L/A situations. It is defined as

a.Cross(b) < (dim(l(a) N I(b) < max(dim(l(a)), dim(I(b))))) A (a N b #a) A (a N b =b)
Expressed in terms of the DE-9IM:
CaseacP,belLorCaseacP,bcAorCaseacl,beA:
a.Cross(b) < (I(a) N I(b) = &) A (I(a) N E(b) #8) < a.Relate(b, “T*T******”)
Caseael,bel:

a.Cross(b) < dim(l(a) n I(b)) = 0 < a.Relate(b, “0********”);
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Figure 10 shows some examples of the Crosses relationship.

& <

Figure 10 — Examples of the Crosses relationship — Polygon/LineString (a)
and LineString/LineString (b)

Within
The| Within relationship is defined as
a.Within(b) @ (anb=a) A (I(a) N E(b) = &)

Expressed in terms of the DE-9IM:

anthln(b) = (l(a) M |(b) i@) A (l(a) M E(b) = @) A (B(a) e E(b) = @)) P a_Re|ate(b, “TF*F*****u)

Figyre 11 shows some examples of the Within relationship.

c) d)

Figure 11 — Examples of the Within relationship — Polygon/Polygon (a), Polygon/LineSt

ring (b),
LineString/LineString (c), and Polygon/Point (d)

Ovérlaps

The| Qverlaps relationship is defined for A/A, L/L and P/P situations.

It is defined as
a.Overlaps(b) < (dim(l(a)) = dim(l(b)) =dim(l(@) n I(b))) A(@anb=xa)a(@anb=b)
Expressed in terms of the DE-9IM:

CaseaeP,bePorCasea cA b eA:

a.Overlaps(b) < (I(a) N I(b) = &) A (I(a) N E(b) = &) A (E(a) N I(b) # &) < a.Relate(b, “T*T***T**")

Caseael, b el:
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a.Overlaps(b) < (dim(l(a) N I(b) = 1) A (I(a) N E(b) = D) A (E(a) N I(b) # J) < a.Relate(b,
“1 *T***T**”)

Figure 12 shows some examples of the Overlaps relationship.

The following additional named predicates are also defined for user convenience:

Contains

Intersects

Based on the above operators the following methods are defined on Geometry:

20

@ N

a) b)

Figure 12 — Examples of the Overlaps relationship — Polygon/LineString(a)
and LineString/LineString (b)

a.Contgins(b) < b.Within(a)

a.Intergects(b) < ! a.Disjoint(b)

Equalg(anotherGeometry:Geometry):Integer —\Returns 1 (TRUE) if this geometric object is ‘spafially
equal’ {fo anotherGeometry.

Disjoint(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object is ‘spatfjially
disjointf from anotherGeometry.

Intersgcts(anotherGeometry:Geonietry):Integer — Returns 1 (TRUE) if this geometric object ‘spatially
intersegts’ anotherGeometry.

Touchps(anotherGeométry:Geometry):Integer — Returns 1 (TRUE) if this geometric object ‘spafially
touchep’ anotherGeometry.

Crosseés(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object ‘spafially
crosse$’ anotherGeometry.

Within[anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object is ‘spatially
within’ anotherGeometry.

Contains(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object ‘spatially
contains’ anotherGeometry.

Overlaps(anotherGeometry:Geometry):Integer — Returns 1 (TRUE) if this geometric object ‘spatially
overlaps’ anotherGeometry.

Relate(anotherGeometry:Geometry, intersectionPatternMatrix:String):Integer — Returns 1 (TRUE) if this

geometric object is spatially related to anotherGeometry, by testing for intersections between the interior,
boundary and exterior of the two geometric objects.
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6.2 Well-known Text Representation for Geometry

6.2.1 Component overview

Each Geometry Type has a Well-known Text Representation that can be used both to construct new

instances of the type and to convert existing instances to textual form for alphanumeric display.

6.2.2 Language constructs

The Well-known Text Representation of Geometry is defined below; the notation {}* denotes 0 or more

esentation of the instantiable Geometry Types implemented shall conform to this grammar

Geometry Tagged Text> :=

<Point Tagged Text>

<LineString Tagged Text>

<Polygon Tagged Text>

<MultiPoint Tagged Text>
| <MultilLineString Tagged Text>
| <MultiPolygon Tagged Text>
| <GeometryCollection Tagged Text>
Point Tagged Text> :=
POINT <Point Text>
LineString Tagged Text> :=
LINESTRING <LineString Text>
Polygon Tagged Text> :=
POLYGON <Polygon Text>
MultiPoint Tagged Text> :=
MULTIPOINT <Multipoint Text>
MultiLineString Tagged Text> :=
MULTILINESTRING <MultiLinéString Text>
MultiPolygon Tagged Text> &=
MULTIPOLYGON <MuttiPolygon Text>
GeometryCollection Tagged Text> :=
GEOMETRYCOIFECTION <GeometryCollection Text>
Point Text> :=-EMPTY | ( <Point> )
Point> := <GLIY>
x> := doublé precision literal
y> := doeuble precision literal

LineString Text> := EMPTY

| ( <Point > {, <Point > }* )

&

it. The text

<Polygon Text> := EMPTY

| ( <LineString Text > {, < LineString Text > }*)
<Multipoint Text> := EMPTY

| ( <Point Text > {, <Point Text > }* )
<MultilLineString Text> := EMPTY

| ( <LineString Text > {, < LineString Text > }* )
<MultiPolygon Text> := EMPTY

| ( < Polygon Text > {, < Polygon Text > }* )
<GeometryCollection Text> := EMPTY

| ( <Geometry Tagged Text> {, <Geometry Tagged Text> }* )

© 1SO 2004 - All rights reserved
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The above grammar has been designed to support a compact and readable textual representation of
geometric objects. The representation of a geometric object that consists of a set of homogeneous
components does not include the tags for each embedded component.

6.2.3 Examples

Examples of textual representations of Geometry are shown in Table 2. The coordinates are shown as integer
values; in general they may be any double precision value.

Table 2 — Example Well-known Text Representation of Geometry

Geometry Type Text Literal Representation Comment

Point ‘POINT (10 10)” a Point

LineString ‘LINESTRING ( 10 10, 20 20, 30 40)’ a LineStringwith 3 points

Polygon ‘POLYGON ( (10 10, 10 20, 20 20, a Polygon With”1 exteriorRing
20 15, 10 10))’ and 0 interiorRings

Multipoint *MULTIPOINT (10 10, 20 20)’ a Mulit JPoint with 2 points

MultiLineStrjng ‘MULTILINESTRING ((10 10, 20 20), aMultiLineString with
(15 15, 30 15))" 2linestrings

MultiPolygon ‘MULTIPOLYGON ( aMultiPolygon with
((10 10, 10 20, 20 20, 20 15, 10 10N, 2 polygons
((60 60, 70 70, 80 60, 60 60 ) ))X

GeomCollegtion ‘GEOMETRYCOLLECTION (POINT (10 10, a GeometryCollection
POINT (30 30), consisting of 2 Point values gnd
LINESTRING (15 15, 20 20))1 a LineString value

6.3 Wellitknown Binary Representation for/Geometry

6.3.1 Component overview

The Well-kmown Binary Representatiof for Geometry (WkBGeometry) provides a portable representation [of a
geometric gbject as a contiguous stream of bytes. It permits geometric object to be exchanged between an
SQL/CLI client and an SQL-implementation in binary form.

6.3.2 Component description

6.3.2.1 Ihtroduction

The Well-khown \Binary Representation for Geometry is obtained by serializing a geometric object 3s a

sequence ¢fChumeric types drawn from the set {Unsigned Integer, Double} and then serializing gach
numeric ty ; red; ] forrs for

numeric types (NDR, XDR). The specific binary encoding (NDR or XDR) used for a geometry representation is
described by a one-byte tag that precedes the serialized bytes. The only difference between the two
encodings of geometry is one of byte order, the XDR encoding is Big Endian, the NDR encoding is Little
Endian.

6.3.2.2 Numeric type definitions

An Unsigned Integer is a 32-bit (4-byte) data type that encodes a nonnegative integer in the range
[0, 4 294 967 295].
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A Double is a 64-bit (8-byte) double precision data type that encodes a double precision number using the

IEE

E 7541181 double precision format.

The above definitions are common to both XDR and NDR.

6.3.

The

The

2.3 XDR (Big Endian) encoding of numeric types
XDR representation of an unsigned Integer is Big Endian (most significant byte first).

XDR representation of a bouble is Big Endian (sign bit is first byte).

6.3.

The)

The

6.3.

Con
ope

representation.

6.3.
The)
rep
Ext
The)

RP(

6.3.

The)

repriesentation for a Point, which consists of two Double numbers. The representations for othe

obje

NN N

2.4 NDR (Little Endian) encoding of numeric types
NDR representation of an unsigned Integer is Little Endian (least significant byte first).

NDR representation of a bouble is Little Endian (sign bit is last byte).

.5 Conversions between the NDR and XDR representations of WKBGeometry

version between the NDR and XDR data types for unsigned Intégetr and Double numbers
ration involving reversing the order of bytes within each uUnsigned Integer Or Double nu

2.6 Relationship to other COM and CORBA data transfer protocols
XDR representation for Uunsigned Integer and Dguble numbers described above is also t

esentation for Unsigned Integer and for pouble ‘number in the CORBA Standard Stream
rnalized Object Data that is described as part of the CORBA Externalization Service Specificaf

L and NDRI6].

.7 Description of WKBGeometry representations
Well-known Binary Representation for Geometry is described below. The basic building |

cts are built using the representations for geometric objects that have already been defined.

Basic Type définitions
byte : 1 b¥te
uint32:3 32 bit unsigned integer (4 bytes)

dduble : double precision number (8 bytes)

is a simple
mber in the

ne standard

Format for
ionl15].

NDR representation for unsigned Inteder and Double number described above is also the standard
repriesentation for Unsigned Integer and\for Double number in the DCOM protocols that is bas

ed on DCE

block is the
r geometric

/

/ Building Blocks : Point, LinearRing

Point {
double x;
double y;
}i
LinearRing {

uint32 numPoints;

Point points[numPoints];
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enum wkbGeometryType {
wkbPoint = 1,
wkbLineString = 2,
wkbPolygon = 3,
wkbMultiPoint = 4,
wkbMultiLineString = 5,
wkbMultiPolygon = 6,
wkbGeometryCollection = 7

}i

enum wkbByteOrder {

wkbXDR = 0, // Big Endian
wkbNDR = 1 // Little Endian
}i

WKBPoint| {

byte byteOrder;
uint32 wkbType; // 1
Point point;

}
WKBLineSEring {

byte byteOrder;

uint32 wkbType; / /2
uint32 numPoints;

Point points [numPoints];

}
WKBPolygpn {

byte byteOrder;

uint32 wkbType; // 3
uint32 numRings;

LinearRing rings [numRingey ;

}
WKBMultipoint {

byte byteOrden;
uint32 wkbIype; // 4
uint32 fium.“wkbPoints;

WKBPoint WKBPoints [num wkbPoints];
}

WKBMultifinéString {

byte bvteOrder;
uint32 wkbType; // 5
uint32 num wkbLineStrings;

WKBLineString WKBLineStrings[num wkbLineStrings];
}
wkbMultiPolygon {

byte byteOrder;

uint32 wkbType; // 6
uint32 num wkbPolygons;

WKBPolygon wkbPolygons [num wkbPolygons];
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WKBGeometry {

union {

WKBPoint point;
WKBLineString linestring;
WKBPolygon polygon;
WKBGeometryCollection collection;
WKBMultiPoint mpoint;
WKBMultiLineString mlinestring;
WKBMultiPolvgon mpolvgon;

WKBGeometryCollection {

byte byte order;

uint32 wkbType; /77
uint32 num_wkbGeometries;

WKBGeometry wkbGeometries[num wkbGeometries];

}

Figyre 13 shows a pictorial representation of the Well-known{ Representation for a polygoh with one
outgrRing and one innerRing.

2 3
f A AL \
r ~

B=1 | T=3 |[NR=2|NP=3| X1 Y1) X2 | Y2 X3 | Y3 NP=3| X1 | v X2 | Y2 | X3 Y3

Key|

1 |WKB Polygon
ring 1

3 fing2

Figure 13 — Well-known Binary Representation for a geometric object in NDR format (B = 1) of type
Polygon (T = 3) with 2 LinearRings (NR = 2) each LinearRing having 3 points (NP =)

6.3.2.8 * Assertions for Well-known Binary Representation for Geometry

The Well-known Binary Representation for Geometry is designed to represent instances of Geometry Types.
Any WKBGeometry instance shall satisfy the assertions for the type of Geometry that it describes (see 6.1).

6.4 Well-known Text Representation of Spatial Reference Systems

6.4.1 Component overview

The Well-known Text Representation of Spatial Reference Systems provides a standard textual
representation for spatial reference system information.
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6.4.2 Component description

A Spatial Reference System, also referred to as a coordinate system, is a geographic (latitude-longitude), a
projected (X,Y), or a geocentric (X,Y,Z) coordinate system.

The coordinate system is composed of several objects. Each object has a keyword in upper case (for example,
DATUM or UNIT) followed by the defining, comma-delimited, parameters of the object in brackets. Some
objects are composed of objects so the result is a nested structure. Implementations are free to substitute
standard brackets () for square brackets [ ] and should be prepared to read both forms of brackets.

Informative Annex B provides a non-exhaustive list of Geodetic Codes and Parameters for defining the objects

in the Well-Known Text Representation for spatial reference information.

The Exten
follows, usi

<coordin
<projecy
<project
<paramet

<value>

A data set's
GEOGCS if in

The proJCS
piece of an
geographic
projected c
projected c

EXAMPLE 1

The name ¢
the prime nj

<geograp

d Backus Naur Form (EBNF) definition for the string representation of a coordinate system is as

g square brackets.

ate system> = <projected cs> | <geographic cs> | <geocentric cs>

ed cs> = PROJCS["<name>", <geographic cs>, <projection>, {<parameter>,}*/ Klinear unit>]
ion> = PROJECTION|["<name>"]

er> = PARAMETER["<name>", <value>]

= <number>

coordinate system is identified by the progcs keyword if the-data are in projected coordinateg
geographic coordinates, or by Geoccs if in geocentric coordinates.

keyword is followed by all of the “pieces” which define the projected coordinate system. The
y object is always the name. Several objects follew ‘the projected coordinate system name;:
coordinate system, the map projection, 0 or mare. parameters, and the linear unit of measure

pordinate system shall be described first.

UTM zone 10N on the NAD83 datum is'defined as

PROJCS ["NAD 1983 UTM Zone 10N",
<geographic cs>,
PROJECTION|["Transversge, Mercator"],
PARAMETER["False Eastiing",500000.0],
PARAMETER["False Northing",0.0],
PARAMETER["CentralVMeridian",—123.0],
PARAMETER ["Scale,Factor",0.9996],
PARAMETER ["Latditude of Origin",0.0],
UNIT["Metex!,1.0]]

nd several ‘Objects define the geographic coordinate system object in turn: the datum, the ellip|
eridian,-and the angular unit of measure.

hicAcs> = GEOGCS["<name>", <datum>, <prime meridian>, <angular unit>]

, by

first
the
. All

bordinate systems are based upon a geographic coordinate system, so the pieces specific ffo a

50id,

<datum>

= DATUM["<name>", <ellipsoid>]

<ellipso
<semi-ma

<inverse

id> = ELLIPSOID["<name>", <semi-major axis>, <inverse flattening>]
jor axis> = <number> NOTE: semi-major axis is measured in meters and must be > 0.

flattening> = <number>

<prime meridian> = PRIMEM["<name>", <longitude>]

<longitude> = <number>

<angular
<linear
<unit> =

<convers

26

unit> = <unit>
unit> = <unit>
UNIT["<name>", <conversion factor>]

ion factor> = <number>

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=d127e629e787770b6e08a68c9addce2d

ISO 19125-1:2004(E)

NOTE Conversion factor specifies number of meters (for a linear unit) or number of radians (for an angular unit) per
unit and shall be greater than zero.

EXAMPLE 2 The geographic coordinate system string for UTM zone 10 on NAD83 is

GEOGCS ["GCS_North American 1983",
DATUM["D North American 1983",
ELLIPSOID["GRS_1980",6378137,298.257222101]],
PRIMEM["Greenwich",0],
UNIT["Degree",0.0174532925199433]]

EXAMPLE 3 The full string representation of UTM Zone 10N is

PROJCS["NAD 1983 UTM Zone 10N",

GEOGCS["GCS_North American 1983",

DATUM [ "D North American 1983",ELLIPSOID["GRS 1980",6378137,298.2572221QINY,
PRIMEM["Greenwich",0],UNIT["Degree",0.0174532925199433]1],
PROJECTION|["Transverse Mercator"],PARAMETER["False Easting",500000.0],
PARAMETER["False Northing",0.0], PARAMETER(["Central Meridian",-123.0]¢
PARAMETER["Scale Factor",0.9996], PARAMETER["Latitude of Origin",0.0],
UNIT["Meter",1.0]]

A geocentric coordinate system is similar to a geographic coordinate system/It\is represented by

geocentric cs> = GEOCCS["<name>", <datum>, <prime meridian>, <Iinear unit>]
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The

Annex A
(informative)

correspondence of concepts of the common architecture with
concepts of the geometry model of ISO 19107

A.1 Intrdduction

This inform
Standard, W
as the SFA

A.2 Geometry model

btive annex identifies similarities and differences between the geometric concepts this Internati
ith respect to the geometry model of the ISO 19107. These are referred to throughout’this an
CA and the Spatial schema, respectively.

bnal
nex

A.2.1 Gegmetry model of SFA-CA
Figure 1 shpws the geometry model and the contents of SFA-CA. For afull.detailed description, the interested
reader is referred to 6.1.
A.2.2 Parts of geometry model of Spatial schema
Figure A.1 gshows the root class in the geometry part of Spatial schema. Figure A.2 shows more details forf the
inheritance fhierarchy. For a full detailed description, the interested reader is referred to ISO 19107.
<<Type>>
GM_Object
+ mbRegion() : GM_Object
+ representativePoint() : DirectPosition
+ boundary() : Set<Reference<GM_Object>> o
+ isSimple() : Boolean -
+ isCycle() : Boolean ) +CRS
+ distance(geonietty’ : GM_Object) : Distance +object
+ dimension(peint : DirectPosition = NULL) : Integer
+ coordinatéDimension() : Integer i
+ maxim@alComplex() : Set<Reference<GM_Complex>> Coordinate Reference System
+ tranSform(newCRS : SC_CRS) : GM_Object
+ efivelope() : GM_Envelope
4 centroid() : Direct_Position 1
~.convexHull() : GM_Object
+ buffer(radius : Distance) : GM_Object <<Abstract>>
SC_CRS
A
I I I I
<<Type>> <<Type>> <<Type>>
GM_Primitive GM_Complex GM_Aggregate <G<I\5I) aéanrlﬁg >e>
(from Geometric primitive) | |(from Geometric complex)| |[(from Geometric aggregates) - P
Figure A.1 — The root type and subordinates of the Spatial schema
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<<Type>>
GM_Object
| |
<<Type>> <<Type>>
GM_ C[%)mplex GM_Aggregate
<<Type>> <<Type>> <<Type>>
GM_Primitive GM_Composite GM_MultiPrimitive
| A A
| | I |
<<Type>> <<Type>> <<Type>>
GM_Point < GM_CompositePoint GM_MultiPoint
<<Type>>

GM_OrientablePrimitive
(from Geometric primitive)

-

<<Type>> - <<Type>>

GM_OrientableCurve GM CompositeCurve
(from Geometric primitive) - p

<<Type>>
GM_MultiCurve

<<Type>>
GM_OrientableSurface[<}
(from Geometric primitive)

<<Type>>
GM_CompositeSurface

<<Type>>
GM_MultiSurface

<<Type>>
GM_Curve

<<Type>>
GM_Surface

<<Typg>>
GM_MultfSolid

<<Types>
@M. Solid

<<Type>>
GM_CompositeSolid

Figure A.2 — The GM_Object hierarchy

A.3 Correspondence

A.3l1 Overview

The| geometric concepts of the SFA-CA and their respective correspondences to concepts of Spatial schema
are described as follows.

— The SFA-CA deals only with at most 2-dimensional geometric objects, whereas the Spatial schema
handles up to 3-dimensional geometric objects.

— The Geometry Type of SFA-CA corresponds to the GM_Object of Spatial schema.

— Individual subtypes of the Geometry Type of SFA-CA correspond to one or more subtypes of the
geometry model of Spatial schema.

— The GeometryCollection type of SFA-CA corresponds to a more restrictive type of the GM_Aggregate of
the Spatial schema.
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'manifolds'. These notions are not provided by the SFA-CA.

provided by the Spatial schema.

We

The concepts of GM_Complex and GM_Composite of the Spatial schema denote the notions of

The SFA-CA does not support the notions of topology, which is explicitly modelled by the topology model

are only concerned with the second, third and fourth items of the above list when describing the

correspondences. However, there are some main modelling principles which have to be mentioned. That is,
the level of abstraction between the SFA-CA and the Spatial schema is a predominant concern throughout

this corresp

a) SFA-C

b) Spatial
Hence, all

SFA-CA sp
concrete rg
SFA-CA da

EXAMPLE 1
the correspo

EXAMPLE 2

case an integer return type. A similar operation in the Spatial schema denotes.anexplicit Boolean value.

Finally, attr
and mutato
these matte

Most of the
descriptiong
description
correspond
concepts o
needs to bg

A.3.2 Ged

A321 O
In most reg
schema. W
GM_Object
descriptiong

30

ondence description, and is summarized mainly by the following facts.

A\ is an implementation and platform dependent specification;
schema is an abstract and non-platform dependent specification.

practical correspondence, e.g., by implementing interoperability, between systemisybased on
pcification with systems based solely on the Spatial schema specification must_take into acc
presentations and concrete data types of the systems. This is especially-important wher
labase server should support multiple Spatial-schema-based applications:

The x- and y-coordinates in SFA-CA are explicitly defined as of the type Double. In the Spatial sch
hding coordinates are only given as of the type Number, i.e., an abstract datatype.

All Boolean operations in SFA-CA return “1” when true, otherwise/it is interpreted as false, i.e., in ¢

butes of the Spatial schema are abstracts in the sense that they may be given in terms of ac
r operators, or as concrete representational attributes, by an implementation. Details on an
rs are not commented further in this document.

correspondences in the following are given on a tabular form, i.e., named concepts and signg
of SFA-CA are shown in the first column, and corresponding named concepts and signg
of the Spatial schema are given in the second column. Wherever we need to emphasize
bnce, we give a comment in the third” column. Hence, we emphasize the correspondence f
the SFA-CA to concepts of the Spatial schema, and not the other way around. Thus, SFA
contained by the Spatial schema to be regarded as part of the ISO 19100 series of standards.

metry type
verview

pects the Géometry type of SFA-CA corresponds to the definition of GM_Object of the Sp,
e pinpoint\all the definitions of the Geometry type with the corresponding definitions of
type. Here we follow the structure of this International Standard, and divide the corresponds
into three subclauses, given next.

the
bunt
an

bma,

ither

bess
y of

ture
ture

the
rom
-CA

atial
the
nce
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SFA-CA

Spatial schema

Comment

Geometry .Dimension ( ):Integer

GM_Object::dimension(): Integer

Geometry.GeometryType ( ):String

Not defined

Defined by an application schema

Geometry.SRID ( ):Integer

GM_Object::CRS : CRS

Geometry.Envelope( ):Geometry

GM_Object::envelope(): GM_Envelope
GM_Object::mbRegion(): GM_Object

An application has to decide which

operator to deploy

Gechetry./-\s Texi( )-String

NoOt gefined

Defined by an application §chema

Gec|>metry.AsBinary( ):Binary Not defined Defined by an application schema

Gepmetry.IsEmpty( ):Integer Not defined Defined by an application schema

Ge¢metry.IsSimple( ):Integer GM_Object::isSimple(): Boolean —

Ge¢metry.Boundary( ):Geometry GM_Object::boundary(): The signature changes in the subtypes
Set<Reference<GM_Object>> of GMObject.

A.3]2.3 Methods for testing spatial relations between geometric abjects

In SFA-CA, the set of Egenhofer and Clementini operators is defined directly on the Geometry typ
in the Spatial schema, the full set of these operators is not defined as explicit behavioural propérties of the

GM

| Object. Still, the GM_Obiject inherits spatial relations frém’the interface type TransfiniteSet.

. However,

SFA-CA

Spatial schema

Comment

Geometry.Equals(anotherGeometry:
Geometry):Integer

GM_Object::equals(pointSet:
GM_QObject): Boolean

Ge¢pmetry.Intersects(anotherGeometry:
Geometry):Integer

GM_Qbject::intersects(pointSet:
GM_Object): Boolean

Intersects is a derived operator.

Ge¢pmetry.Contains(anotherGeometry:
Geometry):Integer

GM_Object::contains(pointSet:
GM_Obiject): Boolean

For
the

the other operators of.the Geometry type, i.e., Disjoint, Touches, Crosses, Within, Overlaps
Spatial schema outlines in ISO 19107:2003 (cf. Clause 8) how to define the corresponding me

Spatial schema. Nopte-that this outline refers to all three GM_Object, GM_Primitive, and GM_Cq

the
GM

geometric abject types. The GM_Aggregate type will derive such relations from its
| Primitives_type, which comprises the element type of an aggregate.

and Relate,
thods in the
mposite, as
respective
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A.3.2.4 Methods that support spatial analysis

SFA-CA Spatial schema Comment
Geometry.Distance(anotherGeometry: GM_Object::distance(): Distance —
Geometry):Double
Geometry.Buffer(distance:Double): GM_Object::buffer(radius: Distance): Note the difference in
Geometry GM_Object parameters.
Geometry.ConvexHull( ):Geometry GM_Object::convexHuli(): —
GM_Object
Geometry.Irjtersection( GM_Object::Intersection(pointSet: In principle, this method is used
AnothdrGeometry:Geometry):Geometry GM_Object): GM_Object to define the spatial relations
above.
Geometry.Union(anotherGeometry: GM_Object::union(pointSet: —
Geometry):Geometry GM_Object): GM_Object
Geometry.Dfifference(anotherGeometry: GM_Object::difference(pointSet: —
Geometry):Geometry GM_Object): GM_Object
Geometry.SymDifference( GM_Object::symmetricDifference( —
AnothgrGeometry:Geometry):Geometry pointSet: GM_Object): GM_Object

Both the SFA-CA and the Spatial schema sets of set-theoretic (i.e., set-geometric) operations, i.e., the|last
four rows apove, explain the semantics in terms of some implicit pointzsets. Theoretically, this is correct, Qut it
is not verified explicitly that these point-set assumptions are valid for'the types of geometric values given by
these two geometry models.

A.3.3 “Atpmic” subtypes of the Geometry type

A.3.3.1 Qverview

The structure of the subtype hierarchies of SFA-CA and the Spatial schema above differ in many respegcts.
However, this subclause will outline the possible correspondence between the two hierarchies of “atomic
subtypes. That is, the term 'atomic subtypg* refers to a type which is not a collection, composite, complex, or
aggregate type. In the following we als6 include all the operators.

A.3.3.2 Ppint
SFA-CA Spatial schema Comment
Point GM_Point DirectPosition Both alternatives are valid. DirectPosition defines fthe
two ordinates, i.e., the 2D coordinate denoting a
Point.
Point.X( ):Dpuble GM_Point::position.ordinatel! Either of these two, depending on the definition offan
DirectPasitionordinatalll applinafinn schama
Point.Y( ):Double GM_Point::position.ordinatel? See the previous comment.
DirectPosition::ordinate!?
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A.3.3.3 Curve
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SFA-CA

Spatial schema

Comment

Curve

GM_Curve
GM_GenericCurve
GM_CurveSegment
GM_LineString
GM_LineSegment

The notion of a curve in SFA-SQL may correspond to
a number of definitions in Spatial schema.

Curve.Length( ):Double

GM_GenericCurve::length():Length

Operation length is defined with different parameters
depending on whether the whole or a part of the

curve length Is computed.

Cunve.StartPoint( ):Point

GM_GenericCurve::startPoint() :
DirectPosition

Cunve.EndPoint( ):Point

GM_GenericCurve:: endPoint() :
DirectPosition

Cunve.IsClosed( ):Integer | Not defined Given by startPoint().=€endPoint(); may be similar as
the GM_Object::isSimple:Boolean
Cunve.IsRing( ):Integer | Not defined Given by both elosed and simple properties, but may

be similar toithe GM_Object::isCycle:Bodlean

A.3/3.4 LineString

SFA-CA Spatial schema Comment
Ling¢String GM_LineString —
Lin¢arString.NumPoints( ):Integer Not defined May be calculated
Ling¢arString.PointN(N:Integer):Point Not defired May be derived

A.313.5 LinearRing and Line

These two types are only derived types in SFA-CA, i.e., both are of type LineString with additional
Thely are non-instantiable-typés in the SFA-CA, and correspond to GM_Ring and GM_LineSeg

constraints.
ment in the

Spatial schema, respectively. Note, however, that the SFA-CA implementation specification assyimes that a

sysiem handles these’two types by means of added functionality that is not defined by the SFA-SQL.

A.3/3.6 Surface

Thel Surfacetype of the SFA-CA standard is not an instantiable type. The only surface instantiable
is the planer and simple 2D surface given by the Polygon type given in the next subclause.
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A.3.3.7 Polygon

SFA_CA

Spatial schema

Comment

Polygon

GM_GenericSurface
GM_Surface
GM_SurfacePatch
GM_Polygon

GM_Polygon and GM_SurfacePatch is not

shown in Figure A.3, and the
correspondences in this case are more
involved, cf. these matters in Reference

[1].

Surface.Area( ):Double

GM_GenericSurface::area() : Area

Surface.Centroid( ):Point

GM_Object::centroid : DirectPosition

Surface.PointQnSurface( ):Paint

(—‘.M_Ohjpr‘f" rpprn_spnfnfi\/ppninf() :

DirectPosition

Polygon.ExteriorRing( ): LineString

GM_Polygon::exterior :
GM_GenericCurve

The exterior attribute is defined alse as
zero or more curves in Reference [1].

Polygon.IntgriorRingN (N:Integer): | Not defined May be calculated, e.g. from.the interior|
LineString attribute of GM_Polygon
Polygon.NumminteriorRing( ):Integer | Not defined May be calculated, €.gy from the interior|

attribute of GM_Polygon

A.3.4 Col

A.3.4.1 Qverview

ection subtypes of the Geometry type

This subclguse describes the correspondence between the ,constructs of collections in SFA-CA

aggregates
structured
composites
to handled

A.3.4.2 GeometryCollection

This is the :Ir?
atomic geommnetric types.

in Spatial schema. The Spatial schema also provides the notions of manifolds, in terms

hbeometric type as a collection of geometric composites, i.e., each composite comprised
on a lower level and dimension. However, these notions are not supported by SFA-CA and H
by other means in an SFA-CA based database.

ot type of other more specialized collection types, which are collections of what we above ter

and
of a

by
ave

med

GeomgtryN(N:ihieger):Geometry

SFA_CA Spatial schema Comment
GeometryCdllection GM_Aggregate —
GM_MultiPrimitive
GeometryCollection:: Not defined May be calculated, e.g. from the
NumGeometries():Integer elements attribute of GM_Aggregate
GeometryCollection:: Not defined May be calculated, e.g. from the

elements attribute of GM_Aggregat

%

The subtypes of GeometryCollections, to be presented next, must ensure the following constraints, which are
not automatically ensured by aggregates of the Spatial schema. These constraints are summarized as follows.

a)

distinct element of the same GeometryCollection.

b)

For every element in a GeometryCollection, its interior must be disjoint to the interior of every other, but

For every boundary of an element in a GeometryCollection, it may only intersect with a boundary of
another, but distinct element at most in a finite number of points.

Moreover, the aggregates of the Spatial schema referred to below have not defined any explicit methods. It is
assumed that methods applied to aggregates as geometric objects are derived from existing methods defined
for the GM_Primitives, which comprises the aggregates.
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