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Foreword

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

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

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopied by the technical committees are circulated to the member bodies fer<voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 19141 was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatigs.

© 1SO 2008 — All rights reserved \4
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Introduction

This International Standard specifies a conceptual schema that addresses moving features, i.e., features
whose locations change over time. This schema includes classes, attributes, associations and operations that
provide a common conceptual framework that can be implemented to support various application areas that
deal with moving features, including:

— Location Based Services,

— Intelliget Transportation Systems,

— Tracking and navigation (land-based, marine, or space), and
— Modeling and simulation.

The schemalspecifies mechanisms to describe motion consisting of translation and/or rotation of the feature,
but not incluging deformation of the feature. The schema is based on the concept of a one parameter $et of
geometries fhat may be viewed as a set of leaves or a set of trajectaries, where a leaf represents the
geometry of the moving feature at a particular value of the parameter (e’g., a point in time) and a trajectpry is
a curve that represents the path of a point in the geometry of the moving feature as it moves with respect to
the parametsg

=
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Geographic information — Schema for moving features

1

This

Such|movement has the following characteristics.

This

are npt adressed include the following:

The change of non-spatial attributes of features.

The feature’s”geometric representation cannot be embedded in a geometric complex that
geometric representations of other features, since this would require the other features’ reprg
e updated as the feature moves.

Scope

nternational Standard defines a method to describe the geometry of a feature that moves a;

The feature moves within any domain composed of spatial objects as specified in ISO 19107
The feature may move along a planned route, but it may deviate from the planned route.
Motion may be influenced by physical forces, such as orbital, gravitational, or inertial forces.
Motion of a feature may influence or be influenced by other features, for example:

1) The moving feature might follow a predefined route (e:g.toad), perhaps part of a netwo
change routes at known points (e.g. bus stops, waypoints).

DO
~

Two or more moving features may be “pulled* together or pushed apart (e.g. an air
refuelled during flight, a predator detects and.racks a prey, refugee groups join forces).

L
~

Two or more moving features may be constrained to maintain a given spatial relations
period (e.g. tractor and trailer, convoy).

nternational Standard does not address other types of change to the feature. Examples of

The deformation of features(

The succession of either features or their associations.

5 a rigid body.

'k, and might

blane will be

hip for some

changes that

contains the
sentations to

ment, it does

not speC|fy a mechanlsmfor descr|b|ng feature motlon in terms of geographlc |dent|f|ers This is done, in part,

in 1ISO 19133.
2 Conformance
2.1 Conformance classes

211

Introduction

This International Standard specifies four conformance classes (Table 1). They are differentiated on the basis
of two criteria: purpose and level of complexity.

© 1SO 2008 — All rights reserved
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2.1.2 Purpose

This International Standard may be used in support of data transfer. Operations defined for objects are
irrelevant to data transfer, which requires only descriptions of the state of the objects at the time of transfer.
Thus, two conformance classes require only the implementation of attributes and associations of the classes
specified in the schema. The other two conformance classes support the object-oriented implementation of
systems or interfaces; they require implementation of operations as well as implementation of attributes and

associations.

2.1.3 Complexity

Many applicd
point in time
feature using
applications.

Other applic
points on a
Clause 7.

htions need knowledge of the positions at each time of all points or a significant subset
moving feature. They require the full description provided by the prism geometry specifi

Table 1 — Conformance classes

. Purpose
Complexity
Data Transfer Data with operations
Trajectory A1A1 A21
Prism Geometry A.1.2 A.2.2

2.2 Requirements

To conform t
Test Suite in

3 Norma

The followin
references,
document (in

ISO/TS 1910

b this International Standard, an application schema shall satisfy the requirements of the Ab
Annex A.

tive references

g referenced decuments are indispensable for the application of this document. For
bnly the editionvcited applies. For undated references, the latest edition of the refere
cluding anyiamendments) applies.

3, Geographic information — Conceptual schema language

ISO 19107, (

flons do not need a complete description of the geometry of a feature and Its orientation_gt any
Their requirements are satisfied by describing the movement of a single reference point-gn the
its trajectory as specified in Clause 6. One pair of conformance classes supports these sjmple

f the
ed in

stract

jated
nced

beographic information — Spatial schema

ISO 19108, Geographic information — Temporal schema

ISO 19109, Geographic information — Rules for application schema

ISO 19133, Geographic information — Location-based services — Tracking and navigation

© 1SO 2008 — All rights reserved
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4 Terms, definitions, and abbreviated terms

4.1

Terms and definitions

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

411
base

representation

(moving features) representation, using a local origin and local ordinate vectors, of a geometric object at a
given reference time

NOTH 1 A rigid geometric object may undergo translation or rotation, but remains congruent
repregentation.

NOTH 2  The local origin and ordinate vectors establish an engineering coordinate reference system (IS
called a local frame or a local Euclidean coordinate system.

41.2

curve

1-dimensional geometric primitive, representing the continuous image of a‘ine

[ISO [19107:2003, definition 4.23]

NOTE The boundary of a curve is the set of points at either end of the.curve. If the curve is a cycle, th
identigal, and the curve (if topologically closed) is considered to not have a boundary. The first point is ¢
point,|]and the last is the end point. Connectivity of the curve is guaranteed by the "continuous image of a
topolqgical theorem states that a continuous image of a connected set is connected.

413

design coordinate reference system

engirleering coordinate reference system in which-the base representation of a moving object is
41.4

feature

abstrpction of real world phenomena

[ISO 19101:2002, definition 4.11}

NOTH A feature may occur as-a type or an instance. Feature type or feature instance shall be used wh
mean.

4.1.5

feature association

relati
[ISO
NOTH

bnship that links instances of one feature type with instances of the same or a different featu
19110:2004, definition 4.2]

Feature associations include aggregation of features.

Wwith its base

D 19111), also

P two ends are
alled the start
ine" clause. A

specified

en only one is

re type

4.1.6

feature attribute
characteristic of a feature

[ISO

4.1.7

19101:2002, definition 4.12]

feature operation
operation that every instance of a feature type may perform

[ISO

©I1SO

19110:2004, definition 4.5]

2008 — All rights reserved
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one parameter set of geometries such that each point in the prism of the set is in one and only one
trajectory and in one and only one leaf

41.9
geometric o

bject

spatial object representing a geometric set

[ISO 19107:2003, definition 4.47]

4.1.10

geometric ptimitive
ject representing a single, connected, homogeneous element of space

geometric o
[ISO 19107:2

NOTE G
They include g

4.1.11
instant

0-dimensiongl geometric primitive representing position in time

[1ISO 19108:3

4.1.12
leaf
(one parame

4113
location-bag
LBS
service whos
some other t

[ISO 19133:3

4114
network
abstract stru
objects calle
and end (des

[ISO 19133:3

NOTE TH
dimensional td

003, definition 4.48]

bometric primitives are non-decomposed objects that present information about geometric configu
oints, curves, surfaces, and solids.

002, definition 4.1.17]

ter set of geometries) geometry at a particular value.of the parameter

ed service

e return or other property is dependent on the location of the client requesting the service
hing, object or person

005, definition 4.11]

cture consisting of\a’set of 0-dimensional objects called junctions, and a set of 1-dimen;s
J links that connecbthe junctions, each link being associated with a start (origin, source) jur
tination, sink)junction

005, definition 4.17]

e network is essentially the universe of discourse for the navigation problem. Networks are a variety
pelogical complex. In this light, junction and topological node are synonyms, as are link and directed e

ation.

or of

ional
ction

of 1-
Hge.

41.15

one parameter set of geometries
function f from an interval t € [a, b] such that f(t) is a geometry and for each point P ¢ f(a) there is a one
parameter set of points (called the trajectory of P) P(t) : [a, b] =>P(t) such that P(t) e f(t)

EXAMPLE

4.1.16
period

A curve C with constructive parameter t is a one parameter set of points c(t).

one-dimensional geometric primitive representing extent in time

[ISO 19108:2002, definition 4.1.27]

NOTE A

period is bounded by two different temporal positions.

© 1SO 2008 — All rights reserved
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4117
point
0-dimensional geometric primitive, representing a position

[ISO

19107:2003, definition 4.61]

NOTE The boundary of a point is the empty set.

41.18
prism
(one parameter set of geometries) set of points in the union of the geometries (or the union of the

traje

NOTE
in 3D

411

tem
sing

[ISO

4.1.2

ctories) of a one parameter set of geometries

This is a generalization of the concept of a geometric prism that is the convex hull of two-cong
space. Such polyhedrons can be viewed as a foliation of congruent polygons.

D

oral reference system based on an interval scale on which distance js measured as a
unit of time

temaoral coordinate system

19108:2002, definition 4.1.31]

D

temporal position

locat

[ISO

refer
[ISO
4.1.2

traje
path

4.1.2

on relative to a temporal reference system

19108:2002, definition 4.1.34]

4.1.2
temporal reference system

nce system against which time is measured

19108:2002, definition 4.1.35]
R
Ctory

bf a moving point described-by a one parameter set of points

B

vector

quan

[ISO

4.2

ity having direction as well as magnitude

19123:2006y definition 4.1.43]

Abbreviated terms

CRS

Coordinate Reference System (ISO 1911T)

SLERP Spherical Linear Interpolation

LRS

OCL

UML

©I1SO

Linear Referencing System (ISO 19133)
Object Constraint Language (ISO/IEC 19501)

Unified Modelling Language (ISO/IEC 19501)

2008 — All rights reserved
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5 Package — Moving Features

5.1 Semantics

A moving feature can be modelled as a combination of movements. The overall motion can be expressed as
the temporal path or trajectory of some reference point on the object (the “origin”), such as its center of gravity.
Once the origin’s trajectory has been established, the position along the trajectory can be described using a
linear reference system (as defined in ISO 19133). The “parameterization by length” for curves (as defined in
ISO 19107) can be used as a simple linear reference if no other is available. The relationship between time (t)
and measure value (m) can be represented as the graph of the t— m function in a plane with coordinates
(t, m). This separation of the geometry of the path and the actual “time to position” function allows the moving
feature to bel|tracked along existing geometry.

Figure 1 illugtrates how the concepts of foliation, prism, trajectory, and leaf relate to one another. In this
illustration, al 2D rectangle moves and rotates. Each representation of the rectangle at a given\fime is d leaf.
The path tra¢ed by each corner point of the rectangle (and by each of its other points) is a trajectory. The set
of points contained in all of the leaves, and in all of the trajectories, forms a prism. Thé)set of leaveq also

forms a foliatjion.
Y Prism

Foliation

Figure 1 — Feature movement as foliation

These two olbjeCtrepresentations, of the path and the position along that path, give the general position ¢f the
moving featre-/The other variable in describing the position of the feature is the rotation about the chosen
reference point. To describe this, a local engineering coordinate system is established using the object
reference point as its origin. The geometry of the feature is described in the engineering coordinate system
and the real-world orientation of the feature is given by mapping of the local coordinate axes to the global
coordinate system (the CRS of the trajectory of the reference point). This can be given as a matrix that maps
the unit vectors of the local coordinate system to vectors in the global CRS.

If the global CRS and local CRS have the same dimension, then each point within the local CRS can be
traced in time through the global CRS by combinations of these various mappings. The map would trace from
time (t) to the measure (m) to a position on the reference point's path using the LRS. Then using the rotation
matrix, the calculated offset from this point gives a direct position in the global CRS.

This means that the ‘prism’ of the moving feature (defined as all the points which part of the feature passes
through) can be viewed (and calculated to whatever degree of accuracy needed) as a bundle of trajectories of

6 © 1SO 2008 — All rights reserved
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points on the local engineering representation of the feature's geometry. If viewed in a 4 dimensional spatio-
temporal coordinate system, the points on the feature at different times are different points. Then the pre-
image of the prism (points on the trajectories augmented by a time coordinate) is a foliation, meaning that
there is a complete and separate representation of the geometry of the feature for each specific time (called a
“leaf”). These names come from a 3D metaphor of a book, where each page or leaf is a slice of time in the
“folio”.

This might form the basis for an extension of this standard to non-rigid, mutable objects. Each leaf in the 4D
foliation is a separate representation of the object, and by creating methods to describe the change through
time of the shape and form of the feature, the existing machinery in this International Standard can be used to
place those representations in positions with respect to the global coordinate system.

5.2 | Package structure

This
Mods
UML

The
carry

clause presents a conceptual schema for describing moving features that is spegcified usin
lling Language (UML) [ISO/IEC 19501], following the guidance of ISO/TS 19103. Annex
notation as used in this International Standard.

schema is contained in the UML package Moving Features. Names of-classes included in
the prefix "MF_". The package is subdivided into two leaf packages_(Figure 2), Geometr

g the Unified
B describes

this package
y Types and

Prismp Geometry. The classes in these two packages are derived from~classes included in the Geometry

Packpge specified in 1SO 19107. Classes from the packages Basic Types [ISO/TS 19103], Geometry
[ISO 19107], Temporal Objects, and Temporal Reference System.{ISO 19108] are used as datg types in the
schema.

5.3 | Class hierarchy

The
GM_

schefna to be used as feature attributes in compliance with the General Feature Model specified

The s
migh
temp
spec

Dbject and GM_Curve specified in ISO 19107/ (Figure 3). This allows the subclasses sp

econd level of the hierarchy consists of a‘set of classes that describe a one-parameter geo
be used to describe the movement of-a feature with respect to any single variable such
brature, or time. The third level spegializes these classes to describe motion in time. The
fied fully in Clauses 6 and 7.

tlasses of the moving features schema form an.inheritance hierarchy that has its source in the classes

ecific to this
n 1ISO 19109.
metry. These
as pressure,
classes are

©I1SO
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]

ISO 19141 Moving Features
(from Logical View)

]

Geometry Types

+
+
+

+ MF_MeasureFunction

+ MF_OneParamGeometry
+ MF_PositionExpression
+ MF_SecondaryOffset

]

<<normative>>
Geometry
(from ISO 19107 Spatial Schema)

<<Leaf>>
Coordinate geometry
(from Geometry)

Ac T =y &
I __TTpuraragculticuy

MF_Trajectory

MF_TemporalTrajectory \

Prism Geometry

+ + + + + +

MF_GlobalAxisName
MF_LocalGeometry
MF_PrismGeometry
MF_RigidTemporalGeometry
MF_RotationMatrix
MF_TemporalOrientation

-

<<Type>>
GM_Object

(from Geometry root)

Figure 2 — Moving Feature Package

MF One?@geometw

<<Leaf>>

= Geometry root
(from Geometry)

]

<<Lgaf>>

Geometric.primitive
(from Geometry)

RS

<<Leaf>>

X\ [T emporal Reference System
(from I1ISO 19108 Temporal)

<<Type>>
GM_Curve
(from Geometric primitive)

<<Type>>

<<Type>>

MF_Trajectory

<<Type>>

MF_TemporalGeometry

L—1
—~J

MF_TemporalTrajectory

Figure 3 — Components of the Geometry Types Package
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6 Package — Geometry Types

6.1 Package semantics

The Geometry Types package contains seven types. Two classes — MF_OneParamGeometry and
MF_Trajectory — specify one-parameter geometry types based on the geometric objects specified in
ISO 19107 (see Figure 3). Two other classes — MF_TemporalGeometry and MF_TemporalTrajectory —
specialize the first classes in order to specify a one-parameter set of geometries in which the parameter is
time. The other three classes — MF_MeasureFunction, MF_SecondaryOffset and MF_PositionExpression
(Figure 4) — are used to extend the concepts of linear reference systems as defined in ISO 19133. Description
of movement in terms of geographic identifiers is out of scope, and is partly covered in ISO 19133.

1 <<Type>>
LR_LinearReferenceMethod
+LRM (from Linear Reference Systems) <<GodeList>>
LR_OffsetReference
(from Linear Reference Systgms)

+ centerline
+ edgeOfTravel
+rightOfWay

+referenceElement | 1..* + curb
+ edgeOfBerm

; <<Type>> + sidewalklnside

+referenceDomain LR_Element + sidewalkOutside
1 (from Linear Reference Systems) 1
{ordered}
+datumMarkers
0..x 0..*| +marker
<<Type>> 0 <<Type>>
LR_PositionExpression - LR_ReferenceMarker
from Linear Reference Systems) +referent (from Linear Reference Systems)
<<Typ b>>
MF_PositionExpression 0.* MF_SecondpryOffset
+secondaryOffset + offsetVector | Vector
+offset <<Type>> <<Type>>
KR_OffsetExpression MF_MeasureFunction
0.1 (from Linear Reference Systems) —

+ graphOfMeasure : GM_Curve[1..*]

+ graphOfOffset[0..1] : GM_Curve[1..*]

+ graphOfSecondaryOffsets [0..1] : GM_Curve[1..*]
+ geometry : LR_Element

+ range : LR_LinearReferenceMethod

Figure 4 — Use of Linear Reference System by Moving Features
6.2 Type — MF_OneParamGeometry

6.2.1 Class semantics
A one parameter set of geometries is a function f from an interval t € [a, b] such that f(t) is a geometry and for

each point P € f(a) there is a one parameter set of points (called the trajectory of P) P(t) : [a, b] — P(t) such
that P(t) € f(t). A leaf of a one parameter set of geometries is the geometry f(t) at a particular value of the

© 1SO 2008 — All rights reserved 9
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parameter. The set of geometries forms a prism that is the set of points in the union of the geometries (or the
union of the trajectories).

EXAMPLE A curve C with constructive parameter t is a one parameter set of points c(t).

6.2.2 Inheritance from GM_Object

The type "MF_OneParamGeometry" (Figure 5) inherits from the type "GM_Object." As such it shall implement
all attributes, operations and associations inherited from that type as specified in ISO 19107, as well as those
specified in this subclause.

<<Type>> <<Type>>
GM_Object Number

(from Geometry root) (from Numerics)
<<Type>>

MF_OneParamGeometry

+ beginDomain : Number
+ endDomain : Number

+ leafGeometry(p : Number) : GM_Object
+ trajectory(point : DirectPosition, p : Number) : MF_Trajectary

+ prism() : GM_Object

<<Type>> <<Type>>
MF_Trajectory MF_TemporalGeometry

Figure 5 — Context'Diagram: MF_OneParamGeometry

6.2.3 Attriute — beginDomain

The attributgl "beginDomain" shall’contain the value of the parameter at the start of the domain of the| one-
parameter ggometry. The data-type Number is specified in ISO/TS 19103.

MF OneParamGeom&try: :beginDomain: Number

6.2.4 Attrihute <-endDomain

The attributd "endDomain" shall contain the value of the parameter at the end of the domain of thel one-
parameter geometry.

MF OneParamGeometry::endDomain: Number

6.2.5 Operation — leafGeometry

The operation leafGeometry shall accept a value of the parameter as input and return the leaf associated with
that value as an instance of GM_Object.

MF OneParamGeometry::leafGeometry( p: Number ): GM Object

10 © 1SO 2008 — All rights reserved
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6.2.6 Operation — trajectory

The operation trajectory shall accept the position of a point on a leaf (identified by a value of the parameter p)
of the one parameter set of geometries and return the trajectory of that point.

MF OneParamGeometry::trajectory( point: DirectPosition, p: Number ):
MF Trajectory

6.2.7 Operation — prism

The operation prism shall return an instance of GM_Object that is the prism formed by the union of all the
leaves of this instance of MF_OneParamGeomefry.

MF OneParamGeometry::prism( ): GM Object
6.3 | Type — MF_TemporalGeometry

6.3.1| Class semantics

MF_TemporalGeometry (Figure 6) is a specialization of MF_OneParamGeometry in which the [parameter is
time [as expressed by TM_Coordinate. TM_Coordinate is specified’ in-1SO 19108; it expressgs time as a
multiple of a single unit of measure such as year, day, or second.

<<Type>>
MF_OneParamGgometry

<<Type>>
MF_TemporalGeometry

+ leafGeometry(m : TM_Coordinate) : GM_Object

+ trajectory(point : DirectPosition; p : TM_Coordinate) : MF_TemporalTrajectory
+ startTime() : TM_Coordinate

+ endTime() : TM_Coordinate

+ nearestApproach(object : GM_Object, timelnterval : TM_Period) : Distance, TM_GeometricPrimitive[1..*]
+ intersection(object.\GM_Object, timelnterval : TM_Period) : TM_TemporalGeometry

<<Type>> <<Type>>
MF_TemoporalTrajectory MF_PrismGeometry
(from Prism Geometry)

Figure 6 — Context Diagram: MF_TemporalGeometry

6.3.2 Inheritance from MF_OneParamGeometry

The type "MF_TemporalGeometry" inherits from the type "MF_OneParamGeometry". As such it shall
implement all inherited attributes, operations and associations.

© 1SO 2008 — All rights reserved 11
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ation — leafGeometry

The operation leafGeometry shall accept a time as input and return the instance of GM_Object that describes
the leaf of the temporal geometry at that time.

MF Temp

6.3.4 Oper

oralGeometry::leafGeometry( m: TM Coordinate ): GM Object

ation — trajectory

The operation trajectory shall accept the position of a point on a leaf of the MF_TemporalGeometry at a
specified time and return the temporal trajectory of that point.

MF Temp|
MFE 1

6.3.5 Oper

The operatio|
the value of '

MEF Temp
6.3.6 Oper

The operatio
the value of '

MEF Temp
6.3.7 Oper

The operatio
geometry to

operation is $ymmetric. The parameter "timelnterval" shall restrict the search to a particular period of tim¢g.
MF TempjoralGeometry: :nearestApproach( object: GM Object, timelnterval:
TM Reriod ): Distance, “TM GeometricPrimitive[l..*]
6.3.8 Operption — intersection

The operatio
any other g¢
symmetric. T|

oralGeometry::trajectory( point: DirectPosition,

emporalTrajectory

p: TM Coordinate~J2

ation — startTime

h startTime shall return the time at which the temporal geometry begins. This*shall correspd
beginDomain".
) :

oralGeometry::startTime ( TM Coordinate

hation — endTime

h endTime shall return the time at which the temporal‘geometry ends. This shall correspo
endDomain".
) :

oralGeometry: :endTime ( TM Coordinate

ation — nearestApproach

h "nearestApproach"” shall return the.distance and time of the nearest approach of the tem
any other geometric object. If thelother geometric object is also a temporal geometry, the

n "intersection’ shall return the temporal geometry of the intersection of the temporal geome
ometric abject. If the other geometric object is also a temporal geometry, then this operat
he parameter "timelnterval" shall restrict the search to a particular period of time.

nd to

nd to

poral
n this

try to
on is

MF Templo£alGeometry: ::intersection( object: GM Object, timelnterval:
™ Refieod———MF—TFemporatceomets
6.4 Type — MF_Trajectory
6.4.1 Class semantics

MF_Trajectory (Figure 7) describes a one-parameter geometry whose cross section is a point. The class is
subject to the constraint that the position of the GM_Point returned by the leafGeometry operation equals the
position returned by the /eaf operation for the same value of the parameter m. This is expressed by the OCL.:

{leafGe

The attributes

12

ometry(m) .position leaf (m) }

of the class are derived using inherited operations as well as those specified for the class.
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<<Type>>
<<Type>> GM_Curve
MF_OneParamGeometry (from Geometric primitive)

<<Type>>
MF_Trajectory

/+ pathGeometry : GM_Curve
/+ graphParameterToPoint : GM_Curve[1..*]
/+ graphParameterToMeasure : Set<MF_MeasureFunction>

+ leaf(p : Number) : DirectPosition

+ leafGeometry(p : Number) : GM_Point

+ prism() : GM_Curve

+ parameterToMeasure() : Set<MF_MeasureFunction>

+ positionAtParameter(p: Number) : MF_PositionExpression

<<Type>> <<Type>>
MF_TemporalTrajectory MF_MeasureFunction

Figure 7 — Context Diagram: MF_Trajectory

6.4.2| Inheritance from MF_OneParamGeometry

The fype "MF_Trajectory" inherits from the type "MF_OneParamGeometry". As such it shall implement all
inherfted attributes, operations and associations:

6.4.3| Inheritance from GM_Curve

The fiype "MF_Trajectory" inherits-from the type "GM_Curve". As such it shall implement all inherited attributes,
opergtions and associations. GM-Curve is described using both spatial and temporal coordinates|

6.4.4| Attribute — pathGeometry
The dlerived attribute. "pathGeometry" of a trajectory is a spatial curve that is the projection of the trajectory
over [time. No relationship to time or path orientation remains. Repeated traversal of the sgme place at
differpnt timesds)not reflected in the resultant geometry.

MF T¢ajectory::pathGeometry: GM Curve

6.4.5 Attribute — graphParameterToPoint

The derived attribute "graphParameterToPoint" is the graph of the parameter to point function, expressed as a
set of curves in a Euclidean space. Each curve is in 2D Euclidean space mapping the parameter of the
trajectory to the "pathGeometry" curve’s “parameterization by arc length” as defined in ISO 19107. Thus, the
Euclidean space of the resultant graph curves is the set of points (p, s) where "p" is the parameter of the
trajectory and "s" is the parameter of the underlying "pathGeometry".

MF Trajectory::graphParameterToPoint: GM Curve[l..¥*]
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6.4.6 Attribute — graphParameterToMeasure

The derived attribute "graphParameterToMeasure" is the graph of the parameter to point function expressed
as a set of curves, each part of an MF_MeasureFunction (6.8), in a Euclidean space. Each curve is in 2D
Euclidean space mapping the parameter of the trajectory to the "pathGeometry" curves’ linear reference
measure as defined in ISO 19133.

MF Traj

ectory::graphParameterToMeasure: Set<MF MeasureFunction>

6.4.7 Operation — leaf

The operati
ISO 19107)

MF Traj

“lear” shall accept a value of the parameter as Input and return the DirectFosition

n
(tLrough which the trajectory passes at that value of the trajectory parameter.

ectory::leaf( p: Number ): DirectPosition

6.4.8 Operption — leafGeometry

The operatio]
at that positig

MF Traj
6.4.9 Oper

The operatig
trajectory.

MF Traj

h "leafGeometry" shall accept a value of the parameter as input and return the GM_Point {
n on the trajectory.

ectory::leafGeometry( p: Number ): GM Point

ation — prism

n "prism" shall return the instance of GM_Curve-that corresponds to the geometry @

ectory::prism( ): GM Curve

6.4.10 Operption — parameterToMeasure

The operatio
between the
MF_Measure
trajectory pa

MF Traj

n "parameterToMeasure" shall return an instance of GM_Curve that describes the relatio
parameter and measure of_one‘or more specified LRS’s along the trajectory, using the
Function (6.8). Each GM_Curve's coordinate reference system is the Cartesian product ¢
ameter and the measure(associated to its containing MF_MeasureFunction.

) :

ectory: :parameterToMeasure ( Set<MF MeasureFunction>

6.4.11 Ope

tion — positionAtParameter

The operatign "positionAtParameter" shall return an instance of MF_PositionExpression that describe]

position of t

moving feature along the trajectory. The use of MF_PositionExpression allows the traject

following exigting.geometry (such as a road centreline) and use offset to specify variations in any dire
This allows [the) position expression to carry information about lanes in the case of land vehicles,

from

hat is

f the

hship

type
f the

S the
bry to
ction.

or a

watercraft’s attitude or drift in the case of marine vehicles.

MF Traj

6.5 Type -

6.5.1

ectory::positionAtParameter( p: Number ): MF PositionExpression

MF_TemporalTrajectory

Class semantics

An instance of MF_TemporalTrajectory (Figure 8) is a trajectory whose parameter is time.

14
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Inheritance from MF_Trajectory

The type "MF_TemporalTrajectory" inherits from the type "MF_Trajectory". As such it shall implement all
inherited attributes, operations and associations.

6.5.3

Inheritance from MF_TemporalGeometry

The type "MF_TemporalTrajectory” inherits from the type "MF_TemporalGeometry". As such it shall

imple

6.5.4

ment all inherited attributes, operations and associations.

Attribute — beginDomain

The
one-f

M
NOTH
™ d

either
repre

6.5.5

The
trajeq

M

NOTE

pttribute "beginDomain” shall contain the value of the time parameter at the start of the d
arameter geometry.

' TemporalTrajectory: :beginDomain: TM Coordinate

This overrides the same attribute in MF_OneParamGeometry (6.2,3). Normally this

an implicit or explicit unit). The specification of a particular temporal coordinate system allows a {
sentation for TM_Coordinate.

Attribute — endDomain

pttribute "endDomain" shall contain the value of the time ‘parameter at the end of the ddg
tory.

' TemporalTrajectory::endDomain: TM .Goordinate

This overrides the same attribute in MF_QOneParamGeometry (6.2.4).

omain of the

vould require

oordinate to be a subtype of Number, but TM_Coordinate can be expressed as a-measure (which is § number, with

urely numeric

main for the

©180
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<<Type>> <<Type>>
MF_Trajectory MF_TemporalGeometry

<<Type>>
MF_TemporalTrajectory

+ beginDomain : TM_Coordinate

+ endDomain : TM_Coordinate

+ graphfimeToPoint— GI‘V‘I_CUIV€[1 ..*]
+ graphTimeToVelocity : GM_Curve[1..*]

+ graphTimeToAcceleration : GM_Curve[1..*]

+ graphTimeToDistance : GM_Curve[1..*]

+ graphTimeToCumulativeDistance : GM_Curve[1..*]

+ pointAtTime(t : TM_GeometricPrimitive) : DirectPosition

+ timeAtPoint(p : DirectPosition) : TM_GeometricPrimitive[0..*]

+ velocity(t : TM_Coordinate) : Vector

+ acceleration(t : TM_Coordinate) : Vector

+ timeTjoDistance() : GM_Curve[1..%]

+ timeAtDistance(d : Distance) : TM_GeometricPrimitive[0..*]

+ cumulativeDistanceAtTime(t : TM_Coordinate) : Distance

+ timeAtCumulativeDistance(d : Distance) : TM_GeometricPrimitive

+ neargstApproach(object : GM_Object) : Distance, TM_GeometricPrimitive[1..*]
+ subTrajectory(newStartTime : TM_Coordinate, newEndTime : TM_Coordinate) : MF_TemporalTrajectory
+ timeToMeasure() : MF_MeasureFunction[0..*]

+ positipnAtTime(t : TM_Coordinate) : LR_PositionExpression

+ offsetAtTime(t : TM_Coordinate) : Measure

+ secorjdaryOffsetAtTime(t : TM_Coordinate) : Vector

+ measpreAtTime(t : TM_Coordinate) : Measure

<<Type>> TM_.GeometricPrimitive <<DataType>>
MF_RjgidTemporalGeometry (from Temporal Objects) TM_Coordinate
(flom Prism Geometry) (from Temporal Reference System)

Figure’8 = Context Diagram: MF_TemporalTrajectory

6.5.6 Attripute — graphTimeToPoint

The attribute|"graphTiteToPoint" is the graph of the time to distance function, expressed as a set of curyes in
a Euclidean ppace.<Each curve is in a 2D Euclidean space mapping time along the trajectory to the cuyrve’s
“parameterizption by arc length” as defined in ISO 19107. Since time is the parameter of a temporal trajeftory,
this is the sane-as "graphParameterToPoint" (6.4.5).

MF TemporalTrajectory::graphTimeToPoint: GM Curvel[l..*] =
graphParameterToPoint

6.5.7 Attribute — graphTimeToVelocity

The attribute "graphTimeToVelocity" is the graph of the time to velocity function expressed as a set of curves
in a Euclidean space. Each curve is in a (n+1)-D (where n is the coordinate dimension of the trajectory’s
velocity vector) Euclidean space mapping time along the trajectory to a velocity vector. The distance
measures to be associated to the velocity vector shall be the same as those associated to the trajectory
coordinate reference system.

MF TemporalTrajectory::graphTimeToVelocity: GM Curve[l..*]
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6.5.8 Attribute — graphTimeToAcceleration

The attribute "graphTimeToAcceleration" is the graph of the time to acceleration function, expressed as a set
of curves in a Euclidean space. Each curve is in a (n+1)-D (where n is the coordinate dimension of the
trajectory’s velocity vector) Euclidean space mapping time along the trajectory to an acceleration vector. The
distance measures to be associated to the acceleration vector shall be the same as those associated to the
trajectory coordinate reference system.

MF TemporalTrajectory::graphTimeToAcceleration: GM Curve[l..*]

6.5.9 Attribute — graphTimeToDistance

The Jattribute "graphTimeToDistance" is the graph of the time to distance, expressed as a set-df curves in a
Euclilean space. Each curve is in a 2D Euclidean space mapping time along the trajectory. 10 distance along
the trpjectory’s "pathGeometry".

MF TemporalTrajectory::graphTimeToDistance: GM Curve[l..*]

6.5.1p Attribute — graphTimeToCumulativeDistance
The attribute "graphTimeToCumulativeDistance" is the graph of the time(to cumulative distance, ¢xpressed as
a set|of curves in a Euclidean space. Each curve is in a 2D Euclidean'space mapping time along the trajectory
to didtance along the trajectory’s "pathGeometry".

MF TemporalTrajectory::graphTimeToCumulativeDistance: GM Curve[l..*]

6.5.11 Operation — pointAtTime

The ¢peration "pointAtTime" shall accept a time in‘the domain of the trajectory as input, and shall return the
direct position of the trajectory at that time.

MF TemporalTrajectory::pointAtTime( t: TM GeometricPrimitive ): DirecfPosition

6.5.1R Operation — timeAtPoint

The pperation "timeAtPoint" shall"accept a DirectPosition as input and return the set of times [at which the
trajegtory passes through thiat DirectPosition. Each value in the set returned shall be an instance|of one of the
subclasses of TM_GeomeéetricPrimitive, either a TM_Instant or a TM_Period. The use of TM_Period allows for
the description of periéds*of time during which the moving object remains stationary. If the poin{ is not in the
prisn] of the trajectofy,then the operation returns an empty set.

MF TempofalTrajectory::timeAtPoint( p: DirectPosition ):
Set<T GeometricPrimitive>

6.5.1B “Operation — velocity

The operation "velocity" shall accept a time (TM_Coordinate) as input and return the velocity as a vector at
that time.

MF TemporalTrajectory::velocity( t: TM Coordinate ): Vector

6.5.14 Operation — acceleration

The operation "acceleration" shall accept a time (TM_Coordinate) as input and return the acceleration as a
vector at that time.

MF TemporalTrajectory::acceleration( t: TM Coordinate ): Vector
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6.5.15 Operation — timeToDistance

The operation "timeToDistance" returns a graph of the time to distance function as a set of curves in the
Euclidean space consisting of coordinate pairs of time, distance.

MF TemporalTrajectory::timeToDistance( ): GM Curvel[l..*]

EXAMPLE In Figure 9 the curve at "A" represents the time to distance function for an object that accelerates from t,
to t,, moves at constant velocity from t, until t,, and then decelerates to a stop at t;. The curve at "B" represents the time
to distance function for an object that travels 3 times around a closed trajectory at constant velocity; the solid line
represents the distance from the origin of the trajectory, while the dashed line represents the cumulative distance travelled.

g4 S A

A /

't /
S/

/

YL

| t t
I to

Figure 9 — Examples of time:to distance curves

6.5.16 Operption — timeAtDistance

The operation "timeAtDistance" shall returntan array of TM_GeometricPrimitive that lists in ascending jorder
the time ¢r times a particular _point (determined by the Set<Distance> in the trajedtory's
GM_GenericCurve::paramForPoint(p:DirectPosition) : Set<Distance>, DirectPosition ) is reached.

MF TempjoralTrajectorysi/timeAtDistance(d : Distance)
TM GeometricPrimitive[0..*]

For a point p:DirectPositien (in the global CRS) the trajectory passes through at time t, then for each d a
distance in the trajectory's paramForPoint(p:DirectPosition).Set<Distance>, timeAtDistance(d) contains t |n the
union of its primitives.

6.5.17 Operation — cumulativeDistanceAtTime

The operation "cumulativeDistanceAtTime" shall accept a time as input and return the cumulative distance
travelled (including all movements forward and retrograde as positive travel distance) from the beginning of
the trajectory at that time "t".

MF TemporalTrajectory::cumulativeDistanceAtTime( t: TM Coordinate ): Distance
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6.5.18 Operation — timeAtCumulativeDistance

The operation "timeAtCumulativeDistance" shall accept a distance as input and return the time at which the
trajectory’s total length (including all movements forward and retrograde as positive travel distance) reaches
that cumulative travel distance.

MF TemporalTrajectory::timeAtCumulativeDistance( d: Distance ):
TM GeometricPrimitive

6.5.19 Operation — nearestApproach

The $peration "nearestApproach™ shall refurn the Time and distance of the nearest approach of this trajectory
to anpther GM_Object. If the other GM_Obiject is also a temporal geometry, the distance returngd will be the
distance between the leaves of the two objects at the returned time.

MF TemporalGeometry::nearestApproach( object: GM Object ): Dipgtance,
TM GeometricPrimitivel[l..*]

6.5.2Dp Operation — subTrajectory
The gperation "subTrajectory" shall accept two times in the domain of the trajectory and return a trajectory that
is a gubset of the given trajectory for the specified time interval. The{operation allows all tempqral trajectory
operations to be restricted to particular time periods.

MF TemporalTrajectory::subTrajectory( newStartTime: TM Coordinate, nepEndTime:
TM Coordinate ): MF TemporalTrajectory

6.5.21 Operation — timeToMeasure

The pperation "timeToMeasure" shall return acset of MF_MeasureFunctions that associate time to position
within a linear reference system.

MF TemporalTrajectory::timeToMeasure( ): Set<MF MeasureFunction>

6.5.2P Operation — positionAtTime

The pperation "positionAtTime" shall accept a time in the domain of the trajectory and return the position of
the moving feature on the-trajectory at that time, expressed as a linear reference system position.

MF TemporalThajectory::positionAtTime( t: TM Coordinate ):
LR PositionExpression

6.5.23 Operation — offsetAtTime

The @peration "offsetAtTime" shall accept a time in the domain of the trajectory and return the dffset position
on the trajectory at that time, expressed as the offset measure for a linear reference system.

MF TemporalTrajectory::offsetAtTime( t: TM Coordinate ): Measure

6.5.24 Operation — secondaryOffsetAtTime

The operation "secondaryOffsetAtTime" shall accept a time in the domain of the trajectory and return the
secondary offset position of the trajectory at that time, expressed as vector of measures.

MF TemporalTrajectory::secondaryOffsetAtTime( t: TM coordinate ): Vector
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6.5.25 Operation — measureAtTime

The operation "measureAtTime" shall accept a time in the domain of the trajectory and return the positi
the trajectory at that time, expressed as a linear reference system measure.

MF TemporalTrajectory::measureAtTime( t: TM Coordinate ): Measure

6.6 Class — MF_PositionExpression

6.6.1 Class semantics

on of

The type "MF_PositionExpression" (Figure 10) extends LR_PositionExpression to allow for use of @x
geometry forf moving features that may vary from the "default course" by drifting around the nominal.rou
potentially cgmplex, temporally varying offsets.

<<Type>>
LR_PositionExpression
from Linear Reference Systems)

MF_PositionExpression 0.* <<Type>>
+secondaryOffset MF_SecondaryOffset

Figure 10 — Context Diagram: MF. PositionExpression

6.6.2 Inheilfitance from LR_PositionExpression

The type "MK _PositionExpression" inherits from thestype "LR_PositionExpression”. As such it shall implg
all attributes,|operations and associations inherited from that type as specified in ISO 19133.

6.6.3 Assodciation Role — secondaryOffset

The optional association role "setondaryOffset" allows the MF_PositionExpression instances to ex
complex offsgts in any dimensionyas opposed to the offset of normal LRS’s which are usually restricted t
right offsets ih a 2-dimensional-space.

MF PosiftionExpresSion: :secondaryOffset[0..*]: MF SecondaryOffset

6.7 Type + MF-SecondaryOffset

sting
te by

ment

bress
D left-

6.7.1 Class-semantics

The type "MF_SecondaryOffset" (Figure 11) describes an offset in any direction from the geometry identified

as the "default course" of the moving object.

<<Type>>
MF_SecondaryOffset <<Type>> <<Type>>
Vector LR_OffsetExpression
+ offsetVector : Vector (from Numerics) (from Linear Reference Systems)

Figure 11 — Context Diagram: MF_SecondaryOffset
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6.7.2 Attribute — offsetVector
The attribute "offsetVector" describes the magnitude and direction of the offset.

MF SecondaryOffset::offsetVector: Vector

6.8 Type — MF_MeasureFunction

6.8.1 Class semantics

The type "MF_MeasureFunction" (Figure 12) is used by a temporal trajectory to express position of a moving
feature by use of a linear reference system, as defined in 19133 and extended by MF_PositignExpression
in 6.9.

<<Type>> <<Type>> <<Type>p
MF_MeasureFunction GM_Curve LR\ LinearRefererjceMethod
(from Geometric primitive) (from’Linear Referenge Systems)
+ graphOfMeasure : GM_Curve[1..*]

+ graphOfOffsets[0..1] : GM_Curve[1..*]
+ graphOfSecondaryOffsets[0..1] : GM_Curve[1..*]
+ geometry : LR_Element <<Type>>

+ range : LR_LinearReferenceMethod LR_Element
(from Linear Reference Systems)

Figure 12 — Context Diagram: MF_MeasureFunction

6.8.2| Attribute — graphOfMeasure
The attribute "graphOfMeasure” is the graph of the time to measure as a set of curves in a Euclidean space.

Each| curve is in a 2D Euclidean space *mmapping time along the trajectory to measurg along the
MF_MeasureFunction "pathGeometry".

MF MeasureFunction::graphQfMeasure: GM Curve[l..*]
6.8.3| Optional attribute — graphOfOffset

The optional attribute "graphOfOffset" is a set of curves that represent the left-right deviations of fhe trajectory
from the default course.

MF MeasureFunction::graphOfOffset[0..1]: GM Curve[l..*]
6.8.4| Optional attribute — graphOfSecondaryOffsets

The pptional attribute "graphOfSecondaryOffsets is a set of curves that represent the devigtions in any
direction/of the trajectory from the default course.

MF MeasureFunction::graphOfSecondaryOffsets[0..1]: GM Curve[l..*]

EXAMPLE The planned route for an aircraft might be a geodesic curve at constant elevation. Because of air
turbulence, the actual path travelled by the aircraft will deviate at random from the planned route. The
graphOfSecondaryOffsets will record those deviations.

6.8.5 Attribute — geometry

The attribute "geometry" contains the underlying curvilinear geometry upon which the measures in the linear
reference system are taken.

MF MeasureFunction::geometry: LR Element

© 1SO 2008 — All rights reserved 21


https://standardsiso.com/api/?name=2e75bfc6cbdfe3a9c923437f39ba9087

ISO 19141:2008(E)

6.8.6 Attribute — range

The attribute "range" contains the linear reference system used by a temporal trajectory to express position of
a moving feature.

MF MeasureFunction::range: LR LinearReferenceMethod

7 Package — Prism Geometry

7.1 Package structure

The packagé¢ Prism Geometry (Figure 13) contains five types used to describe the prism of~a mpving
geometric object. MF_RigidTemporalGeometry (Figure 19) specializes MF_PrismGeometry, which in turn
specializes NIF_TemporalGeometry for the case of an object that moves without deformation. The remaining
classes supgort description of the possible rotation of such an object.

<<Type>>
MF_TemporalGeometry
(from Geometry Types)

+ leafeometry(m : TM_Coordinate) : GM_Object

+ trajeftory(point : DirectPosition, p : TM_Coordinate) : MF_TemporalTrajectory

+ start[lime() : TM_Coordinate

+ endTime() : TM_Coordinate

+ nearestApproach(object : GM_Obiject, timelnterval : TM_Period) : Distance; TM_GeometricPrimitive[1..*]
+ interpection(object : GM_Object, timelnterval : TM_Period) : MF_TemporalGeometry

<<Codel.ist>> <<Type>>
MF_Globalf\xisName GM_Affin_ePlacement
1 n <<Type>x (from Coordinate geometry)
angen )
+ backtangent MF_Prigrptipometry + Iocat.ion GM_*Position
+ normal + globalAxis[1..3] : MF_GIobatAxisName = [tangent, up, right] + refDirection[1.."] : Vector
+ bearing + controlOrientation[0..*} : MF_TemporalOrientation + inDimension() : Integer
+ up = binorral ; ; .
" dgwn + geometryAtTime(t ;- TM_Coordinate) : GM_Geometry : 3:;2;??£prgé;?ésg.e\r/ect r
+ right + localCoordinateSystem () : SC_CRS : :
+ left + rotationAtTime(t : TM_Coordinate) : MF_RotationMatrix '
+ axis1 v
+ negativeAxis1 <<Interface>>
+ axis2 GM_Placement
+ negativeAxis2 (from Coordinate geometry)
+ axis3 <<Type>>
+ negativeAxis3 MF_RigidTemporalGeometry + inDimension() : Integer
+ baseGeometry : GM_Object + outDimension() : Integer
+ transform(in : Vector) : Vectpr

<<Urjioh>>
GM_Position <<Type>> <<Type>> <<Type>>
(from Coordinate geometry) MF_TemporalOrientation MF_LocalGeometry MF_RotationMatrix
+ direct . DirectPosition + rotation : MF_RotationMatrix + origin : DirectPosition + axis[1..*] : Vector
+ indirect : GM_PointRef + time : TM_Coordinate + axis[0..3] : Vector + transform(p : Vector) : Vector

Figure 13 — Classes of the Prism Geometry package
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7.2 CodeList — MF_GlobalAxisName

7.2.1 Class semantics

The code list "MF_GlobalAxisName" (Figure14) names the usual global axes. They are normally either in
terms of the moving frame of the curve, or in terms of the external CRS in which the geometry of the curve is
defined (Figure 15). The moving frame of the curve is a right-handed set of independent vectors that are a
basis for a local Euclidean vector space equal to the tangent space of the CRS (3D) at the points along the
curve. It shall consist of a tangent to the curve, a normal vector pointing to the left of this tangent, and their
cross product, which is a "near" upward normal to the curve. If the original CRS is 2D, this third vector is the
local up of the underlying CRS surface. If only the first axis is given, it must be horizontal, with the third axis

vectdr shall be assumed to be the Tocal "up™ and the second axis vector shall be the cross proqzzc

two (y2 = v3 x v1). The external CRS is usually an earth-fixed geographic CRS, but this Inter
does|not require that it be such. Steerable objects may work best with the moving frame;
mapg to the tangent), up, and right. Non-steered objects may work best with the tangen
curvgs of the external CRS. '\b‘

N

<<CodelList>> O
MF_GlobalAxisName %
g\\
O

+ tangent
+ backTangent

+ bearing

X
+ down \\Q
+ right

+ left ‘\0
+ axis1

Z
+ negativeA@
+ axis2
+ ne: Axis2
o
| ‘-(DegativeAxis:i

~

nt

to th

t of the other
nal Standard
vhich usually
e coordinate

Figure 15 — Global and local axes
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7.2.2 Attribute — tangent

The "tangent" vector represents the geometric unit tangent to the curve. It always points in the forward
direction of the curve's underlying "parameterization by length" as defined in ISO 19107. This is not the
tangent to the motion of the object. If the object backtracks the curve, the forward unit tangent of the object will

be the negati

MF Glob

ve of the curve's tangent.

alAxisName: :tangent

7.2.3 Attribute — backTangent

The "backTa

MF_Glob

7.2.4 Attripute — bearing

The bearing

curve is perfgctly vertical, the bearing is undefined. Curves that go perfectly vertical should not use bearir

MF Glob

7.2.5 Attripute — up

This "up" ve
represents th
the curve is |

MF_Glob

7.2.6 Attribute — down

This "down"

MF_Glob

7.2.7 Attriute — right

This "right" v|

MF_Glob

7.2.8 Attribute — left

The "left" veq

gent veclor Is the negative ol the tangent 10 the curve.

b 1AxisName: :backtangent

is the projection of the tangent to the curve onto the horizontal plane of the external CRS.

h1AxisName: :bearing

ctor is the local up as in elevation. The vector up is thé cross product of the tangent and
e up for the moving feature, which may be the up for@he external coordinate reference sys
bcally on a surface of constant elevation.

R 1AxisName::up = binormal

ector is the negative of "up".

A 1AxisName: :down

bctor is the cross product of "tangent” and "up" and the negative of "left".

b 1AxisNames+right

tor-is the unit vector point to the left of the curve. As such the left is the cross product of "up

If the
g.

eft. It
em if

and

the "tangent"—

MF_Glob

[T i A | D) 4 A ]
LTIL 1o UIiC TIcyduve Ul T1Iyrit .

alAxisName: :left

7.2.9 Attribute — axis1

The vector "axis1" is the first coordinate axis of the external CRS. In other words, it is the unit tangent to the
curve created by increasing the first coordinate while keeping the others constant.

MF Glob

24

alAxisName: :axisl
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7.2.10 Attribute — negativeAxis1

The vector "negativeAxis1" is negative of the first coordinate axis of the external CRS. In other words, it is the
unit tangent to the curve created by decreasing the first coordinate while keeping the others constant.

MF GlobalAxisName::negativeAxisl

7.2.11 Attribute — axis2

The vector "axis2" is the second coordinate axis of the external CRS. In other words, it is the unit tangent to
the curve created by increasing the second coordinate while keeping the others constant.

M

7.21

The
the u

M

7.21

The
curvg
is thg
3D m

M

" GlobalAxisName: :axis?2

P Attribute — negative Axis2

hit tangent to the curve created by decreasing the second coordinate while.keeping the othe

' GlobalAxisName: :negativeAxis?2

B Attribute — axis3

ector "axis3" is the third coordinate axis of the external CRS. In other words, it is the unit t
created by increasing the third coordinate while keeping'the others constant. If the CRS is
upward unit vector perpendicular to the defining surface of the 2D CRS. It should be used
oving feature icons on a 2D map.

' GlobalAxisName::axis3

7.2.14 Attribute — negativeAxis3

The

unit {
CRS
shou

M

7.3

7.31

The

ector "negativeAxis3" is negative ofthe third coordinate axis of the external CRS. In other w
angent to the curve created by.decreasing the third coordinate while keeping the others cg
is 2D, then this is the downward unit vector perpendicular to the defining surface of the
d be used when placing 3D,moving feature icons on a 2D map.

' GlobalAxisName?):negativeAxis3
Type — MFZLocalGeometry

Class'semantics

ype “*MF_LocalGeometry" (Figure 16) is a geometric object in a design coordinate refer

(usu

ector "negativeAxis2" is negative of the second coordinate axis of the external)CRS. In othér words, it is

s constant.

hngent to the
2D, then this
when placing

ords, it is the
nstant. If the
2D CRS. It

ence system

||\/ Qn\ Instances of this h/nn are used to define the local nnnmnfr\l of the mn\nng f\hlﬂf‘f (l:l

ure 17). For

|con|zed" representatlons a 2D design coordinate reference system mlght be used. The de3|gn coordinate
reference system is accessible through the Coordinate Reference System association inherited from
GM_Object.

©I1SO
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<<Type>> <<DataType>>
GM_Object DirectPosition
(from Geometry root) (from Coordinate geometry)
<<Type>> <<Type>>
MF_LocalGeometry Vector
+ origin : DirectPosition (from Numerics)

+ axis[0..3] : Vector

Figure 16 — Context Diagram: MF_LocalGeometry

Z Local
Axes

Figure'17 — Local geometry

7.3.2 Inherli:tance from GM_Object

The type "MF_LocalGeometry" inhetits from the type "GM_Object". As such it shall implement all inhgrited
attributes, operations and associations.

7.3.3 Attribute — origin

The attribute|"origin" describes a point on the local geometry that will act as a placement point into geographic
space. This point is.chosen by the application usually for ease of calculations. Common choices for an prigin
might be ceptre“of gravity or centre of footprint. The returned direct position is in the design coordinate
reference systém of the MF_LocalGeometry.

MF LocalGeometry::origin: DirectPosition

7.3.4 Optional attribute — axis

The attribute "axis" lists up to three local axes that will be used in describing the local object's orientation (and
scale) when it is embedded in geographic space. These axes shall be specified as vectors centred on the
"origin" as described in 7.3.3 and are referenced to the design coordinate reference system of the
MF_LocalGeometry. When not given, the axis array shall be assumed to be the coordinate axis of the design
coordinate reference system.

MF LocalGeometry::axis[0..3]: Vector
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7.4 Type — MF_PrismGeometry

7.4.1 Class semantics

The type "MF_PrismGeometry" (Figure 18) represents the movement of an object through geographic space.
This International Standard only considers the case where the operation "geometryAtTime" is a constant (that
is, where the object's basic shape is immutable over time).

<<Type>>
MF_TemporalGeometry
(from Geometry Types)

1

1 <<Type>>
<<Type>> L 2 —— MF_TemporalTrajectory
MF_PrismGeometry +originTrajectory (from Geometry Types)

+ globalAxis[1..3] : MF_GlobalAxisName = [tangent, up, right]

+ controlOrientation[0..*] : MF_TemporalOrientation .
<<CodelList>p
+ geometryAtTime(t : TM_Coordinate) : GM_Object MF_GlobalAxisName
+ localCoordinateSystem () : SC_CRS + tangent
+ rotationAtTime(t : TM_Coordinate) : MF_RotationMatrix + back
acktangent
+ normal
+ bearing
+ up = binormal
+ down
+ right
+ left
+ axis1
<<Type>> + negativeAxis1
MF_RigidTemporalGeometry <<Type>> vEREE .
> MF_TemporalOrientation * negatlveAX|32
+ baseGeometry : GM_Object + axis3
+ negativeAxis3

Figure 18 — Context Diagram: MF_PrismGeometry

7.4.2| Inheritance from MF_TemporalGeometry

The fype "MF_PrismGeometry" inherits from the type "MF_TemporalGeometry". As such it shall {implement all
inherfted attributés;operations and associations.

7.4.3| AssSociation Role — originTrajectory

The 3.3).

MF PrismGeometry::originTrajectory: MF TemporalTrajectory
7.4.4 Attribute — globalAxis

The attribute "globalAxis" is the global, possibly moving, geometric coordinate frame (7.2) in which the rotation
and scaling of the base geometry is defined. The default values are the axes of the moving frame of the curve.

MF PrismGeometry::globalAxis[1l..3]: MF GlobalAxisName =
[tangent, up, right]
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7.4.5 Optional attribute — controlOrientation

The attribute "controlOrientation" array contains some number of rotational positions distributed along the
curve by time. A method of interpolation used between these orientations is described in Annex C.

MF PrismGeometry::controlOrientation[0..*]:

MF TemporalOrientation

7.4.6 Operation — geometryAtTime

The operation "geometryAtTime" shall accept a time in the domain of the prism geometry and return the
geometry of the moving feature, as it is at a given time in the global coordinate reference system. This shape

might be a réalistic rendition of the object, or it may be an iconized rendition of the type of object, as né

by the applig
photorealistig

ation. For example, in a simulation a truck might be represented as an icon as opposeq
rendition. This allows the application to use the local geometry to convey information su

certainty of igentification or feature status through the use of appropriate icons and other portrayal ‘param

MF Pris

mGeometry: :geometryAtTime( t: TM Coordinate ): GM Object

7.4.7 Operption — localCoordinateSystem

The operatio]
which the mq

MF Pris

h "localCoordinateSystem" shall return a SC_CRS for the design coordinate reference syst
ving feature's shape is defined.
mGeometry::localCoordinateSystem (

): SC_CRS

7.4.8 Operption — rotationAtTime

The operatio
matrix that e
the rotation n
coordinate re
a projected ¢
used to prev

h "rotationAtTime" shall accept a time in the domain of the prism geometry and return the ro
mbeds the local geometry into geographic space at a given time (TM_Coordinate). The vect
natrix allow the feature to be aligned and, scaled as appropriate to the vectors of the global '
ference system. Because scale may change in complex ways as a feature moves with resp
oordinate reference system, the rotation matrix may also contain scale factors. These shoy
ent apparent deformation of the moying feature. The operation shall return an error mess

the input timé¢ is not within the domain.

eded

to a
ch as
eters.

Bm in

ation
brs of
map"
bct to
Id be
hge if

bN. In

MF PrismGeometry::rotatiopAt¥ime( t: TM Coordinate ): MF RotationMatrix
7.5 Type + MF_RigidTemporalGeometry
7.5.1 Class semantics
The type "MF_RigidTemporalGeometry" (Figure 19) describes the motion of a rigid body, one that may be
translated or|rotated; but which does not change shape — it remains congruent to its base representati
OCL this onId say:
{baseGeometry = geometryAtTime (beginDomain) }
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<<Type>> <<Type>>
MF_TemporalGeometry GM_Object

(from Geometry Types) (from Geometry root)
<<Type>>

MF_TemporalOrientation

<<Type>> . <<Type>>
MF_TemporalTrajectory MF_PrismGeometry
(from Geometry Types) X -
A

{baseGeometry = |:_
geometryAtTime(beginDomain)}

MF_RigidTemporalGeometry

+ baseGeometry : GM_Object

|
|
|
|
|
|
| <<Type>>
|
|
|
|
|
|
|

{IMF_TemporalGeometry::leafGeometry(t).is TypeOf (GM_Point) \
AND
MF_TemporalGeometry::leafGeometry(t).position() = MF_Ttajectory::leaf(t)]}

Figure 19 — Context Diagram: MF_RigidTemporalGeometry

7.5.2| Inheritance from MF_PrismGeometry

The [type "MF_RigidTemporalGeometry" inherits\from the type "MF_PrismGeometry". As guch it shall
implgment all inherited attributes, operations and)associations (7.4).

7.5.3| Inheritance from MF_TemporalTrajectory

The type "MF_RigidTemporalGeametry" inherits from the type "MF_TemporalTrajectory”. As [such it shall
implgment all inherited attributes| operations and associations (6.5).

7.5.4| Attribute — baseGeometry

The attribute "baseGeometry" is the geometry of the moving object in a local rectangular coordingte reference
systgm based on the-axis of the object. The object should have a natural up, front and right (crops product of
up and front). If \the representation to be used is not "centred" on its origin, the application should use an
MF_llocalGeometry (7.3) subclass to create a local origin.

MF RigidTemporalGeometry: :baseGeometry: GM Object

7.6 Type — MF_RotationMatrix

7.6.1 Class semantics

The type "MF_RotationMatrix" (Figure 20) is designed to capture the changing orientation of the local frame of
the object in terms of the global frame. The frames are defined in the MF_PrismGeometry (7.4) type, by the
"localCoordinateSystem" operation and the "globalAxis" attributes. In this International Standard, this matrix
includes both rotation and scale factors to compensate for the differences in the scale of the local engineering
coordinate reference system and the global geographic coordinate reference system.
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<<Type>>
MF_RotationMatrix

+ axis[1..*] : Vector

<<Type>>
Vector
(from Numerics)

Figure 20 — Context Diagram: MF_RotationMatrix

7.6.2 Attribute — axis

The attribute
orthogonal n
should be th
mechanism
object applic
captured.

MF Rota

7.7 Type

"axis" shall contain the coordinates of the localAxis array in terms of the globalAxis array as an

- MF_TemporalOrientation

7.71 Clags semantics

The type "M
passes along
"controlOrien
application.

M

<<Type>>
F_TemporalOrientation

+ ro

+ timhe : TM_Coordinate

ation : MF_RotationMatrix

7.7.2 Attribute — rotation

The attribute
time.

MF Temp]

7.7.3 Attllibute ~time

axis

tionMatrix::axis[1l..*]:Vector

<<Type>>
MF_>RetationMatrix

oralOrdientation::rotation: MF RotationMatrix

<<DataType>>
TM_Coordinate

(from Temporal Reference System)

Figure 21 — Context Diagram: MF_TemporalOrientation

e cross product of the first two. If not all axes are present, these facts or some othertdgfault
bhould be able to calculate them. The dimension of the matrix is limited to three in njost'mpving
ptions, but the type can be extended to higher dimension if other data (velocities for exampl

) are

-_TemporalOrientation" (Figure 21) is designed to capture:the rotational motion of the objec} as it
its trajectory. As such, it contains information on scale-and orientation at a particular timel. The
tation" (7.4.5) array in MF_PrismGeometry aggregates,these orientations for interpolation Qy the

"rotation" shall contain a rotational, and potentially scaling, matrix or its equivalent for a partjcular

The attribute "time" shall contain the time at which the rotation matrix is valid.

MF TemporalOrientation::time: TM Coordinate

8 Moving features in application schemas

8.1 Introduction

ISO 19109 specifies rules for developing schemas to specify the feature types, characteristics, and
relationships needed to support particular applications. Application schemas are to be built upon a framework
of concepts specified in base standards such as this International Standard. ISO 19109 was published before

30
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work began on this International Standards, so it provides no specific rules for specifying moving features in
application schemas. This clause states some requirements for doing so.

8.2

Representing the spatial characteristics of moving features

ISO 19109 requires that the spatial characteristics of a feature be represented by a GM_Object or a
TP_Object used as a data type for an appropriately defined feature attribute. The principal types specified in
this International Standard are subclassed from GM_Object (Figure 3). An application schema that includes
moving feature types shall use realizations of the types specified in this International Standard to represent

the s
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patial characteristics of such feature types.

Associations of moving features

ment of a feature may be constrained by its associations with other feature instances or fea
cases, the application schema shall specify an association between the trajectory of the m
he GM_Obiject that represents the spatial characteristics of the constraining feature an
priate constraint.

PLE 1 Motion of a vehicle type might be constrained to a read network. This could be m
iation between the trajectory of the vehicle and the GM_Complextepresenting the road network, wi

mentation of 19133:NT_Network).
5 case, an application schema shall specify anzassociation between the feature types as a
with a temporal attribute that contains the duration of the association.

PLE 2 Trucks in a convoy participate inva-set of associations with the other trucks in that convoy.

Operations of moving features

s of the basic geometric operations specified in this International Standard and in IS
bsic geometric pperations.

PLE Consider an aircraft route planning application that has a requirement to determine the tim
ft following.a)planned route will be under the control of different air traffic control centres. If the route is

ofy~of the

control zone.

apply the 'startTime'

2008 — All rights reserved

g that the GM_Curve underlying the trajectory shall equal a GM_Curve (most likely a composite cu
bnd partial links in the road network, representable by an NT.Route, see ISO 19133) within the rog

ng features may participate in associations with ather moving features as well as with immo

Cation schemas will often_specify operations for particular moving feature types that involy
and femporal relationships of‘\the moving feature to other features. Such operations shall mak

9108. Documentatior’ of such feature operations shall include a description of the depeng

htion of MF_TemporalTrajectory and air traffic control zones are modelled as realizations of GM_Solid
defingd for the planned route might make use of the 'union' operation specified in 1ISO 19107 to deter

Ciations may influence or depend upon movement of features. Such associations may|be modelled at the
re level, or at the level of the class that represents the spatial characteristics of the ' moving fe

ature.

ture types. In
bving feature
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bdelled as an
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bile features.
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Annex A
(normative)

Abstract test suite

A.1 Application schemas for data transfer

A1.1 Traaner of trajectory data

a)

b)

c)

d)

Test Pulpose: Verify that an application schema for transfer of the trajectories of moving featurés salfisfies

the mini

Test Mg
includes
endDom
MF_Traj
that the
inherited

Referen

Test Tyq

mum requirements for specifying the trajectory of each moving feature.

thod: Inspect the application schema to ensure that the specification of each“moving feature
an association to a realization of MF_TemporalTrajectory with the.‘atiributes beginDo
ain, and graphTimeToDistance as well as the attribute pathGeometry inherited

ectory. If the trajectory is constrained to follow a linear feature that-has a specified LRS, e
realization of MF_TemporalTrajectory also includes the attribute graphParameterToMe
from MF_Trajectory.

re: 6.4,6.5,6.8

e: Capability

A.1.2 Trangfer of prism geometry data

a) Test Pu
satisfies
b) Test Mg
satisfies
MF_Rig
controlQ
c) Referen
d) Test Ty
A.2 Appli

rpose: Verify that an application schema for transfer of the prism geometry of moving fes
the minimum requirements for specifying the prism of each moving feature.

thod: Inspect the application schema to ensure that the specification of each moving feature
the requirements of A4:{* and also includes an association to a realizatio

dTemporalGeometry with-the attribute baseGeometry as well as the attributes globalAxis

rientation inherited from MF_PrismGeometry.

ce: 7.4,7.5,7.6, 77

e: Capability

cation-schemas for data with operations

type
main,
from
sure
Asure

tures

type
n of
and

A.2.1 Data with operations on trajectories

a)

b)

d)

32

Test Purpose: Verify that an application schema that supports operations on the trajectories of moving

features

satisfies the minimum requirements for specifying the trajectory of each moving feature.

Test Method: Inspect the application schema to ensure that the specification of each moving feature type
includes an association to a realization of MF_TemporalTrajectory that includes all attributes and

associat

ions and supports all operations specified for that type and inherited from its supertypes.

Reference: Clause 7

Test Type: Capability

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=2e75bfc6cbdfe3a9c923437f39ba9087

ISO 19141:2008(E)

A.2.2 Data with operations on prism geometry

a) Test Purpose: Verify that an application schema that supports operations on the prisms of moving
features satisfies the minimum requirements for specifying the prism of each moving feature.

b) Test Method: Inspect the application schema to ensure that the specification of each moving feature type
includes an association to a realization of MF_RigidBody that includes all attributes and associations and
supports all operations specified for that type and inherited from its supertypes.

c) Reference: Clause 8

d) TestTypeCapabitity
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Annex B
(informative)

UML Notation

B.1 Introduction

This annex [Lrovides a brief description of UML notation as used in the UML diagrams in this Internalional
Standard.

B.2 Class

A UML class
objects that §
a solid-outlin
holds the cl
compartmen
operation co

(Figure B.1) represents a concept within the system being modelled. It.is.a description of a
hare the same attributes, operations, methods, relationships, and semantics. A class is dra
e rectangle with three compartments separated by horizontal lines=The top name compar
ass name and other general properties of the class (including stereotype); the middl
holds a list of attributes; the bottom list compartment holds adist of operations. The attribut
mpartments may be suppressed to simplify a diagram. Suppression does not indicate that

set of
vn as
ment
e list
e and
there

are no attribytes or operations.

ClassName {Constraint}

+ attributeName : DataType

+ operationName(parameterName1 : DataType) : Output Data Type

Figure B.1 — UML Class

ISO/TS 1910 hame

shall begin w

3 specifies that a class name shall include no blank spaces and that individual words in the
ith capital letters.

B.3 Stereotype

Stereotypes extend the semantics, but not the structure of pre-existing types and classes. Class level
stereotypes used in this International Standard include:

<<Type>> is a stereotype of class defined by ISO/IEC 19501. A Type is used to specify a domain of objects
together with operations applicable to the objects without defining the physical implementation of those
objects. It may also have attributes and associations that are defined solely for the purpose of specifying the
behaviour of the type's operations and do not represent any actual implementation of state data.

<<Interface>> is a stereotype of class defined by ISO/IEC 19501. An Interface contains a set of operations
that together define a service offered by a class realizing the interface. A class may realize several Interfaces,
and several classes may realize the same Interface. Interfaces may not have attributes, associations, or
methods. An Interface may participate in an association provided the Interface cannot see the association;
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that is, a class (other than another Interface) may have an association to an interface that is navigable from

the cl

ass but not from the Interface.

<<DataType>> is a descriptor of a set of values that lack identity (independent existence and the possibility of
side effects). Data types include primitive predefined types and user-definable types. A DataType is thus a
class with few or no operations whose primary purpose is to hold the abstract state of another class for
transmittal, storage, encoding or persistent storage.

<<Enumeration>> is a data type whose instances form a list of named literal values. Both the enumeration
name and its literal values are declared. Enumeration means a short list of well-understood potential values
within a class. Classic examples are Boolean that has only 2 (or 3) potential values TRUE, FALSE (and

NULL
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| encoding is normally only of use to the programming language compilers.

deList>> defined in ISO/TS 19103 is a flexible enumeration that uses string values.through
ictionary type key and returns values as string types; e.g. Dictionary (String, String):>Code li
pressing a long list of potential values. If the elements of the list are completely.known, an
be used; if the only likely values of the elements are known, a code list shall.be used. Enur

lists may be encoded according to a standard, such as ISO 3166-1. Code ligts, are more likely

valug
differ|

<<Ur
mem
langu
by a

B.4

An a
string

where:

visibi

name
it sha
begin

multi|
form

s exposed to the user, and are therefore often mnemonic. Different implementations are
ent encoding schemes (with translation tables back to other encoding.schemes available).

ion>> defined in 1ISO 19107, is a type consisting of one andconly one of several alternati
ber attributes). This is similar to a discriminated union i many programming languag

ages using pointers, this requires a "void" pointer that canbe cast to the appropriate type a
Jiscriminator attribute.

Attribute

that can be parsed into elements that-describe the properties of the attribute:
visibility name [multiplicity]: type-expression = initial-value
ity may be public (indiCated by “+”) or private (indicated by “-”).

is a character string. ISO/TS 19103 specifies that an attribute name shall include no blank
Il begin with a“lewer case letter, and that individual words in the name, following the firs

with upperiease letters.

licity specifies the number of values that an instance of a class may have for a given attrib
Litiplicity is explained in B.10.

a binding of
its are useful
enumeration
herated code
to have their
likely to use

es (listed as
es. In some
5 determined

tribute represents a characteristic common’ to the objects of a class. An attribute is specified by a text

spaces, that
t word, shall

ute. Notation

type-expression identifies the data type of the atiribuie.

initial value specifies the default value for the attribute.

B.5

Operation

An operation represents a service that can be requested from an object. An operation is specified by a text
string that can be parsed into elements that describe the properties of the operation:

©I1SO

visibility name ( parameters ): output parameter(s)
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where:

visibility may

be public (indicated by “+”) or private (indicated by “-”).

name is a character string. ISO/TS 19103 specifies that an operation name shall include no blank spaces, that
it shall begin with a lower case letter, and that individual words in the name, following the first word, shall
begin with upper case letters.

parameters is a list of parameters, each described by a parameter name and data type. These are assumed
to be input parameters unless otherwise specified.

output paran

B.6 Consf
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specifies a semantic condition or restriction. Although ISO/IEC 19501 specifies and Q
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egin with upper casé-letters. The association ends are adorned with information pertinent {
end of the association, including multiplicity and role name.
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Figure B.2 — UML Associations

B.9 Role name

A role name adorning an association end specifies behaviour of the class at that end with respect to the class
at the other end of the association. In Figure B.2, roleAlpha describes the role that the class named Alpha has
with respect to the class named Beta. A role name is represented as a Character String. ISO/TS 19103
specifies that a role name shall include no blank spaces, that it shall begin with a lower case letter, and that
individual words in the name, following the first word, shall begin with upper case letters.
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B.10 Multiplicity

Multiplicity specifies the number of instances of a class that may be associated with a class at the other end of
the association. The values shown in Figure B.3 are all valid. They have the following meanings:

a) zero or one instance of Alpha may be associated with one instance of Beta,
b) zero or more instances of Beta may be associated with one instance of Alpha,

c) one and only one instance of Gamma may be associated with one instance of Delta,

d) being an integer number, n1 and only 11 instances of Delta may be associated with ong instance of
amma,

e) 1 and n2 being integer numbers, with n2>n1, the number of instances of Epsilon that'may He associated
ith an instance of Phi may be within the range n1 to n2,

f) being an integer number, n or more instances of Phi may be associated with.one instance ¢f Epsilon.
0..*
Alpha Beta
0.1
n
Gamma p Delta
n..*
Epsilon Phi
n1..n2

Figure B.3 — UML Multiplicity

B.11 Navigability

An afrow may be attachéed-to the end of an end of an association path to indicate that navigation|is supported
toward the class attached to the arrow. For example, in Figure B.4, the association is navigable|from user to
supplier. This means*that an instance of the class Phi has access to information held in an ingtance of the
class|Epsilon. Eor’example, an operation specified for Phi might use the value of an attribute of Epsilon.

supplier 0.*
Epsilon i Phi
0.1 user

Figure B.4 — UML Navigability

B.12 Aggregation

Associations may be used to show aggregation or composition relationships between classes. An open
diamond on an association end indicates that the class at that end of the association is an aggregate of
instances of the class at the other end of the association. For example, the class named Gamma, in
Figure B.5, is an aggregate of zero or more instances of the class named Delta. Aggregation is considered a
weak form of composition. The members of an aggregation may exist independently of the aggregation, and
may be members of more than one aggregation.
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Delta

Gamma

1.1

Epsilon Phi

Figure B.5 — Aggregation and Composition
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dependency [may be indicated by a keyword in guillemets, stich as <<import>>, <<refine>>, or <<use:
the example of Figure B.6, Epsilon has a <<use>> dependéency upon Phi.
Epsilon  |-———————_=C Jeuse> > Phi
Figure B.6 — Dependency
B.15 Generalization
Alpha
i
Beta Gamma

Figure B.7 — UML Generalization

ISO/IEC 19501 defines generalization (Figure B.7) as a taxonomic relationship between a more general
element and a more specific element. The more specific element is fully consistent with the more general
element and contains additional information. An instance of the more specific element may be used where the
more general element is allowed. Generalization is shown as a solid-line path from the child (the more specific
element, such as a subclass) to the parent (the more general element, such as a superclass), with a large

hollow triang
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le at the end of the path where it meets the more general element.
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