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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 |

SO technical

committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISQ_also take part in the wark ISQ collaborates closely with the International Flectrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

The main fask of technical committees is to prepare International Standards. Draft International Stand
by the teg¢hnical committees are circulated to the member bodies for voting. Publication as an
Standard fequires approval by at least 75 % of the member bodies casting a vote.

ards adopted
International

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights.
ISO 19104 was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatics.

Annexes A and C form a normative part of this International Standard. Annexes B and D are for inform

pation only.
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Introduction

This International Standard defines the standard concepts needed to describe the temporal characteristics of
geographic information as they are abstracted from the real world. Temporal characteristics of geographic
information include feature attributes, feature operations, feature associations, and metadata elements that take a
value in the temporal domain.

The widesprg¢ad application of computers and geographic information systems has led to the increased gnalysis of
geospatial data within multiple disciplines. Geographic information is not confined to a three-dimensiohal spatial
domain. Mahy geographic information systems require data with temporal characteristics! | A" standardized
conceptual gchema for temporal characteristics will increase the ability of geographic information to bg used for
certain types|of applications such as simulations and predictive modelling.

As a fundamgntal physical reality, time is of interest to the whole range of scientific and,technical disciplines. Many
of the concgpts described in this International Standard are applicable outside,-of the field of ¢geographic
information. |SO/TC 211 does not intend to develop independent standards for the description of tinle, but the
technical committee believes that it is necessary to standardize the way to describe the temporal charadteristics of
geographic flata sets and features. Geographic information system and<software developers and users of
geographic information will use this schema to provide consistently understandable temporal data structufes.

Historically, femporal characteristics of features have been treated @s’thematic feature attributes. For gxample, a
feature "Buil@ling" may have an attribute "date of construction". However, there is increasing interest in [describing
the behavioyr of features as a function of time. This can be Supported to a limited extent when time|is treated
independently of space. For example, the path followed by a-fmoving object can be represented as a set pf features
called "way point", each of which is represented as a point\and has an attribute that provides the time af which the
object was dt that spatial position. Behaviour in time may be described more easily if the temporal difnension is
combined with the spatial dimensions, so that a_feature can be represented as a spatiotemporal ¢bject. For
example, theg path of a moving object could be represented as a curve described by coordinates in x, y find ¢. This
International|Standard has been prepared in ofder to standardize the use of time in feature attributes. Although it
does not degcribe feature geometry in terms of a combination of spatial and temporal coordinates, it has been
blish a basis for doing so ina-future standard within the ISO 19100 series.

Vi © IS0 2002 — Al rights reserved
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Geographic information — Temporal schema

1 Scope

This Intervluational Standard defines concepts for describing temporal characteristics of geographicli

depends U
basis for

temporal gspects of metadata about geographic information. Since this International Stahdard is co

the tempo
valid time

2 Conf

21 Cor

This Intern

2.2 Ap§

To conforin to this International Standard, an application schema for data transfer shall satisfy the reg

A.1 of the

2.3 Apy

To conform to this International Standardy‘an application schema that supports operations on data sh

requireme

2.4 Feature catalogues

To conforin to this International Standard, a feature catalogue shall satisfy the requirements of A.3 of

Test Suite

2.5 Metadata'element specifications

pon existing information technology standards for the interchange of temporal inforpiation.
Jefining temporal feature attributes, feature operations, and feature associations,‘and for

ral characteristics of geographic information as they are abstracted from theyreal world, it
rather than transaction time.

formance

iformance classes and requirements

ational Standard defines five conformance classes, which-depend upon the nature of the tes

Mication schemas for data transfer

Abstract Test Suite in annex A.

)lication schemas for data with,operations

nts of A.2 of the Abstract Test Suite in annex A.

in annex A.

nformation. It
It provides a
defining the
hcerned with
emphasizes

t item.

uirements of

bl satisfy the

the Abstract

To confor

m-10 this International Standard, a metadata specification shall satisfy the requirements

bf A.4 of the

Abstract T

est Suite in annex A.

2.6 Metadata for data sets

To conform to this International Standard, metadata for a data set shall satisfy the requirements of A.5 of the

Abstract T

est Suite in annex A.

3 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
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publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 31-1:1992, Quantities and units — Part 1: Space and time
ISO 1000:1992, S/ units and recommendations for the use of their multiples and of certain other units

ISO 8601:2000, Data elements and interchange formats — Information interchange — Representation of dates and
times

ISO/IEC 114D4:1996, Information technology — Programming languages, their environments and system software
interfaces —|Language-independent data types

ISO/TS 19103:—"), Geographic information — Conceptual schema language
ISO 19107: "), Geographic information — Spatial schema

ISO 19109: 1), Geographic information — Rules for application schema

ISO 19110: "), Geographic information — Methodology for feature cataloguing
ISO 19111: 1), Geographic information — Spatial referencing by coordinates

ISO 19115: 1), Geographic information — Metadata

4 Terms) definitions and abbreviated terms

41 Terms and definitions
For the purpgses of this International Standard, the following terms and definitions apply.

411

calendar
discrete temporal reference system ‘that provides a basis for defining temporal position to a resolufion of one
day

41.2
calendar erg
sequence of [periods.of one of the types used in a calendar, counted from a specified event

41.3
uTC
Coordinated Universal Time

time scale maintained by the Bureau International des Poids et Mesures (International Bureau of Weights and
Measures) and the International Earth Rotation Service (IERS) that forms the basis of a coordinated dissemination
of standard frequencies and time signals [ITU-R Rec.TF.686-1 (1997)]

41.4
day
period having a duration nominally equivalent to the periodic time of the Earth's rotation around its axis

1) To be published.
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41.5
edge
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one-dimensional topological primitive [ISO 19107]

NOTE
to the edge

4.1.6
event

The geometric realization of an edge is a curve. The boundary of an edge is the set of one or two nodes associated

within a topological complex.

action which occurs at an instant

4.1.7

feature

abstraction of real world phenomena [ISO 19101]

NOTE
meant.

41.8

feature agsociation

relationshi

NOTE 1
is used whq

NOTE 2
419
feature at
characteri

NOTE

4.1.10

feature diyvision
ccession in which a previously.existing feature is replaced by two or more distinct feature instances of

feature s\
the same

EXAMPLE
legally subd

4.1.1

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

p between features [ISO 19109]

A feature association may occur as a type or an instance. Feature assoOciation type or feature assoc
n only one is meant.

Feature associations include aggregation of features.
tribute
5tic of a feature [Adapted from ISO 19110]

A feature attribute has a name, a data type, ahd’a value domain associated to it.

eature type

An instance of the(feature type “land parcel” is replaced by two instances of the same type whe
ivided.

feature fusion
feature syccession’in which two or more previously existing instances of a feature type are replace

instance

EXAMPLE

the same feature type

Two instances of the feature type “pasture” are replaced by a single instance when the fenc

en only one is

ation instance

n the parcel is

d by a single

b between the

pastures is ‘removed:

4112

feature operation
operation that every instance of a feature type may perform [ISO 19110]

EXAMPLE

NOTE

An operation upon a “dam” is to raise the dam. The results of this operation are to raise the height of the “dam”
and the level of water in a “reservoir”.

Feature operations provide a basis for feature type definition.

© I1SO 2002 — All rights reserved
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feature substitution
feature succession in which one feature instance is replaced by another feature instance of the same or different

feature type
EXAMPLE

41.14

An instance of feature type “building” is razed and replaced by an instance of feature type “parking lot”.

feature succession
replacement of one or more feature instances by other feature instances, such that the first feature instances
cease to exist

4.1.15

geometric primitive

object repregenting a single, connected, homogeneous element of space [ISO 19107]

NOTE Ge¢ometric primitives are non-decomposed objects that present information about geometric configuration. They
include points| curves, surfaces, and solids.

4.1.16

Gregorian cplendar

calendar in general use; first introduced in 1582 to define a year that more closely approximated the trgpical year
than the Julian calendar [adapted from ISO 8601:2000]

NOTE 1 The introduction of the Gregorian calendar included the cancellation of the accumulated inaccuracies qf the Julian
year. In the Giegorian calendar, a calendar year is either a common year or.a leap year; each year is divided into 12 sequential
months.

4.1.17

instant

0-dimensiongl geometric primitive representing position’in time

NOTE THe geometry of time is discussed in 5.2.

4.1.18

interval scale

scale with ar| arbitrary origin which can be\used to describe both ordering of values and distances betwegn values
NOTE Ratios of values measured(on an interval scale have no meaning.

4.1.19

Julian date

Julian day number followed by the decimal fraction of the day elapsed since the preceding noon

4.1.20

Julian day number

number of days elapsed since Greenwich mean noon on 1 January 4713 BC, Julian proleptic calendar

4.1.21

life span

period during which something exists

NOTE Valid-time life span is the period during which an object exists in the modelled reality. Transaction-time life span is

the period during which a database object is current in the database.

4.1.22
month

period approximately equal in duration to the periodic time of a lunar cycle

© 1SO 2002 — Al rights reserved
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NOTE

4.1.23
node

ISO 19108:2002(E)

The duration of a month is an integer number of days. The number of days in a month is determined by the rules of
the particular calendar.

0-dimensional topological primitive [ISO 19107]

NOTE The boundary of a node is the empty set.
4.1.24
ordinal era

one of a set of named periods ordered in time

4.1.25
ordinal s¢
scale whig

4.1.26

ale
h provides a basis for measuring only the relative position of an object

ordinal temporal reference system

temporal
4.1.27
period
one-dimer

NOTE

4.1.28
periodic t

reference system composed of ordinal eras

sional geometric primitive representing extent in time

A period is bounded by two different temporal positions.

me

duration ¢f one cycle [adapted from ISO 31-2:1992]

4.1.29
point
0-dimensi

NOTE

4.1.30
temporal

bnal geometric primitive, representing a position [ISO 19107]

The boundary of a point is the empty set.

coordinate

distance flom the origin of the.interval scale used as the basis for a temporal coordinate system

4.1.31

temporal
temporal
unit of tim

coordinate'\system
reference system based on an interval scale on which distance is measured as a multip

b

b

4.1.32

temporal feature association
feature association characterized by a reference to time or to a temporal constraint

4.1.33

temporal feature operation
feature operation specified as a function of time

4.1.34
temporal

position

location relative to a temporal reference system

© I1SO 2002 — All rights reserved
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4.1.35
temporal reference system
reference system against which time is measured

4.1.36
topological complex
collection of topological primitives that is closed under the boundary operations [ISO 19107]

NOTE Closed under the boundary operations means that if a topological primitive is in the topological complex, then its
boundary objects are also in the topological complex.

4.1.37
topological primitive
topological opject that represents a single, non-decomposable element [ISO 19107]

NOTE A [topological primitive corresponds to the interior of a geometric primitive of the same diniehsion in & geometric
realization.

4.1.38
transaction fime
time when a fact is current in a database and may be retrieved [Jensen et al. (1994)]

4.1.39

valid time
time when a fact is true in the abstracted reality [Jensen et al. (1994)]

4.2 Abbrgviated terms

For the purpgses of this International Standard, the following;abbreviations apply.

AD Anmo Domini
BC Before Christ
GPS Glgbal Positioning System

TOW Time of Week

UML U

>

fied Modeling Language
UTC Cogprdinated Uniyersal Time

WN Wdek Numbér

5 Conceptual schema for temporal aspects of geographic information

5.1 Structure of the schema

This clause presents a conceptual schema for describing temporal aspects of geographic information. The schema
is specified in the Unified Modeling Language (UML) [Object Management Group (1999)]. ISO/TS 19103 describes
the way in which UML is used in this family of standards. The three primary aspects of a UML class are attributes,
operations, and associations. This schema uses all three. This schema is an abstract model; to conform to this
International Standard, an implementation shall provide the capabilities described by these elements of the abstract
model, but it need not implement them in the same way.

6 © 1SO 2002 — Al rights reserved
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The schema consists of two packages (see Figure 1). The package Temporal Objects (described in 5.2) defines
temporal geometric and topological objects that shall be used as values for the temporal characteristics of features
and data sets. The temporal position of an object shall be specified in relation to a temporal reference system. The
package Temporal Reference System (5.3, 5.4) provides elements for describing temporal reference systems.
Subclause 5.5 describes how the concepts specified in 5.2 through 5.4 shall be used in the context of geographic
information.

—

Temporal Objects

]

Temporal Reference Sytem

Figure 1 — Structure of the temporal schema

UML classes defined in the 1ISO 19100 series of standards begin with a_two:letter prefix fdllowed by an
b to identify the specific standard, and possibly the package, in which.they are defined. TNl is used to
sses defined in this International Standard.

Names of
underscor
identify clg

5.2 Geometry of time

5.21 Time as a dimension
dimension analogous to any of the spatial dimensions’ Like space, time has geometry and topology. A
e occupies a position that can be identified in relation to a temporal reference system. Disfance can be
Unlike space, however, time has a single dimension — temporal reference systems are pnalogous to
referencing systems that are used to describe spatial position for some kinds of applicatigns. Although

an absolute directionality — movement..in) time is always forward — time can be meagured in two

Time is a
point in tin
measured
the linear
time has
directions.
NOTE r desirable to
describe gd

Although time always has geometry\and topology at a conceptual level, sometimes it is possible
ometry alone, or topology alone.

easured on two types of-seales, ordinal and interval. An ordinal scale provides informatign only about
sition in time, while an.interval scale offers a basis for measuring duration.

Time is m
relative pg

5.2.2 Temporal objects

Temporal geometric and.topological objects shall be used as values for the temporal characteristics of|features and

data sets.
that has tv
or topolog
informatio

See 5.5@nd annex B for an explanation and examples. TM_Object (see Figure 2) is an 3
o subclasses. TM_Primitive is an abstract class that represents a non-decomposed elemen
y of \time. There are two subclasses of TM_Primitive. A TM_GeometricPrimitive (5.2
N @bout temporal position. A TM_TopologicalPrimitive (5.2.4.2) provides information about c

bstract class
of geometry
.3) provides
bnnectivity in

time. ATN

TM_Complex

|_Cun|pic)\ iS—an agglcga‘tiun of T?v'i_Plilllitivt:b. T?v'i_TupuiugibaiCun|piw\ (5.2.4.5) is—theont
that is defined in this International Standard; it is an aggregation

TM_TopologicalPrimitives.

©1S0 2002 —
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TM_Object

b
| |

TM_Primitive TM_Complex

1 1

TM_TopologicalComplex

1.1

TM_GeometricPrimitive TM_TopologicalPrimitive

Figure 2 — Temporal objects
5.2.3 Temporal geometric primitives

5.2.3.1 Temporal geometric primitive classes

The two geolnetric primitives in the temporal dimension arg‘\the instant and the period. These primitives gre defined
analytically in the case of time measured on an intervalscale, and analogically in the case of time meastired on an
ordinal scalegl. TM_GeometricPrimitive is an abstract class with two subclasses, TM_Instant represents|an instant
and TM_Pefiod represents a period (see Figure 3). TM_GeometricPrimitive inherits from TM_Hrimitive a
dependency [on the interface TM_Order, and also 'has a dependency on the interface TM_Separation. The «uses»
stereotype oph the dependency means that.the class may support any of the operations defined for thq interface,
but need not|support all of them.

8 © 1SO 2002 — Al rights reserved
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«Interface»

TM_Order
+relativePosition(other : TM_Primitive) : TM_RelativePosition
A
«Uses»
|
|
«Interface» :
TM_Separation TM_Primitive

+distance(other : TM_GeometricPrimitive) : TM_Duration

+length() : TM_Duration
I\

|
| «Uses» . o
S TM_GeometricPrimitive
begin| 1.1 Beginning 0.*
TM_Instant begunBy | 1 period

—

+position : TM_Position | {self.begin.position < self.end.position}/

5.2.3.2

An instant

space. In practice, an instant is afinterval whose duration is less than the resolution of the time scale.

Attributes:

TM_Instarn

a) positipn: TM<FemporalPosition shall provide the position of this TM_Instant. The TM_Temporal
be asisociated with a single temporal reference system, as specified in 5.3. An instance of TM |

identi

endedBy

end |1..1

Ending

Figure 3 — Temporal geometric primitives

TM_Instant

is a zero-dimensional géometric primitive that represents position in time. It is equivalent

t has one attribute.

to a point in

Position shall
Instant is an
Position of a

iable object, while an instance of TM_TemporalPosition is a data value. The TM_Tempora

given
refere

5.2.3.3

TM_InStant may be replaced by an equivatent TV_TemporaiPosition associated with a diffe
nce system.

TM_Period

ent temporal

The period is a one-dimensional geometric primitive that represents extent in time. The period is equivalent to a
curve in space. Like a curve, it is an open interval bounded by beginning and end points (instants), and has length
(duration). Its location in time is described by the temporal positions of the instants at which it begins and ends; its
duration equals the temporal distance between those two temporal positions.

Since it is impossible to measure duration on an ordinal scale, an instant cannot be distinguished from a period on
this basis. In practice, the time at which a single event occurs can be considered an instant when time is measured
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on an ordinal scale. A series of consecutive events must occupy an interval of time, which is a period. The term
period is commonly applied to sequences of events that have distinctive characteristics in common.

Associations:

a)

b)

Beginning links the TM_Period to the TM_Instant at which it starts.

Ending links the TM_Period to the TM_Instant at which it ends.

For a variety of reasons, the position of the TM_Instant designated by begin or end may be indeterminate. See
5.4.3 for a discussion of indeterminate temporal positions.

Constraints:

a) {self.be*in.position < self.end.position} states that the temporal position of the beginning of, the’ perigd must be
less than (i.e. earlier than) the temporal position of the end of the period.
5.2.3.4 TM_Order
TM_GeometficPrimitives inherit a dependency on TM_Order from TM_Primitive, TIM’ Order provides ar| operation
for determinipg the position of this TM_Primitive relative to another TM_Primitive:
Operation:
a) relativeRosition (other:TM_Primitive): TM_RelativePosition shall accept another TM_Primitive as|input and
return avalue for TM_RelativePosition as specified in 5.2.3.5.
5.2.3.5 TM_RelativePosition
Values for reative positions are provided by the enumerated data type TM_RelativePosition (see Figure 4) and are
based on the 13 temporal relationships identified by Allen (1983). For TM_Primitives, the | operation
TM_Order.réelativePosition shall return a value of the,;TM_RelativePosition as follows:
a) If both this TM_Primitive and other are TM_Instants, the operation shall return a value for TM_RelativePosition
as follows:
Returng: If:
Before self.position<other.position
Equals self.position=other.position
After self.position>other.position
b) If this TM-_Primitive is a TM_Period and other is a TM_Instant, the operation shall return a| value for
TM_Relafi\mPnQiﬁnn as follows:
Returns: If:
Before self.end.position < other.position
EndedBy self.end.position = other.position
Contains self.begin.position < other.position AND self.end > other.position
BegunBy self.begin.position = other.position
After self.begin.position > other.position
10 © 1SO 2002 — Al rights reserved
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c) |If this TM_Primitive is a TM_Instant and other is a TM_Period, the operation shall return a value for

TM_RelativePosition as follows:

Returns:
Before
Begins
During
Ends
After

If:

self.position < other.begin.position

self.position = other.begin.position

self.position > other.begin.position AND self.position < other.end.position

self.position = other.end.position

self.position > other.end.position

TM_RelativePosition

+Before : Code
+After : Code
+Begins : Code
+Ends : Code
+During : Code
+Equals : Code
+Contains : Code
+Overlaps : Code
+Meets : Code
+OverlappedBy : Code
+MetBy : Code
+BegunBy : Code
+EndedBy : Code

Figure 4 —=TFM_RelativePosition

d) If both this TM_Primitive and other are M\ Periods, the operation shall return a value for TM_RelativePosition

as follows:

Retufns:
Before
Meets
Overlaps

Begins
BegynBy
During

If:

self.end.position < other.begin.position

self:end.position = other.begin.position

self.begin.position < other.begin.position AND self.end.position > other.bggin.position
AND self.end.position < other.end.position

self.begin.position = other.begin.position AND self.end.position < other.end.position

self.begin.position = other.begin.position AND self.end.position > other.end.position

self.begin.position > other.begin.position AND self.end.position < other.end.position

Contains
Equals
OverlappedBy

Ends
EndedBy
MetBy
After

self.begin.position < other.begin.position AND self.end.position > other.end.position

self.begin.position = other.begin.position AND self.end = other.end.position

self.begin.position > other.begin.position AND self.begin.position < other.end.position
AND self.end.position > other.end.position

self.begin.position > other.begin.position AND self.end.position = other.end.position

self.begin.position < other.begin.position AND self.end.position = other.end.position

self.begin.position = other.end.position

self.begin.position > other.end.position

This operation shall raise an exception if any input value of TM_TemporalPosition is indeterminate.

© I1SO 2002 — All rights reserved
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5.2.3.6 TM_Separation

TM_GeometricPrimitive also has a dependency on the interface TM_Separation, which provides operations for
calculating length and distance. TM_Duration (see Figure 5) is a data type that contains return values for those
operations.

a)

b)

5.2.3.7 TM_Duration

TM_Duration
has two subtlpes.

TM_PeriodDpration uses the format specified by ISO 8601 for(exchanging information about the dur
period. It allgws duration to be expressed in terms of multiple units of time, specifically years, months, d

minutes, and seconds. Although individual values are optional, a value shall be provided for at least one
Attributes:
a) designator: CharacterString = P is a mandatory element which designates that the following

b)

c)

d)

e)

h)

length(): TM_Duration shall return the duration of this TM_GeometricPrimitive. The length of a TM_Instant is
zero by definition. When the TM_GeometricPrimitive is a TM_Period, the operation shall return the distance

between the temporal positions provided by TM_Period.begin and TM_Period.end. This operation
an exception if the value of either TM_TemporalPosition is indeterminate, or if the TM_TemporalPo
referenced to a TM_OrdinalReferenceSystem.

shall raise
sitions are

distanc (other:TM_GeometricPrimitive):  TM_Duration  shall  return the distance, ! |f
TM_GegmetricPrimitive to another TM_GeometricPrimitive, i.e. the absolute value of the difféerenc
their temporal positions. The distance shall be the distance between the two closest TM_TemporalR
the two [TM_GeometricPrimitives. If either TM_GeometricPrimitive is connected to, overlaps, or is
within thie other, the operation shall return a value of zero. The operation shall raise an‘exception if
of the two TM_TemporalPositions is indeterminate, (2) the TM_TemporalPositions are not both asso
the same TM_ReferenceSystem, or (3) either TM_TemporalPosition™is associated
TM_OrdjnalReferenceSystem.

represent the duration of a period.

years [0f.1]: CharacterString is a pasitive integer, followed by the character “Y” which indicates the
years in|the period.

months [0..1]: CharacterString)is a positive integer followed by the character “M” which indicates the
months |n the period.

days [0.11]: CharacterString is a positive integer followed by the character “D” which indicates the
days in the period.

timelndigator. [0..1]: CharacterString = “T” shall be included whenever the sequence includes values

om this
B between
ositions of
contained
(1) either
Ciated with
with a

(see Figure 5) is a data type to be used for describing length{ or distance in the temporal dimhension. It

ation of a
ys, hours,
nit.

Characters

number of

number of

number of

for units of

less thap a’day.

hours [0..1]: CharacterString is a positive integer followed by the character “H” which indicates the
hours in the period.

number of

minutes [0..1]: CharacterString is a positive integer followed by the character “M” which indicates the number

of minutes in the period.

seconds [0..1]: CharacterString is a positive integer followed by the character “S” which indicates the number

of seconds in the period.

The value for the rightmost unit may be expressed as a positive decimal fraction rather than as a positive integer.

EXAMPLE A duration of five days, four hours, and 30,7 minutes is represented as P5DT4H30.7M.

12
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NOTE Although this format is defined in 1ISO 8601 for use with dates in the Gregorian calendar and times in UTC,
TM_PeriodDuration may be used as the data type for expressing length or distance whenever temporal positions are referenced
to a calendar that describes dates in terms of years, months and days and a clock that describes times in hours, minutes and
seconds.

«Data Type»
TM_Duration

7

«Data Type» «Data Type»
TM_PeriodDuration TM_IntervalLength

+designator : CharacterString = P

+years [0..1] : CharacterString

+months [0..1] : CharacterString

+days [0..1] : CharacterString
+timelndicator [0..1] : CharacterString =T
+hours [0..1] : CharacterString

+minutes [0..1] : CharacterString
+seconds [0..1] : CharacterString

+unit : CharacterString
+radix : Integer:
+factor : Integer
+value : Integer

Figure 5 — TM_Duration

TM_IntervplLength is a data type specified by ISO/IEC11404 for intervals of time, represented hefe in UML. It
supports the expression of duration in terms of a spegified multiple of a single unit of time.

Attributes:
a) unit: CharacterString is the name of the .unit of measure used to express the length of the interval.
b) radix:|Integer is a positive integerthat is the base of the multiplier of the unit.

c) factort Integer is an integer-that is the exponent of the base.

d) value] Integer is the Iéngth of the time interval as an integer multiple of one radix (-factor) of the spefified unit.

EXAMPLE Unit=<second,” radix = 10, factor = 3, value = 7 specifies a time interval length of 7 ms.

5.2.4 Temporal topological objects

5.24.1 Introduction

Topology provides information about connectivity between objects in time, and may incidentally provide information
about the ordering of objects in time. It does not provide information about temporal position. Topological
relationships can often be derived from geometric information. However, data about temporal position is sometimes
inadequate for doing this, so topology may need to be described explicitly. Topology may also be used in
applications that have a requirement to describe topological relationships explicitly, even though they could be
derived.

EXAMPLE It may be possible to observe the order of several events or states within a single ordinal era, but the ordinal
temporal reference system does not support assignment of distinct temporal positions to these events or states. The order can
be described by modelling these events or states with topological primitives.
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5.24.2 TM_TopologicalPrimitive

A topological primitive represents a single non-decomposable element of topology and its relationships to other
topological primitives within a topological complex. The two topological primitives relevant for temporal information
are the node, which is 0-dimensional, and the edge, which is one-dimensional. In the temporal schema, there are
presented by two subclasses of TM_TopologicalPrimitive: TM_Node and TM_Edge (see Figure 6). When an
application includes information about temporal position as well as connectivity, a TM_TopologicalPrimitive may be
associated with a TM_GeometricPrimitive of the same dimension. Because topological primitives are intended to
provide information about connectivity, their most significant characteristics are the associations that link them to
each other. Another consequence is the requirement that every TM_TopologicalPrimitive shall be a member of one
and only one TM_TopologicalComplex.

TM_TopologicalComplex

complex I 1.1 ?

TM_Primitive

TM_Order

Complex

1.7 | primitive T
TM_TopologicalPrimitive

&

0.* end
TM_Edge previousEdge Termination 11 TM_Node
0..* start
nextEdge [nitiation ey
topology | 0..1 topology | 0..1
Realization Realization
0..1 | geometry 0..1 | geometry
TM_Period TM_Instant

Figure 6 — Topology of time

5.2.4.3 TM_Node

The TM_Node is the zero dimensional topological primitive in time. Its geometric realization is a TM_Instant.
Associations:

TM_Node shall support three associations:

a) Initiation shall link this TM_Node to the TM_Edges for which it is the start.

b) Termination shall link this TM_Node to the TM_Edges for which it is the end.
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c) Realization is an optional association that may link this TM_Node to its corresponding TM_Instant. Only one
TM_Node may be associated with a TM_Instant, and only one TM_Instant may be associated with a
TM_Node.

5.24.4 TM_Edge
The TM_Edge is the one-dimensional topological primitive in time. It corresponds to a TM_Period.
Associations:

TM_Edge shall support three associations:

a) Initiatlon shall link this TM_Edge to the TM_Node that is its start. A TM_Edge may have one and tl:nly one start
node.

b) Termmation shall link this TM_Edge to the TM_Node that is its end. A TM_Edge may.have one gnd only one
end npde.

c) Realization is an optional association that shall link this TM_Edge to its corresponding TM_Peripd. Only one
TM_Hdge may be associated with a TM_Period, and only one TM_Period may’be associated with|a TM_Edge.

5.2.4.5 |TM_TopologicalComplex
A topological complex is a set of connected topological primitives.<A topological primitive is always fonnected to
one or mqre other topological primitives, and is, therefore, always.a member of a topological complex. Temporal
topological complexes are represented in this schema by the class TM_TopologicalComplex.
Associations:

a) Comgosition shall link the TM_TopologicalComplex to the set of TM_TopologicalPrimitives thdt it includes.

Since| each TM_Edge in the TM_TopologicalCemplex is linked to two TM_Nodes, the minimupn number of
TM_Nodes in the complex is two.

5.2.4.6 |[Linear and non-linear graphs

5.2.4.6.1 | Non-linear graph

The multiglicities at the TM_Edge end of the associations Initiation and Termination (see Figure 6) allpw non-linear
topology. A TM_Node may(be'the startNode, or the endNode, for more than one TM_Edge. The TNI_Edges that
share a sfartNode or ansendNode are assumed to be separated in some way, either because they represent
temporal ¢haracteristicstof different features, or because they represent different temporal charactdristics of the
same feattrre.

NOTE Non-linear topology of time is analogous to the case of non-planar topology in space. In both cases] it is assumed
that topologicalprimitives that seem to intersect or overlap are actually separated in an unmeasured additional dimension.

5.2.4.6.2 Linear graph

Because time is a single dimension, temporal topology should be represented as a linear graph. In linear topology,
a TM_TopologicalComplex is a sequence of TM_Primitives in which TM_Nodes alternate with TM_Edges. The first
element of the sequence is the startNode of the first TM_Edge in the sequence, and the last element is the
endNode of the last TM_Edge in the sequence. To restrict an application schema to linear topology, the
multiplicities at the TM_Edge end of the associations Initiation and Termination shall be restricted to 0..1, so that
every TM_Node other than the first and the last shall be connected to two, and only two, TM_Edges, a
previousEdge and a nextEdge.
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5.2.4.7 TM_Order

TM_TopologicalPrimitives inherits the interface TM_Order from TM_Primitive. TM_Order provides an operation for
determining the position of this TM_Primitive relative to another TM_Primitive.

Operation

a) RelativePosition (other:TM_Primitive): TM_RelativePosition shall accept a TMPrimitive as input and return a
TM_RelativePosition as specified below.

The relative p03|t|ons of two ™ TopologlcaIPr|m|t|ves depend upon the posmons they occupy W|th|n the sequence
of TM_Topqtogics s—th mtives, this
operation shall return a value of the enumerated data type T™_ RelatlvePosmon (see F|gure 4), as follow<:

Returns: If:

Before This TM_TopologicalPrimitive is earlier in the sequence than other and is not'finked to ¢ther in an
Initiation or Termination association.

Meets The two TM_TopologicalPrimitives are TM_Edges associated to the'same TM_Node, where this
TM_Edge is linked to the TM_Node as a previousEdge in a Termination association, and other is
linked to the TM_Node as a nextEdge in an Initiation association.

Begins This TM_TopologicalPrimitive is TM_Node, other is a TM_Edge, and these two TM_Priritives are
linked in an Initiation association.

BegunBy This TM_TopologicalPrimitive is TM_Edge, other is a. TM_Node, and these two TM_Priritives are
linked in an Initiation association.

Equals This TM_TopologicalPrimitive and other are the same.

Ends This TM_TopologicalPrimitive is TM_Node, other is a TM_Edge, and these two TM_Primitives are
linked in a Termination association.

EndedBy This TM_TopologicalPrimitive is TM.Edge, other is a TM_Node, and these two TM_Primitives are
linked in a Termination association;

MetBy The two TM_TopologicalPrimitives are TM_Edges associated to the same TM_Node; where this
TM_Edge is linked to the TMuNode as a nextEdge in an Initiation association, and other is linked to
the TM_Node as a previodsEdge in a Termination association.

After This TM_TopologicalPrimitive is later in the sequence than other and is not linked to dther in an
Initiation or Termination association.

The operation shall raise” an exception if the two TM_TopologicalPrimitives are not in the same
TM_Topolog|calComplex;

5.3 Temppral reference systems

5.31 Type['lﬂ‘lEVNWdTE’f?wnbe systems
A value in the time domain is a temporal position measured relative to a temporal reference system. ISO 8601
specifies the use of the Gregorian Calendar and 24-hour local or Coordinated Universal Time (UTC) for information
interchange. This shall be the primary temporal reference system for use with geographic information. A different
temporal reference system may be appropriate for some applications of geographic information. In this case, the
feature catalogue or the metadata associated with an application schema or data set shall include either a citation
for a document that describes that temporal reference system, or a description of that system. When more than one
temporal reference system is used in a single feature catalogue, application schema, or data set, the definition of
each temporal characteristic shall identify the temporal reference system that is used. This subclause describes a

conceptual schema that shall be used as the basis for such descriptions. Annex C defines metadata elements
derived from this schema that shall be used in such a description.
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The Temporal reference system package includes three common types of temporal reference systems: calendars
(used with clocks for greater resolution), temporal coordinate systems, and ordinal temporal reference systems
(see Figure 7).

TM_ReferenceSystem

+name : RS_Identifier
+domainOfValidity [0..*] : EX_Extent

7

ITM_OrdinalReferenceSystem TM_Calendar

TM_CoordinateSystem TM_Clock

Figure 7 — Temporal reference systems

The class [TM_ReferenceSystem shall provide the following attributes:

a) name| RS_Identifier shall provide a name that uniquely identifies the temporal reference system. The data type
RS _Identifier is defined in ISO 19111.

b) DomginOfValidity: EX_Extent shall identify the space and time within which the TM_RefererlceSystem is
appligable. The data type EX_Extent is specified-in ISO/TS 19103. It permits a description of both spatial and
temparal extent. This attribute shall be used-whenever an application schema includes TM_TemploralPositions
refergnced to a TM_ReferenceSystem ,which has a valid extent that is less than the extent ¢f a data set
contalning such values.

The followjng three subclauses describg the schemas for the three reference system types.
5.3.2 Calendars and clocks

5.3.21 Introduction

Calendars| and clocks\are both based on interval scales. A calendar is a discrete temporal reference system that
provides g basis.forvdefining temporal position to a resolution of one day. A clock provides a basig$ for defining
temporal gositioorwithin a day. A clock must be used with a calendar in order to provide a complete dgscription of a
temporal gosition within a specific day. Figure 8 provides the details of the classes TM_Calendar and TM_Clock.

Calendars have a variety of complex internal structures. This schema defines a simple external calendar interface.
Annex D provides a more detailed description of the internal structure of calendars.

Every calendar provides a set of rules for composing a calendar date from a set of elements such as year, month,

and day. In every calendar, years are numbered relative to the date of a reference event that defines a calendar
era. A single calendar may reference more than one calendar era (See D.3.1 and D.3.2 for examples).
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TM_Calendar

+dateTrans(caldate : TM_CallDate, time : TM_ClockTime) : JulianDate
+JulTrans(jdt : JulianDate) : TM_CalDate

datingSystem | 1..* dateBasis | 0..*
Basis Resolution
1..* | referenceFrame 0.1| timeBasis
TM_CalendarEra TM_Clock
+name : CharacterString +referenceEvent : CharacterString
+r¢ferenceEvent : CharacterString +referenceTime : TM_ClockTinge
+jJlianReference : JulianDate . i
+epocchOfUse : TM. Period +utcReference : TM_ClockTime

Figure 8 — Calendar and clock

5.3.2.2 Calendar era
The class TMI_CalendarEra shall contain the following attributes:
a) name: QharacterString shall uniquely identify. the calendar era within this calendar.

b) referenceEvent: CharacterString shall provide the name or description of a mythical or historic eyent which
fixes the position of the base scale of+the calendar era.

c) referenceDate: TM_CalDate shall-provide the date of the referenceEvent expressed as a date in| the given
calendat. In most calendars, this/date is the origin (i.e. the first day) of the scale, but this is not always true.

d) julianReference: JulianDate’shall provide the Julian date that corresponds to the reference date.

e) epochOfUse: TM_Period shall identify the TM_Period for which the calendar era was used as g basis for
dating. The datatype for TM_Period.begin and TM_Period.end shall be JulianDate (5.4.5.2).

Associations

a) Basis shall link this TM_CalendarEra to those TM_Calendars that use this TM_CalendarEra as a reference for
dating.

5.3.2.3 Calendar
TM_Calendar shall support the following operations:

a) dateTrans (calDate: TM_CalDate, time: TM_ClockTime): JulianDate shall accept a date in the specified
calendar and a time in the specified clock as input and return a Julian date.

b) julTrans (jdt: JulianDate): TM_CalDate shall accept a Julian date as input and return a date in this calendar.
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The Julian day numbering system is a temporal coordinate system that has an origin earlier than any known
calendar. Transforming calendar dates to and from Julian dates provides a relatively simple basis for transforming dates from
one calendar to another.

Any description of the internal structure of a specific calendar shall include sufficient information to enable a user to
implement these operations. It shall include a description of each calendar era associated with the calendar, and it
shall provide sufficient information to enable mapping of a date in that calendar to the equivalent Julian date.
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Associations:

a) Basis shall link this TM_Calendar to the TM_CalendarEras that it uses as a reference for dating.

b) Resolution shall link this TM_Calendar to the TM_Clock that is used for specifying temporal positig
smallgst calendar interval.

5.3.2.4 |[Clock

TM_Clock|shall contain the following attributes:

a) referdnceEvent: CharacterString shall provide the name or description of'an event, such as s
sunrige, which fixes the position of the base scale of the clock.

b) referanceTime: TM_ClockTime shall provide the time of day associated with the reference event
a timeg of day in the given clock. The reference time is usually the origin of the clock scale.

c) utcRdference: TM_ClockTime shall provide the 24-hour localhor UTC time that corresponds to
time.

TM_Clock|shall support the following operations:

a) clkTrans (uTime: TM_ClockTime): TM_ClockTime shall accept a 24-hour local or UTC time and return the
equivalent time of day expressed in terms of\the specified clock.

b) utcTrTns (clkTime: TM_ClockTime): TM-ClockTime shall accept a time of day expressed in
specified clock and return the equivalent time of day in 24-hour local or UTC time.

5.3.3 Temporal coordinate systems

Specifying temporal position «in_terms of calendar date and time of day complicates the computation

between foints and the functional description of temporal operations. A temporal coordinate system

to supporf applications of\this kind. A temporal coordinate system shall be based on a continuous

defined interms of a single time interval.

TM_CoordinateSystem

+origin : DateTime
+interval : CharacterString

+transformCoord(c_value : TM_Coordinate) : DateTime
+transformDateTime(dateTime : DateTime) : TM_Coordinate

Figure 9 — Temporal coordinate system
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TM_CoordinateSystem (see Figure 9) shall contain two attributes:

a)

with time of day in UTC. The DateTime may be truncated to the appropriate level of resolution.

b)

origin: DateTime shall provide the origin of the scale. The origin shall be specified in the Gregorian calendar

interval: CharacterString shall return the name of a single unit of measure used as the base interval for the

scale. The time interval may be selected as appropriate for the application, but it shall be one of those units of
measure for time specified by ISO 31-1, or a multiple of one of those units, as specified by ISO 1000.

TM_CoordinateSystem shall support two operations:

a) transformprGoord c—varge—1i—GCoo dirater—PateFinre—st ar—acecep atte-of-a—coordirate—w
coordingte system and return the equivalent DateTime in the Gregorian Calendar and UTC.
b) transformDateTime (dateTime: DateTime): TM_Coordinate accepts a DateTime in the Gregorian Ca

UTC, an

5.3.4 Ordinal temporal reference systems

In a number

in time is kmown more precisely than duration. The order of events in time~can be well establishe

magnitude o
is appropriat
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d returns the equivalent TM_Coordinate.

of applications of geographic information — geology and archaeology;fer example — relati

the intervals between them can not be accurately determined.<An ordinal temporal referen
b in such cases.

emporal reference system is based on an ordinal scalé, In its simplest form, an ordina
stem is an ordered series of events. Generally, a spegific series of events is associated wi
nporal relationships between different locations can(be determined only to the degree thaf
can be correlated with events at other locations\on the basis of non-temporal characterig
correlation can be used to develop a more brogadly based temporal reference system defing
hin which similar events have occurred. Theterm ordinal era is used in this standard to refe

mporal reference system consists of.a set of ordinal eras (see Figure 10). Ordinal refereng
rarchically structured such that an‘erdinal era at a given level of the hierarchy includes a se
shorter ordinal eras.
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1.1 system
Structure
component | 1.*
IIIUIIIbUI Y
0.x TM_OrdinalEra
(O TM_Separation
+name : CharacterString
Composition +begin [0..1] : DateTime
1.1 +end [0..1] : DataTime
group

Figure 10 — Ordinal temporal reference system
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TM_OrdinalReferenceSystem provides only the attributes inherited from TM_ReferenceSystem. The association
Structure points to the sequence of TM_OrdinalEras that make up the highest level of the hierarchy.

TM_OrdinalEra contains three attributes:

a) name: CharacterString shall be a string that uniquely identifies the ordinal era within the
TM_OrdinalReferenceSystem.

b) begin: DateTime may provide the temporal position at which the ordinal era began, if it is known. The
TM_TemporalPosition shall be specified as a DateTime in the Gregorian calendar with time of day in UTC. The
DateTime may be truncated to the appropriate level of resolution, as specified in ISO 8601.

c) end: PDateTime may provide the temporal position at which the ordinal era ended, if itlis/known. The
TM_TlemporalPosition shall be specified as a DateTime in the Gregorian calendar with time ©f/day in UTC. The
DateTime may be truncated to the appropriate level of resolution, as specified in ISO 8601.

TM_OrdinglEra may support the interface TM_Separation (see 5.2.3.6).

A TM_OrdlinalEra may be composed of a sequence of shorter TM_OrdinalErds)identified by thg association

Compositipn.

5.4 Temporal position

5.4.1

The methg
reference

Introduction

d for identifying a temporal position is specific to eact’type of temporal reference system. ]
system for use with geographic information isi'the combination of the Gregorian ¢

that com

y with ISO 8601. ISO 8601 specifies the use~of the Gregorian calendar and UTC. This

Coordina‘;id Universal Time (5.3.1). ISO/TS 19103 defines*data types for expressing dates as cha

Standard

efines data types that shall be used to specify temporal positions in other temporal referenc

5.4.2 TM_Position

TM_Positi
DateTime

[he preferred
plendar with
acter strings
International
b systems.

bn is a union class that consists of one of the data types listed as its attributes. Dat¢, Time, and

are basic data types defined.in*ISO/TS 19103. They comply with ISO 8601 encoding of dat

as characler strings. These data types-may be used for describing temporal positions referenced to t

calendar

referenced
and times
calendar ¢

and UTC. TM_TemporalPosition and its subtypes shall be used for describing tempg
to other temporal reference systems. The data types defined in 5.4.4 specify numeric val
They may be used\for temporal positions referenced to any calendar or clock, including t
nd UTC.

5.4.3 TM_TemporalPosition

TM_Temp
attribute.

oralPasition has four subclasses (see Figure 11), an association with TM_ReferenceSyst

es and times
ne Gregorian
ral positions
les for dates
ne Gregorian

bm, and one

Attribute:

a)

© I1SO 2002 — All rights reserved

indeterminatePosition: TM_IndeterminateValue is an optional attribute. This attribute provides the only value
for TM_TemporalPosition unless a subtype of TM_TemporalPosition is used as the data type. When this
attribute is used with a subtype of TM_TemporalPosition, it provides a qualifier to the specific value for
temporal position provided by the subtype.
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«union»
TM_Position

+anyOther :TM_TemporalPosition
+date8601 : Date

+time8601 : Time
+dateTime8601 : DateTime

position TM_TemporalPosition

0.*

frame | 1.1 +indeterminatePosition [0..1] : TM_IndeterminateValue

TM_ReferenceSystem

«DataTypen»
«DataType» r TM_Coordinate
JulianDate
+coordinateValue : Number,|
value 1

«DataType»

TM_OrdinalEra TM_OrdinalPosition

1 position
«Enumeration»
TM_{IndeterminateValue «DataType»
TM_CalDate
+unknown : Code — . Oc N
:EO:‘N : Co(c):led +callDate : Sequence <Integer>
etore | ode +calendarEraName : CharacterString

+after : Gode

«DataType»
«DataType» TM_ClockTime

TM_DateAndTime C

+clkTime : Sequence<Number>

Figure 11 — Data types for temporal position

a) “unknown’Zshall be used with the parent class TM_TemporalPosition to indicate that no specifi¢ value for

temporat puoitiuu is pluvidcd.

The enume:]ted data‘type TM_IndeterminateValue provides 4 values for indeterminate positions.

b) “now” shall be used with any subtype of TM_TemporalPosition to indicate that the specified value shall be
replaced with the current temporal position whenever the value is accessed.

c) “before” shall be used with any subtype of TM_TemporalPosition to indicate that the actual temporal position is
unknown, but it is known to be before the specified value.

d) “after” shall be used with any subtype of TM_TemporalPosition to indicate that the actual temporal position is
unknown, but it is known to be after the specified value.
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a)

ISO 19108:2002(E)

n:

The association Reference connects the TM_TemporalPosition to a TM_ReferenceSystem. Every

TM_TemporalPosition shall be associated with a TM_ReferenceSystem. This association need not be explicit
at the instance level. If not specified, it is assumed to be an association to the Gregorian calendar and UTC
(see 5.3.1); it can also be identified in the attribute type definition in a feature catalogue, or in the metadata for
a data set.

544 Po

5.4.4.1

sition referenced to calendar and clock

Calendar date

TM_CalDa
attributes:

a) calen

te is a data type that shall be used to identify temporal position within a calendar. TM.(Cal

HarEraName: CharacterString provides the name of the calendar era to which the-date is ref¢

b) calD

e: Sequence <Integer> provides a sequence of positive integers in which the first integg

Date has two

prenced.

r identifies a

specific instance of the unit used at the highest level of the calendar hierarchy;-the second integg¢r identifies a

speci
ISO 8
month

EXAMPLE
the ninth m

5.4.4.2

TM_Clock
TM_Temp
TM_CalDa
day. TM_(

clkTin
calDa
hierar
All bu

a)

EXAMPLE
15th minutg

5.4.4.3

ic instance of the unit used at the next lower level in the hierarchy, ‘@nd so on. The form
01 for dates in the Gregorian calendar may be used for any date that is composed of va
and day.

In the Gregorian calendar, the sequence 1999, 09, 03 identifies a temporal position as being t
bnth of the year 1999. This would be expressed in ISO 8601 format as 19990903.

Clock time

Time is a data type that shall be used \t0”identify a temporal position within a d
oralPosition cannot by itself completely~identify a single temporal position, it shall b
te for that purpose. It may be also used to identify the time of occurrence of an event that
LlockTime has a single attribute:

ne: Sequence <Number> provides a sequence of positive numbers with a structure simi
fe. The first number integer identifies a specific instance of the unit used at the highest leve
chy, the second number jdentifies a specific instance of the unit used at the next lower leve
t the last number in the-sequence shall be integers; the last number may be integer or real.

In modern 24-heur time the sequence 22, 15, 30.5 identifies a temporal position 30,5 s after t
of the 22nd hour~This would be expressed in ISO 8601 format as 221530.5.

Calendar-date with clock time

TM_DateA

single dater type for identifying a temporal position with a resolution of less than a day.

ndTime"is subtype of both TM_CalDate and TM_ClockTime; it inherits the attributes of both

at defined in
ues for year,

he third day of

by. Because
e used with
recurs every

ar to that of
| of the clock
I, and so on.

he start of the

to provide a

54.5 Po

5.4.51

sition referenced to a temporal coordinate system

TM_Coordinate

TM_Coordinate is a data type that shall be used for identifying temporal position within a temporal coordinate
system. TM_Coordinate has a single attribute:

a)

interval associated with the temporal coordinate system.

©1S0 2002 —

All rights reserved

CoordinateValue: Number holds the distance from the scale origin expressed as a multiple of the standard
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5.4.5.2 Julian date

The Julian day numbering system is a temporal coordinate system that has its origin at noon on
1 January 4713 BC in the Julian proleptic calendar. The Julian day number is an integer value; the Julian date is a
decimal value that allows greater resolution.

5.4.6 Position referenced to an ordinal temporal reference system

Within an ordinal temporal reference system, the temporal position of an instant is within the shortest ordinal era (at
the lowest level) in which it occurs. TM_OrdinalPosition is a data type that shall be used for identifying temporal
position within an ordinal temporal reference system. TM_OrdinalPosition has one attribute:

a) ordinalPpsition: Reference <TM_OrdinalEra> provides a reference to the ordinal era in which llhe instant
occurs.

EXAMPLE Table 1 shows part of the geologic time scale, which is an ordinal temporal reference ‘system. The temporal
position of an jnstant in the Cenozoic Era should be identified by the name of the Epoch within whichiit*falls, while the temporal
position of an |nstant in the Mesozoic Era would be identified by the Period within which it falls.

Table 1 — Part of the geologic time scale

Eras Periods Epochs
Cenozoic Quaternary Holocehe
Pleistocene
Tertiary Pliocene
Miocene
Oligocene
Eocene
Paleocene
Mesozoic Cretaceous
Jurassic
Triassic

5.5 Time and components of geographic information

5.5.1 Temporal aspects of geographic information components

The general [feature model described in ISO 19109 provides a metamodel for geographic information. It identifies
metaclasses|forfeature attributes, feature operations, and feature associations as shown in Figure 1];. Each of
these componenis may have a temporal aspect. ISO 79109 provides rules for instantiating these mefaclasses in an
application schema. Subclauses 5.5.2 through 5.5.4 identify temporal subtypes of some of the metaclasses in the
General Feature Model. They also provide extensions to the rules for use when these components involve
temporal information. Annex B provides examples of the way that these classes and rules should be used in an
application schema.

ISO 19110 specifies rules for compiling feature catalogues, which include definitions of feature types, feature
attributes, feature operations, and feature associations. Subclauses 5.5.2 through 5.5.4 specify requirements for
defining these components when they have a temporal aspect.

ISO 19115 specifies a standard set of metadata elements for use with geographic information, and provides a

mechanism for defining additional metadata elements appropriate to specific applications or profiles. Subclause
5.5.5 identifies requirements for defining metadata elements that have a temporal aspect.
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GF_FeatureType

+typeName : LocalName
+definition : CharacterString | memberOf

+isAbstract : Boolean = faise 0_*
1.1 f 0.* «Metaclass»
GF_AssociationType
linkBetween y
carrierOfCharacteristics | 0..* -
«Metaclass»
GF_PropertyType
+memberName : LocalName
+definition : CharacterString
1.*
. «Metaclass» «Metaclasg»
GF_AttributeType GF_Operation GF_AssociatiohRole
+valyeType : TypeName +signature : CharacterString +valueType : TypgName
+dor];ain0f\/alues : CharacterString +cardinality : Mutiplicity
+cardinality : Mutiplicity

Figure 12 — Metaclasses-of the general feature model

5.5.2 Temporal feature attributes

A temporal feature attribute describes a.feature characteristic that is associated with a tempora| position. In
accordange with the rules for application schemas defined in ISO 19109, a GF_TemporalAttribdteType shall
normally he instantiated in an application schema as an attribute of a class that is itself an instantiation of the
GF_FeatufeType metaclass. Undef._the conditions specified in ISO 19109, it may be instantiated as |a UML class
that is asspciated with the featuré type class for which it is an attribute.

Static temporal characteristies are of two kinds: events and states (see Figure 13).

a) An eventis an action that occurs at an instant. In fact, almost every event occupies a short interval of time, but
when|that interval'is short relative to the resolution of the scale of measurement, it is specified as an instant.
The |GF_AttributeType.valueType of an event shall be either a TM_ Instant, a TM_Node, or a
TM_TlemporalPosition.

b) A state-is—a-conditen——a—characteristic-of-a—feature-ordata—set-thatpersistsfer-aperod—Fhat-tharacteristic
may be represented by a feature attribute or metadata element. A GF_TemporalAttribute Type that describes a
state may be instantiated in two ways. In the simple case, the GF_AttributeType shall be instantiated as an
attribute of a class that represents a feature type. Its GF_AttributeType.valueType shall be either a TM_Period
or a TM_Edge. When more information is needed, a GF_TemporalAttributeType that represents a state shall
be instantiated as a UML class. That class shall be a subtype of TM_Period that inherits the associations
Beginning and Ending, or a subtype of TM_Edge that inherits the associations Initiation and Termination. The
characteristics of the state shall be described by one or more attributes of the class. Its recurrence shall be
indicated by the multiplicity at the attribute end of its association with the feature type class. Often, a change in
state is associated with an event that initiates or terminates the state. That event shall be identified by an
attribute of the class that represents the state.

An event may recur at multiple instants; a state may also recur at multiple times. The
FeatureAttributeType.cardinality shall specify the number of recurrences that the application schema allows.
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GF_AttributeType

+valueType : TypeName
+domainOfValues : CharacterString
+cardinality : Mutiplicity
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Figure 13 — Temporal feature attribute types
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Given a feature type class Roadlntersection, traffic flow through the intersection could be described by a UML
operation such as:

TrafficFlow (tMin: Integer, tMax: Integer, time:TM_ClockTime): Integer

ISO 19110 specifies requirements for defining feature operations. In the case of a temporal feature operation, the
Feature Operation Textual Description shall describe the way in which the return value of the operation changes as

a function of

time, and how it is influenced by temporal characteristics.

It shall also identify the temporal reference

system within which time is measured. The Feature Operation Formal Definition shall include time as one of the

independent
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5.5.4 Time and feature associations

5.5.4.1

Temporal aspects of feature associations

Feature associations may involve time in two ways. Some feature associations exist because of the temporal
characteristics of the related feature instances. Other feature associations, which may exist for variety of reasons,

have their

EXAMPLE

own temporal characteristics as associations.

The association between two features that exist at the same time illustrates the first case. Su

ch a temporal

association has no other characteristics, and is not dependent on the feature types involved. An example of the second case is
the association between two tracts of land that are held by the same owner for some period. In this case, the dominant element
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feature associations are those of the first type — those that exist because of the temporal ¢
ed feature instances.

Temporal feature associations

Introduction

| feature association is an explicit description of an association between the life spans of
the association. It is possible to derive a temporal featufe association by using t
relativePosition to compare the life spans of two features, assuming that each feature ha

n.

haracteristics

the features
ne operation
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that identifies its life span. If temporal feature associations are impartant to an application, the application schema
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5ign a life span attribute to each feature type that it specifies. The attribute lifeSpan:TM_P
h temporal positions are described in terms of either a calendar and clock or a tempor
system. When temporal positions are described in‘terms of an ordinal temporal reference
lifeSpan:TM_Edge should be used, and the application schema should
bgicalComplex as a non-linear graph that includes all of the TM_Edges that represent life s
pature associations may be specified for applications that do not support the TM_Order inter|

hational Standard specifies two subtypes of temporal feature associations: simple tem
s and succession (see Figure 14).

Simple temporal feature associations

mporal feature association identifies the relative position in time of two or more features
inciple, this type of .association exists between all feature instances, but cannot be prediq
eature type.

to the rules_for application schemas defined in ISO 19109, feature associations shall
d as associations between UML classes that represent feature types. However, purely tem
s are usually independent of feature type. Instantiation of temporal feature associations as
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system, the
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carry infor|
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for an application schema to support derivation of these associations as described in 5.5.4.2.1. An alternative
would be to instantiate a feature class that is a supertype for all feature type classes in the schema, and instantiate
the feature association as a self-referent association at that level.
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GF_FeatureType

+typeName : LocalName
+definition : CharacterString
+isAbstract : Boolean = faise

«Metaclass»
GF_AssociationType

«Metaclass»
GF_TemporalRelationship

«Metaclass» «Metaclass»
TM_SimpleRelationship TM_FeatureSuccession
«Metaclass» «Metaclass» «Metaclass»
TM_FeatureSubstitution TM_FeatureDivision TM_FeatureFusign

Figure 14 — Classification of temporal feature associations

5.5.4.2.3 Fkeature succession

Feature sucgession is the replacement of one set of feature instances by another set of feature instances. A set
may include pne or more featufe instances. Replacement implies that the life spans of the feature insta:rces in the
first set com¢ to an end at/the’instant when the life spans feature instances in the second set begin. Thelle are both
spatial and temporal aspects to feature succession, in that the feature instances in the association qccupy the
same spatial|location,“at/different times and in a particular order.

Feature sucdession is not always type dependent. That is, the type of a feature instance is not always a gredictor of
the type of thefeature instance that replaces it. Feature succession can be modelled at the generic fegture level,
but not always at the feature type level.

There are three kinds of feature succession: feature substitution, feature division, and feature fusion. Feature
substitution is the replacement of one feature instance by another feature instance of the same or a different
feature type. It establishes a one-to-one association between two feature instances. Feature division occurs when
a single feature instance separates into two or more feature instances of the same type. It establishes a
one-to-many association between feature instances. Feature fusion occurs when two or more instances of the
same feature type merge into a single feature instance. It establishes a many-to-one association between feature
instances. A single event may result in a form of succession that is a combination of these types. Four of these
combinations are possible:
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division and substitution;
fusion and division;
fusion, substitution and division;

substitution and fusion.

Clearing part of a woodland and replacing it with a parking lot is an example of “division and substitution”.
Clearing a woodland adjacent to a pasture and combining it with the pasture is an example of “substitution and fusion”.
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dentifier changes.

h associations may be derived by using the operation TM_Order.relativePosition togethe
E spatial operations defined in ISO 19107.

feature associations of the feature succession type may also be instantiated in an applicatio

les, and multiplicities shall be different for each type of succession. The role names shal
hich one feature succeeded another. To include the timerat*which succession occurred, 3
nall represent the succession association as a UML association class with an attribute that
Currence.

Temporal characteristics of feature associations

characteristics of feature associations_usually provide information about the instant

N began or ended, or about the period.for which it persisted. Like temporal feature attribute
elements, they describe events or states. Feature associations that have temporal charac
ated as UML association classes( The temporal characteristic shall be represented as an
s the TM_Event or TM_State metaclass (5.5.2).

mporal metadata elements
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MD_ExtendedElementinformation
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+definitio
+conditio
+maximu

+domain
+parentE

+source[

+name : CharacterString
+domainCode[0..1] : Integer
+obligation[0..1] : MD_ObligationCode

+dataType: MD_DatatypeCode L

+rationalg[0..*] : CharacterString
"] : CL_ResponsibleParty {If "obligation™ = "conditional' then "conditioh" is mandlatory }

me[0..1] : CharacterString
n : CharacterString
n[0..1] : CharacterString

mOccurence : CharacterString ~—

aluel0..1] : Characterstring -~
ntity[1..*] : CharacterString -~

+rule : CharacterString ~

{If "dataType" = 'codelistElement' then "domainCode" is mandatery } Il
{If "dataType" notEqual 'codelistElement' then "shortName” is mandatory }

{If "dataType" notEqual 'codelist’, 'enumeration’ or, ‘codelistElement’

then "obligation", "maximumOccurence™ and "domainValue" are mandatory }
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Figure 15 — Extended metadata element
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Annex A
(normative)

Abstract test suite

A.1 Application schemas for data transfer

a) Test
assod

b) Test
includ
objec
in the

objec
requir
c) Refer
d) Test]
A.2 Apq

a) Test}

A.1, that it defines temporal feature operations, and that it implements operations of tempor

comp

b) Test
ensur|
in thq

attribd
c) Refer
d) Test]

A.3 Feature:catalogues

iations of features and temporal metadata elements in compliance with specified requiremer
Method: Inspect the presentation of the temporal attributes and temporal associations
ed in the application schema to ensure that the definitions satisfy requirements. for the us
s to represent temporal attributes or their values. Ensure that any temporalmetadata ele

application schema satisfy requirements. Ensure that all required attributés and association
s are implemented, and that optional attributes or associations areCimplemented in con
ements. Verify that required data types are used for values of temporal ‘position.
bnce: 5.2, 5.4,5.5.2,5.5.4.2 and 5.5.5.

[ype: Basic.

lication schemas for data with operations
Purpose: Verify that an application schema that supports operations on data satisfies the req
iance with specified requirements.
Method: Inspect the presentation of temporal feature operations included in the applicatio

application schema to ensure that any operations of temporal objects used to repres
tes or their values are implemented in compliance with requirements.

bnce: A.1, 5.2, 5.5.3'and 5.5.

[ype: Basic.

a) Test

Purpose: Verify that an application schema for data transfer defines temporal attributes ;Lnd temporal

ts.

of features
of temporal
ents defined
5 of temporal
hpliance with

uirements of
al objects in

n schema to

e that they satisfy requirements. Inspect the presentation of the temporal attributes of featdires included

ent temporal

Purpose: Verify that the feature catalogue defines temporal characteristics in compliance

vith specified

requir

ements.

b) Test Method: Examine the catalogue. Check definitions for temporal feature attributes, temporal feature
operations, or temporal feature associations comply with requirements. Ensure that the requirements for
identifying and describing temporal reference systems are satisfied.

c) Reference: 5.3,5.5.2,5.5.3 and 5.5.4.2.

d) Test Type: Basic.
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A.4 Metadata element specifications

Test Purpose: Verify that temporal metadata elements are defined in compliance with specified requirements.

Test Method: Inspect the metadata element definitions in the metadata specification to ensure that the
definitions satisfy the requirements appropriate for events or states.

Reference: 5.5.5.

Test Type: Basic.

A.5 Metadata for data sets

a)

b)

c)

d)

32

Test Purpose: Verify that metadata for a data set provides required information abouttemporal
systems]
Test Method: Inspect the metadata set. If the metadata does not indicate that all temporal positions

the datq that it describes are referenced to the Gregorian Calendar and UTGC;check to see that

either a

description or a citation to a description of each of the temporal reference systems used wit

Evaluatg each description to verify that it includes all required elements.

Referen

Test Typ

ce: 5.3.

e: Basic.

reference

ncluded in
t provides
n the data.
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Annex B
(informative)

Use of time in application schemas

B.1 Temporal feature attributes

B.1.1 Tld_

Figure B.1
representq
TM_Instar
schema, t{
TM_Sepa
takes a vg
could be U

t!

B.1.2 TM_

Figure B.2
case, the
associatio

attributes
relativePo
Length(): ]

illustrates the use of a TM_GeometricPrimitive in an application schema. The feature typ
d by a UML class. It has one attribute called dateOfConstruction, which takes,a value

he TM_GeometricPrimitives do not implement the operations defined at the interfaces TI
ation. Since TM_Instant has only one attribute — TM_Instant.position;\TM_TemporalPosi
lue of data type TM_TemporalPosition, either that data type, or one ‘of-its subtypes, such as DateTime,
sed as the data type for Building.dateOfConstruction.

feature attribute periodOfOgeupancy is represented as a UML class that is linked to Buildi
. PeriodOfOccupancy isarsubtype of TM_Period. It inherits the association roles begin 2
TM_Period, but it restricts the data type in each case to DateTime. [At the TM_Period level, the data t
is TM_TemporalPosition.] It also inherits the interfaces TM_Order, from which it uses t
sition (other: TM_Primitive): TM_RelativePosition, and TM_Separation, from which it uses tf

GeometricPrimitive as a data type

and a second attribute, called periodOfOccupancy, which takes a value of data type TM_H

Building

+dateOfConstruction : TMCInstant
+periodOfOccupancy,_;-TM_Period

Figure B.1 — TM_GeometricPrimitives as data types

GeometricPrimitive as a temporal attribute

illustrates an alternative way ©f using a TM_GeometricPrimitive for a temporal feature att

M_Duration and‘distance (other: TM_GeometricPrimitive): TM_Duration.

e Building is
of data type

Period. In this
M_Order and

ion — which

fibute. In this
ng by a UML
nd end from
ype for these
he operation
e operations
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Building TM_Period

+dateOfConstruction :TM_Instant

1.1 location

periodOccupied | 0..n

periodOfOccupancy

+hngin  DateTime
+end : DateTime

+distance(other : TM_GeometricPrimitive) : TM_Duration
+length() : TM_Duration
+relativePosition(other : TM_Primitive) : TM_RelativePosition

Figure B.2 — TM_GeometricPrimitives as temporal feature attributes

B.1.3 TM_TopologicalComplex as an attribute

Figure B.3 illustrates the use of a TM_TopologicalComplex as a temporal feature attribute. The history of an
archaeologicpl site is often described in terms of a series of pefieds during which the site was odcupied by
members of fome cultural group, or unoccupied. The order of these periods is known, but the temporal|position is
not. This hisfory can be described as a TM_ToplogicalComplex. The feature type ArchaeologicalSite, rgpresented
as a UML class, is associated with another UML class that represents the feature attribute SiteHistory. $iteHistory
is a subtype jof TM_TopologicalComplex. It is an aggregate‘of Occupancylntervals, where each Occupancylinterval
is a subtype pf TM_Edge.

TM_Complex

?

TM_Edge SiteHistory ArcheologicalSite

ZE History | 1..1

1.% Interval

Occupancyinterval

+occupants : CharacterString

Figure B.3 — TM_TopologicalComplex as a temporal feature attribute

B.1.4 Recurring attribute values
Figure B.4 provides an example of a feature attribute that has a value that recurs cyclically. The feature type Field

has an attribute CropRotation that is represented as a UML class with a multiplicity of O to n. There is one instance
of this attribute type for each kind of crop that is planted in the field. CropRotation has three attributes:
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— cropType identifies a kind of crop;
— firstPlanting identifies the date on which that crop was first planted in the field;

— rotationInterval identifies the periodic time between plantings of that crop.

Field

Field 0..n

0..n planting

CropRotation

+cropType : CharacterString
+firstPlanning : TM_Instant
+rotationlinterval : TM_Duration

Figure B.4 — Cyclical attribute values

B.2 Temporal feature associations

B.2.1 Simple temporal associations

Figure B.§is an example of a simple feature association implemented as a UML association. The schgma indicates
that roads|exist before service stations exist.

before 0..n
Road ServiceStation

1.n after

Figure B.5~—/Explicit representation of a simple temporal association

The simplg schema for buildings shown in Figure B.6 provides an example of the data required to dlerive simple
feature aspociations by<using the operation TM_Order.relativePosition.

Building

+dateOfConstruction :-TM Instant
+height : Number
+constructionMaterial : CharacterString

Figure B.6 — Building schema

Assume a data set built to this schema includes four instances of Building with the attribute values shown in
Table B.1.
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Table B.1 — Data set for Building schema

Building constructionMaterial height dateOfConstruction:
TM_Instant.position
[as Date]
A brick 45 m 1982
B steel 4m 1967
C wood 8m 1941
D brick 30m 1967

TM_Instant rlnay use the operation relativePosition(other:TM_Primitive): TM_RelativePosition from thl interface
TM_Order. If that operation is performed for each instance of Building.dateOfConstruction: TM_Instant ps source,
with each of|the other instances as targets (i.e. as values for the input parameter other), it will return the values

listed in Tablp B.2.

Table B.2 — Simple temporal associations between instances of' Building

Target Instance
Spurce Instance
A B C D
A Equal After After After
B Before Equal After Equal
C Before Before Equal Before
D Before Equal After Equal

B.2.2 Feature succession

Figure B.7 is|an example of a feature succession:modelled as an association between feature type classes. It is an
example of g type of ecological succession, known as old field succession, common in the eastern Unifed States.
The types odgcur on a single site in the seguence shown, if the site is left undisturbed. This illustrates the problem
associated with modelling feature succession at the feature type level. At any time, fire, storm, [or human
intervention ¢an interrupt this succession and move it back to an earlier stage, or replace the existing feature types

with an unexpected feature type.

Successor 1.1 FeatureSubstitution 1.1 Predecessor
Pasture Oak_Hickory Forest
1.1 Predecessor Successor | 1..1
FeatureSubstitution FeatureSubstitution
Successor | 1..1 1.1 Predecessor
BrushLand Pine Forest
Predecessor 1.1 1.1 Successor
FeatureSubstitution

Figure B.7 — Feature succession between feature types
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Figure B.8 is an example of feature succession modelled as a self-referent association of a UML class that is a
supertype for the various feature types that may be involved in succession associations. Modelling in this fashion is
necessary because there is no way to predict the order in which instances of these feature types might succeed
each other. In this example, each of the associations has been represented as an association class, so that the
time at which succession occurs can be described by an attribute of the association.

FeatureDivision

+timeOfOccurence : TM_GeometricPrimitive

FeatureSubstitution FeatureFusion

+time(QfOccurence : TM_GeometricPrimitive +timeOfOccurence : TM Geometri¢Primitive

B.3 Feature associations with'temporal characteristics

Figure B.9
that it mar

parent (1.1 2..n| child

predecessor antecedent
1.1 Feature 2.n
1.1 1.1
successor Z% succedent
Playground ParkingLot Building VacantLot

Figure B.8 — Feature succession at the generic feature level

is an application schema for the association between a ranch headquarters and the leas
ages. A RangelandTract is associated to a RanchHeadquarters by a Lease. A lease is an

bd rangeland
example of a

feature aspociation that-weuld not be considered a temporal association, because time is not the donpinant aspect

of the asspciation. However, a lease is in effect for a given period of time. The Lease is represented

as a UML
attribute |4

such as oTe that(identifies the cost of the lease.

association class, which allows attributes to be assigned to an association. In this ca
asePetiod that identifies the period for which the lease is in effect. It could also have oth

in this mode
be, it has an
er attributes,

RanchHeadquarters | nanager 0.n RangelandTract

+owner :CharacterString 1.1 pasture | +|ocation :GM_Surface
+Location :GM_Surface

Lease

+leasePeriod : TM_Period

Figure B.9 — Rangeland lease
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Annex C

(normative)

Describing temporal reference systems in metadata

C.1 Metadata for temporal reference systems

Subclause 5J3.1 requires that the metadata associated with a data set that uses temporal reference syslems other
than the Grggorian calendar and UTC shall either provide citations to documents that describethos¢ temporal
reference systems, or include description of those temporal reference systems in the metadata: Thel metadata
elements ddfined in Table C.1 shall be used for this purpose. The structure of thisc~table coniplies with
ISO 19115:—, annex B.
Table C.1 — Metadata elements for describing temporal reference systems
Name Definition Obligation/ Maximum Model element Dpmain
Condition occurrénce or data type
-

1 | TM_RefgerenceSystem Information about a C/ temporal QQ class Lines 2-33
temporal reference information in the dataq\
system set not referenced t ~>\

the Gregorian ?\\
?
calendar? \(\Q

2 |[name Name by which the M 1 RS_Identifier 1ISO 19[111
temporal reference
system is known

3 | DomainPfValidity Limits of space and ChExtent of temporal N EX_Extent 1ISO/TY 19103
time within which the feference system less
temporal reference than extent of data set
system is used in which it is used?

4 | Subtype] Subtype of temporal M 1 Specialization “TM_Calendar”
reference system being "TM_Clock"
described “TM_CpordinateSy

stem”
“TM_OrdinalRefer
enceSystem”
N
5 | TM_Cal¢ndar :Description of a C/ Subtype 1 Class Lines §— 15
09 calendar “TM_Calendar?”

6 |[dateTraps Description of an M 1 CharacterString Free tejxt
operation for converting
a date in the specified
calendar to a Julian
date

7 |julTrans Description of an M 1 CharacterString Free text
operation for converting
a Julian date to a date
in the specified
calendar

8 |Basis The calendar eras M N Association TM_CalendarEra
associated with the
calendar being
described
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