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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

A location reference (LR) is a unique identification of a geographic object. In a digital world, a real-
world geographic object can be represented by a feature in a geographic database. An example of a
commonly known location reference is a postal address of a house. Examples of object instances include
a particular exit ramp on a particular motorway, a road junction or a hotel. For efficiency reasons,
location references are often coded. This is especially significant if the location reference is used to
define the location for information about various objects between different systems. For intelligent

trans

Co
in
Sys

munication of a location reference for specific geographic phenomena, corresponding

em in which different applications and sources of geographic data are used. Llecation 1

to objects

deographic databases, in a standardized, unambiguous manner is a vital part of @n-intdgrated ITS

eferencing

methods (LRM, methods of referencing object instances) differ by applications, by the data jnodel used

to
use
and

H to create and store the database. A standardized location referencing method allows for

unambiguous identification of object instances representing the same geographic phe

dreate the database or by the enforced object referencing imposed by the{specific mappjing system

a common
nomena in

different geographic databases produced by different vendors, for variedapplications and operating on

mu
wid
pre

tiple hardware/software platforms. If ITS applications using digital map databases are
espread, it is necessary for data referencing across various applcations to be possible. [
bared on one system, such as traffic messages, needs to be‘interpretable by all receiving

stamdardized method to refer to specific object instances is‘esséntial in achieving such objecd

LR

bod
(VI
has
AG(
des
diffi

Thi
con
con
are

to become
hformation
systems. A
tives.

hctivities are currently supported by Japanese, Korean, Australian, Canadian, US and Eu
ies. Japan has developed a link specification for¥ehicle information and communicati

RA projects based on intersections identified by geographic coordinates and other i
Criptors. In the US, standards for locatiofyreferencing have been developed to accommod
erent location referencing methods.

5 document provides specificdtions for location referencing for ITS systems (althc
mittees or standardizationyboedies can subsequently consider extending it to a mg
fext). Other LR methods fertransport protocol experts group (TPEG) and geographic i
defined in the followingdocuments:

[SO/TS 21219-21, Intelligent transport systems — Traffic and travel information via transpq
experts group, generation 2 (TPEG2) — Part 21: Geographic location referencing (TPEG-GL

[SO/TS 21249-22, Intelligent transport systems — Traffic and travel information (TTI) vi
protocolexperts group, generation 2 (TPEGZ2) — Part 22: OpenLR location referencing (TP}

ISO 19148, Geographic information — Linear referencing

ropean ITS
n systems

[S). In Europe, the radio data system - traffic message channel (RDS-TMC) traffic messaging system
been developed. In addition, methods haye-been developed and refined in the EVIPENCE and

tersection
ate several

ugh other
re generic
(formation

rt protocol

R)

1 transport
'G2-OLR)
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Intelligent transport systems (ITS) — Location referencing
for geographic databases —

Part 1:
General requirements and conceptual model

1

The
con
bot
objé

mandatory or optional, and their characteristics.

The

The
req

Thd
are

Thi

if document also’provides:

Scope

ISO 17572 series specifies location referencing methods (LRMs) that describe locat

h in an encoder system and from the decoder side. This document definé€s what is mes
cts and describes the reference in detail, including whether or not components of the re

[SO 17572 series specifies three different LRMs:
pre-coded LRM (pre-coded profile);

dynamic LRM (dynamic profile);

precise relative LRM (precise relative profile).

ISO 17572 series does not define a physical format for implementing the LRM. Hg
1irements for physical formats are defined:

[SO 17572 series does not define details-of the location referencing system (LRS), i.e. hoy
to be implemented in software, hardware or processes.

5 document specifies the following general LRM-related subjects:
requirements of an LRM;
conceptual data model for LRMs;

inventory LRMs-(se€ Annex A).

examplés of conceptual model use (see Annex B);

a comparison of definitions with ISO/TC 211 (see Annex C).

ons in the

Lext of geographic databases and that are intended for use in locating transport-related phenomena

nt by such
Ference are

wever, the

v the LRMs

2

Normative references

There are no normative references in this document.

3

For

Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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31
accuracy

measure of closeness of results of observations, computations, or estimates to the true values or the
values accepted as being true

3.2
area

two-dimensional, geographical region on the surface of the Earth

Note 1 to entry: An area can be represented as an implicit area or an explicit area.

3.3
arealocat
two-dimen

3.4
attribute
characterig

Note 1 to er
defined typ
(see compos

3.5
coordinat
one of an o

jon
sional location, representing a geographical region on the surface of the Earth

tic property of a real-world feature

try: This property allows the identification of a specific feature by its atttibutes. An attribute h
e and contains a value. Attributes can be either simple, consisting of one“atomic value, or compg
ite attribute).

a)

rdered set of N numbers designating the position of a point in N-dimensional space

Note 1 to enftry: N would be 1, 2 or 3.

3.6

complex intersection

intersectio

3.7

datum
parameter
coordinate

[SOURCE: I

3.8
descriptoi
characteris

EXAMPLE

39

n that consists at least of two or more junctions and one or more road elements

or set of parameters that realizethe position of the origin, the scale, and the orientation
system

SO 19111:2019, 3.1.15, modified — admitted term ("reference frame") removed.]

tic of a geographic object, usually stored as an attribute

Road srames or road numbers.

digital ma
structured

p-database

as a
site

of a

spatial features

s of

Note 1 to entry: Typically, such structures represent, but are not limited to, the digital form of hard copy maps.
For example, drawings can be imported into a geographic information system (GIS) and considered as a form of

digital map.

3.10

dynamic location reference
location reference generated on-the-fly based on geographic properties in a digital map database

© IS0 2022 - All rights reserved
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3.11

explicit area

two-dimensional face on the surface of the earth, with a specified outline either being a simple
geometric figure or an irregular outline/polygon

3.12

geodetic reference frame

reference frame or datum describing the relationship of a two- or three-dimensional coordinate system
to the Earth

[SOURCE: ISO 19111:2019, 3.1.34, modified — Note 1 to entry has been removed.]

Earfh-centred global reference frame, including an Earth model, based on satellite and terrestrial data;

Note¢ 1 to entry: The ITRF is a realization of the international terrestrial reference system (ITRS)| It contains
ary parameters defining the shape, angular velocity and the'earth mass of an Earth ellipsoid, anfl secondary
pargmeters defining a gravity model of the Earth. Primary‘parameters are used to derive latitude-longitude

refgrence system for the Earth derived from precise and accurate space geodesy meapurements,
not|restricted to GNSS Doppler measurements, which is periodically tracked and revised by the
Intgrnational Earth Rotation and Réference Service

Note 1 to entry: The basic information and the requirements related to the ITRS are defined in ISO 19161-1.

3.1¢
int¢rsection
<ITP> crossing and/or.connection of two or more roads

Notg 1 to entry: In'the’ISO 20524 series (Geographic Data Files, GDF), an intersection is a level 2 reprgsentation of
a junpction whiclhtbounds a road or a ferry. It is a complex feature, composed of one or more level 1 jurfctions, road
elements and‘enclosed traffic areas. The definition in this document is different from that of the ISO 20524 series
because thélocation referencing system refers to real-world objects rather than a database definitiof, as defined
in the [SO'20524 series.

Not ¢d where no

connection between the road segments exists are excluded from this definition.

3.17

road junction

junction

elementary element in the road network, connecting two or more road elements

Note 1 to entry: In the ISO 20524 series (Geographic Data Files, GDF), a junction is a level 1 feature that bounds
a road element or ferry connection. Junctions that represent real crossings are at least trivalent (having three
roads connected). A bivalent junction can only be defined if an attribute change occurs along the road (e.g. road
name change). A junction is also coded at the end of a dead-end road, to terminate it.

©1S0 2022 - All rights reserved 3
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3.18
linear location
location that has a one-dimensional character

EXAMPLE A road segment.

3.19

link

edge

<ITS> direct topological connection between two nodes that has a unique link ID in a given digital map
database

Note 1 to eLtry: A link can contain additional intermediate coordinates (shape points) to better represent the
shape of cugjved features. A link can be directed or undirected.

3.20
link identifier
link ID
identifier that is uniquely assigned to a link

Note 1 to enmtry: A link identifier can be arbitrary or can be assigned by conventiofto ensure that no multiple
occurrenceg of the same identifier will be used within one instance of a network dr map database.

3.21
link location
location id¢ntifiable by a part of the road network database having one identifier or having a unigfiely
identifiabl¢ combination of attributes throughout the continuous-stretch

Note 1 to enftry: One link location can consist of multiple links.

3.22
location
particular place or position

Note 1 to entry: A location is matched to database objects by location definitions, which specify what is mgant
by a particylar location. Without any explicit.remark, it is intended to be a linear stretch in terms of topology in
the databasp network without any loops or discontinuities in between (linear location). It can also be only a point
in the netwprk as a specialization of a liftear stretch with length zero. In addition to that, a location can alsp be
a set of road elements representing afn atea. This area is expressible by a polygon or a list of linear locations| For
further desqription of different categories of locations, refer to 6.4.

[SOURCE: [SO 19112:2019.:3:1.3, modified — The original Note to entry and Example have Heen
removed. A new Note 1 t@ entry has been added.]

3.23
location reference
LR
label assighed.to a location

Note 1 to entry: With a single location referencing method (LRM), one reference defines unambiguously and
exactly one location in the location referencing system as defined in 5.2. The location reference is the string of
data which is passed between different implementations of a location referencing system to identify the location.

3.24

location definition

actual delineation of exactly what is meant, and therefore what is not meant, by a particular location
within a specific database

Note 1 to entry: It is the precise location definition of the database object, or set of database objects, which is
referenced.

EXAMPLE GDF road elements that make up a particular instance of an ALERT-C location.

4 © IS0 2022 - All rights reserved
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3.25
location referencing
action to assign a label to a location

3.26

location referencing method

LRM

methodology of assigning location references to locations

3.27
location referencing system

LRS

3.2
ma
<IT
rec

Not
the

3.2
nog
zer

Not
othd
sen

3.3
poi
zer

Not

3.3
poi
locd

EXA

3.3
pre
clog
med

B
[ching

5> translation of a location reference to a specific object in a given”map database
pgnition of the same identified object in both the sender's and the receiver's map databag

e 1 to entry: Matching is seen as a subsequent part to the method of decoding a location reference
Hefined LRM.

D
e
-dimensional element that is a topological junction pftwo or more edges or an end point

b 1 to entry: A node is created for topologically significant points, such as simple intersections

D
nt
-dimensional element that specifies geometric location

b 1 to entry: One coordinate pair or triplet specifies the location.

L
nt location
tion with a zero-dimensional character

MPLE A simplécrossing.

D

cision
eness “of agreement between indications or measured quantity values obtained b
isurements on the same or similar objects

conjplete system by which location references are generated, according to a location ieferencing
method, and communicated, including standards, definitions, software, hardware, and data

ases

Lo attempt
e

adhering to

of an edge

of roads or

r linear features including boundaries, but also far‘locations such as electric beacons, kilomefre-posts, or
gors detecting traffic flows, these being significantpoints specified in a map.

 replicate

Not

4 A} - 1 1 1 ral £l 1 1
C L LU CIILTy. AILCTIIALUIVClY, LT CIOSCIICSS Ul TIICASUT CIICIILS O LT SAITIC PIITHUIICIIOIN TEpPTdicu U

the same conditions and using the same techniques.

der exactly

[SOURCE: ISO/IEC Guide 99:2007, 2.15, modified — The Note to entry and Example have been removed.
A new Note 1 to entry has been added.]

3.33

pre-coded location reference
location reference using a unique identifier that is agreed upon in both a sender and receiver system to
select a location from a set of pre-coded locations

©IS
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3.34
quad tree

hierarchical data structure which, on a next lower level, subdivides a given area into four quadrants of
the same size where any level has knowledge of its four sublevels and its parent level

3.35

relationship
<ITS> semantic or topological interrelation or dependency between locations in the location referencing
system (LRS)

Note 1 to entry: Relationships can exist between locations in the LRS. These relationships will generally

be structur
structure. K
stretch of r
referencing
location ref

Note 2 to eptry: The term definition in ISO/TC 211 is different because of the differenceVin conceptual I
between th¢ groups.

3.36

road

part of the road network which is generally considered as a whole and which can be addressed |
single identification like a road name or road number throughout

Note 1 to ¢ntry: In general, it is a connection within the road network, with or without crossings, w
functionallyf can be considered as a unity. A road with multiple (assagciated) carriageways can be considere
one road. Wlithin the ISO 17572 series, the term also covers the nattyal language term "street".

Note 2 to enftry: The subsequent parts of this document intentionally do not make direct use of this term bec

under diffe
reference is

3.37
road crosg
location wl

Note 1 to eq
road eleme

3.38

road elem
linear sect
end

Note 1 to enftry: It sexves as the smallest unit of the road network at GDF level 1 that is independent.

3.39
road secti

or example, a county location can be defined as an aggregate of several city locations oT) a
ad can be an aggregate of several smaller road segments. Referencing the county can be.easier {
all the cities which make up the county. This allows scalability and ease of use in the LRSs"using
brencing method (LRM).

ent circumstances it is not always possible toldefine exactly where a road ends. For this red
made to artificial but more precisely-definable'road elements or road sections of the road netwo

ing
lere two or more roads connect or intersect

try: A road crossing can be/“simple”, corresponding to one junction, or “complex”, including inte
ts and junctions.

lent
on of the roadnegtwork which is designed for vehicular movement having a junction at ¢

DI}

ed to allow more sophisticated use of the location reference, such as a topological or hierarchical

ong
han
the

evel

Dy a

hich
d as

huse
son,
rk.

rnal

ach

road segment that is bounded by two intersections and has the same attributes throughout

Note 1 to entry: Generally, the two intersections are different, only in some specific cases are the intersections

the same, e.

3.40

g. a tear-drop street or slip roads inside of complex intersections.

road segment
part of a road, having its start and end along that road

Note 1 to entry: An important difference between a road section and road segment is that the segment does not

necessarily

end at intersections.

© IS0 2022 - All rights rese
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3.41
shape point
intermediate coordinate pair to represent the shape of curved features

3.42
subnetwork
plurality of road segments lying in geographical or topological conjunction to each other

3.43
topology
properties of spatial configuration invariant under continuous transformation

Note 1 to entry: In a digital map database, this means the logical relationships among map featur

usek to characterize spatial relationships such as connectivity and adjacency.

ps. It can be

4 |Abbreviated terms
AGQRA implementation of global location referencing approach
(name of a European Union project 2000-2002)
ALHRT-C advice and problem location for European road traffic-compact
EVIDENCE extensive validation of identification concepts in' Europe
(name of a European Union project 1998-1999)
GDJ geographic data file
GIS geographic information system
GNSS global navigation satellite system
ITS intelligent transport systems
POI point of interest
RDS radio data system
TPHG transport protocol expert group
T™MC traffic message channel
TTI traffic and traveller information
UML unified modelling language
UTM universal transverse mercator
VIC vehicle iInformation and communication system
NOTE The ISO 17572 series uses unified modelling language (UML) to express specific circumstances. As

such, graphical elements are used to express specific constraints and structural relationships. A full definition

can be found in the ISO/IEC 19505 series.

5 Objectives and requirements for a location referencing method

5.1 Objectives for an optimal location referencing method

ITS applications have different objectives regarding location referencing, which from their
contradictory nature, cannot be fulfilled completely. In theory, an ideal location referencing method
would require every LRS to have at a given time the same, completely accurate map and all locations

© IS0 2022 - All rights reserved
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would be identifiable without any additional computational effort. Even though this is not achievable,
the following goals should guide the definition and optimization of a location referencing method. The
circumstances of the specific location referencing system can give different weight to the following
goals.

1) The LRM should be simple enough to be implemented in a resource- and
performance-efficient way.

This first goal states that processing power in any case is a cost factor to be minimized.

2) The LRM should not unduly add to the volume of data to be transferred.

Location referencing implies at least two systems communicating with each other. Communication
also cquses costs and therefore needs to be minimized.

3) The LRM should provide location references with the highest accuracy‘possible.
This means that the aim should be to use the exact location, both in the sender andithe recejver
systenp. In many cases, it will be up to the receiver to decode the location reference as well as
possible. To help the receiver to do so, it shall be implied that the sending system.sends the location
reference as accurately as possible.

5.2 Reqnirements of the location referencing method

In addition|
methods fd

to the goals, a number of minimal requirements shall make the 'different location referen
asible for the foreseen categories of locations (see 6.4).

fing

One of the
is an aspec
0 edge incl
real shape

application

Some applications, notably those for advanced vehicle 'safety systems, require very accurate data. E

within a p
subject to

most important data characteristics for ITS applications.is spatial accuracy. Spatial accuf
t of data quality and is described in ISO 20524-1 in‘the following way: "The shape of a |
iding all positions on the segment as a whole shall n@t have any position that diverges from
more than an allowed error." Spatial data accuracyrequirements for ITS vary according to|
. This means not just categories of applicatigns but how an application works operation

qrticular application, requirements forcdifferent levels of data accuracy can exist and
hange as applications and products.evolve. The spatial data accuracy requirements imj

acy
evel
the
the
hlly.
ven
are
bact

the locatioh referencing method chosen for aivapplication.

hod
ver,
[ion
the
hey
ion.

One fundaimnental requirement across all methods is that, whichever method is used, use of that met
does not r¢sult in additional spatial location error beyond that already present in the data. Howe
for the lodation referencing of area-information, for example weather information or informa
specifying|a zone of environmental contamination, some positional error is permitted due to
imprecise [“fuzzy”) nature of’stich information. The key requirement for such references is that t
be made wlith sufficient préeision to allow the user to avoid the area or take other appropriate act
, it is a requirément that:

An LRM and the-process of its operation shall not introduce a supplementary position error relaftive
to that specified in the database from which the reference is generated. The location refergnce
should beconveyed with sufficient spatial and temporal accuracy to enable the vehicle or usgr to
identiflyche (spatial) extent of the location.

For certain locations, knowing the side of the road or block on which the location is found can be very
important to the user. For example, crossing a road to a location on the opposite side can potentially
not be possible for vehicles or pedestrians in some road lane configurations without additional routing,
whereas turning into a location on the same side can be easily accomplished. Therefore, it is a particular
requirement that:

2) The LRM shall enable referencing of the relative spatial relationship of objects.

In addition to spatial accuracy requirements, location referencing methods have functional
requirements regarding topological relationships, for example that a point is on one side of an object or
that many points shall be ordered in a certain way along a road. For example, for locations referenced

© IS0 2022 - All rights reserved
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by positions along a logical or physical route, the ordering of points shall be preserved by the reference.
For location referencing, the requirement is that:

3) The LRM shall not change the topological relationships within a set of point data by its own action,
limitation, or deficiency. For referencing by geographic coordinates, spatial relationships between
locations should not be confused by lack of precision or by any other attribute of the referencing
system or its operation.

The ISO 17572 series is foreseen to be used in a variety of location referencing systems. However, the
restriction to some specified categories of locations is understood as a first step of optimization of the
defined location referencing methods. For this, the following points apply as a minimum:

4)

5)

6)

Loc
ing
whi
loca

the
way

7)

6

6.1
Thd

terms. The conceptual model is ‘generally valid, i.e. not limited to the LRMs defined in this

Thd
viey
6.2

All
of t

Att
Attl

The definition of an LRM shall adhere to the common terminology and conceptual mode
this document.

The LRM shall provide means to refer only to the categories of locations explicitly defil
LRM.

The LRM shall, in principle, allow addressing of every location on the road network.

ation referencing is an important technology for traffic telemati€ssapplications in part
eneral, for any location-based service. It provides an understandable reference for a loc
ch information needs to be provided. Understandable generally means machine-reada
tion information (as well as the message content) can be #inderstood by equipment that
complete message to human understandable informatien, e.g. position on a map or a
[ to reach the location. Therefore:

The location reference shall be machine-readable.

Conceptual data model for locationreferencing methods

Role of conceptual model

conceptual model provides a framework to describe and define an LRM in generic,

refore, examples of otheny T:RMs are mentioned in Annex B, to illustrate the underlying
V.

Components-of-<conceptual model

ocation referencing methods have some form of the following components. The detailed
he terms areprovided in Clause 3.

Fibutes: An attribute allows the LRS to process or evaluate the information about tH
ibutes discriminate the reference in such a way that the receiver system can identify t

defined in

led by that

icular and,
htion about
ble, i.e. the
translates
Hescriptive

conceptual
document.
conceptual

definitions

e location.
he location

cor

rectly.

Location: A location is a part of the road network that is intended to be identified. The sender system
aims to refer to it; the receiver system aims to find it in its map database.

Location definition: The location definition is the defined delineation in a digital map database of
exactly what is meant. The location definition in a sender system can be different from the one in a
receiver system even if the location is the same.

Reference: The reference is the label which is assigned to the location.
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Relationship: Relationships to other locations in the LRS are also used to support the use of locations
inan LRM.

NOTE Not all LRMs require relationships and attributes. For example, an LRS which uses arbitrary numbers
assigned to each location can never need to define how any of the locations relate to each other. However, in an
LRS which meets the system implementation requirements identified during the implementation design phase
of an LRS (which can be among others: flexibility, extensibility, compactness, etc.), relationships can be inherent
in the referencing procedures. For example, pre-coded locations used in RDS-TMC systems arbitrarily number
locations, but since the referencing system allows the use of an “extent,” each location can carry the definitions of
which location is “before” and “after” it.

6.3 Des¢ription of the conceptual model

A reference is the label which is assigned to a location. In a single LRS, a reference shall bedefinegd or
definable, yhich unambiguously identifies each location in that LRS. A location is a simple or compound
geographid object, which is matched to database objects by location definitions, which specify what
is meant by the particular location. A location can aggregate different attributes, which allow for{the
identification of the methods to process or evaluate the information about the location. Relationships
associate different locations, for example, to allow more sophisticated use of-the'location referehce,
such as a topological or hierarchical structure. They are intended to reflect:thé possibility of tw¢ or
more locatjons in a relationship, either ordered or unordered. See Figure 1

class Logical Model Of LRM/

Reference
0.*
1.*
0.1 0.*
Location Attribute
<
0.* 0.

*u*

is related to

Figure 1 — Diagram of the conceptual model of an LRM

6.4 Location categories

Locations shall be categorized as point locations, linear locations and area locations. These location
categories represent real-world objects which can be described as follows:

— existing at a single position (point location);

— between two positions within intersections as road section (linear location, in terms of one or more
link locations);

— between two positions as road segment (linear location);
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— consisting of two or more link locations (linear location);

— a selection of road segments belonging to a defined collection (subnetwork or collection of
subnetworks) (implicit area location);

— within the boundaries of a defined area (explicit area location).

Point locations can be described as existing at a single position. Point locations include, for example,
points of interest, public service facilities, commercial establishments, etc. Link locations are linear
objects bound by two point locations. Linear locations are two or more consecutive link locations,
bounded therefore, by three or more consecutive point locations that define a connected linear stretch
n area put
rernmental
administrative area, postal district, telephone exchange dlstrlct, etc., or just defined-outlings as areas
at a|given place on the map.

Sperific reference object instance classes within these categories include the following:

— |general points (points that can or can potentially not lie on a road netwark, including pdints where
aroad crosses administrative boundaries or borders of map grid cells);

— |points at nodes in a topological network representation of roads.and their intersections
— |links defined by two consecutive intersections of roads (read sections);

— |points along links bounded by intersections of roads;

— |manoeuvres defined by two consecutive links (therefore, three intersections);

— |areas defined by a sequence of points;

— |areas defined by a sequence of link locatiens;

— |areas defined by an origin point and_attributes, such as the radius of a circle around the point or
offsets defining a bounding box.

Gerlerally, important location categories for ITS databases are human-made structureq like road
crossings, road sections or segments, as well as sequences of road sections necessary for|describing
manoeuvres. Location categories can be arranged in class/type hierarchies to aid in decoding between
disgimilar receiver/sender, systems.

6.5/ Conceptual model of a road network

Ondg purpose ofJocation referencing is to refer to parts of the road network. The concepfual model
of the road fietwork is, therefore, depicted in Figure 2 and described in this subclause to give a clear
understanding of the different terms and their relationships. This is especially needed because the
sophisticated definition of roads and intersections in the ISO 20524 series (GDF) does ndt meet the
reqpiréments of a conceptual model for location referencing.

In general, the road network consists of roads. A road is generally represented by a name (or number)
throughout as a whole and consists of a set of road sections. On a road, a tremendous (but countable)
number of road segments can be defined (and referenced). A road section consists of nodes and edges,
is bounded by intersections, and can have intermediate intersections (where the road name does not
change). An intersection is a connection or crossing of roads. The simplest intersection consists of just
one node (i.e. junction). If an intersection has two or more nodes and one or more edges, it is considered
to be a complex intersection.

©1S0 2022 - All rights reserved 11
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class Conceptual Model of Physical Road Network/

Road Network

Road [Section

1 *
Intersection
Road § csulcut Referste partS Road
and/or whole
n +boundary
1.* 0.* 1K
Road Element Junetion

6.6 Cong¢eptual model of area locations

Figure 2 — Conceptual modelfor the physical road network

An area is gonsidered to be a two-diménsional, geographical region bounded on the surface of the ealrth.

Area locations have specific constraints on location referencing due to requirements of the applicaf]
The differgnt requirements of-the” applications determine if the full geographical figure shal

ion.
be

mentioned|or a defined number-of roads inside this region. To enable an LRM handling and defifing

rules for gxplicit and implicit area types, the conceptual model defines terms for it and descr

conceptually their containment as shown in Figure 3.

In one casg, it can be.féasible to define the area by a geometric figure (explicitly). In other cases, it

be necessafy to select a list of road elements spanning an area (implicitly).

An implicif area consists of one or more subnetwork locations which each consist of at least two 1

segments

bes

can

oad

face

being the area, by means of a geometric (regular) function, defined as a region; meanwhile, an area with
a form freely defining its shape is called an outline. Both of the area types have at least one referenced
connection to the surface allowing the decoding system to precisely position the given area.

12
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class Logical Model Of Areas /

Area

Implicit Area

e

Jor

Subnetwork

\ Explicit Area

Simple geometric

[

Outlined area

area

B {at least onel%l {at least onéﬁ iy
0.1 0../ \ 0.4

2.* +Area Description
Road Geometric Point Point by Road Polyline
Segment Figure Location coordinates Segment Segment
topological  topological togological
cOhnection  connection corjnection

Figure 3 — Conceptual model‘of areas
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Annex A
(informative)

Inventory of location referencing methods

A.1 General

There are fwo essentially different ways of referencing road locations: with reference to attributds of
the road ne¢twork itself, including linear distances or street addresses, or with reference to d regulafr or
irregular division of space which exists independently of the representation of the road network. [The
former kingd of reference is sometimes called an indirect reference. The latter kind involves coordipate
systems, fqr example UTM coordinates or geographic latitude/longitude coordinates:

Some inditect referencing methods stress the topology of networks (for example, link ID and ligear
referencing), and some stress the attributes of the features that comprise.the network (for exaniple,
cross-stredt offset matching and street addresses). Geographic coordinates ‘express location directly
in terms df the geodetic reference frame itself; they are simply measurements on the framework
(e.g. longithde/latitude) or as quantized, regular subdivisions (e.g. quad trees). Figure A.1 illustrjtes
indirect (specifically, the link ID method) and coordinate referencifg methods (specifically, the method
of geographic coordinates).

1 node
2 shape gints
3 interna| links / logical links

Figure A.1 — Concept of Indirect (link ID) referencing method
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prime meridian
equator

Figure A.2 — Concept of coordinate referencing method

The following list summarizes location referencing method$™in use today, which will be
brigfly in the next clauses:

referencing by link ID or node ID;
referencing by geographic coordinates;
referencing by grid;

linear referencing;

referencing by cross-streets;
referencing by address information;

combinations of the abeve-methods.

A.2 Referencingby link ID or node ID

Loglical links represSent topological connectivity between nodes corresponding to real w

like

planmar graph+The difference is that containing links do or do not cross without nodes. Shaps

typ
(lin|

discussed

brld points

intersections. The real-world network can be represented within the data set by a plapar or non-

points are
k identifier

callytinserted between nodes to represent road geometry between intersections. A lin

t( ID)\is usually a numeric identifier assigned to each link in the network. Link ID referelilces can be

cdlinmorethan one Way. Thelink ID canbe-

pas

unique,

non-unique within a hierarchical scheme, or

— derived from some manipulation of location, such as the bit interleaving of end-node coordinates.

The two modes of referencing are as follows:

— unique link ID: the link itself has one identifier (possibly corresponding to only one direction of the
link and optionally complemented by a second identifier for the reverse direction, i.e. the link can

either be directed or undirected;

© IS0 2022 - All rights reserved
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end node IDs: the link is then identified by two identifiers, those of the link start node and the end
node.

Within a link ID reference, additional information can be specified, such as offsets from start and/or
end nodes, an indicator for the side of the street or road on which a point-of-interest or linear segment-
of-interest resides, or implied directionality for a unique link ID reference. The link ID LRM refers to a
previously defined database of identifiers and is, therefore, categorized as a pre-coded LRM.

A.3 Referencing by geographic coordinates

A location
system (ax|

ate
ing

on the earth’s surface 1s oiten expressed in terms ol coordinates defined by a coordli
bs, origin and values) and a geodetic reference frame, the set of geodetic parameters defi

the space
reference
can allow

with respect to which the location is to be referenced (see the international terrest
‘rame, ITRF). Coordinate systems can be earth-centred or local, geodetic omplanar,
bosition specification horizontally, vertically, or both. Geodetic parameters €ah include

rial
and
the

following:

nation

hl geodetic reference frame;
reference ellipsoid;

projection method;

nationpl map grid;

geoid ¢ndulation;

magnstic declination.

Referencinig by geographic coordinates is defined in IS® 19111 and ISO 6709. Coordinates of point$ on
or near the crust of the Earth that are referenced to adynamic coordinate reference system can change
with time, psually due to crustal deformations su¢h-as tectonic motion and glacial isostatic adjustmient.
The dynanjic coordinate reference system defined in ISO 19111 can describe such coordinates.

A.4 Referencing by grid

The comm¢n element of a grid (or faster) scheme is a regular subdivision of a surface into finite sha
typically rectangular, and the assignment of coordinates in some regular way (e.g. letters A to 7
columns and numbers 1 to 10-for rows). To minimize data set size and for efficient manipulation
search baged on divide-and*conquer algorithms, hierarchical tessellations recursively subdivic
surface info regular groupings of shapes numbered hierarchically. Data sets built on hierarch
tessellatiofs preserve~information where, and only where, there is information. Such meth
are thereftre hybtid) between continuous field representations and grids. In terms of the loca
referencing method here, again the grid is defined independently of the road network and is there
categorizegl as’dynamic LRM.

pes,
for
and
e a
ical
ods
[ion
fore

A.5 Linear referencing

A linear (one-dimensional) referencing method is a method of identifying a location on a network or
part of a network by reference to known positions of (spatial) objects. If space is constrained to the
road network itself, distances along roads from established nodes (or even topologically non-significant
points) can be used to specify location. Mile point or reference point sub-methods use a road label and
distance measure; mile marker, reference marker, and addressing sub-methods use physical features
inserted into the digital base map. Because of the reliance on predefined identifiers, this method
is categorized as pre-coded LRM even if parts of the reference (e.g. a given offset) do vary inside of
different references.

Linear referencing is defined in ISO 19148.
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