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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 B
desc

Hatenance are
ded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

any

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

For

patent rights identified during the development of the document willbe in the Introdug¢tion and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/

iso/fpreword.html.

This|document was prepared by Technical Commniittee ISO/TC 211, Geographic information/(Geomatics.

This|second edition cancels and replaces thefirst edition (ISO 19116:2004), which has been technically

revided.

The

main changes compared to the previous edition are as follows.

Device specific definitionshave been removed from the model and normative body of the document.
These have been clarifie¢d and reformatted in Annex D.

[Lonstructs from withdrawn standards ISO 19113, ISO 19114, and ISO 19115 have b¢en updated
Where necessaryte*ISO 19115-1 and ISO 19157. References to these new standards arg carried out
Wising approvedunethods.

.

[erminology entries from the first edition were updated and harmonized with other current
gtandards'in ISO/TC 211. As per ISO/IEC Directives, Part 2, 2018, unused terms have bgen removed
from this edition.

Coctrncte Fra 1CN 10111 bhaun honn 11nd tr\d R ren £

I
COTISTratTto T U oo 711 rav o ottirapuacc

are carried out using approved methods.

eviseddS019111:2049 document

A new, convenient yet unobtrusive, set of constructs for determining the reliability of a positioning
result have been added to the model, in Clause 8.

Based on the concepts related to the model, conformance with the other standards, and separation
of the technology specific content from the abstract model, all UML models have been updated.

Original requirements “drafted as normative shall statements” were rechecked for consistency
with the model. Where necessary the requirements were revised or retained as regular text.

Significant editorial revisions have been carried out, clarifying the structure of the document,
correction of errors, and following current ISO/IEC Directives, Part 2 for drafting specifications.
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In accordance with the ISO/IEC Directives, Part 2, 2018, Rules for the structure and drafting of
International Standards, in International Standards the decimal sign is a comma on the line. However,
the General Conference on Weights and Measures (Conférence Générale des Poids et Mesures) at its
meeting in 2003 passed unanimously the following resolution:

“The decimal marker shall be either a point on the line or a comma on the line.”

In practice, the choice between these alternatives depends on customary use in the language concerned.
In the technical areas of geodesy and geographic information it is customary for the decimal point
always to be used, for all languages. That practice is used throughout this document.

Any feedbackor guestions on this document should be directed to the nser’s national standards b dy_ A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Positioning services are among the processing services identified in ISO 19119:2016. Processing
services include services that are computationally oriented and operate upon the elements from the
model domain, rather than being directly integrated in the model domain itself. This document defines
and describes the positioning service.

Positioning services employ a wide variety of technologies that provide position and related information
to a similarly wide variety of applications, as depicted in Figure 1. Although these technologies differ in
many respects, there are important items of information that are common among them and serve the
needs-ef-these-appheationrareas;stuchas-thepositiondatatime-of-observationanditsaeguracy. Also,
ther¢ are items of information that apply only to specific technologies and are sometimes| required in
ordef to make correct use of the positioning results, such as signal strength, geometry factprs, and raw
meagurements. Therefore, this document includes both general data elements that are applicable to a
wide variety of positioning services and technology specific elements that areicelevant to particular
techmologies.

Interface
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Figure 1 — Positioning services overview

Elecfronic positiohing technology can measure the coordinates of a location on or near th¢ Earth with
greaf speed-and accuracy, thereby allowing geographic information systems to be populated with
any number-of objects. However, the technologies for position determination have neithef a common
struqture*for expression of position information, nor common structures for expression|of accuracy
and C}labl}lt_y The }Juoitiuuius servicestterface oycuiﬁcd inthis-doctment Pt ovides-data structures
and operations that allow spatially oriented systems to employ positioning technologies with greater
efficiency and interoperability.
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Geographic information — Positioning services

1

Scope

This document specifies the data structure and content of an interface that permits communication
between position-providing device(s) and position-using device(s) enabling the position-using device(s)
to obtain and unambiguously interpret position information and determine, based on a measure of

the degree of reliability, whether the resulting position information meets the requirer]
interlded use.

A standardized interface for positioning allows the integration of reliable position informat
from| non-specific positioning technologies and is useful in various locatign*focused
applications, such as surveying, navigation, intelligent transportation systéms (ITS), a
basef services (LBS).

2
The

consfitutes requirements of this document. For dated referénces, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO
ISO
ISO
ISO
ISO

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

[SO dnd IEC maintdin/terminological databases for use in standardization at the following g

31

Normative references

following documents are referred to in the text in such<a_way that some or all of t

19103, Geographic information — Conceptual schemia language

19107, Geographic information — Spatial schema

19111, Geographic information — Referencing by coordinates

19115-1, Geographic information — Metadata — Part 1: Fundamentals

19157, Geographic information — Data quality

Terms and definitions

ISO Onlinebrowsing platform: available at https://www.iso.org/obp

IEC Eleetropedia: available at http://www.electropedia.org/

hents of the

on obtained
information
nd location-

heir content
applies. For
hts) applies.

ddresses:

absolute accuracy
external accuracy
closeness of reported coordinate values to values accepted as or being true

Note 1 to entry: Where the true coordinate value may not be perfectly known, accuracy is normally tested by
comparison to available values that can best be accepted as true.

[SOURCE: ISO/TS 19159-2:2016, 4.1 modified — NOTES 1 and 2 have been deleted and replaced by a
new Note 1 to entry.]
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3.2
accuracy
closeness of

:2019(E)

agreement between a test result or measurement result and the true value

Note 1 to entry: For positioning services, the test result is a measured value or set of values.

[SOURCE: ISO 3534-2:2006, 3.3.1, modified — NOTES 1, 2 and 3 have been deleted and replaced by a
new Note 1 to entry.]

3.3
attitude
orientation

f a bodv described by the ;mglpq hetween the axes of that bodv’s coordinate syste

and

the axes of g

Note 1 to ent

boat, or automobile.

34
coordinate
one of a seq

Note 1 to ent
[SOURCE: IS

3.5
coordinate
coordinate
in a target (
same datum

Note 1 to ent
EXAMPLE 1
EXAMPLE 2
[SOURCE: IS

3.6
coordinate

n external coordinate system

ry: In positioning services, this is usually the orientation of the user’s platform, such as)an air

hence of numbers designating the position of a point

Fy: In a spatial coordinate reference system, the coordinate numbersare qualified by units.

0 19111:2019, 3.1.5]

conversion
peration that changes coordinates in a source coerdinate reference system to coordil
oordinate reference system in which both coordinate reference systems are based o

Fy: A coordinate conversion uses parameterSywhich have specified values.
A mapping of ellipsoidal coordinatesto Cartesian coordinates using a map projection.
Change of units such as from radians to degrees or from feet to metres.

0 19111:2019, 3.1.6]

operation

craft,

hates
n the

process using a mathematicalymodel, based on a one-to-one relationship, that changes coordinates in

a source co
changes cod
the same co

[SOURCE: IS

rdinate referénce system to coordinates in a target coordinate reference system, of
rdinates at.a‘source coordinate epoch to coordinates at a target coordinate epoch w
brdinatedreference system

0 19141:2019, 3.1.8]

3.7

that
ithin

coordinate

reference system

coordinate system that is related to an object by a datum

Note 1 to entry: Geodetic and vertical datums are referred to as reference frames.

Note 2 to entry: For geodetic and vertical reference frames, the object will be the Earth. In planetary applications,

geodetic and

[SOURCE: IS

vertical reference frames may be applied to other celestial bodies.

019111:2019, 3.1.9]
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3.8
coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

[SOURCE: ISO 19111:2019, 3.1.11]

3.9

coordinate transformation

coordinate operation that changes coordinates in a source coordinate reference system to coordinates
in a target coordinate reference system in which the source and target coordinate reference systems
are based on different datums

Note [l to entry: A coordinate transformation uses parameters which are derived empirically. Ary¢rror in those
coordinates will be embedded in the coordinate transformation and when the coordinate~trangformation is
appligd the embedded errors are transmitted to output coordinates.

Note [2 to entry: A coordinate transformation is colloquially sometimes referred to as.a ‘datum trapnsformation'.
This [is erroneous. A coordinate transformation changes coordinate values. It doéshnot change the definition
of thg datum. In this document coordinates are referenced to a coordinate reference system. A coordinate
trangformation operates between two coordinate reference systems, not between/two datums.

[SOURCE: ISO 19111:2019, 3.1.12]

3.10
datum

referfence frame
parameter or set of parameters that realize the position of the origin, the scale, and the ori¢ntation of a
coorflinate system

[SOURCE: 1SO 19111:2019, 3.1.15]

3.11
height
distgnce of a point from a chosen refefence surface positive upward along a line perpé¢ndicular to
that purface

Note[l to entry: A height below the‘eference surface will have a negative value.
Note 2 to entry: Generalisation‘of ellipsoidal height (h) and gravity-related height (H).
[SOURCE: ISO 19111:2019) 3.1.38]

3.12
inertial positioning system
positfioning system employing accelerometers, gyroscopes, and computers as integral components to
detefmine.cgordinates of points or objects relative to an initial known reference point

3.13
instant
0-dimensional geometric primitive representing position in time

Note 1 to entry: The geometry of time is discussed in SO 19108:2002.
[SOURCE: 1SO 19108:2002, 4.1.17]

3.14
integrated positioning system
positioning system incorporating two or more positioning technologies

Note 1 to entry: The measurements produced by each positioning technology in an integrated system may be of

any position, motion, or attitude. There may be redundant measurements. When combined, a unified position,
motion, or attitude is determined.

© IS0 2019 - All rights reserved 3
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linear positioning system
positioning system that measures distance from a reference point along a route (feature)

EXAMPLE
and provides

3.16
map projec

An odometer used in conjunction with predefined mile or kilometre origin points along a
a linear reference to a position.

tion

coordinate conversion from an ellipsoidal coordinate system to a plane

[SOURCE: IS

019111:2019, 3.1.40]

route

3.17
measurems
precision
closeness o
measureme

Note 1 to ent
standard dev|

Note 2 to ejf
intermediate
[SO 5725-3).

Note 3 to ent
precision, an

Note 4 to ent
[SOURCE: I

3.18
motion
change in tH
to a particu

EXAMPLE
object being {

3.19
operating d
parameters

ent precision

[ agreement between indications or measured quantity values obtained by repl
hts on the same or similar objects under specified conditions

ry: Measurement precision is usually expressed numerically by measures_of imprecision, sy
iation, variance, or coefficient of variation under the specified conditipns-ef measurement.

try: The "specified conditions" can be, for example, repeatability conditions of measure

precision conditions of measurement, or reproducibility{cenditions of measurement|
'y: Measurement precision is used to define measurementrepeatability, intermediate measurg
| measurement reproducibility.

y: Sometimes "measurement precision” is erronegusly used to mean measurement accuracy.

O/IEC Guide 99:2007, 2.15]

e position of an object over time;represented by change of coordinate values with re
ar reference frame

This may be motion of the position sensor mounted on a vehicle or other platform or motion
racked by a positioningsystem.

onditions
influencing the determination of coordinate values by a positioning system

Note 1 to enftry: Measurements acquired in the field are affected by many instrumental and environm

factors, incly
construction

ding ‘meteorological conditions, computational methods and constraints, imperfect instry
incomplete instrument adjustment or calibration, and, in the case of optical measuring sys

the personal

icate

ch as

ment,
(see

ment

bpect

of an

ental
ment
tems,

bias of the observer. Solutions for positions may be affected by the geometric relationships

pf the

observed dat

3.20

a and/or mathematical model employed in the processing software.

optical positioning system
positioning system that determines the position of an object by means of the properties of light

EXAMPLE

Total Station: Commonly used term for an integrated optical positioning system incorporating
an electronic theodolite and an electronic distance-measuring instrument into a single unit with an internal
microprocessor for automatic computations.

© ISO 2019 - All rights reserved
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3.21
performance indicator
internal parameters of positioning systems indicative of the level of performance achieved

Note 1 to entry: Performance indicators can be used as quality-control evidence of the positioning system and/or
positioning solution. Internal quality control may include such factors as signal strength of received radio signals
[signal-to-noise ratio (SNR)], figures indicating the dilution of precision (DOP) due to geometric constraints in
radiolocation systems, and system-specific figure of merit (FOM).

3.22
positional accuracy
closeness of coordinate value to the true or accepted value in a specified reference system

Note |l to entry: The phrase “absolute accuracy” is sometimes used for this concept to distinguish it[from relative
positjonal accuracy. Where the true coordinate value may not be perfectly known, accuracydsnormplly tested by
complarison to available values that can best be accepted as true.

3.23
positional reliability
degrge to which a positioning service provides agreed or expected abselute accuracy duripg a defined
instant under specified conditions

Note [l to entry: The wording of the definition has been adopted from ISO/IEC 16350:2015, 4.29.

3.24
positioning system
system of instrumental and computational components for determining position

EXANPLE Inertial, integrated, linear, optical and satellite are examples of positioning systems

3.25
relative position
position of a point with respect to the positions of other points

Note [l to entry: The spatial relationshipf,one point relative to another may be one-, two- or three{dimensional.

3.26
relative accuracy
interpnal accuracy

closgness of the relative positions of features in a data set to their respective relative positigns accepted
as or|being true

Note |l to entry: Closely related terms, such as local accuracy, are employed in various countries,[agencies and
applitation groups.Where such terms are utilized, it is necessary to provide a description of the terjm.

Note P to entry: The wording of the definition is from ISO 19157: 2013, 7.3.4, and was later added as 3 terminology
entry by ASQ/TS 19159-2:2016, 4.32.

[SOURGE: 1SO/TS 19159.2:2016, 4.23 modified — NOTE 1 has been deleted-and re

oot o T O AT oI oo T

1 to entry, a new Note 2 to entry has been added.]

placed by a new Note

3.27
satellite positioning system
positioning system based upon receipt of signals broadcast from satellites

Note 1 to entry: In this context, satellite positioning implies the use of radio signals transmitted from “active”
artificial objects orbiting the Earth and received by “passive” instruments on or near the Earth’s surface to
determine position, velocity, and/or attitude of an object.

EXAMPLE GPS and GLONASS are types of satellite positioning system platforms.

© IS0 2019 - All rights reserved 5
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uncertainty
parameter, associated with the result of measurement, that characterizes the dispersion of values that
could reasonably be attributed to the measurand

Note 1 to entry: When the quality of accuracy or precision of measured values, such as coordinates, is to be
characterized quantitatively, the quality parameter is an estimate of the uncertainty of the measurement results.
Because accuracy is a qualitative concept, one should not use it quantitatively, that is associate numbers with it;
numbers should be associated with measures of uncertainty instead.

3.29
unit of mea

sure

reference qu

Note 1 to ent|
Implementat

lantity chosen from a unit equivalence group

ry: In positioning services, the usual units of measurement are either angular units orlinear
ons of positioning services shall clearly distinguish between SI units and non-SI unitsy When n

units are employed, their relation to SI units shall be specified.

4 Symbg
packages

4.1 Symbh

BDS
C/A
CRS
DOP
DGPS
FOM
Galileo
GDOP
GIS
GLONASS
GNSS

)Is, abbreviated terms, backwards compatibility, UML notation, and

ols and abbreviated terms

BeiDou Navigation Satellite System

Coarse/Acquisition code transmissions of the GPSand GLONASS
Coordinate Reference System

Dilution of Precision

Differential GPS

Figure of Merit

Galileo GNSS

Geometric Dilution-of-Precision

Geographic Information System

GLObal NAVvigation Satellite System

Global Navigation Satellite System

nits.
on-SI

GPS

Global Positioning System

HDOP

Ln

LORAN-C
NADyy
NAVIC
NFC

Horizontal Dilution of Precision

Signal transmission in a specified portion of the L band of the radio spectrum;
suffix “n” indicates portion of the band for a defined frequency such as GPS L1 or
GLONASS L1

LOcation and RANging radiolocation system
North American Datum; suffix “yy” indicates last two digits of year
Indian Regional Navigation Satellite System

Near Field Communication

© ISO 2019 - All rights reserved
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NMEA National Marine Electronics Association

PDOP Positional Dilution of Precision

PPS Precise Positioning Service of a Global Navigation Satellite System
QZSS Quasi-Zenith Satellite System (Japan)

RAIM Receiver Autonomous Integrity Monitoring

RINEX Receiver INdependent EXchange Format

RMS
RMS
RSSI
SI
SNR
SV
TDO
UML
UTC
VDO

4.2
Backi

Root Mean Square
F Root Mean Square Error
Received Signal Strength Indicator
Systéme International d’'unités (International System of Units)}
Signal to Noise Ratio
Space Vehicle
P Time Dilution of Precision
Unified Modeling Language
Coordinated Universal Time

P Vertical Dilution of Precision

Backwards compatibility

wards compatibility issues were carefully considered during the revision process. Hoy

the dge of the document and thesignificant revisions of related standards, various technig

werq

Follo|
Writf
into

requ
revig

4.3

necessary in carrying out the revision work.

wing ISO/TC 211 _guidelines for modular standards development, requirementg
en directly into th€clause paragraphs of ISO 19116:2004 were identified and then

independent requirements text and formatted as such. Later, as the models were up
rements were rechecked for consistency with the model. Where necessary the require
ed or retaified as regular text.

UMIrnotation

In th

vever, due to
al revisions

that were
reformatted
dated, these
ments were

S Hnrnmnnf Pnnrnnhla] schemasare r\rncnnfnr] inthe IIHIFID!’] ]\/[nr]n]lnn'] anayaagoe (]Il\

L). The user

shall

4.4

...... R E SR o)

refer to ISO 19103 for the specific proflle of UML used in this document

UML packages

UML packages used in this document are shown in Table 1. Like the original version of ISO 19116:2004,
this revised version retains the two letter prefixes used to denote the package that contains a class.

Thes

(]

e prefixes precede class names, connected by a

together with a reference to the reference standard in which these classes are located.

© ISO

2019 - All rights reserved
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Table 1 — UML packages used in this document

Prefix Description Reference standard
CI Citation 1SO 19115-1
DQ Data quality ISO 19157
MD Metadata [SO 19115-1
PS Positioning services this document

5 Conformance

5.1 Overview

This docum

a) Concepf

b) Requirg

c) Operati

Any positioy
all conform4

5.2 Confg

Table 2 lists

)rmance requirements

bnt defines three categories of conformance:
ual model — conformance tests for the conceptual model;
ments — conformance tests for requirements;

bns — conformance tests for operations.

the conformance classes URI for the conceptual model defined in this document.

Table 2 — Conformance classes‘defined in this document

ling service implementation or product claiming conformanegwith this document shall pass
ince requirements described in the corresponding abstragt\test suite defined in Annex A.

Conforimance class URI? Standgl;)l‘&zgtion target References
/conf/fonceptual-model Gonceptual model A2
/corlf/requirements Requirements A3
/canf/operations Operations A4

a  All confoy

mance class URIs are HTTP URIs, with the prefix http://standards.isotc211.org/19116/-1/2.

5.3 Strud

Table 3 lists

ture of requirements clauses

the conform@ance class URI identifiers for each specific group of requirements by class|.

Table3-— Identifier URIs for the requirements defined in this document

Requiremgﬁ;\‘ Identifier
Req. 1 http//standards.isotcZIorg/19116/-17/2/Teq/psS_System
Req.2 -Req.7 http://standards.isotc211.0rg/19116/-1/2/req/ps_observationmode
Req.8-Req.9 http://standards.isotc211.0rg/19116/-1/2/req/ps_observation
Req. 10 http://standards.isotc211.0rg/19116/-1/2/req/ps_qualitymode
Req.11-Req.13  |http://standards.isotc211.org/19116/-1/2/req/ps_positioningservice
Req. 14 - Req. 15 http://standards.isotc211.0rg/19116/-1/2/req/ps_reliabilitytable
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Positioning services model

6.1 Overview

Positioning services provide a means to obtain position information regarding a point or object. Data
communication with a positioning service is structured using the following four classes:

a) System information — held in the PS_System class, identifies the system and its capabilities;

b) Session information — held in the PS_Session class, identifies a session of system operation;

)

d)

Thesle classes apply elements defined in ISO 19115-1, ISO 19111, ISO(19157, ISO 19107

ISO

each mode of operation, the positioning observations (results) and any associi
information;

eliability information — held in the PS_ReliabilityTable class, identifies reliability
feturned position.

19100 series standards. Figure 2 depicts the relationships among these elements as UM

IS0 19116 Edition 2 |

(from ISO'TC211:150
/// 19116 Positioning DN

ration used
ited quality

value of the

/, and other
L packages.

A detailed overview~of positioning services is presented in Annex C, while Annex G descr

use

6.2

Th taririca ic o accad rorragh o 3 ot o atac A ragtine o
€ Serveetsaceessea iyt OO s ar eI rattaTrat o ptTatC S U Tt ST Uata Cras ST 5, CTCatiiTg alr

Figure 2 — Package-diagram showing relationship with elements in other ISO st4

dase examplés for positioning services.

Static data structures of a positioning service

s / services) ‘e \\\

P / \\ N
// // \ AN
e / \ No
L v N N\
150 19115-1 Edition 1 | ISO 19111 Edition-3 | IS0 19157 Edition 1 | IS0 19107 Editjon 2
(from ISO TC211::1SO (from ISQ TC211:1SO (from 1SO TC211:1SO (from ISO TC2114IS0 19107
19115 Metadata) 19141 Referencing by 19157 Data quality) Spatial schema)
coordinates)

ndards

bes various

nintarfaonatlh ot A Aot nithaca dato ~Aloccng

destroying

instances as necessary, and setting and getting information needed from the positioning service. This
document can be implemented as an interface between software modules within a system or as an
interface between different systems. The relationships among these classes are depicted in Figure 3,
while the details of these classes are specified in Clause 7.
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«interface» +reliabilityTable «interface»
PS_PositioningService —| PS_ReliabilityTable
{root} T {root}

0..*

+mode

+session \[/ 0..* 0.*

+system

«interface» +ystem «interface» +mode «interface» +qualityType «interface»

PS_System PS_Session > PS_ObservationMode K>——————=> PS_QualityMode
froot} | 0.. {root} |o.. 1. {root} |0-* 0. {root}

0.* o
+instrument
«interface: +component 0..* . )
PS_Instrumejntid +observation \|/0..

root} «dataType»

PS_Observation
{root}

Figure 3 — UML diagram — Major data classes of positionihg-services

System information (PS_System) provides for identification and characterization of the positigning
instrument(s) applied by the positioning service to perform observdtions so that any necessary d¢tails
can be obtajned for operational purposes and for legacy metadata:

Observationl mode information (PS_ObservationMode) eneompasses all configuration and sgt-up
parameters)including the spatial and temporal reference systems on which the observation results are
cast. Associfited with the mode there may exist data-quality configuration information, held in the PS_
QualityModE class, that characterizes how quality results will be evaluated and expressed.

Positioning fervices can produce several types ofjobservations:
— position,
— orientation (attitude),

— motion,|and

— rotation (angular motion),

Each type of observation. is cast in its own type of reference system having a separate instance df the
PS_ObservationMode classfor each type of observation where the type is an attribute of the mode

Observations are.aggregated to each mode so that the information needed for interpretatipn is
associated with-each observation. A positioning service can create as many mode instances as needed
for its various.observation types and reference systems. Numerous observation results can belohg to
each mode.

Observations aggregated to modes of operation (PS_ObservationMode) can be further aggregated
in sessions (PS_Session). The concept of observation sessions is widely employed when positioning
observations are recorded for land survey or GIS applications. Sessions associate the observations with
system information, attributes of the session, and all modes of operation employed in making a discrete
group of positioning observations and any associated quality information. Positioning services that
do not provide for the recording of observation results, such as certain navigation systems, may omit
implementation of the PS_Session class.

Positioning-result information is segregated from configuration information to avoid excessive
repetition of the configuration when the positioning service reports numerous observations. Similarly,
quality-result information is segregated at the same level as positioning results, so that numerous
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quality reports of the same type, evaluated by the same procedure, can be reported without repetition
of the element identification and evaluation procedure citation.

Quality results are associated directly with positioning observation results and are held in the
qualityResult attribute of the PS_Observation class.

The reliability model, PS_ReliabilityTable, consists of a dictionary which contains reliability values and
a definition of those values for retrieving information about the reliability of the positioning results.

6.3 Basic and extended information from a positioning service

e following:

— gystem information (PS_System),

— gession information (PS_Session),

— 1node of operation (PS_ObservationMode),

— o¢bservation information (PS_Observation),

— o¢bservation quality information (PS_QualityMode), and
— Teliability information (PS_ReliabilityTable).

A dataset that conforms to this document will include sufficient information for a user to know how these
relate to a common frame of reference specified by the referencing method and the referencipg system.

EXANIPLE
map

A coordinate reference system will include the reference frame (datum), the unit$ of measure,
brojection information, etc.

Table 4 — Static dataStructures of a positioning service

C&fé::s

Conformance levels Class properties

Basi¢ information

(all technologies:
sed Clauses 7 and 8)

System information
PS_System\(Table 5)

System capabilities
Referencing method

Instrument identification

Session information
PS_Session (Table 10)

Session identification
Dataset initiative

Observer identification

Mode of operation
PS_ObservationMode (Table 11)

PS_QualityMode (Table 18)

Coordinate reference system
Link to reference system
Coordinate operations applied

Quality evaluation method and q

resulttuvne
T

Tality

Observation Observation date time
PS_Observation (Table 14) Result
Object ID
Offset
PS_ObservationQuality Quality result
Reliability information Category
.... ‘15"SH_Reliabiﬂlﬂi'fyTable (T‘éb‘le 20) Weighting .

PS_ReliabilityValue (Table 21)

Value Description

© IS0 2019 - All rights reserved
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Table 4 (continued)

Conformance levels

Classes Class properties

Extended information

(technology specific,
see Clause 9)

Positioning technology
PS_OperatingConditions (Table 23)

Operating conditions
Measurement Conditions
Performance indicators

Solution vector

Raw measurement

Positioning services can employ various technologies. Thus, when the getObservation operation

(7.6.2) ret
operatingCd

EXAMPLE
satellite sele(

7 Basici

7.1 Oven

NS the PS_UDbServation class, It can contain technology-Specific information 1
nditions attribute.

When GNSS is used for positioning, information like the dilution of precision. (DOP) v
tion, and performance indicators is provided.

nformation definition and description

yiew

A positioning system is defined as a system of instrumental and{computational component

determining
instrumenty
well-known
near the Ea
positioning
system that]
a commonl

I position. There are a number of types of positioning{systems, each based on va
and components, using different methods to determine position. Satellite positionin
system based upon the receipt of signals, broadcast'from satellites, by instruments

th's surface. BDS, Galileo, GLONASS, GPS, NAVIG, and QZSS are some examples of sat
system platforms. An optical positioning system is another common type of positic
determines the position of an object by means of the properties of light. A total-stg

y used term, is an integrated optical positioning system incorporating an elect

theodolite and an electronic distance-measuring instrument into a single optical positioning syj

Measuring |
linear positi
integral con
point is refe
can use twd
systems.

inear distance from a reference pointalong a route, using an odometer, is an examplg
oning system. A positioning systémthat uses accelerometers, gyroscopes and computg
lponents to determine coordinates of points or objects relative to an initial known refef
Fred to as an inertial positionihg system. It is also common that various positioning sys

or more positioning teechnologies. Such systems are referred to as integrated positig

Basic infornpation provided by.pesitioning services is structured into four main elements:

the

hlues,

s for
rious
D 1S a
bn or
ellite
ning
tion,
ronic
tem.
e of a
rsas
ence
tems
ning

a) system [nformations-identifying the system type and capabilities (7.2);

b) session|information — identifying the specific instrument, mission and session (7.3);
c) observation information — containing configuration and result values (7.4);

d) quality ifermation—-econtaininga-qualitrevaluation-method {(£5)-

In addition to the four main elements, a set of operations and a reliability class are also defined:

e)

f) reliabili

operations — containing positioning services operations (7.6);

ty of positioning results — reliability value of the returned position (8).

The location of an object at an instant of time is completely specified by two groups of dimensions:

— athree-

— athree-

12

dimensional position vector, and

dimensional orientation (attitude) vector.
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Similarly, the rate of change in location of that object over time is specified by:

— athree-dimensional motion (velocity) vector, and

— athree-dimensional rotation (angular velocity) vector.

A positioning service may provide values for all or a subset of these four groups of dimensions, as four
types of observations.

The observation information element provides structures for positioning results in these four
types of observations and the associated ancillary information needed by a user to interpret them
unambiguously. This associated information includes the reference system, link to the reference frame,

and {

7.2

7.2.1
The

techmnology applied, and its capabilities.

The
avail
obse

The
user

EXAN
syste
degrs
of dr
error

The
by w|
avail

EXAN
refer
the s
diffeq

The i
by th

the arigin'ef'a dataset or be used by software to adjust model and version specific details o

he observation quality element report of quality parameters.
System information

Overview

bystem information data element (PS_System) identifies the positioning data source

capability attribute (PS_System.capability) may be queried to determine what daf]
pble according to the System Capability codes. This allowsa)ser to request and intery
Fvations of the appropriate types.

positioning-technology attribute (PS_System.positioningTechnology) may be queried
can apply interpretive techniques appropriate te/hat technology.

IPLE1  Theaccuracy of GNSS receivers is affected by reflected radio signals (multipath), wh
ms are unaffected because they do not employ~radio reception. However, the accuracy of inej
des over time after initialization due to gyrescope drift, whereas GNSS systems are not subjeq
ft. Therefore, a user should know which type of technology is employed in order to know ¥
s to expect.

referencing method attribute (PS_System.referencingMethod) identifies the generalij
hich the positioning servicerepresents a position. Results from PS_System.referencing
able for interpretation by(the user.

IPLE 2  The location” of*a road intersection can be specified by a pair of coordinates in
bnce system, or by, &-poute number and distance in a linear referencing system. Though t

ent.

nstrumentidentification class (PS_InstrumentID) provides details about the equipme
e positioning service to obtain positioning results and may be used to create metadaf

the type of

a types are
ret position

so that the

ereas inertial
rtial systems
t to this type
vhat kinds of

zed method
rMethod are

a coordinate
hese refer to

hme place by means, of a pair of numbers, the means of interpretation of these numbers is fyndamentally

ht employed
aregarding
[ operation.

The

nstrument-identification data may be iterated to idpnfify as-many components of

the system

as needed.

UML models for both the PS_System and PS_InstrumentID classes and their attributes are shown in
Figure 4.

© ISO

2019 - All rights reserved
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«interface»
PS_PositioningService

{root}
0.*
0.*
+session
tsystem \/1 «interface»
«interface» 0.* PS_Session
PS_System {root}
{root} + sessionID: CharacterString
+ capability+~-RS—SystemCapability{i—] 1 0 *l+ startTime: DateTime
+ positionjngTechnology: PS_PositioningTechnology |  ,system + stopTime: DateTime
+ referenclngMethod: PS_ReferencingMethod + datasetlnitiative: CharacterString [0..1]
+ observer: Cl_Responsibility [0..*]
0.*
«CodeList» «dataType»
PS_ReferencingMethod PS_PositioningTechnology
+ coordinate + name: CharacterString
+ linear + description: CharacterString [0..1]
+ gridCell
+instrument 1.%
«interface»
PS_Instrumentld «CodelList»
omponent0..* s
{root} PS_SystemGCapability
+ type: CharacterString [0..1] {rooty
+ idehtifier: CharacterString [0..1] + positionData
+ manufacturer: CharacterString + pdsitionQuality
+ model: CharacterString + motionData
+ parftNumber: CharacterString [0..1] +\motionQuality
+ revlsionNumber: CharacterString [0..1] . attitudeData
+ serfjalNumber: CharacterString [0..1] + attitudeQuality
+ callbrationReport: CharacterString [0..1] + rotationData
o + rotationQuality
N + technologySpecificData
+ rawMeasurementData

Figure 4 — UML diagram —PS_System and PS_Instrumentld classes

7.2.2 PS_$System

Attributes and associations forthe PS_System class are shown in Table 5.

Table 5 — PS_System

Class name \0‘ PS_System

Attributes . V?‘ Descriptions

capability[1]*] PS_SystemCapability — code(s) identifying capabilities

positioningTechnology PS_PositioningTechnology — naime of the positioning tecnnology and its
description

referencingMethod PS_ReferencingMethod — code identifying referencing method

Associations Descriptions

instrument[1..*] to make positioning observations, a positioning system employs an instrument
that is characterized by information in the PS_InstrumentID class.

7.2.3 System capability

System capability indicates whether specific data elements are provided by the realized-positioning
service. Each code specifies the availability of a data element or sub-element. There is no limit to the
number of instances of system capability codes that are required to represent all the capabilities of the
realized system.
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PS_SystemCapability is a list of codes by which the capabilities of a positioning service are identified
and is shown in Table 6.

Table 6 — PS_SystemCapability codelist

Class name PS_SystemCapability

Codes Descriptions

positionData the service is capable of providing position data
positionQuality the service is capable of providing position-quality data
motionData the service is capable of providing motion data
motionQuality the service is capable of providing motion-quality data
attitpdeData the service is capable of providing attitude data
attitpdeQuality the service is capable of providing attitude-quality data
rotationData the service is capable of providing rotation data
rotationQuality the service is capable of providing rotation-quality data
techhologySpecificData the service is capable of providing technology-specific data
rawMeasurementData the service is capable of providing raw-measurement data

7.2.4 Positioning technology

The rharacteristics of capabilities and the behaviour of various positioning technologie$ may differ
from| each other, therefore users of those positioning résults require knowledge about the different
techmnologies employed.

EXANPLE GNSS reception is degraded or blocked-Wwhen the system is operated inside buildings or tunnels,
but ipertial systems can operate continuously in sueh/environments, yet inertial systems require|initialization
at knEwn points whereas GNSS does not. Similarly, the accuracy characteristics of GNSS positioning instruments
depend upon factors different from those of inertidl systems, and from those of hyperbolic radio location systems,
such ps LORAN-C.

The following class, PS_PositioningTechnology, shown in Table 7, is used to identify the| positioning
techpology employed by a positioning service:

Table 7 — PS_PositioningTechnology

Clasp name f\(’.) PS_PositioningTechnology

Attrjbutes .<SO Descriptions

name CharacterString — ldentification of the positioning technology

descfiption[051] CharacterString — Additional information to describe the positioning technology
when the technology is not well-known.

7.2. Referencing method

Knowledge of the referencing method employed by a positioning system is essential to interpretation
of the positioning results. Though many practical positioning systems employ spatial referencing by
coordinates, other referencing methods are also available.

EXAMPLE Linear referencing is widely applied in transportation as route-distance (kilometre post or
milepost) pairs. The linear reference to a point in a transportation network is as unambiguous as a coordinate
and can be more appropriate for particular uses. In such cases, positioning systems operating with a linear
referencing method can be employed.

As technology evolves, additional referencing methods may be implemented, requiring new referencing
method codes.
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The following codes, shown in Table 8, are used to identify which basic referencing method is used by a
positioning service.

Table 8 — PS_ReferencingMethod codelist

Class name PS_ReferencingMethod
Codes Descriptions

coordinate Coordinate Referencing
linear Linear Referencing
gridCell Alphanumeric Locator Grid

Annex F provides examples of categories of positioning results. The user can extend nthg PS_
ReferencingMethod codelist and positioning service to obtain a category of a positioning.resylt as
shown in Arjnex F.

7.2.6 Instrument identification

Identificatidn of the specific positioning service instrument in use is required sg.that the measurenpents
can be tracpd to their origin, and that information related to the characteristics of the device (or
version of the device) can be applied by the position-using system. Many, pesitioning systems emgloy a
receptive dgvice such as a GNSS antenna for which the particular type isimportant in attaining accyirate
calibration pf the system; therefore, the instrument identification{thay be repeated as necessary to
identify the|components.

To make pogitioning observations, a positioning system employs an instrument that is characteriz¢d by
information|in the PS_InstrumentID class. If the instrumernithas components requiring identification,
this class may be repeated. Attributes and associationstof the PS_IntrumentID class are shown in
Table 9.

Table 9 — PS. InstrumentID

Class name PS_InstrumentID

Attributes Descriptions \\ °

type[0..1] CharacterString — Instrument type

identifier[0..[1] ChargeterString — Label or number assigned to the specific instrument
manufacturgr ChdracterString — Instrument manufacturer

model CharacterString — Model name, number, or product type identifier
partNumber]0..1] CharacterString — Manufacturer’s part number identifying the production version
revisionNunber|[0..1] CharacterString — Instrument version or revision identifier
serialNumbgr[0..1] CharacterString — Instrument serial number

calibrationReport[0..1] CharacterString — Calibration report regarding the instrument
Associations—= Deseriptions

component[0..*] identifier for the instrumentation employed. PS_InstrumentID may be repeated
to describe additional components

7.3 Session

7.3.1 Overview

Observations made by a positioning service may be aggregated into sessions, which may correspond to
any time period of significance to the user.

The session information, depicted in Figure 5, includes an identifier, the starting and ending times,
identification of the mission or task, and identification of the observer or other responsible party.
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This information may be applied in populating metadata items regarding data source and legacy.
Implementation of these data elements is optional.

EXAMPLE The time period in PS_Session (startTime, stopTime) refers to examples such as a data collection
session to populate GIS themes, a navigation session between an origin and destination, or hourly, daily, or other
observation files recorded as units of information.

«interface»
PS_PositioningService
{root}

Qo

0.. 0..*

+session \|/ 0..*

+mode
«interface»
+system PS_Session 0.
«intterface» |1 {root} riode cinferface»
PS| System +system + sessionlD: CharacterString < PS_ObseyrvationMode
{root} | 4 o.+|+ startTime: DateTime 0. 1> {root}
+ stopTime: DateTime
+ datasetlnitiative: CharacterString [0{.1]
+ obsenver: CI_Responsibility [0..*]

Figure 5 — UML diagram — PS_Session class

7.3.2 PS_Session
The [PS_Session class identifies an observation session and aggregates observations made within

that [session with their associated system information and mode(s) of operation. The at{ributes and
asso¢iations for the PS_Session class are shown in Table 10.

Table 10 — PS_Session

Clasp name ~\|PS_Session

Attrjbutes O\\VJ Descriptions

sessijonID CharacterString — ldentifies the session by number, name, or anothey identifier

star{Time DateTime — Date and time session was initiated

stopflime DateTime — Date and time session terminated

datapetlnitiative[0..1] CharacterString — ldentifies the agency, task, or mission

observen[0..%] CI_Responsibility — Identifies observer, operator, manager or similar party
responsible for session

Associations Descriptions

system Holds the characteristics of the positioning system employed to conduct that
session

mode[1..*] Holds the characteristics of the mode(s) of operation applied to conduct that
session and aggregates to each mode the corresponding observations
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7.4 Obse

rvation information

7.4.1 Overview

Positioning observations can be expressed in numerous ways, e.g. using various datums, map
projections, units of measure. The mode of the operation class specifies the way in which a particular
set of observations is expressed and includes:

type of
spatial

tempor
links th

coordin|
measur

Information|
results so tH

EXAMPLE 1

does not kno
grid, or spee
coordinates,

Information
is not faceq
Observation
stored with

NOTE
data element|
the session t
observations

Each mode
configuratid

name of mode;

measurement;

roordinate reference system;
1l coordinate reference system;
rough which the positioning service accesses the reference systems(s);

Qte operation(s) (coordinate transformation and/or conversion operation) applied t
Pments.

about the mode of operation includes all pertinent details about the representati
at they can be interpreted without ambiguity.

1 and heading in metres/second and degrees from true north. If the numbers in this example
Lhe coordinate reference system upon which they werecast would have to be known.

contained in the PS_ObservationMode class*specifies this information, so that a
| with ambiguity in the interpretation_of~positioning results. Information in thg
Mode class may be used both in real-time applications and as the basis for metadata
datasets acquired by use of the positioning service.

Although this document does not specify how often a system should supply the positioning sq

b prepare the user to interpret.the positioning data stream. Numerous transactions of positi
and (optional) quality resultsithen can proceed as needed for the application.

of operation may optionally be given a name to facilitate reference to the entire s
n values.

If an observation result presented the numbers 45.75 and*€108.5 without explanation, the
v whether they were coordinates in degrees of latitude andlongitude, metres on a local coord

b the

bn of

user
inate
were

user
PS_
to be

rvice

K, it is likely that many systems will transmit mode data early in a session to establish metadalta for

bning

et of

Req. 1

/req/ps_sysfeim/op-measurement-details

All measurnement types, including position, orientation (attitude), motion (velocity) on
rotation{angular velocity), for each operating mode of a positioning instrument shall
identified.

be

As mentiong

dabove, observation results cannot be interpreted without knowledge of their respe

ctive

reference system(s), therefore identification of the temporal reference system and the spatial reference
system are mandatory.

Information detailing the links through which the positioning service accesses its reference systems
may optionally be provided. Such information is often needed when high accuracy is sought or when a
user requires traceability of the measurement's results or accuracy report.

18
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Identification of the (concatenated) coordinate operations applied in producing the positioning results
may optionally also be provided. This information is often required in geodetic measurements when
high accuracy is required.

Req. 2

/req/ps_observationmode/mode-of-operation
Positioning services reporting several types of measurements simultaneously
instantiate a mode of operation for each type of measurement.

shall

The axes and units of measure for the various measurement types may differ from each other.

EXAMPLE 2

Position can be reported in degrees of latitude and longitude and height, while motion can be

........

rtad o B Ao oo ot B ad-ar-a-lh A doge frosa oot ]
repolted-as-speedHrmeterspersecondonaheadingexpressecHndesgreestromnortr

7.4.2 PS_ObservationMode

The PS_ObservationMode class, shown in Figure 6, holds information about the’ config
positfioning service to provide a particular type of positioning result. The positioning servic

hration of a
b may create

as many PS_ObservationMode instances as needed to provide the various types of results requested by
its uger.
Req|3 /req/ps_observationmode/config-info
One PS_ObservationMode instance shall hold each sét of configuration informgtion,
whether several types of results, such as position;motion and orientation are presented
simultaneously, or one type of result is presented'in several different referencg¢ systems.
EXAMPLE1 Positioning results presented in several different reference systems, such as position reported in

geodetic latitude and longitude, and as metres in a projected coordinate reference system, is one t
from|[PS_ObservationMode.

ype of output
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«interface»
PS_PositioningService
{root}

0.* 0.*

+mode \|/ 0..*

«interface»
session PS_ObservationMode
i o froot «interface»
P(;ntgzzi(;; +model + name: CharacterString [0..1] <> +q”a|'tVTyp; PS_QualityMode
B {foot} |0-* Ik resuItTypeE PS_MeasurementType [0..1] 0% o {root}
+ crs: CoordinateMetadata [1..%]
+ referenceLink: PS_LinkToReferenceSystem [0..*]
+ operationsApplied: CoordinateOperation [0..*]
«CodeList»
+mode Y 1 PS_MeasurementType
{root}
+ position
+observation \|/ 0..* + orientation
«dataType» + motion
PS_Observation + rotation
{root}

«interface»
PS_LinkToReferenceSystem
{roof}

identification: CharacterString
dimensionConstraints: CoordinateSystemAxis [1..3]
referencePosition: Vector [0..1]
accuracyOfReference: DQ_DataQuality [0..1]

+ + F o+

«interface»
CoordinateMetadata

+ crsID: MD_ldentifier [0..1]
+ crs:CRS[0..1]
+ coordinateEpoch: DataEpoch [0..1]

constraints
{count(crsID)+count(crs)>0}
{crs.datum.oclAsType(DynamicGeodeticReferenceFrame or DynamicVerticalReferenceFrame)implies count(coordinateEpoch)=1}

(ffom ISO TC211::1SO 19111 Referencing by coordinates::I1SO 19111 Edition 3::Coordinates)

Figure 6 — UML diagram — PS_ObservationMode class and related data types

Table 11 shqws the attributes and associations for the PS_ObservationMode class.
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Table 11 — PS_ObservationMode

Class name PS_ObservationMode

Attributes Descriptions

name[0..1] CharacterString — Word or phrase identifying the mode of operation

resultType[0..1] PS_MeasurementType — Code identifying the type of measurement made in
this mode. Measurement types are position, motion, orientation and rotation

crs[1..%] CoordinateMetadata — Spatial, temporal, or spatio-temporal coordinate
reference system in use

refeffenceLink[0..*] PS_LinkToReferenceSystem — Identifies links through which a pesitiohing service
accesses the reference system(s) (positional or temporal)

operptionsApplied[0..*] CoordinateOperation — Coordinate operations (Coordinate transfornjations
and/or conversions) applied

Assqciations Descriptions = '\V‘)

qualjtyType[0..*] A positioning service may provide quality information regarding its positioning

observations. That quality information can be used to decide upon thg fitness of
the observation result for certain uses.

obsefrvation[0..*] Any number of observations may be madg(in a particular mode of opgration, but a
PS_Observation will be ambiguous unléss associated with a PS_ObserfvationMode.

Temporal coordinate reference systems are accessed threugh some type of reference clock which can
be wlell coordinated, such as that of the GNSS satellites, or of the UTC broadcasting beadons, or only
apprpximate, such as the internal clock in a computersystem. The accuracy of the results d¢pends upon
this linkage.

The ¢oordinate reference systems used for a positioning service as specified in this document refer to
classes defined in ISO 19111.

Req| 4 /req/ps_observationmode/reference-systems
The temporal coordinate reference systems and spatial coordinate reference sfystems

shall be described in-accordance with ISO 19111, and its identifier shall enable|users to
reach the detailed.information of these coordinate reference systems.

Req{5 /req/ps_observationmode/ref-system-type
The type ofthe spatial coordinate reference system used for this positioning s¢rvice is
specified-with the attribute resultType. When the value of resultType is orientption,

motioi, or rotation the EngineeringCRS defined in ISO 19111 shall be used to describe
this.spatial coordinate reference system.

In anly realization of a positioning service, there are one or more links through which the positioning
service aceesses the spatial and temporal coordinate reference systems. These may be survey-control
monyiments, a set of GNSS ground stations from which a predicted ephemeris is derived, a|differential-
correction beacon, or the initialization point of an inertial navigation system.

When traceability or high accuracy of the result is needed, the user may require recording of the link(s)
to the reference system.

Often, when a positioning service is required to present results in a reference system different from
its internal computational reference system, coordinate transformations are applied. These coordinate
transformations may have inherent inaccuracies, and when traceability or high accuracy is required, a
record of the operations applied may be needed.

Coordinate transformations are an operation that changes coordinates in a source coordinate reference
system to coordinates in a target coordinate reference system in which the source and target coordinate
reference systems are based on different datums.
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The CoordinateOperation class defined in ISO 19111 specifies the identification of these operations.

Req. 6 /req/ps_observationmode/quality-status
If quality information is reported by the positioning service regarding its positioning
results, the PS_QualityMode shall be associated with the PS_ObservationMode, so that
quality results associated with positioning results are properly characterized as to
the quality element type, sub-element type, and evaluation descriptor.

Req. 7 /req/ps_observationmode/multiplicity

Zero to many instances of PS_Observation aggregate to each PS_ObservationMode.

A PS_ObservationMode shall be instantiated prior to making observations; therefore,
a PS_ObservationMode can exist with no observations.

7.4.3 PS_LinkToReferenceSystem

PS_LinkToRgferenceSystem identifies a link through which a positioning serviceraccesses the refefence
system. Table 12 shows the attributes for the PS_LinkToReferenceSystem class.

Table 12 — PS_LinkToReferenceSystem

Class name PS_LinkToReferenceSystem
Attributes Descriptions §\§\
identificatioh CharacterString — identifier of referemnce link point, such as a reference statign of

a differential GNSS broadcast service

dimensionCgnstraints[1..3] |CoordinateSystemAxis — axis (e.g:latitude, longitude, and height) for which
values are held as good

referencePosition[0..1] Vector — coordinates of thie)point that accesses the reference system

accuracyOfReference[0..1] |DQ_DataQuality — accuracy of the reference coordinates in their specified
reference system

7.4.4 PS_MeasurementType

Class PS_Mg¢asurementType is a_list/of codes to identify the types of measurements provided|by a
positioning pervice and is shown\in Table 13. These measurements are specific to a particular CRS

Table 13 — PS_MeasurementType codelist

Class name (\?Q PS_MeasurementType

\% P,
Codes . Descriptions
position this mode of operation reports position
orientation this mode of operation reports orientation
motion this mode of operation reports motion
rotation this mode of operation reports rotation

7.4.5 Observation

Results of positioning observations are reported in the PS_Observation class, of which, as shown in
Figure 7, instances are aggregated under instances of PS_ObservationMode that hold descriptors of the
mode of operation that are common to all the observations in that set.

The PS_Observation attributes includes the date and time of the positioning observation and the result
vector in accordance with the reference system specified in the related PS_ObservationMode. Additional
information about the observation is held in this class, including the identification of an object to which
it applies, any offset between the positioning sensor and an object of interest, and any pertaining
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technology-specific operating information. Quality information associated with each observation can
be reported as an attribute of each observation, which is specified in 7.5.

«interface»
PS_PositioningService

{root}
Qo.:
+mode \|/ 0..*
«interface» rqualityType «interf_ace 3
PS_ObservationMode |~ PSrQualityMode
{root} | 0. 0* {root}

+mode 1

+observation 0.~

«dataType»
PS_Observation
{root}

observationDateTime: DateTime
observationEndDateTime: DateTime [0..1]

result: Vector

objectID: CharacterString-{0..*]

offset: PS_CoordinateTransferValue [0..*]
operatingConditions?/ PS_OperatingConditions [0..*]
qualityResult:-Record [0..*]

+ + + + + + +

Figure 7 — UML diagram — PS_Observation class

The ¢pbjectIDddentifier provides a means to link the position data to other geographic objedt attributes,
such|as a.navigational waypoint, a geographic feature, a control point, or an aerial photographic
exposure, station. The presence of this identifier is optional because many positioning Instruments
in cyrrént use, including many GNSS receivers, do not provide an identifier for each pogition fix for
navigation purposes. However, one or more such identifiers may be employed in surveying and GIS
development.

Implementations may employ a single objectID that serves as an index or key that relates to a table
of other descriptors, or multiple objectIDs may be employed as indices or keys that relate to multiple
tables of descriptors.

EXAMPLE The first objectID instance could be used to enumerate the observed locations, and a second

objectID instance could be used to identify sequences or groups of observations, such as groups of points that
collectively represent the centrelines of segments of roadway.
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Req. 8

/req/ps_observation/result-vector

When the results from a positioning service are reported as a relative positioning vec
the objectID shall identify the vector's endpoint, and the PS_ObservationMode
referenceLink shall identify the vector's origin point.

tor,

Examples of positioning services results in the form of a relative positioning vector are:

real-tim

GNSS static;

kinematic;

e kinematicrelative nasitioning
T =]

Req.9

/req/ps_observation/result-temporal
When the results from a positioning service are computed over an observation interv
rather than estimating an instantaneous position, the observationDateTime shall stat]
the date and time at which observations used in this result were commenced and the
observationEndDateTime shall state the date and time at which observations included
in this result were terminated.

|

Attributes 3

Ind associations for the PS_Observation class are shown in Table 14.

Table 14 — PS_Observation

Class name PS_Observation

Attributes Descriptions @ N

observationDateTime DateTime — Date and time the observation(s) were made (or commenced)
observationEndDateTime[0..1] |DateTime — Date and time mgasurements were concluded (if not

instantaneous)

result

Vector — Vector contdining the result values

objectID[0..4

|

CharacterString ~—Identifying an associated object or event

offset[0..*]

PS_CoordinateTransferValue — Values relating the result to an associated o

bject

operatingCohditions[0..*] PS_OperatingConditions — Technology specific operating conditions data
qualityResult [0..*] Record “—)A container for the quality result, described in PS_QualityMode
7.4.6 Coordinate transfer (offset) values

Position me
of interest, }
sensor equi
coordinates
class, depict
centre of thg

hsurement, asqllustrated in Figure 8, can be made to a location that is offset from an o
Figure 8 a), 6rthe actual point, Figure 8 b), due to requirements of the positioning se

bject
rvice

pment or~for convenience of operation. In such cases, provision is made for trans
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Figure 8 — Sensor and object offsets

h the offset between the sensor position and the point of interest is impgrtant, the u
ire and store the values involved. These values consist of the sensor offset and the d
sensor offset values are used to store any offset between the actudl point of measur
e phase centre of a GNSS antenna, and a reference point representing the measureme
brm.

PLE Several bodies publish antenna-offset values for many manufacturers' GNSS antenn
t-offset values then are used to store any offset between that{zeférence point and the object o
oraphic feature). These object offsets could be the antennaheight above a mark or could be
ht object measured by a laser rangefinder and compass.

ser needs to
bject offset.
ement, such
ht system or

h models. The
f interest (i.e.
he offset to a

«interface»
PS_CoordinateTransfe

rValue
{root}

+ objectlD: CharacterString
+ objectOffset: PS_OffsetVe
+ sensorOffset: PS_OffsetVs

«interface»
PS_OffsetVector
{root}

0..1]
ttor [0..1]
pctor [0..1]

+ offset: Vector,

+ sourceType:'PS_OffsetSourceType [0..1] «CodeList»
+ offsetSource: CI_Citation [0..1] PS_OffsetSourceType
{r

+ manufacturerSpecification
+ measured
+ publication

+offsetReferenceSystem

«interface»
CoordinateMetadata

crsID: MD_ldentifiey [041]
crs: CRS [0..1]
coordinateEpoch: DataEpoch [0..1]

constraints
ount(crslD)+count(crs)>0}
rs.datumiocl AsType(DynamicGeodeticReferenceFrame or DynamicVerticalReferenceFrame) implies count(coordinateEpoch)=1}

(from ISO TC211::1SO 19111 Referencing by coordinates::ISO 19111 Edition 3::Coordinates)

Figure 9 — UML diagram — PS_CoordinateTransferValues class

Values that specify the spatial relationships by which coordinates are transferred from the sensor
location to the location of the point or object of interest are conveyed by the PS_CoordinateTransferValue
class. This consists of offset between the sensing element and a fiducial point on the instrumentation,
and from that fiducial point to an object of interest.

Attributes and associations for the PS_CoordinateTransferValues class are shown in Table 15.
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Table 15 — PS_CoordinateTransferValues

Class name

PS_CoordinateTransferValues

Attributes

Descriptions

objectID[0..1]

CharacterString — ldentifier of the object of interest

objectOffset[0..1]

PS_OffsetVector — Offset from a fiducial point on the instrument to a point or
object of interest

sensorOffset[0..1]

PS_OffsetVector — Offset from a fiducial point to the sensing point of the instrument

7.4.7 Offset vector

Table 16 shd

ws the attributes and associations for the PS_OffsetVector class.

Table 16 — PS_OffsetVector

Class name PS_OffsetVector
o o - N

Attributes Descriptions &)

offset Vector — Vector holding the offset value(s)

sourceType[p..1] PS_OffsetSourceType — Type of source from which the'offset vector was obtained

offsetSourcq[0..1] CI_Citation — Citation of source of the offset veetor

Associations Descriptions N QV

offsetReferehceSystem Spatial reference system in which the offset-vector is cast
This could or could not be identical to the reference system in which positionjng
results are cast due to the fact that’some offset measurements are made
separately from the primary positioning measurements.

EXAMPLE A positioning service using a GNSS sensor-¢an have an offset between the phase centre ¢f the

receiving antenna and a fiducial mark by which the antenna is aligned. The service can be reporting coordinates

in degrees of]
and its axis i
the offset to

latitude and longitude, though the offsetis measured in millimetres above/below the fiducial
6 aligned to the local vertical. Furtheéryif a theodolite or laser range finder is employed to me
an object of interest, that instrument could report its measurement of distance in metres

azimuth fronf true or magnetic north and arelevation angle from the local horizontal, leaving application

offsetin a ge

7.4.8 PS_¢

PS_OffsetSo
obtained ar

detic forward calculation tethe system.

DffsetSourceType

urceType is a list-of codes by which the type of source from which an offset vector has
b identified and\are shown in Table 17.

Table 17 — PS_OffsetSourceType codelist

mark
hsure
bn an
bf the

been

Class name

PS_OffsetSource

=\i
)

Codes

Dpcrripﬁnnc

manufacturerSpecifications

The values have been obtained from manufacturer’s specifications.

measured The values have been measured

publication The values have been obtained from a publication other than the manufacturer’s
specifications.
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7.5 Quality information

7.5.1 Overview

A positioning service may (optionally) provide quality information regarding its

positioning

observations, as illustrated in Figure 10. That quality information can be used to decide upon the

fitness of the observation result for certain uses.

EXAMPLE 1
surveying or in populating a GIS with geographic features if their accuracy meets the specific
project. Observation-quality information can also be carried with the data to use in quality evaluat

Quality information, depending upon the fitness of the observation result could be used in land

ations of the
ions of larger

datag

cLS.

Posif]
quali
Qual
grou
same

ioning services generally report positioning observations in real time or near real tin
ty evaluation differs somewhat from that pertaining to GIS themes or similar/spat
ty evaluation may be performed on each observation, or on observations’in sma
ps acquired over brief intervals. Therefore, many quality measures may be computg
evaluation procedure and reported during a session.

Meas
repe
assel

ured values are considered to have some amount of uncertainty céntained in them, an
fitions of the measurement will yield values dispersed over somérange. A statement of
ts that the value provided is not exact and attempts to express that inexactness qu

le, therefore
al datasets.
Il reporting
bd using the

d, therefore,
uncertainty
antitatively.

The agnitude of the uncertainty of a result is one of the mostimportant aspects of its quality.

Gengrally, uncertainty cannot be determined directly, butimust be estimated by appropi
evalyation procedures. Estimates of uncertainty can be based on statistical methods, previou
with(the system or professional judgement considering kitowledge of measuring methods, fiel

equipment capabilities, computational methods, and .geometric characteristics among others

riate quality
5 experience
 conditions,

Req]10 /req/ps_qualitymode/quality-eval-system
The means for quality evaluationi.shall be characterized in accordance with the

specifications of ISO 19157 when quality measures and associated with position]

ing results.

Whe
appr
Whe

the 1
true,

h an uncertainty estimation is_made with respect to values that can best be
pbximating truth, the uncertainty expression is termed “absolute accuracy” or “external

h an uncertainty estimation is made with respect to values best approximating the

the uncertainty expression is termed “relative accuracy” or "internal accuracy".

Whe
madg{
acce]

h an uncertainty€stimation is made with respect to the consistency of repeated me

ptable as-approximations of truth, the uncertainty expression is termed "measureme
recision™

rac

ly; orted by stating an estimat

hccepted as
accuracy”.

closeness of

elative positions of features in a data set to their respective relative positions accepted as or being

asurements,

e under simiifar conditions, with each other but without comparison to indepen/dent values

nt precision”

ed value for

the accuracy of positioning observations would be rep

is no real-time access to an independent source of higher accuracy values for comparison.

Annex B presents informative examples for implementing accuracy reports for positioning

Often there

services.

In such cases, though, it may be possible to estimate observation precision, e.g. the repeatability of
measurements, rather than to estimate the actual accuracy. For this reason, an additional quality sub-
element, precision, is defined for positioning services. Additional quality sub-elements may also be
user-defined in accordance with ISO 19157 for use in positioning services implementations.

To avoid repetition of information, the PS_QualityMode class is associated with the PS_ObservationMode
so that when the configuration information for a mode of operation is specified, the corresponding
quality reporting configuration can be associated with it. This allows the positioning observations
made in a particular mode of operation to be associated with quality measures made by a particular
evaluation procedure without ambiguity.
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The evaluation descriptor is held in the PS_QualityMode class.

Data-quality results can be quantitative results or conformance results, and both kinds are applicable
to positioning observations.

EXAMPLE 2

Accuracy and precision values are quantitative results, however coded performance indicators
and system integrity monitors are conformance results.

Due to the complexity of positioning calculations it is important that positioning services clearly specify
the evaluation procedure by which quality results are obtained. This includes specifying whether the
quality pertains to horizontal, vertical or three-dimensional errors. When three-dimensional values
are reported, distinguish whether each of the three dimensions has either a separate quality val

a single valj
the statistic
and whethe
It is also ess
evaluations

Positioning
closely spad
involving oy
will be morg

In addition
service mod
8, to deter
defined as
accuracy duyj

When neith
services ma
In such case

Implementa
information|
documentat

28

ue or

e that is reported by a spherical quality estimator. It is necessary to state the naty
al quantity utilized, such as mean error, probable (median) error, or standard (RMS)q
I the statistic itself is based upon a one-, two- or three-dimensional distributionfung
ential to clearly identify the source of comparison values in making accurac¢y)or preg

services may make quality evaluations based on internal evidence, such as comparis

rerdetermined observables. In such cases, precision, or some user-defined sub-elem
appropriate quality measures than accuracy.

to the quality information defined here, this document)extends the original positig
el specified in the first edition of ISO 19116 by adding\new operations, specified in C

degree to which a positioning service provides@greed or expected positional abs
ing a defined instant under specified conditions.

r{ine the positional reliability of the positioning results. The term "Positional reliabili

er independent sources of comparison her internal evidence is available, positid

5, the basis of such reporting and the nature of validation testing should be explicitly st

[tions of positioning services may provide substantial portions of the evaluation procd
in the product documentation accompanying the system and convey the reference tg
ion in the quality data struetures by citation.

re of
I'Tor,
tion.
ision

pn of

ed repeat measurements, signal characteristics, and geometric factors, or computafions

ents,

ning
ause
by is
plute

ning

 report quality information based upon-typical performance under similar circumstances.

ated.

dure
that
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«interface»
PS_QualityMode
«interface» {root}
PS_ObservationMode
{root} + nameOfMeasure: CharacterString [0..*]
- +qualityType |+ measureldentification: MD_lIdentifier [0..1]
+ name: CharacterString [0..1] ~| + measureDescription: CharacterString [0..1]
+ resultType: PS_MeasurementType [0..1] 0. %"+ evaluationMethodType: DQ_EvaluationMethodTypeCode [0..1]
+ crs: CoordinateMetadata [1.."] + evaluationMethodDescription: CharacterString [0..1]
+ referencelink: PS_LinkToReferenceSystem [0..*] + evaluationProcedure: CI_Citation [0..1]
+ operationsApplied: CoordinateOperation [0..*] + dateTime: DateTime [0_]]
+mode*1 + qualityResultType: RecordType
+observation \|/ 0..*
«dataType»
PS_Observation

{root}
+ opservationDateTime: DateTime
+ opservationEndDateTime: DateTime [0..1]
+ result: Vector
+ opjectID: CharacterString [0..*]
+ offset: PS_CoordinateTransferValue [0..%]
+ operatingConditions: PS_OperatingConditions [0..*]
+ gpalityResult: Record [0..%]

7.5.1 PS_QualityMode

Figure 10 — UML diagram — Positioning services quality reporting classefs

PS_QualityMode holds attributes that are sifnilar to those of DQ_Element described in IS¢ 19157, and

ident

This
repo
resu

ifies the data-quality element to be reported and the evaluation procedure by which it |s evaluated.
information is expected to be employed in generation of the DQ_Element metadatp or similar
[ts or for automated decision processes requiring quality information about the [observation
ts. Attributes and associatignis for the PS_QualityMode class are shown in Table 18.

Table 18 — PS_QualityMode

Clask name f\%v PS_QualityMode
Attrjbutes <\‘O Descriptions
nampOfMeasure[0<*] CharacterString — name of the test applied to the data

mea

ureldentification[0..1]

MD_Identifier — code identifying a registered standard procedure

mea

ureDescription[0..1]

CharacterString — description of the measure being determired

evallilationMethodType[0..1]

DQ_EvaluationMethodTypeCode — type of method used to evalluate

aualitv ofthe datacot
gHatEy-otRe-dataset

evaluationMethodDescription[0..1]

CharacterString — description of the evaluation method

evaluationProcedure[0..1]

CI_Citation — reference to the procedure information

dateTime[0..1]

DateTime — date or range of dates on which a data quality measure
was applied

qualityResultType

RecordType — identifies elements in the corresponding quality result
record(s)
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7.6 Positioning services operations

7.6.1 Definition of positioning services operations

The operations of the positioning service interface, shown in Figure 11, create, set, get, and end
(destroy) instances of these classes as needed to convey the configuration and observation information.

«interface»
PS_PositioningService
{root}

J0Q W SQQ ®»

0

+ ++++ A+ A+ o+

DO unaQ n d®Q

tSysteminfo(PS_System): PS_System

tSysteminfo(): PS_System

tinstumentID(): PS_ Instrumentid

wSession(CharacterString): PS_Session

tSessioninfo(CharacterString, PS_Session): Boolean
tSessioninfo(CharacterString): PS_Session

dSession(CharacterString): Boolean
bwObservationMode(CharacterString): PS_ObservationMode
ptObservationMode(CharacterString, PS_ObservationMode);"Boolean
ptObservationMode(CharacterString): PS_ObservationMade
ndObservationMode(CharacterString): Boolean
ptObservation(CharacterString): PS_Observation
ptQualityElement(CharacterString, DQ_Element):'Boolean
tQualityElement(CharacterString): DQ_Element
ptPositionQuality(CharacterString): Record
ptOperatingConditions(CharacterString, RS OperatingConditions): Boolean
tOperatingConditions(CharacterString):'PS_OperatingConditions
etPerformancelndicators(CharacterString): PS__Performancelndicators
etMeasurementConditions(CharacterString): PS_MeasurementConditions
etReliabilityTables(): PS_ReliabilityTable[]
ctReliabilityParameter(CharacterString, Point, DateTime): PS_ReliabilityValue
hlculateReliability()

Figure 11 —UML diagram — Operations of positioning services

7.6.2 Refluirements for positioning service operations

The followi
mandatory

g requitements for the PS_PositioningService operations are defined in Table 19 an
vhen'\implementing a positioning service.

1 are

Req. 11

Teq/pS_positioningservice/operations

Implementations of a positioning service shall define the operations specified in Table 19.

Table 19 — PS_PositioningService operations

Operations

Descriptions

setSystemInfo(initialization)

is of the PS_System class.

will cause the positioning service to set current information regarding the descrip-
tion of the positioning service itself to values held in an argument 'initialization’

that

getSystemInfo() will cause the positioning service to return a result object instance of the PS_System
class with attribute values reflecting current information regarding the description
of the positioning service itself.
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Table 19 (continued)
Operations Descriptions
getInstrumentID() will cause the positioning service to return a result instance of the PS_InstrumentID

class with attribute values reflecting current information regarding the identifica-

tion of the instrumentation employed by the positioning service for the
tion of positioning observations.

determina-

newSession(sessionID)

will cause the positioning service to create one instance of a data object of the
PS_Session class populated with current values of parameters identifying an oper-
ating session of the service and set the current value of its sessionID attribute to the
value contained in the argument 'sessionID’, which is of the CharacterString type.
The PS_Session instance, created by newSession(sessionID), aggregates one or more

frstarces of objects of the PS—Operatimg mode thass withim it and-there
one or more positioning observations and quality measures within éacH
PS_OperatingMode object.

y aggregate
!

setSq
sessi

ssionInfo(sessionID,
bnInfo)

will cause the positioning service to set current information describing
the PS_Session class, of which the sessionID attribute value matches thd
argument value, to the values contained in the sessionlnfe argument, wj
PS_Session class.

an object of
sessionID
hich is of the

getSe

ssionInfo(sessionID)

will cause the positioning service to get current information describing
the PS_Session class.

an object of

endS

pssion(sessionlD)

will cause the positioning service to disable aggregation of operating m
jects to the instance of a PS_Session clasgs object that has a sessionID att
matching the sessionID argument value of the operation and cause all if
PS_ObservationMode objects within-it\te cease aggregating positioning|
and quality measures.

lode class ob-
ribute value
istances of
observations

new(

bservationMode(name)

will cause the positioning servigeto create an instance of the PS_Obser
class and assign to its 'name/attribute the value of the 'name' argument
ation, associate it with the{Currently active instance of the PS_Session c
exists, and enable it to aggregate one or more PS_Observation objects a
with zero or more PS-QualityMode objects with their quality records th
PS_Observation objects as qualityResult(s).

yationMode
of the oper-
ass if such
hd associate
atare held in

setO}
desir

servationMode(name,
edObservationMode)

will cause theyplositioning service to set operating mode parameters of
ing instruments employed to the values contained in the desiredObsery
argument so far as possible, and to set the values of the PS_Observation|
utes tg reflect the operating mode achieved.

he position-
ationMode
Mode attrib-

getOl

pservationMode(name)

will cause the positioning service to return a result object of the
PSi0ObservationMode class with attributes holding the current values o
of PS_ObservationMode with a name attribute matching the value of th
ment.

f the instance
b name argu-

endO)

bservationMode(name)

will cause the positioning service to disable the instance of PS_Observal
with name attribute matching the value of the name argument from agg
PS_Observation objects, from associating with PS_QualityMode objects
that instance of PS_ObservationMode.

fionMode
regating
and destroy

getOl
(PS_

bservation
bservatignMode.name)

will cause the positioning service to return a result object of the PS_Ob
type with attributes reflecting the current position values including thg
of observation and the result vector. The observation may optionally hd
result(s) obtained by use of the getPositionQuality operation.

ervation
dateTime
ve quality

setQ

alityElement

will cause the positioning service to create an instance of the PS_Qualit|

yMode class

desir

(PS_ObservationMode: Nare,

edQualityElement)

avingattributes withr the values contained i the desiredQuatity Element argument
and associate it with the PS_ObservationMode instance with a name attribute match-
ing the PS_ObservationMode.name argument and to act upon the instruments and
computational components of the positioning service to effect the performance of
quality evaluations of the positioning observations in accordance with the desired-

QualityElement argument.

getQualityElement
(PS_ObservationMode.name)

will cause the positioning service to return a result object of the PS_QualityMode
class with attributes reflecting the currently selected quality evaluation parameters
associated with the PS_ObservationMode instance with a name attribute matching

the value of the PS_ObservationMode.name argument.

getPositionQuality

will cause the positioning service to return a quality result record with

reflecting the results of quality evaluation performed upon the currently associated
PS_Observation by the procedures specified in the PS_QualityMode instance associ-

ated with this PS_ObservationMode instance.

attributes
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Table 19 (continued)

Operations Descriptions

setOperatingConditions will cause the positioning service to set user adjustable parameters of the instru-

(instrumentName, ment with a name matching the instrumentName argument to the values contained

desiredOperatingConditions) in the desiredOperatingCondtitions.

getOperatingConditions will cause the positioning service to return a result object of the

(instrumentName) PS_OperatingConditions class with attributes reflecting the current operating condi-
tions of the instrument with a name matching the instrumentName argument.

getPerformancelndicators will cause the positioning service to return a result object of the

(instrumentName) PS_Performancelndicators class with attributes reflecting the current performance
indicators of the instrument with a name matching the instrumentName argument.

getMeasuremgentConditions will cause the positioning service to return a result object of the

(instrumentName) PS_MeasurementConditions class with attributes reflecting the current measurg-
ment conditions of the instrument with a name matching the instrumentName
argument.

getReliability[rables() will cause the positioning service to return all PS_ReliabilityTabléwobjects which are
aggregated by the service through the role "reliabilityTable".

getReliabilityParameter will cause the positioning service to return an object of PS/ReliabilityValue whigh

(PS_ReliabiliyTable.name, posi- matches the specified position and time from the specified ebject of

tion, time) PS_ReliabilityTable. If a positioning service has more than‘one table, the paramefer

PS_ReliabilityTable.name is mandatory.

CalculateReligbility() will cause the positioning service to calculate positioning reliability using relialility
parameters which are received through a getReliabilityParameter operation.

NOTE 1 Regqrding getInstrumentID(): the identification of instrumentation is\oftén used for traceability and authenf
tication of resjults. Therefore, setting of identification parameters such as madeland serial number is performed by th
manufacturerf or by authorized operators using means outside the scope ofthé positioning services interface defined [n
this document.

¢

NOTE 2 Regdrding setOperatingConditions: technological and manufacturing considerations are outside the scope of this
document and therefore not all technology-specific operating conditions are required to be adjustable by the user thrpugh
the use of the[setOperatingConditions operation.

”

NOTE 3 Regqrding getReliabilityParameter: "position:Point*.¢an be calculated from "result: Vector", and “time:DateTime
can be calculdted from “observationDateTime:DateTime7dand “observationEndDateTime:DateTime”.

7.6.3 Apglying the positioning services.operations

Naturally, ohe of the primary operations of a positioning service is getObservation, which returps an
instance of the PS_Observation. Ameng the attributes of the PS_Observation class are the positioning
result valuep, offsets, and objeetiidentification. The PS_Observation class may also be associated|with
one or more| PS_ObservationQuality classes containing quality results.

Technology-specific data’are reported in the operatingConditions attribute of the PS_Observation ¢lass.
This document does notrequire that operations be performed in any specific sequence, becausg it is
recognized fhat variods implementations will perform these operations in sequences appropriate to
various use$ of the-systems.

Re 12 /vaa /ne nasitioninacaruvica/nan.cunnartad raaguactracnanca
q. [régq/ps—positioningservice/non-supported-request-response

When operations are requested to getObservation in a sequence that is illogical or not
supported by an implementation of a positioning service, the service shall respond with
a null result without disruption of operation.

Positioning services do not directly provide the metadata structures specified in ISO 19115-1, but they
provide data classes from which such standard metadata can readily be derived when needed.

Metadata supporting the interpretation of the position values are provided by the getSystemInfo
operation and the getObservationMode operation, which return the PS_System and PS_
ObservationMode classes, respectively. In the PS_System class are values that indicate the type of
technology employed in the positioning instrumentation, how it represents position, and identifies the
specific instruments employed. In the PS_ObservationMode class are the configuration parameters
pertaining to the generation of particular types of positioning results, such as the temporal and spatial
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reference systems. Associated with the PS_ObservationMode may be PS_QualityMode instances holding
quality evaluation and reporting configuration information.

Additional metadata supporting the citation of the source of position values are handled by the
setSessionInfo and getSessionInfo operations, which employ the PS_Session class. In the PS_Session
class are values that identify the agency, mission, and observers for which the position information is
being obtained.

8 Reliability of positioning results

8.1 [ Overview

The reliability model, defined in 8.2, consists of a dictionary which contains reliahility values and a
defirlition of those values. The model also defines two operations for retrieving informati¢n about the
reliapility of the positioning results.

Examples for using the reliability model are presented in the following Annexes:
— Reliability evaluation methods and calculation of the degree of reliability of the position (Annex E);

— Ixamples for Extending Positioning Service Results, (Annex F).

8.2 | Reliability model

A reliability model contains two operations, getReliabilityTables(), and
getReliabilityParameter(CharacterString, Point, Datellinie) which are defined for retrieving various
inforymation about the reliability of positioning results.

The ¢pperation getReliabilityTables() is an operation for retrieving the PS_ReliabilityTable.

Req|13 /req/ps_positioningservice/reliability-table-presence
A positioning service shallhave at least one instance of PS_ReliabilityTable.

PS_RleliabilityTable is a dictionary: of positioning reliability. It contains a list of reliability values, PS_
ReliapilityValue.

In PH_ReliabilityValue, the, attribute value specifies a reliability value and the attribute definition
contains a definition of theTeliability value.

Instdnces of PS_RéliabilityTable can be shared among multiple positioning services, therefore the
assoc¢iation between PS_PositioningService and PS_ReliabilityTable is an aggregation havjng optional
attributes name'and description.

The pperation getReliabilityParameter(CharacterString, Point, DateTime) retrieves the reliability of a
specifiedlocation at a specified date and time.

Req. 14 /req/ps_reliabilitytable/get-reliability-value
The returned value of getReliabilityParameter(CharacterString, Point, DateTime)
shall coincide with the value defined in the referenced table.

The reliability model is shown below in Figure 12.
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«interface»
PS_PositioningService

+reliabilityTable

{root} L~

«interface»
PS_ReliabilityTable
{root}

+ calculateReliability()

+ getReliabilityTables(): PS_ReliabilityTable[]
+ getReliabilityParameter(CharacterString, Point, DateTime): PS_ReliabilityValue

1.%

«CodelList»
PS_ReliabilityEvaluationCode

+ usability
+ powerAvailability

Heetiand

+ o+ 4+

name: CharacterString [0..1]
description: CharacterString [0..1]
category: PS_ReliabilityEvaluationCode
weighting: Number [0..1]

+values 1.*

«dataType»
PS_ReliabilityValue

The attributles and associations for the PS_ReliabilityTable class are shown in Table 20.

Figure 12 — UML diagram — Reliability model

+ proximity

+ performance
+movement
+accuracy

+ trustability

Table 20 — PS_ReliabilityTable

{root}

+ value: CharacterString
+ definition: CharactérString

unique name

Class name PS_ReliabilityTable
Attributes Descriptions D?\V
name[0..1] CharacterString — an identifiable nante of the table. If a positioning service has

more than one table, this attribute\is mandatory, and each table shall have a

description[(..1]

CharacterString — description of the table

category

PS_ReliabilityEvalationCode — reliability category

weighting[0/1]

Number — weighting:among tables. A positioning service can use values fronf the
weighting attributeAfor calculating reliability

Associations

Descriptiop\@ ’

values [1..%]

values of PS_ReliabilityValue contained in an object of PS_ReliabilityTable

PS_ReliabilifyValue is a type fer.an entry in a PS_ReliabilityTable and consists of a reliability yalue

definition pair.

Req. 15

/req/ps_reliabilitytable/has-reliability-value
A positigning reliability table shall have at least one instance of PS_ReliabilityValue.

PS_ReliabilityValue-has 2 attributes, value and definition, as shown in Table 21.

Table2t—PS_RetiabilityValue

Class name PS_ReliabilityValue

Attributes Descriptions

Value CharacterString — reliability value. Each value is unique in a PS_ReliabilityTable.
Definition CharacterString — description of the value

The reliability evaluation of positioning results is performed based on information described in the
PS_ReliabilityTable. The value used for each reliability evaluation differs depending on the positioning
technology adopted by the positioning service. Therefore, the actual content of PS_ReliabilityTable is
defined and provided by the positioning service itself.

Class PS_ReliabilityEvaluationCode shown in Table 22, is a list of evaluation categories.

34
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Table 22 — PS_ReliabilityEvaluationCode codelist

Class name PS_ReliabilityEvaluationCode

Codes Descriptions

usability degree of effort required in obtaining a derived position from a positioning
technology.

powerAvailability dynamically evaluated power availability of a specific device determining the
level of operation.

collectionTime measured value during acquisition of the positioning information used to
determine a level of responsiveness.

proxfmity perceived distance the collection device must be to the transmitting dlevice to
contact and measure a derived position value.

performance characteristic measured at acquisition time by the device, based-on the received
basic signal strength indicator (RSSI) value of the device, injaddition fo specific
performance variables such as GNSS satellite availability.

movement motion status of the device.

accufpacy combination of factors defining accuracy requirement for a specific ppsitioning
technology.

trustability “level of confidence” about a derived position.dependent on the positipning
technology being used.

9 Technology-specific information

9.1 | Overview

Techhology-specific information classes enable;dositioning service to obtain and convey information

that |s not applicable to all technologies but may be needed in the application of specific technologies.

The gpecifications of technology-specific classes may vary from one technology to another.

In the previous version of this document, technology-specific information was defined normatively for

one platform, GNSS operating conditions. During the revision of this document, it was dec

supp|
only

or pl

This
posit

9.2

ort a wider framework of positioning systems presently available, yet allow for futun
the basic framework for technology-specific information would be defined normativel
htform specific information would be presented as informative examples.

clause defines the operating conditions model. Annex D is a presentation of that mode
ioning service,

Operating conditions

The modetfor technology specific operating conditions is shown in Figure 13.

ided that to
e extension,
y. Hardware

| for a GNSS
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«interface»
PS_OperatingConditions

{root}
+ dateTime: DateTime .
0..
0. ?o
+computationConditions 0..*
+measurementConditions
«interface» 0..*
PS_ComputationalConditions «interface»
{roat) PS_MeasurementConditions
+ positiopFixMode: PS_PositionFixMode oy
+ procesgingMode: PS_ProcessingMode + signalStrength: Real [0..1]
+ positioningMode: PS_PositioningMode + unit: UnitOfMeasure
+performancelndicators \|[/ 0..*

«interface»
PS_Performancelndicators
{root}

+ performancelndicators: CharacterString

«CodeList» «CodeList» «CodeList»

PS_PositionFixMode PS_ProcessingMode PS_PositioningMode
{root} {root} {root}

+ Nofix + PostProcessed + Absolute

+ Oldfix + RealTime + Relative

+ 1D

+ 2D

+ 3D

+ 3Doverdetermined

Figure 13 — UML diagram — Technology specific operation conditions

9.2.1 PS_DperatingConditions

PS_OperatinigConditions is a(elass which contains information describing operating conditions.
Attribute and associations far-the PS_OperatingConditions class are shown in Table 23.

Table 23 — PS_OperatingConditions

Class name S \4 PS_OperatingConditions

Attributes f&\,‘ Descriptions

dateTime DateTime — Date and time the measurements ofthe npnmring Conditions ad
valid.

Associations Descriptions

computationConditions Provides parameters that indicate method of position computation

performancelndicators Provides parameters that indicate level or quality of system performance

measurementConditions Provides parameters that indicate conditions under which measurements have
been made

9.2.2 PS_ComputationalConditions

Computational conditions data provides those parameters of the positioning service device that
indicate its mode of position computation for interpretation by the user or application.
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Attributes for the class PS_ComputationalConditions are shown in Table 24.

Table 24 — PS_ComputationalConditions

6:2019(E)

Class name PS_ComputationalConditions

Attributes Descriptions

positionFixMode Type of positioning solution obtained

processingMode Indicates whether real-time or post-processed solution
positioningMode Type of algorithm applied for positioning

9.2.3 PS_PositionFixMode

Designations of the positioning solution types according to the number of spatial diimensi
be d¢termined from the set independent observables available at the time of computation.

bns that can

Clasg PS_PositionFixMode is a list of codes to obtain type of positioning ‘solution and fis shown in
Tablg 25.
Table 25 — PS_PositionFixMode codelist
Clasp name PS_PositionFixMode
T v

Codg¢s Descriptions \Q

Nofix Insufficient observables are available to compute a position fix

Oldfix Only available position fix infoFmation is stale

1D Only enough observables are-available for time observation

2D Enough observables aré’available for a two-dimensional fix

3D Enough observables are available for a three-dimensional fix
3Doyerdetermined Enough observablés are available for a three-dimensional fix with adflitional

degrees of freedom for statistical computations;

9.2.4 PS_PositioningMode

Thesfe codes designate the ndture of the connection from the positioning system to its refer¢nce system.

Clasg PS_PositioningMade-is a list of codes to designate the nature of the connection and|is shown in
Table 26.
Table 26 — PS_PositioningMode codelist
Clasp nam@ PS_PositioningMode
Codqesﬁ&\h Descriptions
Absrhute position determined directly in the reference system by known parameters of
the system
Relative position determined relative to another point used by the positioning system
EXAMPLE An example of a point positioning mode is an autonomous GNSS positioning and positioning

from astronomical observations, whereas an example of relative positioning mode is inertial positioning, double
difference GNSS vector positioning (static or kinematic), and positioning with theodolite or total station.

9.2.5 PS_ProcessingMode

Class PS_ProcessingMode is a list of codes to indicate whether a real-time or post-processed solution is
in use and is shown in Table 27.
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Table 27 — PS_ProcessingMode codelist

Class name PS_ProcessingMode

Codes Descriptions

postProcessed indicates the processing mode will be post-processed after collection
RealTime indicates the processing mode will be in real-time as the data are acquired

9.2.6 Performance indicators

Some systems provide performance-indicator information coded by some indicator (usually numeric)

which incor
indicator. C
complexity {

The single a

JOTAteES SYSteNMT-UPerating Conditions amd Medas uTenTeTt COMitions Imtoa singe perform
bnsequently, the operator’s decisions as to suitability for use can be guided with
han is required to interpret the many operating and measurement-condition valiies.

Ltribute for the class PS_Performancelndicators is shown in Table 28.

Table 28 — PS_Performancelndicators

ance

less

Class name

PS_Performancelndicators

Attributes

Descriptions . O\

performancg

Indicators CharacterString — Values of the system’s perforafance indicators

9.2.7 Mes

The conditid

judging the

particular r

Attributes f

surement conditions

ns under which a particular position or related measurement has been made are usef
guality of the result, for diagnosis of problems\ahd/or for archival documentation of i

bsult was derived. Therefore, these conditions-are transmitted in a standardized mann

br the class PS_MeasurementConditions@re shown in Table 29.

Table 29 — PS MeasurementConditions

1] for
ow a

er.

Class name PS_Measurement€Conditions

Attributes Descript’i.(@\‘

signalStrength[0..*] Real — Nuwmber identifying the strength of the signal
unit UnitOfMeasure — unit of the strength of the signal
9.3 Raw measurementdata

Raw measu
instrument
time or posf

rement.data are transmitted by the positioning system instrument to a data-recoi
for subsequent processing into position solution data. This processing may occur in
miSsion. In either case, the data recording instrument is responsible for the proper st¢

rding
real
rage

gtriuctures. Raw measurement data structures are positioning-system dependent.

of the data
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Annex A
(normative)

Conformance

A.1 General

To verify whether a coordinate reference system or coordinate operation is in conformanice with this
document, check that it satisfies the requirements for the appropriate conformance elass giyen in A.2 to
A.4. Conformance shall be tested against the mandatory and conditional elementsfiwhere the condition
is trye) that are described in Clauses 6 to 9.

Confprmance categories are shown in Table A.1.

Table A.1 — Categories of conformance for positioning services

Category Requirements
Conformance for conceptual model A2
Conformance for positioning service requirements A3
Conformance for positioning service operations A4

Confprmance test ids shown in Table A.2 are provided for each conformance class. In|each of the
conformance classes below the following apply with conformance test id:

Table A.2 — Conformance test id for positioning service

Conformance classqid Conformance test id
/conf/conceptual-model /conf/conceptual-model/test
/conf/requirements /conf/requirements/test
/conf/operations /conf/operations/test

a) Testpurpose: To determine whether all of the relevant entities which are specified to b¢ mandatory
r mandatory under the conditions specified have been provided in the definition.

b) Test case identifier: Completeness test.

c) Testtypescapability.

d) Test method Check the entity descrlptlon to ensure that it 1ncludes as a mlmmum all of the
i e data types

for and occurrences of those elements

A.2 Conformance for conceptual model

Requirements for conformance to the conceptual model, including classes, associations, and attributes
are shown in Table A.3, under the figure and table headings.

Conformance requires adherence to the requirements in all the tables listed for that conformance class.
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Table A.3 — Conformance of the conceptual model

Conformance class id Description Requirements specified:
Clause(s) | Figure(s) | Table(s)
/conf/conceptual-model |This test should examine all classes of

the conceptual model shown below

PS_PositioningService 6.3,7.6 3,11 4,9
PS_System 7.2.2 4 5
PS_Session 7.3.2 5 10
PS ObservationMode 74.2 6 11
PS_Observation 74.5 7 14
PS_QualityMode 7.5.2 10 18]
PS_ReliabilityTable 8.2 12 20]
PS_OperatingConditions 9.2 13 23]

A.3 Confprmance for positioning service requirements

Requirements for conformance of positioning service requirements are shown in Table A.4.

Table A.4 — Conformance of positioning service’requirements

Conformance class id Requirements

/donf/requirements /req/ps_system/op-measurement-details

/req/ps_observationiiode/mode-of-operation
/req/ps_observationmode/config-info
/req/ps_observationmode/reference-systems
/req/ps.observationmode/ref-system-type
/reqyps._observationmode/quality-status

Jreq/ps_observationmode/multiplicity

/req/ps_observation/result-vector

/req/ps_observation/result-temporal

/req/ps_qualitymode/quality-eval-system

/T€q/PS_pOSItioNiNgservice/operations
/req/ps_positioningservice/non-supported-request-response

/req/ps_positioningservice/reliability-table-presence

/req/ps_reliabilitytable/get-reliability-value

/req/ps_reliabilitytable/has-reliability-value
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A.4 Conformance for positioning service operations
Requirements for conformance of the definition of positioning service operations are shown in

Table A.5. The principle requirement for operations is shown in Table A.5 under the Figure and Table
headings. Conformance requires adherence to the requirements in all of these tables.

Table A.5 — Conformance of positioning service operations

Conformance class id Description Requirements specified:
Clause Figure Table
/confleperations Befinition-efoperations-ofapesitioning +6 4 19
service
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Annex B
(informative)

Implementing accuracy reports for positioning services

B.1 Overview

A positionirllg service may report the quality of positioning results so that the devices using
can potentially screen information for usability and store sufficient informatio
f quality reporting metadata. The following structure is suggested for positioning ser
rting tasks, showing how the specific positioning services detailed items can‘be aggreg

information
generation (
specificrep

for reporting as data quality metadata.

B.2 Structure of descriptors for data quality sub-elements

The positional accuracy sub-element is described by the following:

a)

b)

d)
e)
f)

Data-quality measure, consisting of

stafjistic or indicator, such as standard deviation, RMSE, % confidence interval, probable ¢

conformance with associated dimension, which may be one-dimensional, two-dimensi

three-dimensional;
asspciated quality measure component terms, such as
— |base part (constant error term),

— | higher order error terms (seldomr'used, but allowable).

Data-quality value type, consisting.of

chafracteristic, such as Beelean, distance, angle, ratio, change in position over time;
asspciated unit of measure, if dimensional, such as feet, centimetres, metres;

asspciated orienfation, such as vertical, horizontal, spherical, specified single-axis.

Data-quality evaluation procedure, consisting of

evaluation method, such as statistical calculating procedure;

this
h for
vices
rated

I'ror;

onal,

with—associated basisof tomparison, suchas short phrase desigmating the basisto

accuracy is referenced.

Data-quality result: the resultant value(s).

hich

Data-quality scope: identification of the scope to which a data quality measure has been applied.

Data-quality date: one data quality date for each data quality measure.

Table B.1 shows the possible data-quality sub-elements, quality measures and value domain.
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Table B.1 — Possible data quality sub-elements, including quality measure and value domain

Data quality
sub-element

Data-quality
measure

Data-quality
value domain

Types of data-quality scopes
to which a data quality
measure may be applied

Absolute or
external accuracy
— closeness of re-
ported coordinate
values to values
best accepted as

pass-fail

Boolean variable

dataset series
dataset

reporting group — features

error statistic:
— standard deviation, RMSE

Boolean variable &b

angle

reporting group — feature
attributes: applicable only to

apprm{im:\ting
trut

— 9 cCONfidence revel

error statistic dimension:
— one-dimensional

— two-dimensional

— three-dimensional

measure components:
— base error
— proportional error

change in position over
time

distance
number

ratio

feature attributesthat supply
coordinate values

Relative or
intefnal accuracy
— dloseness of
the positional
relatiionships of
featyres in a data-
set tp the relation-
ship$ accepted as
or bging true

pass-fail

Boolean variable

dataset series
dataset

reporting group — features

error statistic:¢
— standard deviation, RMSE
— 9% confidence level

error statistic dimension:
— one-dimensional

— two-dimensional

— three-dimensional

measure components:
— base error

Boolean variable &b
angle

change in position over
tirne

distance
number

ratio

reporting group — feature
attributes: applicaple only to
feature attributes fthat supply
coordinate values

a  [These data-quality value domains'require a statement of the orientation of the domain such as vertical,
horizontal, spherical, specifie-aXis, etc.

b Dimensional data-qualjty ‘value domains such as distance require a statement of the unit of measure, such
as feet or metres.

¢ [Data-quality meastres shall be consistent with the coordinate reference system identified ir| the product
specification, For’example, a dataset in a compound coordinate system may be tested by both horizontal
data qualityymeasures and vertical data quality measures.

B.3

Generalize to dataset accuracy

B.3.1 Example 1 — Accuracy of a map

For a 1:25 000 map meeting national map-accuracy standards, the quality element for positional
accuracy may be reported in the following way:

a) Data-quality measure:

Result reported in terms of conformance with the positional requirements of national map-
accuracy standards.

b) Data-quality value domain:

The value domain is Boolean (true or false).
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c¢) Data-quality procedure:
Positions on the map are compared with positions of corresponding features obtained by or from
an independent source of higher accuracy, for example, a ground survey of positions determined
for identifiable points independent of the control points used to produce the map. If the position
differences between the map-derived position and ground survey position for the test points fall
with allowable limits for distance and percentage of points that must pass the test as specified by
national map accuracy standards, the map is in compliance, otherwise it fails the accuracy test.

d) Data-quality result:
Meets orfails pnciﬁnn;\] requirements for national map accuracy standards

e) Data-quality date:
Date of map publication.

f) Data-quality scope:
Quality|is reported at the dataset level, where the dataset is the map. Only positions of “well-
defined| points are evaluated to produce the data quality result.

B.3.2 Example 2 — Positional stability of survey marks

The positior
a) plate-te
b)
c)
d) other fa

local or

changes

The movem
seriously mij

A set of Pod
indicate the
parameter i

of a survey mark may change over time due to:
ctonic movement;
regional subsidence;

to moisture content in reactive soils;
ctors.

ent may cause the published accuracies (determined at the time of computation) to be
sleading.

itional Stability parametersthas been devised to address this situation. The param
rate at which positional accuracy is expected to degrade due to mark movement. A sep
5 available for each coordinate axis. Note the following:

fome

eters
hrate

— The parameters are basédyon local knowledge of ground conditions.

— The parjameters indi¢ate degradation relative to the coordinate system in use. Thus, if a natjional
coordinfpte system'is fixed to a tectonic plate, movement of the plate will not result in positjonal
degradadtion.

— The parameters do not indicate the actual change in coordinate values. Rather, they indicatg the
rate at v hich thao nubhlichad conedinatn Aornvangyic dngrading

VIt et P oo o I C O Co o ottt CoT ot y ot oottty

B.3.3 Example 3 — Positional accuracy of the horizontal network

a) Data-quality measure:
Result reported in terms of conformance with the horizontal confidence-interval requirements as
specified in national coordinate reference-system accuracy standards.

b) Data-quality value domain:
The value domain for the coordinates at the time of measurement is Boolean. This is qualified by
the change in position over time.
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c) Data-quality procedure:

The coordinate accuracy as derived from the measurements is based on the specified confidence
level, e.g. 95 %, relative-error ellipses generated by a statistically valid least squares adjustment.
The semi-major axes of the error ellipses are compared against criteria included in national
coordinate reference-system accuracy standards.

d) Data-quality result:
Meets or fails criteria specified in the national coordinate-reference system accuracy standards.

e) Data-quality date:

Date of coordinate computation.
f) Data-quality scope:

Duality is reported at the network level.
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Annex C
(informative)

Overview of positioning services

C.1 Overview
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Ce may be applied to communication among any of the components of systems thatigen
sition information. Such systems may incorporate an instrument providing’ po

ne or more position-using devices for data processing, storage, and display;-For exa
1 display system may include recording functions that store the history~of a ve

brocessing tools that compute guidance updates along a planned courséselying on s
ind a display device that provides the navigator with current position, computed gui

and cartographic content from stored coordinate information. Thisidocument specifi
ht carries position and related information among any of these cottiponents and shou
I communication between the position providing device and aqiy connected position

litional interfaces may also exist in such a system, for exanmiple providing for cartogr
stored coordinate information, which are outside the scgpe’of this document.

sitioning services provide client systems with operabions that access positioning re
information in a uniform manner, isolating the client from the multiplicity of protocols
oyed to communicate with the positioning instraments. For example, a realized-positig
[d communicate with a GNSS receiver usifig the NMEA 2000 protocol, translatg
and provide the positioning results to a geggraphic information display client throug
erface specified in this document. Another realized positioning service could commun

cervice interfaces, the hardware cofamunication protocols become transparent to the

new communication protgeols that closely follow the revised data structures desc
ument are also anticipated. Such communication standards will facilitate effi
[ the information requirements of the positioning services interface and facilitate mo
ability of the positioning technology components.

ioning seryvice process flow

fion of this document is illustrated in Figure C.1 by a simplified case for a user obta
frooma.GNSS receiver.
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ence system could be set to NAD27 Virginia State Plane, North Zone, US Survey feet.
b well-recognized CRS names in accordance with the ISO 19111 structure, the user av

ction, and the system interprets these and loads predefined set of parameters.

erforming technology-specific setOperatingConditions operations, the user also
hting conditions of the)system so that the position determination will be performed

are at low angled in the sky, and consequently, more affected by signal passage

ions of available satellites, are not controllable by the user and are determined by the

bystenitthen performs measurements according to the operating conditions of the sig

réroe System.

Figure C.1 — Use case for obtaining coordinates from a positioning service¢

the positioning service device transmits systeni‘identification data so that the user ca
ype of positioning system, in this case a GNSS ¥eceiver, and whether the system is opef]

the user sets the GNSS receiver to provide coordinates in the desired Coordina]
m (CRS) through the interface by performing setMode operations. For instance, thg
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Finally, the computed position is reported to the user through the PS_Observation data object.

The positioning system also reports on certain operating conditions to help the user decide whether to
use the position value. For example, one of the indicators of solution quality is the dilution of precision
(DOP) value, which is based on the geometry of the satellites observed to determine the position.

Communication of this information is performed through the standard data structures to the user’s

displ

© ISO

ay device, which portrays it to the user.

2019 - All rights reserved

47


https://standardsiso.com/api/?name=37a85355b5d48eeb3ed82293a813e362

ISO 19116

:2019(E)

Annex D
(informative)

GNSS operating conditions

D.1 Overview
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specific information classes permit a positioning service to obtain and convey inform
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ations of technology-specific classes may vary from one technology to another.'In ger
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hg Conditions — Information pertaining to the operation and performance of the syst¢

asurement Data — Values of the observables from which the technology derives positic

ble, this annex provides classes and definitions for the GNSStechnology only, though
n be used as a basis for extension of this document to othertechnologies.

operating conditions

D.2.1 Overview
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to the use of that result: These same values are applied in estimation of accuracy
some implementations{ buit do not necessarily represent accuracy.

Figure D.1 illustrates the operdting conditions for GNSS.
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+ dateTime: DateTime
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«interface»

PS_GNSSOperatingConditions

+measurementConditions

+computationConditions 0.*
«interface» «interface»
PS_ComputationalConditions PS_MeasurementConditions
{root} +n9rfnrmanr‘p|ndiqaj_pm\ /g {rooty
+ positionFixMode: PS_PositionFixMode ) + signalStrength: Real [[0.."]
e e «interface»
+ positioningMode: PS_PositioningMode PS P .
. . _Performancelndicators
+ processingMode: PS_ProcessingMode {root}
+ performancelndicators: CharacterString
«interface»
PS_GNSSMeasurementonditions
«interface» + (ageOfAugmentation: Real
. . & ~dilfutionOfPrecisionTypes: P$_DOPType [0..*]
PS_GNSSComputationConditions +““dilutionOfPrecisionValues: Real [0..*]
+ apigmentation: PS_CorrectionMethod + satellitelDs: Integer [0..%]
+ observationFrequenciesUsed: PS_FrequencyList + statusRAIM: Number
+ p¢sitionSolutionMethod: PS_PositionSolutionMethod
«CodelList» «CodelList» «CodelList» «CodelList»
PS_PositionSolutionMethod PS_CorrectionMethod PS_FrequencyLisf PS_DOPType
{root} {root} {root} {root}
+ C/Acode + DGPS + L1 + GDOP
+ KinematicFixed + PrecisesEphemeris + L1/L2 + HDOP
+ KinematicFloating + PreciseEphemerisWithClockCorrection + L1/L2/L3 + PDOP
+ PPScode + L1/L3 + TDOP
+ StaticFixed + L2 +_VDOP
+ StaticFloating + L2/L3
+ L3
Figure D.1 — UML diagram — PS_GNSSOperatingConditions class
D.2.2 PS_GNSSOperatingConditions
PS_GINSSOperating€oenditions inherits from PS_OperatingConditions to specify additional t¢chnological
inforjmation necessary for positioning using GNSS. Associations for the PS_GNSSOperatinfgConditions
class|are shown\in Table D.1 and are all inherited from PS_OperatingConditions.
Table D.1 — PS_GNSSOperatingConditions
Claskname RS _CGNSSOperatingConditions
Associations Descriptions

computationConditions

Provides parameters that indicate method of position computation for GNSS,
and associates with PS_GNSSComputationConditions.

performancelndicators

Provides parameters that indicate level or quality of system performance
for GNSS

measurementConditions

Provides parameters that indicate conditions under which measurements have
been made for GNSS, and associates with PS_GNSSMeasurementConditions.
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