INTERNATIONAL ISO
STANDARD 24245

First edition
2023-06

Space systems — Global navigation
satellite system (GNSS)receiver|class
codes

Systemes spatiaux — Codification-des récepteurs de systémes
mondiaux de satellites de navigation (GNSS)

Reference number
1SO 24245:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=a27bc00ba9a4b5a07a946840d7236a6d

ISO 24245:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=a27bc00ba9a4b5a07a946840d7236a6d

ISO 24245:2023(E)

Contents Page
FOT@WOT. ... ettt iv
Introduction
1 Scope
2 Normative references
3 Terms and definitions
4 Abbreviated terms
5 COME@ SYSEOIIL....oe e ({}) .......................... 4
5.1 POSTEIONIIE et LY. 4
S.LT GeNETAL . (o(]/ ..................................... 4
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.19
5.1.10
5.1.11
5.1.12
5.2 Timing
5.2.1
5.2.2
523 T2
5.3  Messaging..........
5.3.1 General
532 Ml
533 M2...
6 Conditions to classif
7 Multiple labellin@ .......................................................................................................................................................................................... 8
Annex A (informativ%%amples Of GNSS apPlication ... s 9
Bibljography ... Q9 ........................................................................................................................................................................................................ 15

N
?\
é

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=a27bc00ba9a4b5a07a946840d7236a6d

ISO 24245

:2023(E)

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.
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Introduction

This document is a specification of downstream space-based services. Space systems provide a huge
merit for the society and economy in each country today; and downstream space-based services
contribute to people’s quality of life across the world. Space systems should be utilized furthermore
in the industry worldwide in the future. Space systems are utilized in other areas as well. Therefore,
this document has harmonized the content in areas relevant to the global navigation satellite system
(GNSS) as shown in Figure 1.
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Figure 1 — Standardization of space-based'services (GNSS-relevant areas]

In the initial decades of the 215t century, several-¢ountries have provided their constellatipns of GNSS,
and Ehas been utilized as an international public service. GNSS technology has progressedfand become
morg complicated, for example, to handle.multiple frequencies from multiple constellatjons, and to
provijde services such as carrier-phase measurement, precise point positioning, and so on.

As a|result, for users who want to try new GNSS technology, there are too many GNSS [receivers to
choope from to find the product matehing their needs.

In orfer to solve this problem; a-set of GNSS receiver class codes has been developed. It was 1jeleased into
the market as a trial program-and has received high evaluation from GNSS stakeholders infcommercial
and governmental scengesyin a certain region. It is recognized to be contributable to the promotion of
GNSS$ utilization.

The et of GNSS receiver class codes facilitates easier choice for users and sales expansion for sellers; it
also provides the'direction of development and business strategies for manufactures and th¢ framework
of pdlicy making for governments and public sectors.

This|doCument aims to promote the utilization of GNSS receiver class codes in the international market
for stakeholders of space-based positioning, navigation and timing services around the world.

The GNSS environment has been drastically improved and more widely used in recent years with the
development GNSS space system infrastructure by several countries.

Against this background, GNSS receivers become diverse and accept multi-constellation. One receiver
also equips various functions. There are receivers for specified regions and timing-dedicated receivers.

This document symbolizes “receiver class” to “codes” from the point of view of positioning, timing, and
messaging functions. Regarding these functions, positioning is for determining the position, timing
is for determining the time or time interval or both, and messaging is for transmitting or receiving
message or both.
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By using this document, it is expected that end users can understand the types of GNSS signal their
devices receive from navigation satellites. On the other hand, receiver providers can easily present their
products’ features which depend on the signals of the receiver. Figure 2 represents the above effects.
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Figure 2 — GNSS receiver class codes for-an efficient market

communication using Wi-Fi, etc. This document does nottreat these functions.
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Space systems — Global navigation satellite system (GNSS)
receiver class codes

1

Scope

This document specifies class codes to classify global navigation satellite system (GNSS) receivers. The

class[CoOUES TEPTESEIt TToW SIgats trarsitted fTon radiomavigation Satelites are process

This{document applies to all types of GNSS receiver devices.

The

2

Therk are no normative references in this document.

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

ISO gnd IEC maintain terminology databases for use in standardization at the following adc

3.1

recejver
devide (3.2) with.aSSociated antenna or including an antenna, used to select the desired radi
signals from the‘incident radio-frequency radiation, to amplify them, demodulate them and
convprt thewrecovered signals into a directly usable form

[SOURCE:IEC 60050-713:1998, 713-10-02, Modified — “such as sounds or pictures” has be¢

the

3.2

flass codes in this document are not applicable to the following items:
¢ondition of radionavigation satellites;

fadio propagation environment including multipath, masking and obstacle;
additional antenna of a receiver device;

ddditional application software in a receiver device.

Normative references

Terms and definitions

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

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

d.

Iresses:

o-frequency
if necessary,

n deleted at

Ao a1l o fiaies |
MU UT TIICTUTCTITIITIUTLL ]

device
material element or assembly of such elements intended to perform a required function

Note 1 to entry: A device may form part of a larger device.

[SOURCE: IEC 60050-151:2001, 151-11-20]

3.3

GNSS receiver
receiver (3.1) to determine the user position, velocity, and/or precise time by processing the signals
broadcasted by radionavigation (3.6) satellites

© IS0 2023 - All rights reserved
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radiodetermination
determination of the position, velocity and/or other characteristics of an object, of the obtaining of

information

relating to these characteristics, by means of radio waves

[SOURCE: IEC 60050-725:1994, 725-12-48]

3.5

satellite radiodetermination

radiodeterm

ination (3.4) which makes use of a satellite system

[SOURCE: IEC 60050-725:1994 725-12-49]

3.6
radionavig
radiodeterm

[SOURCE: IH

3.7
satellite ra
satellite rad]

[SOURCE: If

3.8
code-based
positioning

Note 1 to ent

phase-ran
range meas

Note 1 to ent

3.10
state space
space defing

of the systein

[SOURCE: IH

3.11

observatiol
space defing
observation

htion
ination (3.4) used for the purpose of navigation, including obstruction warning

C 60050-725:1994, 725-12-50]

lionavigation
odetermination (3.5) used for radionavigation (3.6)

C 60050-725:1994, 725-12-51]

positioning
based on code-phase measurement without integer-ambiguity resolution

Fy: A code-based positioning receiver (3.1) may b¢ equipped with the carrier-smoothing functi
(S
red by using carrier-phase with integer ambiguity resolution

'y: See RTCM standard 10403.3, 3.5.

d by the state variables as axes of a vector space, in which every vector represents a

C 60050-351:2013, 351-41-09]

1 space
d by, the observation variables as axes of a vector space, in which every vector repress

state

nts a

vdriable of the system

3.12
SSR

state space representation
representation of a valuable in a state space (3.10)

Note 1 to entry: See RTCM standard 10403.3, 3.5.13.

Note 2 to entry: SSR is a mathematically orthogonal representation of parameters.

© IS0 2023 - All rights reserved
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3.13
OSR

observation space representation
representation of a valuable in an observation space (3.11)

Note 1 to entry: See RTCM standard 10403.3, 3.5.13.

3.14

GNSS authentication
function to authenticate the signal from GNSS

ISO 24245:2023(E)

4 Abbreviated terms

3GPH third generation partnership project (mobile communication)
BDS BeiDou Navigation Satellite System (China)

BIM building information modelling

CIM construction information modelling

CORS$ continuously operating reference station

DFM[ dual frequency and multi constellation

DGN§$S differential GNSS

GLONNASS NAvigation Satellite System (Russian Federation)

GNSY global navigation satellite syStem

GPS Global Positioning System (U.S.A.)

ICD interface control doeument

ICG InternationatGemmittee on Global Navigation Satellite Systems (UN)
IMU inertial measurement unit

LEO lowEarth orbit

LiDAR light detection and ranging or laser imaging detection and ranging
LBS location-based service

PPP precise point positioning

QZSS Quasi-Zenith Satellite System (Japan)

RTCM Radio Technical Commission for Maritime Services

RTK real-time kinematic GNSS positioning

SBAS satellite based augmentation system

SSv space service volume

TTFF time to first fix

UAS unmanned aircraft system

© IS0 2023 - All rights reserved
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5 Code system
5.1 Positioning

5.1.1 General

The GNSS receiver class codes shall be specified as shown as Table 1. These codes are used not only
satellite positioning, but also in satellite radionavigation.

Table 1 — Codes on positioning

|
Futjction Ranging Augmentation or correction
C10 No augmentation
1 Singl_e frequency C11 DGNSS OSR-corre.ction
ranging 16 SSR correctiomwithout
c Codg-based fixed phase-range
positioning C20 No augmeitation
c2 Dual or multiple C25 DFMGSBAS
frequency ranging 26 SSR correction without
fixed phase-range
Input: SSR correction
PO |Noranging P06
Output: OSR correction
P Pha.;é'r?nge P1 Slng]e frequency P11 OSR Correct.ion
positioning ranging P16 SSR correction
PZ Dual or multlple le OSR Correction
frequency ranging P26 SSR correction
Continujation of C10a |C10 with authentication
Table 1 Continuatienof C1 Cl1la |[C11 with authentication
Cl6a |C16 with authentication
C20a |C20 with authentication
CGontinuation of C1 C25a |C25 with authentication
C26a |C26 with authentication
Continuation of PO PO06a |[P06 with authentication
] ] P11a |P11 with authentication
Continuation of P1 - ——
P16a P16 with authentication
] ] P21a |P21 with authentication
Continuation of P2 - —
P26a |P26 with authentication

Corrections have two types: OSR and SSR. SSR covers wider area than OSR. Further, these services shall
provide integrity information.

OSR is a representation of correction in observation form such as pseudorange. It is represented as a
factor in observation space, which is a mathematical vector space.

On the other hand, SSR is another representation of correction as error factors, such as satellite clock
and orbit errors, signal bias, ionospheric error, which is a state in a state space, a mathematical vector
space.

4 © IS0 2023 - All rights reserved
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In this document, the correction that represents an error element is generically termed SSR. For
example, the SBAS corrections may be termed SSR in this case. They are distinguished from RTCM SSR
which was developed for the dissemination specific SSR information parameters. The SSR correction

shall

also include integrity information for users.

The OSR corrections are used in the method of RTK and network RTK GNSS positioning. The SSR
corrections are used in the method of PPP and PPP-RTK

C1e,
kind

C16a, C26 and C26a are examples as per ISO 18197:2015, 5.4.1, which explains that certain
of positioning augmentation data are used for the meter-class augmentation or submeter-class

augmentation.

See /

5.1.2
Cods¢

— ¢

— e single frequency ranging signal.

Code

5.1.3
Cods¢

— ¢

— T1ise single frequency ranging signal;

Cods¢

5.1.4
Cods¢

— ¢

— 1se single fréquency ranging signal;

—

For ¢

innex A as use examples of the receiver class codes for positioning devices and terminals.

C10, C10a
C10 shall be applied to a GNSS receiver to:

bnable code-based point positioning;

C10a shall be applied to the C10 receiver to be equipped with the GNSS authentication].

C11,C11a
C11 shall be applied to a GNSS receiver to:

bnable code-based positioning;

jugmented using DGNSS OSR augmentation.

C10a shall be applied to the C11\.réceiver to be equipped with the GNSS authentication.

C16, Cl16a
C16 shall be applied(to a GNSS receiver to:

bnable code-based-positioning;

orrect the’positioning using SSR correction.

xample, the positioning using this class receiver is specified in ISO 18197:2015, 5.4.1.

Code

C16a shall be applied to the C16 receiver to be equipped with the GNSS authentication.

5.1.5 (C20,C20a

Code

C20 shall be applied to a GNSS receiver to:

— enable point positioning;

— use dual or multiple frequency ranging signals.

Code

©ISO

C20a shall be applied to the C20 receiver to be equipped with the GNSS authentication.
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5.1.6 (25
Code C25 sh

2023(E)

,C25a

all be applied to a GNSS receiver to:

— enable code-based positioning;

— use dual or multiple frequency ranging signals;

augment using DFMC SBAS.

Code C25a shall be applied to the C25 receiver to be equipped with the GNSS authentication.

5.1.7 (26
Code C26 sh

enable (

use dual

correct
For exampld

Code C26a's

5.1.8 P04
Code P06 sh

input S

output

NOTE T
augmentatio
can benefit f7

, C26a

all be applied to a GNSS receiver to:

ode-based positioning;

| or multiple frequency ranging signals;

the positioning using SSR correction.

, the positioning using this class receiver is specified in ISO 18197:2015, 5.4.1.

hall be applied to the C26 receiver to be equipped with the'GNSS authentication.

, P06a
all be applied to a GNSS receiver to:
R correction data;

DSR correction data.

ie P06 receiver emerged when Aow-cost RTK receivers became widely available and

services became more widespread-(in the late 2010s). A P06 receiver transforms SSR to OSR.
om applying high performance'SSR correction using their low-cost RTK receivers.

5.1.9 P11,P11a

Code P11 sh

enable [

use sing

use RTHK

all be applied to a*GNSS receiver to:
hase-range pgsitioning;
le frequency ranging signal;

[ or Network RTK or both.

SSR
Users

Code Cllas

allbe npp]ipd taothe C11 receiver to he pqnipppd with the GNSS authentication

5.1.10 P16,P16a

Code P16 sh

all be applied to a GNSS receiver to:

enable phase-range positioning;

— use single frequency ranging signal;

correct the positioning using SSR correction.

Code C16a shall be applied to the C16 receiver to be equipped with the GNSS authentication.

© IS0 2023 - All rights reserved
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5.1.11 P21,P21a

Code P21 shall be applied to a GNSS receiver to:

— enable phase-range positioning;

— use dual or multiple frequency ranging signal;
— use RTK or Network RTK or both.

Code P21a shall be applied to the P21 receiver to: be equipped with the GNSS authentication.

5.1.12 P26,P26a

Cod€ P26 shall be applied to a GNSS receiver to:

— ¢nable phase-range positioning;

— Uise dual or multiple frequency ranging signals;
— ¢orrect the positioning using SSR correction data.

Cod€ P21a shall be applied to the P26 receiver to be equipped with the GNSS authentication.
5.2 | Timing

5.2.1 General

GNSS§ receiver class codes on timing shall be specified as shown as Table 2.

Table 2~— Codes on timing

Function Signal usage
T Timing T1 Single frequency band
(Time and time interval) T2 Dual or more frequency bands
522 T1i

Codeg T1 shall be applied-to a timing receiver using single frequency signal.

5.2.3 T2

Codg T2 shalkbe applied to a timing receiver using dual or more frequency signal.

5.3 | Messaging

5.3.1 General

GNSS receiver class codes on messaging shall be specified as shown as Table 3.

Table 3 — Codes on messaging

Function Signal usage
M Messaging with positional infor-| M1 One-way communication or broadcasting
mation M2 Two-way communication

©1S0 2023 - All rights reserved 7
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Code M1 shall be applied to a one-way communication or broadcasting messaging receiver.

5.3.3 M2

Code M2 shall be applied to a two-way communication messaging receiver.

6 Conditions to classify receivers

These codes

ara o lind o Sl ool are 1o luding dagicac o d Slcthot A obhla CNCC ool A

The codes r{
Therefore, t

If the implg
function, th

The codes d
and TTFF.

7 Multip

When a cert

this receiver.

EXAMPLE
function of “J
P26”.

o 1t
e e

efer to GNSS signal types to receive from GNSS satellites.
he codes do not depend on the environment in use and GNSS satellite alignménts.

bmentation of peripheral devices and software creates limitations oix'the positigning
e codes refer to the signals to be received as results.

o not depend on the excellence of positioning performances suchas accuracy, sensitjivity,

le labelling

ain GNSS receiver has multiple functions, the GNSS receiver class codes can be written for

When a certain GNSS receiver has the functienvof “P21” which outputs OSR, and also it hgs the
P26” which outputs SSR, the GNSS receiver class.code for this GNSS receiver can be written aqd “P21

© IS0 2023 - All rights reserved
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Examples of GNSS application

Annex A
(informative)

ISO 24245:2023(E)

This annex provides examples of GNSS application and indicates the GNSS receiver class codes that
should be applied to adequate GNSS applications. See Tables A.1 to A.10.

Each|{ example of GNSS applications has utilized ISO/IEC and ICAO standardsl#2Dusing GNSS
constellations[13-28],
According to the EUSPA EO and GNSS Market Report,[29] 7 billion GNSS devicés. dre instplled on the
plan¢t. People around the world have close connection with the GNSS spaee system|(navigation
satellites) and enjoy positioning, navigation and timing services.
United Nations’ International Committee on GNSS (ICG)/Working Group B/Applicatior] Sub-Group
(ApplSG) has studied GNSS applications. [30]
Advgnced applications have been created by GNSS technology#31-53] for land, maritime, peronautics,
and gpace uses.
Table A.1 — Application examples of earth observation
No Area Code Application Remarks
P20 Crustal moyément observation
Meteorological observation
1-1 |Earth observation P26
P10 Tropospheric observation
[onospheric observation
P20 Landslide monitor
1.4 |Landdisaster pre- P26 Volcano monitor
vention
P10 Earthquake monitor
P20
14 |Water reservair P26 Dum displacement monitor
1 |management P10 Boat positioning of water depth monitor
Marine P20
Tsunami monitoring buoy
1-4 |diSaster P26
Port management buoy
prevention P10
©1S0 2023 - All rights reserved 9
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Table A.2 — Application example of precise land service

No. Area Code Application Remarks
P20 Crustal movement observation
Surveying Meteorological observation
2-1 P26
and mapping P10 Tropospheric observation
Ionospheric observation
CORS station
2-2 |Reference station P20 RTK reference station
DGNSS reference station
Slope monitoring sensor network
Building monitoring sensor network
P20 Bridge monitoring sensor network
2-3 fnaecri _1ty Manage- P26 Expressway monitoring sensor network
P10 Rail monitoring sensor network
Bank monitoring sensor network
Runway monitoring sensor network
P20 BIM system
2-4 |BIMfCIM
P26 CIM system
Table A.3 — Application example of location-based service (LBS)
No. Area Code Application Remarks
Smartphone h
Mas} production C10 There are recefvers
3-1 Smart pad which equip GNS$ raw
front edge €20 measurement
Wi-Fi tablet '
P10 e o 3GPP rel is RTK, NRTK,
i i evice o release
3-2 3.GPI. precise post P20 PPP, and
tioning device Device of 3GPP release 16
P26 PPP-RTK
Cellular phone
Smartwatch
Laptop computer
Portable game terminal
C10 Digital camera
C20 GPS tracker
3-3 |LBS Hevice
C10A Wearable device
C20A Golf navigator
Golf watch
Golf range finder
Geofence device
GPS data logger
C10 Bicycle computer
3-4 |Bicycle
C20 Bicycle navigator
10

© IS0 2023 - All rights reserved
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Table A.3 (continued)
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No. Area Code Application Remarks
C10
Electric wheelchair
3-5 |Wheelchair P20
Wheelchair navigation
P26
Table A.4 — Application examples of automotive service
No. Area Code Application Remarks
C10
Car navigation
C11
Drive recorder
4-1 |Passenger vehicle C20
Electric toll collection
C10A
LiDAR detector
C20A
Bus location system
Cc10 Taxi management system
4-31 |Work vehicle C11 Service vehicle management system
C20 Emergency vehicle managément system
Vehicle management system
4.4 |Precise work ve- P20 Snowplough
1 [hicle P26 Road-cleaning vehicle
C10
Motorbike-navigation
4-4 |Motorbike C11
Motorbike computer
C20
C10
c11 Train positioning system
4-3 |Rail PED Rail management system
Terminal management system
P26
C10A
C20A Vehicle precise motion monitor
4-¢ |Automotive,R&D
P20 Car test system
P26
4-7 |Carstrainer P20 Car license training system

© IS0 2023 - All rights reserved
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Table A.5 — Application examples of maritime service

No. Area Code Application Remarks

Vessel navigation
Automatic Identification System (AIS)
Global Maritime Distress and Safety System (GMDSS)

Electronic Chart Display and Information System
cio |(ECDIS)

C11 Autopilot

- sel
51 |Ves C20 GNSS compass
c25 Search and rescue
Fishery
Ocean survey
Resource survey
Fish detector
P21
5-2 |Docking Automated docking
P26
C10
C20 Submarine
5-3 |Subrparine
P21 Autonomous underwater vehicle
P26
P21 Drill rig displacementmonitor
5-4 |Planf P26 Oil rig displacement monitor

P11 Main pipeline(settlement
P11 GNSS surveying (dual band)

5-5 |Marine civil work P21 GNSS surveying (single band)
P26 GNSS/IMU

Table A.6 — Application examples of manned aviation service

No. Area €ode Application Remarks

Autopilot
Flight Control System

Navigation System

11 Survey drone
6-1 |Civil aviation o5 Radionavigation aids

Landing aids
Secondary surveillance radar
Multilateration

Airport vehicle management system
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Table A.7 — Application examples of automated machinery

No. Area Code Application Remarks
Tractor
Combine
Harvester
Binder / Reaper-binder
P21
7-1 |Agriculture Rotary tiller
P26
Rice planter
Truck
Light truck
Agricultural machinery
P21
7-1 |Forestry Harvester
P26
Bulldozer
Grader
P21 Hydraulic excavator/ digger
7-3 |Construction P26 Rough terrain crane
Shovel
Backhoe / rear actel’/ back actor
Truck
Power shovel
P21
7-4 |Mining Dozer
P26
Truek
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