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navigation satellite system (IRNSS) — Receiver equipment — Performance
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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standafdization ¢
onal electrotechnical committees (IEC National Committees). The object of IEC is tospromote int
bration on all questions concerning standardization in the electrical and electrgnic)fields. To thi
tion to other activities, IEC publishes International Standards, Technical Specifications, Technical

ation is entrusted to technical committees; any IEC National Committee interésted in the subject
brticipate in this preparatory work. International, governmental and nop¢governmental organizatio
e IEC also participate in this preparation. IEC collaborates closely with“the International Organ
brdization (ISO) in accordance with conditions determined by agreement between the two organi

rmal decisions or agreements of IEC on technical matters exptess, as nearly as possible, an int
hsus of opinion on the relevant subjects since each technical committee has representatior
tted IEC National Committees.

ublications have the form of recommendations for interhational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are“made to ensure that the technical contg
ations is accurate, IEC cannot be held responsible for the way in which they are used g
erpretation by any end user.

er to promote international uniformity, IEG.National Committees undertake to apply IEC Py
arently to the maximum extent possible intheir national and regional publications. Any divergencq
C Publication and the corresponding natienal or regional publication shall be clearly indicated in

5elf does not provide any attestatjon.of conformity. Independent certification bodies provide (
Ement services and, in some argas; access to IEC marks of conformity. IEC is not responsib
bs carried out by independent.certification bodies.

ers should ensure that they. have the latest edition of this publication.

bility shall attach to IE€.\or its directors, employees, servants or agents including individual ex
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
ses arising outhof the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn) to the Normative references cited in this publication. Use of the referenced publi
Ensable-forthe correct application of this publication.

onjsidrawn to the possibility that some of the elements of this IEC Publication may be the subjec

pmprising
ernational
b end and
| Reports,

ly Available Specifications (PAS) and Guides (hereafter referred to as~"I[EC Publication(q))"). Their

dealt with
hs liaising
zation for
pations.

Ernational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther |IEC

cations is

of patent

rights

IECshall not be held responsible for identifying any or all such patent rights.

IEC 61108-6 has been prepared by IEC technical committee 80: Maritime navigation and
radiocommunication equipment and systems. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

80/1055/FDIS 80/1058/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61108 series, published under the general title Maritime navigation
and radiocommunication equipment and systems — Global navigation satellite systems (GNSS),
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amepded.
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MARITIME NAVIGATION AND RADIOCOMMUNICATION EQUIPMENT
AND SYSTEMS - GLOBAL NAVIGATION SATELLITE SYSTEMS (GNSS) -

Part 6: Navigation with Indian constellation (NavIC)/Indian regional
navigation satellite system (IRNSS) — Receiver equipment — Performance

1 Sc

requirements, methods of testing and required test results

pe

This pa
and req
as Navi

resolutiopn MSC.449(99), which uses the signals from NavIC/IRNSS in~order to de

position

This do
and is
IEC 609
account

shipborme navigational displays given in IMO resolutiontMSC.191(79) and is associa

IEC 622
alert m4

This do
harbour
A.1046(

All text
printed

"(M.449

The req

NOTE 1
which we

NOTE 2

t of IEC 61108 specifies the minimum performance requirements, methods’o
lired test results for the Indian regional navigation satellite system (IRNSS), als
pation with Indian Constellation (NavIC), shipborne receiver equipment) based

cument takes account of the general requirements given, in JIMO resolution A
hssociated with IEC 60945. When a requirement in this.document is differg

as appropriate, requirements for the presentation<f navigation-related inform

88. This document further takes into account, as appropriate, requirements fo
nagement given in IMO resolution MSC.302(87) and is associated with IEC 62

cument applies to navigation in oceanswaters for the standard positioning ser
entrances, harbour approaches and coastal waters, as defined in IMO re
P7) within IRNSS/NavIC coverage.area as given in IMO resolution MSC 449(94

bf this document whose meaning is identical to that in IMO resolution MSC. 44
n italics and the resolution*and paragraph number indicated between brack

99)/A1.2)".

A description@fithe IRNSS standard positioning service can be found in the interface control d
e officially released in 2017 in the public domain (see ISRO-IRNSS-ICD-SPS-1.1).

The IRNSS constellation was renamed as "NavIC" (navigation with Indian constellation) in 2016

2 Nol

[ testing
b known
on IMO
termine

694(17)
nt from

45, the requirement in this document takes precedence: This document also takes into

ation on
ted with
r bridge
023-1.

ice and
solution

)

9(99) is
ets, i.e.

Lirements in Clause 4 are cross-referenced to the tests in Clause 5 and vice vegrsa.

locuments

mative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60945, Maritime navigation and radiocommunication equipment and systems — General
requirements — Methods of testing and required test results

IEC 61108-4, Maritime navigation and radiocommunication equipment and systems — Global
navigation satellite systems (GNSS) — Part 4: Shipborne DGPS and DGLONASS maritime radio
beacon receiver equipment — Performance requirements, methods of testing and required test

results
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IEC 61108-5:2020, Maritime navigation and radiocommunication equipment and systems —
Global navigation satellite systems (GNSS) — Part 5: BeiDou navigation satellite system (BDS)
— Receiver equipment — Performance requirements, methods of testing and required test results

IEC 61162-1, Maritime navigation and radiocommunication equipment and systems — Digital
interfaces — Part 1: Single talker and multiple listeners

IEC 61162-2, Maritime navigation and radiocommunication equipment and systems — Digital
interfaces — Part 2: Single talker and multiple listeners, high-speed transmission

IEC 61162-450, Maritime navigation and radiocommunication equipment and systems — Digital
interfaces Part 450 A/h:lfipln talkers and mulfipla listeners Ethernet interconnectio

IEC 62288, Maritime navigation and radiocommunication equipment and( systems -
Presentption of navigation-related information on shipborne navigational displays — (General
requirements, methods of testing and required test results

IEC 62923-1, Maritime navigation and radiocommunication equipment\and systems + Bridge
alert mdnagement — Part 1: Operational and performance requirements) methods of tesfing and
required test results

IEC 62923-2, Maritime navigation and radiocommunication équipment and systems + Bridge
alert mgnagement — Part 2: Alert and cluster identifiers and{other additional features

IMO regolution A.694(17):1991, General requirements-for shipborne radio equipment|forming
part of the Global maritime distress and safety system (GMDSS) and for electronic navigational
aids

IMO resolution A.915(22), Revised maritime policy and requirements for a future Global
Navigatjon Satellite System (GNSS)

IMO resjolution A.1046(27), Worldwide radio navigation system
IMO resjolution MSC.302(87,), ‘Performance standards for bridge alert management

IMO r¢solution MSC(@49(99), Performance Standards for Shipborne IRNSS Receiver
Equipment

ITU-R Recommendation M.823-3, Technical characteristics of differential transmissjons for
global pavigation satellite systems from maritime radio beacons in the frequengy band
283.5-3[15(kHz in Region 1 and 285-325 kHz in Regions 2 and 3

ISRO-IRNSS-ICD-SPS-1.1, Navigation with Indian Constellation System — Signal in Space
Interface Control Document for Standard Positioning Service V 1.1, Aug 2017 [viewed
2022-11-11]. Available at
https://www.isro.gov.in/media_isro/pdf/Publications/Vispdf/Pdf2017/irnss_sps_icd_version1.1-
2017.pdf

RTCM 10402, RTCM Recommended Standards for Differential GNSS (Global Navigation
Satellite Systems) Service
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ms, definitions and abbreviated terms

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

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

address

e |EC
e |[SO

es:

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

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

NOTE All definitions and abbreviations used are the same as those used in ISRO-IRNSS-ICD-SPS-1.1.

31 T

3.11

integrit
ability ¢
should 1

3.1.2

Indian 1
IRNSS
indepen

Note 1 to
Indian ge

Note 2 to

3.1.3
IRNSS/
time ref

Note 1 to
August 21
August 22

erms and definitions

y
f the system to provide users with warnings within a specified time when the

ot be used for navigation

egional navigation satellite system

dent satellite navigation system developed and operated by India

entry: IRNSS can provide 3D position, velocity and timg jnformation for users within 1 500 kn
bpolitical boundary.

entry: IRNSS is known as NavIC and the words are used interchangeably in this document.

NavIC time
brence built and kept by IRNSS

entry: The IRNSS system time start epoch is 00:00 UT on Sunday August 22"% 1999 (midnigh
st and 22M9). At the start epoch,\JRNSS system time is ahead of UTC by 13 leap seconds (i.e. IR
nd 1999, 00:00:00 corresponds/to UTC time August 21t 1999, 23:59:47).

3.2 Abbreviated terms

BAM
CAM
COG
Cw
DNavIC

bridge alert management
central alert-management
coursg over ground
continuous wave

differential navigation with Indian constellation

system

from the

between
NSS time,

EUT
GNSS
GPS
HAL
HDOP
HPL
ICD
MKD
NavIC
NB
NPLI

equipment under test

global navigation satellite system
global positioning system
horizontal alert limit

horizontal dilution of precision
horizontal protection limit

interface control document
minimum keyboard and display
navigation with Indian constellation
narrow band

national physical laboratory of India
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PDOP position dilution of precision

PNT position navigation and timing

RAIM receiver autonomous integrity monitor
RF radio frequency

RFCS radio frequency constellation simulator
RFI radio frequency interference

SOG speed over ground

SPS standard positioning service

uTcC universal time coordinated

WB wide band

4 Minfimum performance requirements
4.1 (Qbject

(M.449(P9)/A1.2) The IRNSS Standard Positioning Service (SPS) provides pos

navigati

should be capable of receiving and processing the IRNSS SPS+signal. It should be ca

tracking

(M.449(

intended for navigational purposes on ships with maximum speeds not exceeding 70 knd

in addit
followin

(M.449(
of cour;
purpose
facilitied
take inp

This dog
standar
correcti
the antsg

Other ¢

provided shalfnot degrade the performance of the equipment below the minimum perfg

requiren

on and timing services, free of direct user charges. The IRNSS SPS receiver eq

all IRNSS satellites.

09)/A1.3) Receiver equipment for the Indiapy'Regional Satellite System

fon to the general requirements contained-in resolution A.694(17), comply
g minimum performance requirements.

09)/A1.4) This standard covers the basic requirements of position fixing, deter
be over ground (COG), speed oveér ground (SOG) and timing either for na
s or as input to other functions. The standards do not cover other compd
which may be in the equipment nor cover the requirements for other systems t
ut from the IRNSS receiver.

ument contains thetbasic minimum performance requirements for use of IRNS
 positioning service(SPS) signals for navigational position fixing, including dif
bns, and, in additien, for the determination of speed and direction of the movs
nna over thetground.

pmputational activity, input/output activity or extra display functions which

hents-set out in this document.

itioning,
Lipment
pable of

IRNSS)
ts shall,
with the

mination
vigation
tational
hat may

5/NavIC
Ferential
ment of

may be
rmance

The IRNSS/NavIC receiver equipment shall comply with:

— the provisions of IMO resolutions A.1046(27), MSC. 449(99), MSC.302(87) and A.694(17);
— the accuracy requirements of the SPS interface control document;
— tests in accordance with IEC 60945.


https://iecnorm.com/api/?name=742fc8969e1a16f372cb27861b92aee1

-10 - IEC 61108-6:2023 © |IEC 2023

4.2 IRNSS/NavIC receiver equipment
4.2.1 Minimum facilities

(M.449(99)/A2.1) The term "IRNSS receiver equipment" as used in these performance
standards includes all the components and units necessary for the system to properly perform
its intended functions. The equipment shall include the following minimum facilities:

a) antenna capable of receiving IRNSS signals;

b) IRNSS receiver and processor;

c) means of accessing the computed latitude/longitude position;

d) data control and interface; and

e) position display and, if required, other forms of output.

If the IRNSS/NavIC receiver forms part of an approved integrated navigation' system (INS),
requirerents of ¢), d) and e) may be provided within the INS.

If the IRNSS/NavIC receiver forms part of an approved multi-system PNT, requirements of c),
d) and €) may be provided within the multi-system PNT.

4.2.2 Configuration

The IRNISS/NavIC receiver equipment may be supplied_im one of several configurations to
provide [the necessary position information. Examples are. as follows:

— stangd-alone receiver with means of accessing conmputed position via a keyboard with the
positional information suitably displayed and wjth means to display alerts and acknpwledge
alerts via the keyboard;

— IRN$S/NavlC black box receiver fed» with operational parameters from pxternal
devites/remote locations and feeding~an integrated system with means of accesp to the
computed position via an appropriate interface, and the positional information and alert
manpgement information availableto at least one remote location. With this option, a
separate user interface called as*MKD shall be provided as a backup;

— as dne of the position velocity and time (PVT) methods included in a multi-systém PNT
equipment based on IM@,_resolution MSC.401(95).

The abdve examples should not be implied as limiting the scope of future development.

4.2.3 Quality assurance

The eqdipment-shall be designed, produced and documented by manufacturers complyling with
approved guality systems as applicable.

4.3 Performance of IRNSS/NaviC receiver equipment
4.31 General
(See 5.6.2)

(M.449(99)/A3.1) The IRNSS receiver equipment shall be capable of receiving and processing
the IRNSS SPS positioning and velocity, and timing signals, and shall use the ionospheric
model broadcast to the receiver by the constellation to generate ionospheric corrections.

A detailed description of the IRNSS/NavIC navigation signal characteristics is given in ISRO-
IRNSS-ICD-SPS-1.1, Aug 2017.

(M.449(99)/A3.2) The IRNSS receiver equipment shall provide position information based upon
WGS-84 and should be in accordance with international standards.
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Means may be provided to transform the computed position based upon WGS-84 into data
compatible with the datum of the navigational chart in use. Where this facility exists, the display
shall indicate that co-ordinate conversion is being performed and shall identify the co-ordinate
system in which the position is expressed.

(M.449(99)/A3.3) The IRNSS receiver equipment shall provide time referenced to universal time
coordinated UTC (NPLI).

4.3.2

Equipment interfaces

(See 5.6.3)

(M.449(S

from wh
and ala
based ¢
output (
consistg

(M.449(|
contact,

(M.449(|
facilitate
audible

interfac

NOTE A

The ph
Logical
and opt

|
|
| Rd
|
|

ich position information, UTC, course over ground (COG), speed over grogihd
rms can be supplied to other equipment. The output of position information

n the WGS 84 datum and shall be in accordance with international stahdaf
f UTC, course over ground (COG), speed over ground (SOG) and{alarms

nt with the requirements of M.449(99)/A3.16 and M.449(99)/A3.18.

09)/A3.17) The IRNSS receiver equipment shall provide at least one normally
which shall indicate failure of the IRNSS receiver equipmeént.

09)/A3.18). The IRNSS receiver equipment shall have a bidirectional inte
e communication so that alarms can be transferréd to external systems and
alarms from the IRNSS receiver can be acknowledged from external syste
b shall comply with relevant international standards.

arms are read as alerts in M.449(99)/A3.4 and A3(»8 for BAM compliance.

sical interface shall be based on |EC 61162-1 or IEC 61162-2 or IEC 611
nterfaces are shown in Figure 1, where required interfaces are indicated with sg
onal interfaces are indicated in dashed lines.

outputs
i/ (SOG)
shall be
ds. The
shall be
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rface to
so that
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62-450.
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Figure 1 — Logical interfaces of IRNSS/NavIC receiver

IRNSS/NavIC receiver shall use talker ID "GI".

For reporting purposes, the following sentences shall be available in any combination:

e DTM — Datum reference (see IEC 61108-5);

e GBS — GNSS satellite fault detection (see IEC 61108-5);

e GFA - GNSS fix accuracy and integrity (see IEC 61108-5);
e GNS - GNSS fix data (see IEC 61108-5);

¢ RMC — Recommended minimum specific GNSS data;

e VTG
e ZDA

— Course over ground and ground speed;

— Time and date.
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If a sentence uses a datum other than WGS 84, then the DTM sentence shall be used in
compliance with IEC 61162-1 or IEC 61108-5, whichever is newer.

For reporting GNSS differential correction data, the following sentence shall be available:

e GDC — GNSS differential correction (see IEC 61108-5).

For alert reporting and alert command purposes, the following sentences shall be available:

— Alert command;
— Cyclic alert list;

— Alert sentence:

e ACN
e ALC
e ALF
e ARCQ
e HBT

— Alert command refused;

— Heartbeat supervision sentence.

Alert requirements shall comply with IEC 62923-1 and IEC 62923-2.

In additi
for outp
e GRS
e GSA
o GST]
e GSV

GBS, G
synchro

4.3.3
(See 5.6.4
4.3.3.1

(M.449(|
horizont
verticall,

NOTE T
specified
services.
S frequen

pn, for integrating with other navigational aids, the following sentences may be g
it in any combination:

— GNSS range residuals (see IEC 61108-5);

— GNSS DOP and active satellites (see IEC 61108-5);

— GNSS pseudorange error statistics (see IEC(6M™08-5);
— GNSS satellites in view (see IEC 61108:5).

RS, GSA, GST and GSV are required to~support external integrity checking. T
hized with the corresponding fix data (GNS).

Accuracy

|

-

Static position accuracy

09)/A3.5) The IRNSS receiver equipment shall have static accuracy such
al position of the_antenna is determined to within 25 m horizontally (95 %) a
y (95 %).

he positionaccuracy with the specified user conditions has been determined to be within 10 m
by the IRNSS SPS ICD document. According to ICD, IRNSS provides L5 and S band dual-
The IRNSS/NavIC receiver equipment has higher static accuracy for dual frequency operations
cieS.

vailable

hey are

that the
hd 30 m

95 %) as
frequency
bn L5 and

4.3.3.2

Dynamic position accuracy

(M.449(99)/A3.6) The IRNSS receiver equipment shall have dynamic accuracy equivalent to the
static accuracy specified in 4.3.3.1 above under the normal sea states and motion experienced
in ships.

4.3.4

Acquisition

(See 5.6.5)

(M.449(99)/A3.9) The IRNSS receiver equipment shall be capable of selecting automatically
the appropriate satellite transmitted signals to determine the ship's position, velocity and time

with the

required accuracy and update rate.

(M.449(99)/A3.12) The IRNSS receiver equipment shall be capable of acquiring position,
velocity and time to the required accuracy within 3 min when there is no valid almanac data.
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(M.449(99)/A3.13) The IRNSS receiver equipment shall be capable of acquiring position,
velocity and time to the required accuracy within 2 min when there is valid almanac data.

(M.449(99)/A3.14) The IRNSS receiver equipment shall be capable of reacquiring position,
velocity and time to the required accuracy within 1 min when there has been a service
interruption of 60 s or less.

Acquisition is defined as the processing of IRNSS/NavIC satellite signals to obtain a position
fix within the required accuracies.

Three conditions of the IRNSS/NavIC receiver equipment are set out under which the minimum
performance requirements shall be met.

e Condgition A
Initiglization (cold start) — the equipment has no valid almanac because it has:

— Been transported over large distances (> 1 000 km to < 10 000 km).without power or
IRNSS/NavIC signals or by the deletion of the current almanac;

— not been powered for > 7 days;
— not received IRNSS/NavIC signals for > 7 days.
e Congition B
Warpm start — the equipment has a valid almanac but théreis:
— power outage — the equipment under normal openation loses power for at least P4 h; or

interruption of IRNSS/NavIC signals — under notmal operation, the IRNSS/NavI( signals
receptions are interrupted for at least 24 h, but there is no loss of power.

e Congition C

Brief interruption of power or IRNSS/NavIC signals — under normal operation, the gower or
the gignals are interrupted for 60 s.

No User action other than applying:power and providing a clear view from the antg¢nna for
the |IRNSS/NavIC signals shall-be necessary, from any of the initial conditions apove, in
ordefr to achieve the required*acquisition time limits in Table 1.

Table 1 — Acquisition time limits

Equipment condition A B (o3

Acquisition time limits (min) 3 2 1

4.3.5 Protection

(See 5.6.6)

(M.449(99)/A4) Precautions shall be taken to ensure that no permanent damage can result from
an accidental short circuit or grounding of the antenna or any of its input or output connections
or any of the IRNSS receiver equipment inputs or outputs for a duration of 5§ min.

4.3.6 Antenna design

(See 5.6.7)

(M.449(99)/A2.2) The antenna design shall be suitable for fitting at a position on the ship which
ensures a clear view of the satellite constellation, taking into consideration any obstructions
that might exist on the ship.
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4.3.7 Sensitivity and dynamic range
(See 5.6.8)

(M.449(99)/A3.10) The IRNSS receiver equipment shall be capable of acquiring satellite signals
with input signals having carrier levels in the range of —137 dBm to —127 dBm as measured at
the antenna input. Once the satellite signals have been acquired the equipment shall continue
to operate satisfactorily with satellite signals having carrier levels down to —140 dBm as
measured at the antenna input.

4.3.8 Effects of specific interfering signals

(See 5.6.9)

The IRNSS/NavIC receiver equipment shall meet the following requirements.

a) In alnormal operating mode, i.e. switched on and with antenna attached,.it/is sybject to
radiation consisting of a burst of 10 pulses, each 1,0 uys to 1,5 ps long. onJa duty [cycle of
1600:1 at a frequency lying between 2,9 GHz and 3,1 GHz at poweP density ¢f about
7,5 KkW/m2. The condition shall be maintained for 10 min with the bursts of pulses repeated
every 3 s. When the unwanted signal is removed and the IRNSS/NavIC receiver antenna is
expgsed to the normal IRNSS/NavIC satellite signals, the receiver shall calculdte valid
position fixes within 5 min without further operator intervention,

NOTE 1 This condition is approximately equivalent to exposing the antenna to radiation from a 60 kW S band
marinle radar operating at a nominal 1,2 ps pulse width at 600 pulses/s using a 4 m slot antenna rotating at
20 r/min with the IRNSS/NavIC antenna placed in the plane of the bore site of the radar antenna at 3 distance
of 10|m from the centre of rotation.

b) In alnormal operating mode, i.e. switched on @nd with antenna attached, it is sybject to
radiation of 0,16 W/m2 at a frequency in the range of 1 626,5 MHz to 1 660,5 MHz for{ 10 min.

During the period, the IRNSS/NavIC receiver equipment shall be able to calculdte valid
position fixes.

NOTHE 2 This is equivalent to exposing a IRNSS/NavIC antenna to radiation from an Inmarsat Fleet Broadband
anterjna at 10 m distance along the bore sight.

Advice shall be given in the manual for adequate installation of the antenna unit, to minimize
interfergnce with other radio equipment such as marine radars, Inmarsat ship earth gtations,
Iridium $hip earth stations, etc.

4.3.9 Position update
(See 5.6.10)

(M.449(P9)/A3:15) The IRNSS receiver equipment shall generate and output to a display and
digital interface (conforming to IEC 61162) a new position solution at least once every 1 s for
conventjanal craft and at least once every 0,5 s for high speed craft.

For high speed craft purposes, the equipment shall additionally provide an IEC 61162-2 or
IEC 61162-450 interface with a position update rate of 2 Hz.

(M.449(99)/A3.7) The IRNSS receiver equipment shall have position resolution equal to or
better than 0,001 min of latitude and longitude.

NOTE AIS receivers require 0,000 1 min of latitude and longitude.
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4.3.10 Differential IRNSS/NavIC input

(See 5.6.11)

(M.449(99)/A3.19) The IRNSS receiver equipment shall have the facilities to process differential
IRNSS (DNavIC) data fed to it in accordance with the standards of Recommendation ITU-R
M.823 and an appropriate RTCM standard and provide indication of the reception of DNavIC
signals and whether they are being applied to the ship’s position. When a IRNSS receiver is
equipped with a differential receiver, performance standards for static and dynamic accuracies
(M.449(99)/A3.5 and A3.6) shall be 10 m (95 %).

An integrated DNavIC receiver shall have an ITU-R M.823 compliant asynchronous full duplex
serial input/output port for testing in compliance with IEC 61108-4. The data input/output port
shall be[supplied for testing purposes only.

4.3.11 | Navigation warnings and status indications

(See 5.6.12)
4.3.11.1 Position

(M.449(P9)/A4.1) The IRNSS receiver equipment shall also indicate)whether the performance
of IRNSS is outside the bounds of requirements for general navigation in the ocean, [coastal,
port approach, restricted waters, and inland waterway phases. of the voyage as spetified in
either IMO resolution A.1046(27) within IRNSS coverage atea or appendix 2 to IMO relsolution
A.915(2R) and any subsequent amendments, as appropriate.

The IRNSS/NavIC receiver equipment shall as a minimum:

a) (M.449(99)/A4.2.1) provide a warning within6's of loss of position or if a new position based
on the information provided by the IRNSS constellation has not been calculated for more
than| 1 s for conventional craft and 0,5-s4or high-speed craft. Under such conditions|the last
known position and the time of last valid fix, with the explicit indication of the state allowing
for no ambiguity, shall be output until normal operation is resumed;

b) display DNavlC messages. .The IRNSS receiver either shall have as a minimum the
capability of displaying appropriate DNavlC messages or forwarding those mesdages in
GD( sentences for display .on a remote system;

c) provide an indicationsofthe navigational status.

The nayigational status” for different position accuracy levels shall be expressed |n three
navigatipnal states

saf

"cautioh™;-and

— "unsafe
The conditions for a "safe" navigational state are as follows:

d) the estimated error (95 % confidence) along the major axis of the error ellipse is less than
the selected accuracy level corresponding to the actual navigation mode; and

e) integrity is available and within the requirements for the actual navigation mode; and

f) a new position has been calculated within 1 s for a conventional craft and 0,5 s for a high
speed craft.

The conditions for a "caution" navigational state are as follows:

g) integrity has not been available for a period of at least 3 s; and/or
h) HDOP exceeded — HDOP exceeds the required threshold; and/or
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i) loss of differential signal or differential corrections not applied — DNavIC signals are not
received, or they are not being applied to the indicated ship's position.

The conditions for an "Unsafe" navigational state are as follows:

j) loss of position — the estimated error (95 % confidence) along the major axis of the error
ellipse is greater than the selected accuracy level corresponding to the actual navigation
mode; and/or

k) no calculation of position — a new valid position has not been calculated for more than 1 s
for a conventional craft and 0,5 s for a high speed craft; and/or

[) integrity status — integrity is available but exceeds the requirements for the actual navigation
mode for a period of at least 3 s.

The navligational status shall be continuously displayed along with an indication of the %ccuracy
level selected. The navigational status and alert identifier and the accuracy level.sgléecfed shall
be provided to other equipment in accordance with the equipment output requirements |n 4.3.2.

The clasgsification, presentation, handling and interfacing of alerts, including transmitied alert
identifiers shall be as required in Annex B for the purpose of bridge alert management

In case the manufacturer uses colours for navigational status indieation, the colours as specified
in IEC 62288 shall be used:

"saft“ shall be green;

caution" shall be yellow; and

— "unsfafe" shall be red.

The manufacturer may use icons for navigationalsstatus indication.
A chande in the navigational status shall be”indicated within 10 s.

For recgiver equipment which does notprovide information by a dedicated display, the pfrovision
of the naivigational status indicatiohvand the selected accuracy level with an appropriatg output
interface is required.

4.3.11.2 Integrity monitoring using RAIM
(See 5.6.12.1.3)

4.3.11.2.1 General

(M.449(P9)/A4:2.2) The IRNSS receiver equipment shall as a minimum use f[eceiver
autonomous, integrity monitoring (RAIM) to provide integrity performance appropriate to the

operation-beingundertaken-

The RAIM algorithm employed shall be capable of detecting and excluding a faulty range signal
from the position solution.

The decision thresholds used to detect and exclude a faulty range signal shall be consistent
with the IMO integrity and continuity requirements as stated in IMO resolutions A.1046 (27) and
A.915 (22).

NOTE DNavlC integrity information can be used to assist RAIM calculations when available.

The maximum delay for reaction of the integrity calculation by means of RAIM due to negative
changes affecting the integrity status is 10 s.
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4.3.11.2.2 Conditions for the "safe" integrity state

The result of integrity calculation (see Table 2) shall be stated as "safe", if the calculated
horizontal protection limit (HPL) is less than or equal to the horizontal alert limit (HAL).

This generally requires at least 5 "healthy" satellites available and in a robust geometry, i.e. the
worst 4 satellite geometry is still suitable for navigation.

4.3.11.2.3 Conditions for the "caution" integrity state

The "caution" status indication shall be used when insufficient information is available to
calculate HPL for more than 3 s.

Those donditions may occur if an insufficient number of satellites are available, fofjexpample 4
or 5 with 2 satellites "close" together in azimuth and elevation, causing the geometry to gegrade
to the ppint that the RAIM calculation becomes unreliable. The resulting accuracy baged on 4
or 5 satellites in use may be within the selected accuracy level, but the RAIM-algorithm cannot
verify it.

4.3.11.2.4 Conditions for the "Unsafe"” integrity state

The "Unsafe" status indication shall be used when the calculated HPL exceeds the [HAL for
more than 3 s.

Table 2 — RAIM integrity status

Nav status No. of range signals Protection level

Safe =5 And HPL < HAL
Caution <5 -

Unsafe 25 And HPL > HAL

NOTE [fable 2 represents the theoretical results of RAIM calculations, but with certain satellite geomefries and
RAIM algorithms, it is possible the receiver-eannot calculate a RAIM status with certainty.

4.3.11.3 Self test
(See 5.6.12.2)

(M.449(99)/A4.2.3)The IRNSS receiver equipment shall provide a self test function.

The IRNSS/NavIC receiver shall provide means to perform self test of major functions either
automafically” or manually. The major functions of self test are: antenna interface, BAM
interface; } i i

4.3.12 Output of COG, SOG and UTC
(See 5.6.13, 5.6.14, 5.6.15)
4.3.12.1 Accuracy of COG

(M.449(99)/A3.16) The IRNSS receiver equipment shall provide the COG, SOG and UTC
outputs, with a validity mark aligned with that on the position output. The accuracy requirements
for COG and SOG shall not be inferior to the values in Table 3 and the accuracy shall be
obtained under the various dynamic conditions that could be experienced on board ships.

The error in the COG (the path of the antenna position over ground) due to the actual ship’s
speed over ground shall not exceed the values in Table 3.
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Table 3 — Accuracy of COG

Speed range (knots) Accuracy of COG output to user
0 to =1 knot Unreliable or not available
> 1 to <17 knots +3°
> 17 knots £1°

Due to the limitations of IRNSS/NavIC receivers of this document, it is not appropriate to include
requirements for COG errors attributed to high dynamic movement. Such limitations shall be
stated in the manufacturer’s operational manual.

4.3.12.2

Errors i
actual s

4.3.12.3

The IRN
interfacq
of GNS
in ZDA

NOTE A
and synch

4.3.13
(See 5.7)

(M.449(
under 1
A.694(1

Operati

Accuracy of SOG information

n the SOG (velocity of the antenna position over ground) shall not exceed 2
peed or 0,2 knots, whichever is greater.

Availability and validity of time information

b. The validity mark of the digital interface for position.contained in the mode i
sentence shall be used for interpretation of validity of digital interface for UTC cq
sentence.

5 a time reference for IRNSS/NavIC, the IRNSS/NavIC.time is associated with international UT
ronized with UTC in 100 ns (modulo one second).

Typical interference conditions

09)/A3.11) The IRNSS receiverequipment shall be capable of operating satis
ormal interference conditions- consistent with the requirements of IMO re
7).

bnal situations include static accuracy and reacquisition within 30 s after satellitg

have been masked for 60-s-or less by an obstruction, for example a bridge.

The tyq
continug
near-ba

ical IRNSS/NavIC RF interference environment can be characterized a
us wave {€W) in-band and near-band RFI, in-band CW/NB/WB RFI and in-b
hd pulsé_interference. For a clarification of this requirement, see Annex A.

o of the

SS/NavIC receiver equipment shall provide UTC with resolution of 0,01 s on thie digital

ndicator
ntained

> by NPLI

factorily
solution

signals

5 being
and and

5 Mef

hods of testing and required test results

5.1 Test sites

The manufacturer shall, unless otherwise agreed, set up the IRNSS/NavIC receiver equipment
to be tested and ensure that it is operating normally before testing commences.

During performance of all tests contained in the test section, the following information shall be
recorded for later evaluation:

e position;

e Ccour

se over ground (COG);

e speed over ground (SOG);

e time

e indications and alerts.


https://iecnorm.com/api/?name=742fc8969e1a16f372cb27861b92aee1

IEC 61108-6:2023 © |IEC 2023 -19 -

Indications and alerts shall be appropriate to the conditions being experienced by the equipment
under test (EUT) at the time of their display.

5.2 Test sequence

The sequence of tests is not specified. Before commencement of testing, the sequence shall
be mutually agreed between the test laboratory and the supplier of the equipment.

Where appropriate, tests against different subclauses of this document may be carried out
simultaneously. The manufacturer shall provide sufficient technical documentation to permit the
IRNSS/NavIC receiver equipment to be operated correctly.

Additional data shall be provided by the manufacturer to cover specific tests which de

part of |
applicah

5.3 Standard test signals

The sta
the requ

1.1, Aup 2017, either the real IRNSS/NavIC signals or signals-from a IRNSS/N3
constellation simulator (RFCS).

The IRN

satellitep, and produce signal delays due to normally ©ccurring ionospheric and atmg
conditions as well as multipath.

The IRNSS/NaviC RFCS shall operate in caccordance with the IRNSS/NavIC ¢

position

documept, as given for the IRNSS/NavIC .signhals.

The inteérference test generator shallbe able to generate the broadband, CW and

interferd

The IRN
referend

The EUT shall have an ITU-R M.823 compliant asynchronous full duplex serial input/ou

in comq

receivers, the data‘input/output port may be supplied for testing purposes only.

Test signal,A“shall be a sequence of applicable RTCM version 2 messages for IRNS
(equivawmmmm&&wwm

hot form

he normal user operations, for example means to remove the almanacfdata, when

le, for the purpose of testing according to 5.6.5.

ic tests (5.6.4.1) shall be based upon using IRNSS/NavIC sjgnals in compliapce with

irements of the standard positioning service signal specified in“ISRO-IRNSS-I1C

SS/NavlC RFCS shall generate signals which hayve the same characteristics

D-SPS-
viC RF

as the
spheric

tandard

ng service signal specification, the IRNSS/NavIC signal in space (SIS) interface control

nce conditions typical for the'marine environment as specified in 5.7.

pulsed

SS/NavIiC RFCS shall also be capable of generating differential corrections at jp virtual

e station placed intany position using a geodetic class receiver and antenna.

liance with NEC 61108-4 for input of differential correction signals. For in

put port
egrated

S5/NavIC
t form a

continuous parity loop. The station ID of test signal A shall be an ID of a station that is stored

in the al

manac. The type 27 message shall give data for station B.

Test signal B shall contain applicable RTCM version 2 messages of IRNSS/NavIC for station B.
The station ID of test signal B shall not be an ID of a station that is stored in the almanac.
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5.4 Determination of accuracy

In the determination of the accuracy of position being calculated by the IRNSS/NavIC receiver
equipment, note should be taken of the geometry of the satellites in use. The HDOP
measurement is an indication of the suitability of the constellation in view for use in receiver
equipment testing. If the HDOP is < 4, the test conditions can be considered as suitable. If
HDOP is > 4 but < 6, then results may be unreliable. For HDOP > 6, testing shall be delayed
until better geometry is established. The aim of the accuracy tests is to establish that the
measurement of position calculated by the EUT under static and dynamic conditions is as good
as or better than the performance levels set out in this document.

If a IRNSS/NavIC RFCS is used, the simulator scenario should be chosen such that HDOP < 4

for the quration-of-the-test-

5.5 General requirements and presentation requirements
5.5.1 Normal environmental conditions for tests

Normal |environmental conditions shall be a convenient combination "ef +15 °C to| +30 °C
tempergdture and 20 % to 75 % relative humidity.

When it|is impractical to carry out the test under the conditions<stated above, a notg¢ to this
effect, dtating the actual temperature and relative humidity dufing the tests, shall be gdded to
the test|report.

5.5.2 General requirements

All the general requirements of IEC 60945 appropriate to the category of the EUT| that is
protectdd or exposed shall be carried out. Themanufacturer shall declare any preconditioning
required before environmental checks. For\the purposes of this document, the fpllowing
definitions for performance check and performance test, required by IEC 60945, shall apply.

e Perfprmance check — a shortened:version of the static accuracy test described in(5.6.4.1,
that fs a minimum of 100 position-measurements shall be taken over a period of not|< 5 min
and pot > 10 min, discarding-any' measurements with HDOP = 4. The position of the pntenna
of the EUT shall not be in‘error compared with the known position > 25 m (95 %) using
WG$-84 as the reference datum.

e Perfprmance test — the/static accuracy test described in 5.6.4.1.
5.5.3 Presentation requirements

All the presentation requirements of IEC 62288 shall be carried out as appropriat¢ to the
facilitieq provided with the EUT

5.6 Receiverperformancetests
5.6.1 IRNSS/NaviC receiver equipment
(See 4.2.1)

The EUT shall be checked for composition by inspection of the equipment and the
manufacturer's documentation.

5.6.2 Position output
(See 4.3.1)

The EUT shall be checked for the form of the position output by inspection of the manufacturer's
documentation.
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Equipment interfaces

2)

The EUT shall be checked for conformity to IEC 61162-1, IEC 61162-2 or IEC 61162-450 by
inspection of the manufacturer's documentation and protocol tests which shall be performed for

input an

5.6.4

d output sentences as required in 4.3.2.

Accuracy

(See 4.3.3)

5.6.4.1

Static accuracy

(See 4.3]

5.6.4.1.

The anfenna shall be mounted according to the manufacturer's instructions at a h

betweern
the sate
antenng
z). Maxi

If a IRN
sight vig

5.6.4.1.

Position
<24 h.
(95 %),

3.1)

( Static test site

1 m and 1,5 m above the electrical ground in an area providing‘clear line of
llites from zenith through to an angle of +5° above horizontal. The positio
shall be known, with reference to WGS 84 to an accuracy of better than 0,1 m
mum cable lengths as specified by the manufacturer shall be used during testi

SS/NavIC RFCS is used, the simulator scenario shall‘be chosen such that cleg

p IRNSS/NaviC

fix measurements shall be taken at the rg€quired sampling interval over a perig
The absolute horizontal position accuraey in WGS-84 co-ordinates shall be with
having discarded measurements taken in conditions of HDOP = 4 and PDOP

eight of
sight to
n of the
in (x,Y,
hg.

r line of

ws to all satellites above a +5° mask angle is ensufed for the duration of the test.

d of not
in25 m
>6. The

horizonfal position of the antenna shall_be"known to be within 0,1 m in the datum ysed for

position

5.6.4.1.

Position
< 24 h.
measurq
antenna
generat

If this t
broadc4q

fixing.

B Differential IRNSS/NavIC

[The distribution efithe horizontal error shall be within 10 m (95 %), having di

on of the corrections.

est utilizes actual signals, the corrections shall be provided by an actual
stdn-dccordance with ITU-R M.823.

fix measurements shall be taken at the required sampling interval over a peridd of not

scarded

bments taken in"conditions of HDOP = 4 and PDOP = 6. The horizontal positign of the
shall be knoewn to be within 0,1 m in the datum used for position fixing and for the

DNavIC

5.6.4.1.4 Angular movement of the antenna

The static tests specified in 5.6.4.1.2 and 5.6.4.1.3 shall be repeated with the antenna
performing an angular displacement of £22,5° (simulating roll) in a period of about 8 s during
the duration of the tests.

The results shall be as in 5.6.4.1.2 and 5.6.4.1.3.

5.6.4.2

Dynamic accuracy

(See 4.3.3.2)
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5.6.4.2.1 IRNSS/NaviC

The tests for dynamic accuracy are a practical interpretation of the conditions set out in
IEC 60721-3-6:1987, Table V, item e), X-direction (surge) and Y-direction (sway). These are

stated a

s surge 5 m/s2 and sway 6 m/s2 for all classes of environment.

The accuracy tests shall be performed using a IRNSS/NaviC RFCS, and the simulator
characteristics shall accurately represent the signals required.

The IRNSS/NavIC RFCS shall generate the correct signal in space associated with the following
dynamic situations:

e aful
of 1,
e aful
then

approximately 2 m at a period of 11 s to 12 s.

For bot

programmed simulator positions shall be within the accuracies stated'in 5.6.4.1.3.

5.6.4.2.
The tes

The acquracy tests shall be performed using.ayRNSS RF signal simulator, and th
characteristics shall accurately represent the DNavIC data signals broadcast in accorda

RTCM 1

The IRNSS/NavIC RFCS shall generate-the correct signal in space associated with the f
dynamig situations:

e aful
of 1,
e aful
then

approximately 2“m at a period of 11 s to 12 s.

For bot

programmed simulator positions shall be within the accuracies stated in 5.6.4.1.3.

y TOCKed and settled EUT travelling in a straight line at 48 Knots £ 2 KNots for a n
2 min which is reduced to 0 knots in the same straight line in 5 s;

subjected, for at least 2 min, to smooth deviations either side of the)straigh

h dynamic situations, the receiver shall remain in lock and 'the deviation f

p Differential IRNSS/NavIC

{ts for dynamic accuracy are a practical interpretation of the conditions se|

0402 and ITU-R M.823.

y locked and settled EU¥Ftravelling in a straight line at 48 knots + 2 knots for an
2 min which is reduced to 0 knots in the same straight line in 5 s;

inimum

y locked and settled EUT travelling at least 100 m at 24 knots £ 1 knot if)a stralight line

line of

rom the

t out in
IEC 607]21-3-6:1987, Table V, item e), X-direction (surge) and Y-direction (sway). Th
stated as surge 5 m/s2 and sway 6 m/s2 for all classe$.of environment.

ese are

e RFCS
nce with

bllowing

hinimum

subjected, fortat least 2 min, to smooth deviations either side of the straigh

h dynamic situations, the receiver shall remain in lock and the deviation f

y locked and settled EUT travelling at least 100 m at 24 knots £ 1 knotin a stralight line

line of

rom the

5.6.5 Acquisition
(See 4.3.4)
5.6.5.1 Condition A - Initialization/no valid almanac (cold start)

The EUT shall be initialized by one of the following:

e initialized to a false position at least 1 000 km and not greater than 10 000 km from the test
position, or alternatively, by deletion of the current almanac; or

e isolated from a power source for > 7 days.

When using a IRNSS/NavIC RFCS simulator scenario, date and position should be changed by
a large amount; the date by more than 7 days and position by more than 1 000 km.

A performance check shall be carried out after the time limit contained in Table 1.
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Condition B — With valid almanac (warm start)

Power outage — The EUT shall be isolated from the power source for a period within 24 h to
25 h. At the end of the period, a performance check shall be carried out after the time limit
contained in Table 1.

Interruption of IRNSS/NavIC signals — During normal operation of the EUT, the antenna shall
be completely masked for a period between 24 h and 25 h. At the end of the period, a
performance check shall be carried out after the time limit contained in Table 1.

5.6.5.3

Condition C — Brief interruption of power or IRNSS/NaviIC signals

The EU

a) brief
for 3

b) brief
shal
remg

A perfor

5.6.6
(See 4.3.

The ant
to grour
or input
carried

5.6.7
(See 4.3.4

The ant
manufa

1 Ml ottt ] () bl ST .
<ldit DT TidinZcU Uy UTIC UT UNT TOTTOWITTY.

interruption of power — during normal operation of the EUT, the power shafhbe 1
period of 60 s. At the end of this period, the power shall be restored; or

interruption of IRNSS/NavIC signals — during normal operation of the EUT, the
be completely masked for a period of 60 s. At the end of this periad, the mask
ved.

mance check shall be carried out after the time limit contained in Table 1.

Protection

)

bnna input of the receiver and input/output connections, if provided, shall be co
d for 5 min. After completion of the test and'reset of the EUT, if required, the
output connections shall be connected~-normally, and a performance check
but to ensure that no permanent damage has resulted.

Antenna design

-

enna of the EUT shall beychecked by inspection of the documentation provide
cturer, to confirm thatit is suitable for shipborne installation to ensure a clear,

the satelllite constellation.

5.6.8
(See 4.3.

5.6.8.1

Sensitivity and dynamic range
)

Acquisition

emoved

antenna
shall be

nnected
Antenna
shall be

d by the
view of

Is shall

The rec

bived satellite cignale shall he monitored hy asuitable test receiver These eign

be attenuated until they are in the range of —132 dBm + 5 dB. A performance check shall be
carried out. The EUT shall meet the requirements of this check, within this signal range.

This is t

ested by using a IRNSS/NavIC RFCS.

5.6.8.1.1 Methods of testing

Transmi

t the simulator signal over a suitable antenna.

Adjust the signal power by use of a calibrated test receiver to -132 dBm £ 5 dB.

Replace the antenna of the calibrated test receiver by the receiving unit of the EUT.

A performance check shall be carried out.
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5.6.8.1.2 Required test results

The EUT shall meet the requirements of this check, within this signal range.

5.6.8.2 Tracking
5.6.8.2.1 General

The received satellite signals shall be monitored by a suitable test receiver. These signals shall
be attenuated down to —140 dBm. Under these conditions, the performance requirements of the
EUT shall be met.

Th H t atod by pcina o IDNCQ /N~ IO CCco
is is tested-by-usirg-atRNSSNaHERFGS:

5.6.8.2.2 Methods of testing

Transmit the simulator signal over a suitable antenna.
Adjust the signal power by use of a calibrated test receiver to -132 dBm_£ 5 dB.
Replacq the antenna of the calibrated test receiver by the receivihg-tnit of the EUT.

After the start of transmission and tracking with the nominal transmission level candition,
gradually reduce transmission level down to —140 dBm.

5.6.8.2.38 Required test results

The EUT shall continue tracking at least four satelites and provide a valid position solgution.

5.6.9 Protection from other shipborné/transmitters
(See 4.3.8)
5.6.9.1 L band interference
(See 4.3.8)

In a normal operating made; using an appropriate signal source, the EUT shall be subjected to
radiation of 3 W/m? at ‘a_frequency of 1 636,5 MHz for 10 min.

The sighal shall-be removed and a successful performance check shall be carried ogt within
5 min.

5.6.9.2 S band interference

(See 4.3.8)

In a normal operating mode, using an appropriate signal source, the EUT shall be subjected to
radiation consisting of a burst of 10 pulses, each 1,0 ys to 1,5 pys long on a duty cycle of 1 600:1
at a frequency in the range of 2,9 GHz to 3,1 GHz at power density of approximately 7,5 kW/m2.
This condition shall be maintained for 10 min with the bursts of pulses repeated every 3 s.

NOTE The peak power density is 7,5 kW/m? to be measured at the EUT; this is approximately 4,7 W/m?2 average
power at a fixed transmitting antenna.

The signal shall be removed and a successful performance check shall be carried out within
5 min.
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5.6.9.3

L band interference from Inmarsat Fleet BroadBand

In a normal operating mode, using an appropriate signal source, the EUT shall be subjected to
radiation of 0,16 W/mZ2 at a frequency in the range of 1 625,5 MHz to 1 660,5 MHz for 10 min.

During the period, the IRNSS/NavIC receiver equipment shall be able to calculate valid position

fixes.

5.6.10
(See 4.3

5.6.10.

The EUT shall be placed upon a platform, moving in approximately a straight ling, at
of 5 knojts + 1 knot. The position output of the EUT shall be checked at intervalsfof-10 5
period df 10 min. The output position shall be observed to be updated on each-occasio

This test may be carried out by using a IRNSS/NavIC RFCS.

5.6.10.2 High speed update rate

The EUT shall be placed upon a platform, moving in approximately a straight line, at
of 50 knots + 5 knots. The position output of the EUT shallcbe Cthecked at intervals of 1
a period of 10 min. The output position shall be observed to'be updated on each occasg

This tesf may be carried out by using a IRNSS/NavlC RFCS with a speed of 70 knots at i
of 0,5 s

Record the IEC 61162-2 or IEC 61162-450 output of the EUT during this test and conf
received positions at the end of each intérval are in compliance with the real or si
referenge position.

5.6.10.3 Minimum resolution

The mi

observation during 5.6.10.4:and 5.6.10.2 above.

5.6.11

(See 4.3

The manufacCturer's documentation shall be inspected to:

a) veri

1)

Position update

.9)

1—Slow speed-updaterate

nimum resolution of output position, i.e. latitude and longitude, shall be che

Differential {\RNSS/NavIC input

10)

a speed
, over a
n.

B speed
s, over
ion.

ntervals

irm that
mulated

cked by

fl
the RTCM recommended standards for differential IRNSS/NavIC service; or

2) in the case where maritime radio beacons are used as the means of communication of

b) con

1)
2)

the differential corrections, the standards contained in ITU-R M.823; and
firm that:

receipt of DNavIC signals will be indicated;

the application of DNavIC signals to the output ship's position is indicated.
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Navigational warnings and status indications

(See 4.3.11)

5.6.12.1
5.6.12.1

General tests for alerts

| Position/HDOP alert test

(See 4.3.11.1)

This is tested using a IRNSS/NavIC RFCS as follows:

a) set up the EUT in a simulation environment with HDOP < 4; select a specific EUT HDOP
value as an indication threshold more than 4; modify the simulator output until its HDOP is

greatter than the EUT specified HDOP threshold; observe that an indication is givel

EUT
Anng
b) mod
that
c) swit
appr
d) verif
caug
e) verif
of p
posi
outp
envi
f) swit
oper
5.6.12.1
(See 4.3.
This is t

a) set ¢ip the EUT in a sifnulation environment with an HDOP < 4. Observe that the g

EUT
b) set

c) starf
EUT

d) ched

within 5 s and that for the cause "HDOP exceeded" an alert is raised as)ddg
bx B;

fy the simulator output until HDOP < 4 and observe that the indication.is remo
the related alert is rectified;

th off transmission of simulated signals and observe thatihthe EUT reled
opriate indication and alert within 5 s;

y that the navigational warning indicator is set to "unsafel/and an alert is raise
e "No calculation of position or loss of position" as defined in Annex B;

y that the last known position and its time stamp are being displayed indicating
psition condition; an alert is raised for the causeg\"No calculation of position o

n at the
fined in

ved and

SesS an

i for the

the loss
loss of

ut interface with the associated alert until removal of the error condition at the si
ronment;

th on transmission of simulated signals ‘and observe that the EUT resumes
ation.

.2 Differential IRNSS/NavIC test
1.1).

ested using a IRNSS/NavIiC RFCS as follows:

operation is IRNSS/NavIC without using DNavIC corrections;
he EUT differential correction age mask to 30 s;

transmjssion of test signal A (5.3). Observe that the indication for DNavIC g
operation is given within 40 s;

k that the DNavIC message contains Satellite ID, Pseudorange correction,

ion" as defined in Annex B; verify that this mode is provided constantly on dism]lay and

ulation

normal

tatus of

tatus of

ssue of

data

. epoch time of GNSS, Modified Z-Count, and UDRE;

e) stop transmission of test signal A (5.3). Observe that the status of EUT operation resumes
to IRNSS/NavIC without using DNavIC corrections within 40 s and an alert is raised for the
cause "loss of differential signal" as defined in Annex B.

5.6.12.1.3 Test of integrity monitoring using RAIM
(See 4.3.11.2)
5.6.12.1.31 General

For the purpose of testing of the RAIM functionality, it is recommended that means are provided
for real-time display of the actual position error with reference to the simulated position.
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5.6.12.1.3.2 Testing of "safe" and "caution” status

The EUT shall be set up under simulated conditions using a IRNSS/NavIC RFCS, providing 6
"healthy" satellites available, acquired and tracked as follows.

a) Select an accuracy level of 100 m. Observe that:

1)

RAIM is indicated as "in operation"; and

2) the "safe" status is indicated.

b) Consecutively reduce the number of "healthy" satellites until the "caution" state is raised.
Observe that:

1)

2) the status indication switches to "caution" within 10 s of the satellite change thaf

c) Incrgase the number of "healthy" satellites until the RAIM state returns. to"safg
Observe that:

1)

2) the status indication switches to "safe" within 10 s of the satellite ‘change that p

For eadgh step of the above test sequence, observe if the ¢appropriate interface o
provided.
Repeat [the above test sequence for a selected accufacy level of 10 m and, if provi

another|accuracy level.

5.6.12.1.3.3 Testing of "unsafe" status

The EUT shall be set up under simulated. egonditions, providing 6 "healthy" satellites a
acquired and tracked.

a) Selelct an accuracy level of 100.m. Observe that:

1)
2)

b) Redlice the numberof healthy satellites to 5 and apply an unsafe simulaf

con

to thle pseudorange-‘signal and/or adding a satellite clock error. Observe that:

1)
2)

RAIM is still indicated as "in operation"; and

if and consecutively that the associated alert described in Annex B is raised.

RAIM is still indicated as "in operation"; and

it and that the associated alert is rectified.

RAIM is indicated as "insoperation”; and
the "safe" status is indicated.

gtellation. This can be accomplished in a controlled manner by adding a suitah

RAIM is indicated as "in operation”; and

caused

state.

fompted

utput is

ded, for

ailable,

ed test
le ramp

the status indication switches to "unsafe" and an alert is raised for the cause "

donstellation.

ntegrity

dtatus’ as defined in Annex B within 10 s of the time of the unsafe simulared test

c) Restore the pseudorange signals and/or remove the satellite clock error until the RAIM state
returns to "safe" state. Observe that:

1)

RAIM is still indicated as "in operation"; and

2) the status indication switches to "safe" state within 10 s of the satellite change that

prompted it and that the associated alert is rectified.

d) Reduce the number of healthy satellites to 5 and apply a safe simulated test constellation.
Change the behaviour of at least 1 satellite by varying the satellite clocks with the result
that a satellite is detected as failed. Observe that:

1)

RAIM is still indicated as "in operation"; and

2) the status indication switches to "unsafe" state and an alert is raised for the cause
"integrity status" as defined in Annex B within 10 s of the time of the satellite failure.
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e) Change the behaviour of the satellites back to regular behaviour where no satellites are
detected as failed. Observe that:

1) RAIM is still indicated as "in operation”; and
2) the status indication switches to "safe" state within 10 s and that the associated alert is
rectified.

For each step of the above test sequence, observe if the appropriate interface output is
provided.

Repeat the above test sequence for a selected accuracy level of 10 m and, if provided, for
another accuracy level.

5.6.12.2 Self test

The EU[T shall be checked for provision of a self-check function of antenna .interfage, BAM
interfacé, MKD interface or other equipment interfaces by inspection of theomanufgcturer’s
documentation.

5.6.13 | Accuracy of COG and SOG

(See 4.3.12)
5.6.13.1 Methods of testing

The EU[ shall be set up on an appropriate mobile unit)oruse a IRNSS/NaviC RFCS] and all
outputs findicating SOG or COG shall be monitored as\specified by each test.

Test number 1 — Constant speed for forward diregtion

At a cornlstant forward direction, the forward speed shall be within 0 knot to 1 knot. Ten $econds
after be|ng in the range, measurements ef SOG and COG shall be made for duration qf 2 min.
This cygle shall be repeated for all speled ranges of the Table 3.

Test number 2 — Change of speedfor forward direction

Apply alconstant speed ofidi’knot for a period of not less than 15 min. Increase the speed by
increments of 1 knot up.to/speed of 5 knots and thereafter by increments of 5 knots up to the
maximufm speed for whiech the equipment is designed at 5 m/s2 acceleration. Observe the output
of SOG [after each-Change speed.

Test number.3= Change of course

Apply alconstant speed of 1 knot for a periad of not less than 15 min (‘.hangp course ance per
6 s by increments of 1° or rate of turn of 10°/min up to a course change of 40°. Observe the
output of COG after each change of 1° of the course. This cycle shall be repeated for all speed
ranges of the Table 3.

5.6.13.2 Required test results

The test results shall be observed on the display and the approved interface.

For SOG tests, no reading of the speed indicator shall differ from the constant speed being
applied at the time by more than 2 % of that speed or 0,2 knot, whichever is the greater.

For COG tests, the differences between the reference direction and measured course over
ground of in each test cycle shall not exceed the limits of Table 3.
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Validity of COG and SOG information

Method of testing

The mode indicators of the GNS sentence of IEC 61108-5 and VTG sentence of IEC 61162-1
are used for interpretation of validity of COG and SOG. With the EUT normally operating,
preclude invalid position data by reducing the number of received satellites. Investigate the

content

of the resultant GNS and VTG sentences.

5.6.14.2 Required test results

Observe that the mode indicators of the GNS sentence of IEC 61108-5 and VTG sentence of

IEC 611

62-1 turn to invalid. Observe that the COG and SOG information contained in

he VTG

sentenc

5.6.15
5.6.15.1

While tH
satellite

5.6.15.2
Observe
is as sp

turns to
complet

57 T
(See 4.3.
5.7.1

The IRN

e is replaced by null fields.

Output of UTC
Methods of testing

e EUT is navigating, provoke an invalid position by reducing the number of i
5 to two. Investigate the content of the GNS and ZDA sentences provided.

Required test results

that the resolution of UTC information contained-in.the ZDA sentence of IEC
ecified in 4.3.12.3. Observe that the mode indicator of GNS sentence of IEC
"N" to indicate no fix. Observe that the ZDA.sentence remains transmitted
e UTC information.
psts for typical RF interference conditions

3)

Simulator conditions

SS/NavIC RFCS setupsshall be as follows:

RNSS/NavIC satellites;
satellite at a maximum level of —127 dBm plus antenna gain at 90° elevation;
satellite at a_minimum level of =137 dBm plus antenna gain at 15° elevation;

b satellitestat a level of =130 dBm plus antenna gain at 45° elevation.

Navigation solution accuracy test

eceived

51162-1
51108-5
carrying

e five
e one
e o0ne
o thred
5.7.2

Interferd

nce-conditions —includinag narrow hand and widae bhand RE naoisae C\W,. intarfaran
RGe RoHHeRs—HcideRghRarowWoahRaahRewWiaebaha—~+——ho+s6e Ww—HeHe+e+

ce, and

pulsed interference, centred at IRNSS/NavIC L5 frequency for L5 receiver and centred at
IRNSS/NavIC S frequency for S band receivers, shall be simulated using a RF noise generator.
For the pulsed interference tests, a pulse-modulated carrier (CW) with peak carrier level of
—20 dBm and duty factor of 10 % shall be used. The interference values are shown in Table 4.
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Table 4 — RF interference value

The me

a) the §
b) the 4
c) thel

d) whild
and

e) whe

f) rep

If the E\
position
the sam

Narrow band/wide band interference (NBI/WBI) values
Frequency Noise bandwidth Total RMS power
MHz MHz dBm
1176,45 1 -108
2 492,028 1 -108
Pulsed interference values
10 % duty factor
Frequency Pulse width Peak carrier level
MHz ms dBm
1176,45 1 -20
2 492,028 1 -20
Continuous wave interference (CWI)
Frequency Power
MHz dBm
1176,45 -108
2 492,028 -108

hod of testing is as follows:

FUT is subjected to one of the intérference sources;
imulator scenario shall be engaged and the satellite signals turned on;
EUT shall be powered and initialized;

e the EUT is providing position solutions, the interference shall be applied to t
the level of the interference shall be adjusted to the required value;

N steady-state accuracy is reached, record a minimum of 100 position and HDOJ

as rjported by the EUT at a rate of one sample every 2 min;

at this cycléfor any remaining interference source and receiver frequency.

T reports’a position outside the given boundaries (at the 95 % confidence leve
ng service mode (see 4.3.3.1) in use or fails to report a position in more tharn
ples, a test failure is declared.

he EUT,

P values

) for the
5 % of

5.7.3

Re-acquisition test

The re-acquisition test is designed to simulate a temporary loss of signal, such as passing under
a bridge. To determine the re-acquisition pass/fail criteria, consider a single trial where the EUT
provides a valid position fix that is within required accuracy at 30 s from restoration of the
satellite signals, and maintains a tracking status for at least the next 60 s. This unit is considered

to have

passed one trial.

The interference condition to be tested includes narrow band and wide band interference
(NBI/WBI) as shown in Table 4.
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The method of testing is as follows:

a)
b)
c)
d)

e)
f)
g)

h)
i)

)

the EUT is subjected to NBI/WBI sources;
the simulator scenario shall be engaged and the satellite signals turned on;
the EUT shall be powered and initialized,;

the EUT shall be allowed to reach steady-state accuracy before the satellites are to be
switched off.

the simulator RF output shall be removed for 30 s;
the simulator RF output shall be restored to the EUT;

after 30 s, record a position and HDOP values as reported by the EUT. If, after 30 s, no
positfon Teporthas been sent from the TecelvVer, Tecord a triar fatiure and go 10 Step|i);

ensyre that the receiver continues position reporting for the next 60 s;

go to step d) and repeat as required;

NOTHE If the simulator scenario is reset, it is possible some receivers require purging(of all previoyis data to
enable proper operation. This is due to the persistence of time data in the receiver.and the inability of the
receiyer’s software to deal with a backward transition in time.

repeat this cycle for any remaining receiver frequency.

A failur¢ by the EUT to provide a position output after 30 s, teporting a position outgide the
given bgundaries (at the 95 % confidence level) for the posijtioning service mode (see 4.3.3.1),
in use gr failing to continue position reporting for 60 s after.sampling indicates a failutfe mode

will resylt in the trial being declared a failure.
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