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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARITIME NAVIGATION AND RADIOCOMMUNICATION
EQUIPMENT AND SYSTEMS -
INTEGRATED NAVIGATION SYSTEMS -
OPERATIONAL AND PERFORMANCE REQUIREMENTS,
METHODS OF TESTING AND REQUIRED TEST RESULTS

FOREWORD

1) The Intgrnational Electrotechnical Commission (IEC) is a worldwide organization f
all natlonal electrotechnical committees (IEC National Committees) The abj
internafional co-operation on all questions concerning standardization in the e
this enfl and in addition to other activities, IEC publishes International
Technigal Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; a
in the |subject dealt with may participate in this preparatory wqg
governmental organizations liaising with the IEC also part|0|pate i
with the International Organization for Standardization (ISO
agreemfent between the two organizations.

2) The formal decisions or agreements of IEC on technical matiers & 3 v &S possible, an ir
consengus of opinion on the relevant subjects since @ash\te i \iftee has representati
interested IEC National Committees.

3) IEC Puplications have the form of recom ion3 i onal use/ and are accepted by IH
Commiftees in that sense. While all reasonab o.ensdre that the technical con
Publications is accurate, IEC cannot be i the way in which they are used
misintefpretation by any end user.

4) In ordef to promote internatis
transpafrently to the maxi
betweep any IEC Publication

the latter.
5) IEC provides no

equipment decl
6) All users should engtre
7) No liabl]li

membef

other d

expens
Publicati

8) Atten% rmative references cited in this publication. Use of the referenced pul
indispe pplication of this publication.

9) Attentig

patent fi

comprising

promote
it fields. To
itications,

b as “IEC
interested
and non-
dtes closely
ermined by

ternational
bn from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

ible for any

xperts and
damage or
fees) and
other IEC

lications is

subject of

navigation and radlocommumcanon equipment and systems.

The text of this standard is based on the following documents:

FDIS Report on voting
80/433/FDIS 80/440/RVD

~ Maritime

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition, or
*+ amended.

A bilingual version of this standard may be issued at a later date.

@%
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INTRODUCTION

International Standard IEC 61924 has been developed by IEC Technical Committee 80 to
clarify the IMO Resolution MSC 86(70) Annex 3 Recommendation on Performance Standards
for an Integrated Navigation System (INS). This standard provides adequate requirements,

methods of tests and required test results to facilitate type approval.

@%
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MARITIME NAVIGATION AND RADIOCOMMUNICATION
EQUIPMENT AND SYSTEMS -
INTEGRATED NAVIGATION SYSTEMS -
OPERATIONAL AND PERFORMANCE REQUIREMENTS,
METHODS OF TESTING AND REQUIRED TEST RESULTS

1 Scope

This Intepratiomat-Starndard bpcuifica themimimom lcquilclllcllib forttre Cbigll, manufacture,
integratign, methods of testing and required test results for an integrate \{Qfgn system
(INS) to ¢omply with the International Maritime Organization (IMO) requi f Riesolution
MSC 86(f0) Annex 3. (See Annex A). >

This stapdard aims to resolve conflicts that may occur 5 in the
requirements of the relevant IMO Performance Standard avigational aids

when forming part of the INS.

All text d

Annex 3
between

provides
adopted

The follo

wing r S
For dated references

of the referenced

IEC 60945:

General r

<

IEC 6114

interface

C 86(70)
ndicated

ids that
tandards

ocument.
st edition

stems —

— Digital

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

IEC 61174:2001, Maritime navigation and radiocommunication equipment and systems —
Electronic chart display and information system (ECDIS) — Operational and performance

requirem

ents, methods of testing and required test results

IEC 61209:1997, Maritime navigation and radiocommunication equipment and systems —
Integrated bridge systems (IBS) — Operational and performance requirements, methods of
testing and required test results

IEC 62065:2002, Maritime navigation and radiocommunication equipment and systems —
Track control systems — Operational and performance requirements, methods of testing and

required

test results
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IMO A.224(VIl) as amended by MSC.74(69) Annex 4, Performance standards for echo-
sounding equipment

IMO A.424 (XI), Performance standards for gyro-compasses
IMO A.529 (XIII), Accuracy standards for navigation

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

IMO A.815(19), World-wide radionavigation system

IMO A.831(19), Performance standards for gyro-compasses for high sp

IMO A.843(19), Performance standards for automatic radar plotting i

IMO A.844(19), Performance standards for devices to indicate speed ang
IMO A.830(19), Code on alarms and indicators
IMO A.893(21), Guidelines for voyage planning

IMO 197 (SOLAS), as amendéd

IMO MSC. nance standards for integrated bridge
systems

IMO MS( S atle grformance standards for radar eqliipment
IMO MS( ) q dards for an integrated navigation system (INS)
ISO 116744: ; ology — Heading control systems

3 Tern

For theqﬁ his decument, the following terms, definitions and abbreviations [apply.
31 Te

3.1.1

accuracy

degree of conformance between the estimated or measured parameter value at a given time
and its true parameter value at that time

3.1.2

added value

functionality and information, which are provided by the INS, in addition to the requirements of
the performance standard for the individual equipment

3.1.3

aid to navigation

any device or system external to a vessel intended to assist a navigator to determine position
or safe course, or to warn of hazards to navigation
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3.14

alarm

audible signal or audible and visual signal announcing a condition requiring immediate
attention or user action

3.1.5

alarm management

functions provided by an INS for harmonising, processing, monitoring and distributing audible
and visual announcements and their acknowledgement, silencing and cancelling operations

NOTE The alarm management function administers different levels of announcements: alarms, warnings and
indications.

3.1.6 N

announdement
visual or faudible signal issued to the user by the system

3.1.7
automatic control system
control system that may include a heading, track or speed g

3.1.8
conning|position

place on the bridge with a commanding vie
commanding, manoeuvring and controtling a

) sed by navigatqrs when

3.1.9
consistent common reference point

location in a ship to which all measurem own ship’s position, target range,
ive y, pl and yaw are referred. Typically, this is the

bearing,
conning | example’be the origin of the reference axes of the

ship

3.1.10
consiste
CCRS

sub-systeg
and info

n of data
an INS.
d values
for a spgCi position,
speed t

3.1.11
detected hazard
hazard identified by a sensor (for example, radar or echo sounder) or reported by a
communication device (for example AIS or NAVTEX) and which is available to the INS

3.1.12

entry field

location on a display for the input of data by the operator. The requested information is
usually alphanumeric

3.1.13

essential information

information required for the fundamental functions of the INS. This includes as a minimum
position, speed, heading and time
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3.1.14

expected precision

deviation between the measured value and the true value that is normally not exceeded by a
typical system

3.1.15

functionality

ability to perform an intended function. The activity of performing a function normally employs
a system of displays, controls and instrumentation

3.1.16
hazard
objects q inding or
collision, retrieved

from a database or manually input to the INS

3.1.17
indicatign
visual infprmation about the condition of a system or equip

3.1.18
inspection
visual check of the equipment or documentation

3.1.19
integrated navigation system

combination of systems or functions
safe and |efficient navigation

increase

3.1.20

integrity

property jof informationnas beimg\g ents and
verified dy com

3.1.21

integrity
ability of
timely, cq

the user with information within the specified accufacy in a
gus manner, and alarms and indications within a specjfied time
used with caution or not at all

etrieved from a database (including na ications) or
manually input and which is available to the INS

3.1.23

latency

time interval between an event and its result, including time for reception, processing,
transmission and display

3.1.24

leg
the ship’s intended ground track between two waypoints
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3.1.25
manufacturer

organisation responsible for the production of all or some of the parts of the INS, including the
responsibility that these parts meet their individual international standards. A manufacturer

may also be the system integrator

3.1.26
marking
visual or logical indication of the status of displayed or transferred information

3.1.27
mode
the setti ,
Human Nlachine Interface (
the equigment or its sensors

3.1.28
mode awareness

perceptign of the mariner regarding the currently active
Display pf the INS including its subsystems, as suppo
indications at an INS display or workstation

3.1.29
multifungtion display
single vi
selectabl

3.1.30
navigatid
process
expeditig

3.1.31
navigatig
ship-borrn

instrume d/to assist in the navigation of a ship.

3.1.32
part
individua bsystem, equipment or functional module
3.1.33
passage

its relevant International Standard(s), for

modes) or the

odes) of

tion and
ons and

series of

safe and

example

process of moving a ship from one place to another by navigating through a certain area
within a certain period of time and in compliance with certain environmental and legal

provisions

3.1.34
performance check

functional check to show that the system or component is still operational

investigating all details of its functionality

3.1.35
plausibility
quality of being believable or trustworthy

without
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3.1.36

primary navigation data/information

data of own ship's position, speed, heading, time and, in case of INS(B) and if available
depth, provided by selected sensors, to be used in the system for processing the navigational
information

3.1.37

route

representation of a voyage or passage geographically defined by a point of departure, a point
of arrival and usually by intermediate waypoints. It may include time of departure and/or ship's
speed as well as parameters and limits for safe navigation such as off-track limit, turn radius,
time references, etc. and as defined in IMO Resolution A.893(21)

3.1.38
selected|route or track
route or track which has been chosen for monitoring the performafRce\of\theawi art>n. The
term “tra¢k” is typically used for systems that have automatic trae h\

3.1.39
sensor
navigational aid, with or without its own display and > matically
providing information to the INS

3.1.40
situation awareness
perceptign of the mariner regarding the prevailing i ation and the currently|active or
available| system resources, as suppgrted by sentations and indications af an INS
display o

3.1.41

system data

data that is used. b c € processing and display of essential infprmation.

System data of e i he game source. System data, at least fol primary
0 3 S

navigation informa

3.1.42
system inte
organisati
standarg

uring that the INS complies with the requiremenis of this

3.1.43
track
geograplhjical’represéntation of the movement actually performed by the ship, or, in ¢ase of a
track control system, the path (over ground) to be (automatically) followed

3.1.44

validity

conformity of information with formal and logical criteria, or the marking of data as being good
or no good (valid or invalid) for the intended use

3.1.45

vessel

water craft of any description, including non-displacement craft, WIG craft and seaplanes,
used or capable of being used as a means of transportation on water

3.1.46

voyage

execution of all aspects of the operation of a craft in journeying from the point of departure to
the final destination. A voyage may consist of one or more passages
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3.1.47
warning
signal announcing a condition requiring non-immediate attention for precautionary reasons

3.1.48
waypoint
geographically defined position used as reference for navigation along a leg, track or route

3.1.49

workstation for INS or INS workstation

workstation at which display or operator control functions are provided to meet the require-
ments of this standard. An INS workstation need not be a physical part of the INS. It may just

be the logation-where the necessary displays-andcontrols are situated
3.2 Abbreviations

AIS Automatic identification system

ARPA Automatic radar plotting aid

ATA Automatic tracking aid

AtoN Aid to navigation

CCRS Consistent common reference sysie

COG Course over ground

DR Dead reckoning

ECDIS Electronic chart display 2 stem
EUT Equipment under test

EPA i

EPFS

GNSS

HCS

HMD

HMI

IBS

IMO 4

IEC

INS

ISO International Organization for Standardization
LORAN Long range navigation system

MSC Marine Safety Committee

OOW Officer in charge of the navigational watch (Officer of the Watch)
RAIM Receiver autonomous integrity monitoring

ROT Rate of turn

SDME Speed and distance measuring equipment
SOG Speed over the ground

SOLAS Safety of life at sea

THD Transmitting heading device
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4 Functional requirements and application

NOTE Clarification of minimum requirements is given in Annex B.
4.1 General

In addition to meeting the relevant requirements of Resolution A.694(17) to which IEC 60945
is associated, the INS shall comply with the requirements of the IMO Performance Standards
MSC 86(70) Annex 3, as clarified in this standard.

4.1.1 Purpose

of navigational

?to the

ooW) to

The purpose of this standard is to support proper and safe integrati
equipmel 1 [oH- —)

4.1.2 Purpose of an integrated navigation system (INS)

The purq
functions

plan, mo

A functio value’ is
achieved

4.1.3

Each par including
the requi perations
shall meq indiidyal function they can control, monitor or
perform.

A sensor| or part ther [ perform
other fungtions of:ﬁe

An actudgtor and ing gear
control s INS if it
only recdi required
by this st

4.1.4 <

The INS ral intent
of indeps required

to meet this.standard.

4.1.5 Mode and situation awareness

The INS supports mode and situation awareness. (MSC 86(70) Annex 3, 1.2) within the scope
of functions provided by the relevant category of INS(A), (B), or (C).

4.1.6 Three INS categories

If a combination of navigational aids has been determined to be an INS as per 4.1.4, one of
the following INS categories applies.
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41.7 INS(A)

The requirements of this standard for INS(A) (see Clause 5) are applicable to any INS that
provides the minimum functional requirements of the INS, including a consistent common
reference system. (MSC 86(70) Annex 3, 2.3.1). The INS(A), as a minimum, provides the
information of position, speed, heading and time, each clearly marked with an indication of
integrity (MSC.86(70), 4.1.7).

4.1.8  INS(B)

The requirements of this standard for INS(B) (see Clause 6) are applicable to any INS that, in
addition to the functional requirements of INS(A), provides the information needed for
decision support in avoiding hazards (MSC 86(70) Annex 3, 2.3.2). The IMautomaﬁca//y,
continua d, where
available detected
hazards

An INS(H
hazards,

avoiding

e the g jds goes
beyor

« the category INS(C) as per 4.1.9 does not apf

NOTE “wh

4.1.9

The requ S that, in
addition ctions of
heading, nce and
status of

4.1.10

The requ applicable to all three categories of INS, except where
otherwisg¢ . 8 Iy 3”specific to INS(A), INS(B) and INS(C) are detailed in
Clauses i The relevant category of the INS shall be declared.

4.1.11 pas

Resolutign®MSC.62{&7) Annex 1 and related IEC 61209, may be performed by an INS which
should a NSB(tMSEB6(F—1+5)-

4.1.12 Safety of navigation support

The INS supports safety of navigation by evaluating inputs from several independent and
different sensors, combining them to provide information giving timely warnings of potential
dangers and degradation of integrity of this information. Integrity monitoring is an intrinsic
function of the INS (MSC 86(70) Annex 3, 1.3) as required by its category INS(A), (B), or (C).

4.1.13 Consideration of human factors

The INS aims to ensure that, by taking human factors into consideration, the work load is kept
within the capacities of the OOW and other mariners on the bridge in order to enhance safe
and expeditious navigation and to complement the mariner’s capabilities, while at the same
time to compensate for their limitations (MSC 86(70) Annex 3, 1.4), as required by its
category of INS(A), (B) or (C).
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4.2 Basic functions
4.21 Combination, processing and evaluation

The INS shall combine, process and evaluate data from all sensors in use (MSC 86(70)
Annex 3, 4.1.5) for obtaining information of speed, heading, position and time for the
purposes of the integrity evaluation specified in 4.7.

4.2.2 Mode and situation awareness

The INS shall support mode and situation awareness (MSC 86 (70) Annex 3, 1.2) and shall
fulfil this requirement through functional integration, processing and display by providing:

« valid
« thes

e changes to this information and appropriate alarms and indicatio 2 ! y the INS
categpory.

4.3 Functional integration

The INS |shall provide functional integration meeting
Annex 3,[4.1.16) of this subclause.

9C 86(70)

4.3.1 Multifunction display

Where a display unit then these| shall be
redundar ‘ Jhe failure of a single multifunction
display sghall not result in the loss of\a f i \ gted by the carriage requirgments of
SOLAS.

4.4 Int

Interfacin ) y’with International Standards, namely IEC 61162
series, a Atorg i 3 SC 86(70) Annex 3, 7) as follows:

4.4.1 Inf

Stand-alq
connect

hich performance standards adopted by IMO exist, when
comply with the IEC 61162 series as applicable, |for data
exchan (MSC 86(70) Annex 3, 4.1.12). Where no suitable IEC 61162
interface| i alternative interface may be used. Details about the |available
interface ctions supported thereby shall be included in the installation manual. Where
the datum.reference.$entence (DTM) is received in accordance with IEC 61162-1 then it shall
be evaluated—amdprocessed—accordingty:

4.4.2 Plausibility checks

Received or derived data that is used or distributed by the INS shall be checked for plausible
magnitudes of values.

Examples:

e heading of 361° is not plausible;

* magnitudes of actual velocity greater than the maximum ship’s speed are not plausible
(plausibility check with known parameter of ship’s dynamics);

¢« magnitude of actual ROT greater than the maximum ship’s ROT is not plausible
(plausibility check with known parameter of ship’s dynamics).
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Data which has failed the plausibility checks shall not be used by the INS and this shall not
affect functions not dependent on these data (see Table 1).

4.4.3 Validity checks

Validity of the data shall be provided for each part to be integrated (MSC 86(70) Annex 3,
4.1.16.2).

The data received, used or distributed by the INS shall be checked for validity marking by the

sensor. Data that has failed the validity checks shall not be used by the INS and this shall not
affect functions not dependent on these data (see Table 1).

4.4.4 Integrity of data exchange AR

The intagrity of the data exchange within the INS shall be <ensufe \(Ngc 86(70)
Annex 3,|4.1.14) (see Table 1).

4.4.5 Data output

Data oufput from the INS shall comply with the IEC 2 &8s as\applicable. The
sentences specified in Annex C of this standard Xi . suitable
IEC 61142 interface is defined proprietary sentence be used.

Details apout the available interfaces shall be includ

Where in
e positi eference
sente

NS shall
e source

* syste
be trd

shall
4.5 Ac
As a minji a acynandother groperties of information shall meet the reqyirements
of the res 9 IMO’ fopthe individual navigational aids connected to gr forming
part of th e-INS shall not degrade the accuracy of the data|provided
by the se ex 3, 4.2.4).
NOTE \nclude update rate, range, resolution, validity, etc. as specified in the relevant
standards.

4.6 Cgnsistentcommon reference system (CCRS)

The INS shall ensure that the different types of information are distributed to the relevant
parts of the system, applying a °‘consistent common reference system’ for all types of
information (MSC 86(70) Annex 3, 4.1.6).

Information from the CCRS shall be:

a) referenced to same place and time;

b) compensated for latency as defined in 4.6.1;
c) checked for validity;

d) checked for plausibility.

T IMO Resolutions A.529(13) and A.815(19)
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The data shall be presented with a warning when it is not possible to perform the calculations
required in a) and b). The data shall be marked as invalid if the tests c) or d) fail in

accordan

ce with Table 1.

The CCRS shall ensure that all parts of the INS are provided with the same type of data from

the same

source.

Ground velocity shall have its components (i.e. COG and SOG) derived from the same source.

Where data is presented that is not part of the CCRS, it shall be clearly identified as such.

4.6.1 La

tency of data

Data Iat|
(MSC 86

4.6.2 Cg

The INS
informati
recommse

Alternati

The seld
process.

4.7 Int

The inte
essentia

The inte(
parts of t

The INS
from the

The INS<

A clear i

ency shall be consistent with the data requirements
70) Annex 3, 4.1.13) and their relevant international stand

nsistent common reference point

shall use a single consistent common refer
bn. For consistency of observed and >

egrity monitori

grity of essentj
information is

Jrity of@

reniksensors shall be evaluated prior to distribution
WigesNIMSC 86(70) Annex 3, 4.1.5).

hdicatio e sources of data selected for integrity monitoring shall be

al parts

y related
ngs, the

bvious.

onitoring

y before

to other

onitoring

nitoring.

provided.

The INS

shall be capable of accepting multiple sensor inputs for sensors prov

ding the

following

« headi

data:

ng;

e speed through water;
« EPFS position;
o time (e.g. from GNSS);

» velocity over ground (e.g. from EPFS).

Where RAIM is used for integrity monitoring, this shall be indicated.
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4.7.1 Verification of data integrity

The integrity of information selected for use by the INS shall be verified by comparison of the
data derived independently from two or more sources if available (MSC 86(70) Annex 3,
4.1.10).

4.71.1 Verification of position integrity
The INS shall be capable of monitoring the position integrity by all of the following means:

e comparison with a second EPFS;

e processing an output of the RAIM GNSS function;

ato

>erenced

» deadeckoning usg the ship s heading and Speed mMeasuring devit
detecf position jumps.

NOTE Comparison with dead reckoning position shall take into account the limitati
velocities gnd further limitations when the ship is turning or operating at low speeds (s

4.7.1.2 Verification of heading integrity

The INS ghall be capable of monitoring the heading i i e following means:

e comp
e comp

NOTE WH gver ground sensor, the limpitations at
low speeds be taken into account (see also 4.7.2.1 ).

4.7.1.3 Verification o

The INS 3 d through water integrity by both of the
following[means:

e compfrison

e compprison wi

NOTE WH i ty is monitored by comparison with a speed over ground $ensor, the
limitations i t (see also
4.7.2.1).

4.71.4 elocity over ground integrity

The INS le of monitoring the velocity over ground integrity by all of the[following
means:

e« comparison with a second velocity over ground sensor;
e« comparison with a speed through water sensor;

* comparison with ground velocity from an EPFS.

NOTE Where velocity over ground is monitored by comparison with a speed through water sensor, the limitations
at low speeds, in conditions of drift and when the ship is turning must be taken into account (see also 4.7.2.1).

4.7.1.5 Verification of time integrity

The INS shall be capable of monitoring the integrity of the time data by both of the following
means:

e comparison with a second sensor providing time data;

e comparison with the INS internal clock data.
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4.7.1.6 Verification of depth integrity

The INS shall be capable of monitoring the integrity of the depth data by both of the following
means:

e comparison with a second depth sensor;

« comparison with electronic chart data.

4.7.2 Integrity monitoring thresholds

The status of the data verified for integrity shall be marked “integrity check failed” when the
difference between the sources exceeds pre-defined thresholds.

The threghold for integrity calculations shall be based on the specified ctedywhere not
specified) sensor accuracy at a probability of 95 %. The threshold m= i

geometri¢ addition of the accuracy values of the data being used fo ny.

The integrity monitoring thresholds in use shall be available ford

4.7.2.1 Adaptation of integrity monitoring threshold

The INS|may provide manual or automatic adjustment e 5 to take
into account:

* inherént differences in availabilits used for

integlity monitoring; and

« different manoeuvring conditions.

The thrgsholds shall be alues as stated in the manufacturer’s

documenitation.

4.8 M:Lrlking of data

4.8.1 arkin

The dats esult of integrity monitoring to enable supsequent
functions # data complies with their integrity requirements|or not.

Informati i integrity shall be clearly marked by the INS and shall not bg used for
automati systexns oOther than for fall-back purposes as described ih 4.12.2

(MSC 8

4.8.2 rVIarking f doubtful data

The status of the data shall be marked "doubtful" when the integrity check has not been
carried out.

4.8.3 Marking and use of sensor data

Table 1 defines the marking and use of data that have been checked for validity, plausibility
and integrity within the INS. The specified announcement shall be raised for sensors that are
in use.
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Table 1 — Marking and use of data

Validity | Plausi- | Integrity INS data marking Announcement Result
bility
Fail Any Any Validity check failed Alarm or warning as | Data cannot be
(not relevant) (doubtful integrity) required by 4.9.1 used within INS
Any Fail Any Plausibility check failed | Alarm or warning as | Data cannot be
(not relevant) (doubtful integrity) required by 4.9.1 used within INS
Pass Pass Impossible due to Integrity check not Alarm or warning as | Data cannot be
lack of secondary performed (doubtful required by 4.9.2 used for automatic
sensor, etc. integrity) control function(s)
Pass Pass Fail Integrity failed Alarm ata cannot be
/\53" fer-putomatic
/\\ contrs(Aunction(s)
Pass Pass Pass Integrity passed None Datg,is spitable for
ARy Use )>
4.9 Gg¢neration of alarms and warnings
4.9.1 ndication of invalid information

When data required by the INS for essential inf
invalid, corrupt or unavailable, an ala S

by the IN

4.9.2

The INS [shall provide a
shall be give

an alarm

4.10 INSP displ

4.101

The INS
required

The following

nction is
ion used

f INS(C),

egory as
ay required for presentation of this information may be a

y of any available navigational aid. The display| of such

rt of the INS.

tial information
Mmation shall be displayed simultaneously upon a simple |operator

command.

« essential information, (see 3.1.13 for definition);
e depth of water under keel (in case of INS(B) and (C));

» display mode (where not distinctively obvious);

* mode of operation (where not distinctively obvious).

Supplementary information related to the essential information shall be readily accessible
(MSC 86(70) Annex 3, 5.2.3).



https://iecnorm.com/api/?name=d27eb389313aacc32bd347d246c15a61

- 22 - 61924 O IEC:2006(E)

4.10.3 Content of information for display

Where the information may be ambiguous, the information shall be displayed together with the
indication of its:

e source (sensor data, e.g. GYR 1, GYR 2, GPS 1, GPS 2, LORAN, EM log, Doppler log,

radar
e result

e unito

1, radar 2 etc.);
of calculation or manual input;

f measurement;

e status, including mode (see also integrity monitoring, 8.5.10). (MSC 86(70) Annex 3,

4.2.3).

AR

4.10.4

Additions
degrade

4.10.5

The INS
sensors

4.11 Cd

It shall b
and the (¢
list. The
equipme

4.12 Ma3lfunctions

4121
41211

A failure
directly d

In case<
directly d

4.12.1.2

Display of additional information

| navigational information may be displayed provided it do
essential information required for display by this standdrd

Display of sensor output data

shall be capable of displaying information
MSC 86(70) Annex 3, 4.2.2).

nfiguration display

information shall be detailed to
it connected, readyXor providing in

Failur@

Failure ¢

he functionality of other parts except for those
ormation from the defective part (MSC 86(70) Annex 3

Malfunction of additional facilities

mask, b}ure or

from the

figuration
nh or as a
nd other

functions
, 4.1.4).

(i.e. not
/19.6).

When equipment or functions of equipment connected to the INS provide facilities in addition
to this International Standard, the operation and as far as is reasonably practicable, the
malfunction of such additional facilities shall not degrade the performance of the INS below
the requirements of this standard (MSC 86(70) Annex 3, 4.1.3).

The manufacturer shall declare all such additional facilities.

4.12.1.3

Failure of one part

A failure of one part shall be indicated by an alarm if this failure requires immediate operator
attention as defined and documented by the manufacturer. Other failures shall at least be

indicated

as warnings.
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4.12.1.4 Automatic response to malfunctions

The system's automatic response to malfunctions shall result in the safest of any other
configuration or mode of operation as documented by the manufacturer, accompanied by
clear indications and alarms (MSC 86(70) Annex 3, 4.3.1). The automatic response to
malfunctions shall be in compliance with the relevant equipment standards.

4.12.2 Fall-back arrangements

The INS shall, after a failure, or when sensor data become invalid, support the availability of
essential information and functions through the use of appropriate fall-back arrangements
(MSC 86(70) Annex 3, 8.1) as given in the following subclauses.

NOTE F INCLON sl PN Lotad—fall toaal : 4 PO T L PR P 1 I
oFrmyotome—controrreratretramoacKredurementsS—are—speciet M me—rerevant—StanaaasS;—1or exampie

IEC 62065 and ISO 11674.

4.12.2.1 | Independent functionality

A failure| of data exchange between parts of the INS sha 3 independent
functionality of parts (MSC 86(70) Annex 3, 4.1.15).

4.12.2.2 | Restored operation

Normal ed upon
confirmatii
Power in tion (see
4.15.4.2)

4.13 INP alarm manage

4.131

An alarm mana@n

The INS fglarm m
IMO Resplution
standard

ments of
ts of this

The nu:z information

of lower

The annd nt system
may be performed by a centralised ship alarm management system. In this case lor in the
case where the centralised ship alarm management system takes over functions of the INS
alarm management system, this functionality shall at least meet the relevant requirements of
these standards.

The INS alarm management system shall have the capability of replacing the announcement
functions of individual navigation equipment. These announcement functions shall, in addition
to meeting the requirements of the performance standards specified for each individual
equipment, comply with this standard.

All INS alarms and indications of their sources shall be provided at the navigation and
manoeuvring workstation. The manufacturer’s documentation shall include guidance showing
the physical layout of the INS alarm management system required to meet this requirement.
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Generation of alarms, warnings and indications

Alarms, warnings and indications shall be as per Annex D.

4.13.21

Alarm delay

In order not to generate unnecessary alarms and fall-back situations for short term sensor
errors, the generation of alarms and warnings for invalid or doubtful data may be delayed for
a time period of up to 30 s. In such cases however, at least an indication shall be generated
within a maximum time delay of 5 s.

If relevant, the manufacturer shall provide guidance in the documentati

Msetting of the

time del

4.13.3

Methods

4.13.3.1

The audi
signal is

The visu
acknowls

Visual s
distinguid

shall be 1

NOTE Mu
triggered 3

4.13.3.2

There sh

The visu
acknowlg

yo-

Alarm, warning and indication announcement

of announcement as described in Table 2 shall be pro

Alarm

ble signal shall continue until the alarm c iti i edged or th
Silenced.

al signal shall continue un
dged.

gnals for unacknowledged
hable from each other.

Itiple ca'
times befoxe aek

The visu

e audible

alarm is

e clearly

indication

gn alarm is

arning is

dlstlngmshable from each other

4.13.3.3

Indication

The visual signal shall continue until the indication condition is removed.

ve clearly
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Table 2 — Announcement for conditions requiring attention

Announcement for conditions requiring attention ALARM WARNING INDICATION
Type of announcement Audible and visual X* X* -
Visual only -- -- X
Acknowledgement Acknowledge local X (0] -
Acknowledge remote 1 X (0] --
Acknowledge remote 2** (0] -
Acknowledge remote 3** X X -
Audible Silence local (0] --/\ -
announcenfent siencin
° Silence remote 1** X /\\ . --
Silence remote 2** 0 /\ -- \ --
* The audlible announcement is not normally required for WARNING.
**  Where supported by the interconnected equipment. <\\\ \
X Requirgd function O Optional function -- Non-applicab}é functign N
NOTE Other definitions are given in Table 3. %w

Table 3 - Alarm ac IeMn@ initions

Acknowledge local

/\/\Q

kne Iediarr|ed out on any operati

g panel
erating the

cision

Acknowled

ge remote 1 [\/\ &

ﬁwledgement carried out on any workst3
t NS where the cause of the announceme

related information for decision support are p

tion inside
t and
resented

Acknowled

ge reméte 2

Acknowledgement carried out on an alarm pd
centralised Ship Alarm Management System
the INS is connected and where that panel al
presents the source or cause of the annound
related information for decision support

nel of a

to which
50

ement and

Acknowled

<

The acknowledgement and the cancellation o
announcement occur automatically after the f
generating this announcement is switched off
automatic control mode is switched off)

f the
unction
(e.g.

Silence logal

SO

Silencing carried out on the operating panel
directly assigned to the function generating t
announcement

vhich is
e

Silence remote 1

Silencing carried out on any navigation and

manoeuvering workstation inside the INS where the
source or cause of the announcement are presented

Silence remote 2

Silencing carried out on an alarm panel of a

centralised

Ship Alarm Management System to which the INS is
connected where that panel also presents the source or

cause of the announcement

4.13.4 Display of alarms, warnings and indications

Alarms, warnings and indications shall be presented in accordance with relevant presentation
standards.

Alarms shall be displayed so that the alarm reason and the resulting functional restrictions
can be easily understood (MSC 86(70) Annex 3, 4.3.6).
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The display of alarms, warnings and Indications shall be self-explanatory (MSC 86(70)
Annex 3, 4.3.6).

4.13.5 Back-up officer alarm

The INS shall provide an interface for a back-up officer alarm, at least for those alarms
required by the individual standards. The back-up officer alarm shall be initiated, when an
alarm has not been acknowledged within 30 s. Acknowledgement of a back-up officer alarm
shall only be possible from a location on the ship's bridge. The installation manual shall
include appropriate details.

4.13.6 Standby alarm mode

The INS may provide a mode to avoid or suppress alarms, warnings ang~gudible sigrjals when
the ship’s bridge is not required to be manned, for example when i iscmoered. This
mode shall be clearly and continuously indicated and shall be acf
operator |action only. Implementation and cancellation of the standt
be possiple from a location on the ships bridge. Automatic
allowed ip the alarm standby mode.

4.13.7 Alarm limit consistency

The INS ghall support consistency of alarm limits used iR differen

Where practicable, the INS shall, by & are used

by the different parts of the INS.

Where the automatic means are intenti e i different
parts and when the auto 2t 8 i , indicati ing| shall be
given whe { X DW .

4.14 Hyman maghin

Integrategd disp@w Ql~fiqctions “shall adopt a consistent HMI philosdphy and

implementation (M
and layq
optimise(

1), paying particular attention to symbols| controls
5. 2 1) Continuously displayed information |shall be

The INS
Internat‘é
standards.

wbology and display layout shall comply with the requirgments of
relevant, and where not specified therein, individual eguipment

4.14.1 |nformatior display

The HMI shall be so designed that the provided information is clearly understood and uses a
consistent presentation style (MSC 86(70) Annex 3, 5.1.2). The HMI shall be consistent and
conform to IEC 60945 and relevant International Standards.

4.14.2 Manual inputs

The HMI shall be so designed that the requested manual inputs can be easily executed
(MSC 86(70) Annex 3, 5.1.3). The method of manual data entry shall comply with IEC 60945
and relevant International Standards.
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4.14.3 Input errors

For manual inputs that may cause unintended results, and which may lead to excessive
sudden manoeuvres or loss of data, the INS shall request confirmation and provide user
guidance before acceptance, thus providing the operator the time for a plausibility check
(MSC 86(70) Annex 3, 5.1.4).

4.14.4 Physical layout of operational controls

The INS shall be designed and implemented so that the OOW can easily operate basic
functions from |INS workstations (MSC 86(70) Annex 3, 5.2.2). The manufacturer’s
documentation shall include guidance showing the physical layout of the operational controls
to meet this requirement

4.15 Pdgwer supply

4.15.1 Power supply requirements

Power sUpply requirements applying to parts of the INS as g Oxéqufrements,

shall remain applicable (MSC 86(70) Annex 3, 6.4).

4.15.2 Power sources
The INS kshall be supplied:

 from er with automated changeover

throu de inadvertent shut down; and
 from duration of not less tHan 45 s
(MSG
The man alls_necegsary to meet the above in the installation
manual.

4.15.3

If subjecfed to a » he INS shall, upon turn on come to an initial defpult state
ready for ioq. down procedure, turn on procedure and the initipl default
state shalll bg

4.15.4 {
4.15.4.1

After a power interruption full functionality of the INS shall be available after recoviery of all
subsystems. The INS shall not increase the recovery time beyond that specified in the
standards of the individual subsystem or its functions after power restoration (MSC 86(70)
Annex 3, 6.6).

4.15.4.2 Functions after recovery

If subjected to a power interruption the INS shall, upon restoration of power maintain the
configuration and mode in use and continue automated operation, as far as practicable or as
specified in the individual equipment standard. Safety related automatic functions, for
example automated steering control, shall only be restored upon confirmation by the operator.
(MSC 86(70) Annex 3, 6.7).
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4.16 Failure analysis

A failure analysis, at functional level, shall be performed and documented for the proposed
INS which includes all parts connected to or integrated into the system, including devices for
manual override of automatic functions and their proposed locations on the bridge
(MSC 86(70) Annex 3, 6.2), as given in the following subclauses.

4.16.1 Failure analysis block diagram

The failure analysis shall refer to block diagram(s) in an appropriate format to enable the
failure effects to be understood. The block diagram(s) shall illustrate the interrelationship and
functional interdependence of the system elements.

4.16.2 Failure analysis elements

The failufe analysis shall include the following items:

+ identification of sensors, controllers and actuators conne or ts of the

INS;

e possiple failures, performance degradations and

equipment;

« the Igcal effect on the individual equipment and\the\e p system
level;

* method of failure detection at the\indixdug i including

relatgd alarms, warnings and indicati

» system related corrective action irjcludi Z)\ ¢ mode(s) of operation (as applicable)
and associated indications;

« indicgtion of potential

4.17 Quality assurance

The integrator (@ ds being
parts of fhe system Control System audited by a competent authority to
ensure continuo 8.5).

In addilﬁ C 60945 requirements, adequate information shall be provided for the

4.18.1 Pperating

Operating manuals shall include:

e an overall functional description of the INS, including a description of the ‘added value’
provided (see 4.1.2), as compared with relevant stand-alone navigational aids;

« the redundancy concept and the availability of functions;

» a description of possible failures and their effects on the system (for example by using
part of the failure analysis as 4.12.1.1);

* guidance for the adjustment of the limits for alarms and warning indications;
» the implications of using different reference locations (see 4.6.2);

e details of the integrity monitoring provided by external sensors or subsystems and their
required settings (see 4.7);
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» details of the mechanism for marking valid, doubtful and invalid data (see 4.4.3);

« for INS(C), details of the external override and/or bypassing devices used in the
reversionary mode (see 7.3).

4.18.2 Installation manuals

The installation manuals shall include adequate information to allow the INS to be installed so
that it can meet the requirements of the relevant International Standards (MSC 86(70)
Annex 3, 6.3) and additionally the installation manuals shall include the following:

e details of sensors, components and the interconnections forming the INS which are
necessary to meet this standard;

e details of the interfaces and connections for data import and the

intergonnection diagrams and interfacing details for external p and for
devicgs to be connected,;

e instructions for the installation and connection of facilities fo N ax ent and
cancellation including the back-up officer alarm in the case &f IN QY

«~ the d¢tails of the power supply arrangements required fq_accqrda

« for INS(C), details of the installation and connectigh of exterqal ovexri ypassing
devicgs used in the reversionary mode (see 7.3);/and

e reco

5 Req

The INS and time,

each cle specified

in4.7.1.1

6 Requi

6.1 Ge
INS(B) s tional requirements of INS(A), be able to automatically,

continua indicate the nautical situation including the ships|position,
speed ar ] d\whexé available, depth in relation to the ship’s route, as well as to

NOTE Kin ards and detected hazards are defined in Clause 3.

6.2 Raqute’planninhg and route monitoring

Route planning and route monitoring shall be according to IEC 61174 (ECDIS).

7 Requirements applicable to INS(C)

The INS(C) shall, in addition to the functional requirements of INS(B), provide means to
automatically control heading, track or speed and monitor the performance and status of
these controls (MSC 86(70) Annex 3, 4.1.9).

7.1 Heading or track control system

For the purpose of heading control, the INS(C) shall comply with the requirements specified in
ISO 11674.
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For the purpose of track control or track and speed control, the INS(C) shall comply with the
requirements specified in IEC 62065.

7.2 Operator control and display functions

Where multiple workstations provide heading, speed, or track controls, only one workstation
shall at any time be assigned to accept control commands. It shall clearly be indicated, if not
otherwise obvious, if a workstation is not assigned to accept such control commands, at least
upon an attempt to access the control. If a workstation includes such controls, it shall not be
possible to prevent the workstation from taking control.

7.3 Reversionary mode

Lutomated
re status

The INS ghall allow simple and effective operator action to override or
functions (MSC 86(70) Annex 3, 4.3.2) regardless of the operational
of the INB. This shall be a single operator action.

After chgnging from an automatic control mode to a reversion | resume
the original automatic functions only after an appropriate’ 1 operator
action, i.e. operator confirmation of the command, thus a portunity
of considering all necessary starting conditions (MSC 86

8 Tesfrequirements and results
8.1 Ggneral

The man k ested. The equipment under test (EUT)
shall be i § quipment
is divided

The man
e physi
¢ |ocati

+ genel

¢ dependengi

8.2
Where parts ve been tested and documented as meeting individual Intgrnational
Standard through individual type approvals), there is no requirement fo repeat

such tesfingvIn sucH cases, sufficient information (for example certificates, test repgrts) shall
be provided.

8.3 Test site

Unless otherwise stated all tests in this section are to be executed in a laboratory
environment with a simulator. Tests will normally be carried out at test sites accredited by the
test authority.

A simulator with the following characteristics is required:

e capable of providing position, speed, heading, time and, in the case of INS(B) depth
simultaneously from multiple sources;

e capable of simulating own ship manoeuvres;

e capable of simulating failures in sensors, including RAIM failures in the case of GNSS;

e capable of simulating corrupt and implausible data;
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e capable of simulating short and long term discrepancies between sensors;
e capable of simulating set and drift;

* capable of simulating AIS and radar.

In the case of an INS(C), the simulator shall be capable of testing to the requirements of
IEC 62065, 5.2.1.

The resolution and accuracy of the simulated signals shall be in accordance with the
applicable International Standards. The output signals shall comply with IEC 61162 and with
the types of interfaces supported by the EUT according to the manufacturer’s declarations.

8.4 Dqcumentation check

Check thpat the following documentation is presented for assessment:

« evidepce of INS parts compliance with individual standards (
e failure analysis in compliance with 4.16;

* evidepce of compliant quality control system (see 4.17
e opergting manual in compliance with 4.18.1;
¢ installation manual in compliance with 4.18.2; and
« evidence of compliance with IEC 60%¢

Check that the manufacturer’s doct
informatipn about the available interface

manual) contains | detailed

Check th { the INS.

The man

Check d irements

adopted

Check th INS can

execute
requirem

8.5 02

8.5.1
(see 4.1.2)

ignce with
m.

Check tH i
operation and how th|s is achieved.

8.5.2 Three INS categories
(see 4.1.6)

Check that the manufacturer’'s documentation contains information indicating which INS
category applies to the EUT.

8.5.3 Safety of navigation support
(see 4.1.12)

Check that information from all connected sensors is displayed permanently or on demand as
required by 4.10 (evaluation of different sensors of different types for example on a sensor

page).
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Check that the EUT provides detection of potential dangers, and upon detection, announces
appropriate warnings/alarms. Check that the requirements of 4.1.12 are met.

8.5.4 Consideration of human factors
(see 4.1.13)

Check that the requirements of |IEC 60945, 4.2.1.5 (Screen display and indications) are
fulfilled.

Check the consistent use of terms and their definitions, abbreviations, colours and symbols,
and other presentation characteristics to ensure that navigation-related information is
presented to the mariner with a consistent human-machine interface (HMI)/\

8.5.5 NS basic functions
(see 4.2)

8.5.5.1 Combination, processing and evaluation
(see 4.2.1)

Check thjat the EUT combines, processes and evaluates gcted sensors for

obtaining at least the following information:

« speed over ground and through water;
e headi

e positi

e depth;

« time

for the pt

8.5.5.2

(see 4.2.2)

Check th

¢ valids

« the d display

whe

y the INS

8.5.6 Multifunction display
(see 4.3.1)

Check that where information or controls are presented on a multifunction display unit they
are redundantly available.

Check that the failure of a single multifunction display does not result in the loss of a function
mandated by the carriage requirements of SOLAS.
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8.5.7 Interfacing and data exchange
(see 4.4)

8.5.71 Interfacing stand-alone equipment
(see 4.4.1)

Tests may be performed using a simulator or at sea.

Input digital signals into the EUT to emulate the connected sensors and stand-alone
equipment as follows:

» signals carrying positional data conforming to the IEC 61162 series Ne appropriate
EPF S—standard;
.\QAXI) and

e signa|s carrying heading information conforming to

A.821(19); any digital output shall conform to the IEC 61162 seriges \
* signa|s carrying speed information conforming to IMO resdlutjo - N y digital
output shall conform to the IEC 61162 series;

e signals carrying depth information conforming to IM ny digital

output shall conform to the IEC 61162 series;

e signals carrying AIS information conforming to propriate

standard for Universal Automatic IdentificationSyst

Signals may also be provided to repre

,__conforming to IMO resolution
61162 series;

« simulpted ARPA signals,
A.823

e simul i 5 anhnex 4 to IMO resolution MYC.64(67)
provid

provided

Test the cribed in

the relev

Check c
received

DTM) is

Check th
derived d

ied out checks for plausible magnitudes of values for data refeived or
d or distributed by the EUT.

Check that data failing the plausibility checks are not used by the EUT and do not affect
functions not dependent on these data as defined in Table 1.

8.5.7.3 Validity checks
(see 4.4.3)

Check that the data received by the EUT take the validity marking of the sensor into account.
Check that the data distributed by the EUT are marked with validity indication.

Check that data failing the validity checks are not be used by the INS and do not affect
functions not dependent on these data as defined in Table 1.
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8.5.7.4 Integrity of data exchange
(see 4.4.4)

Check the integrity of the data exchange by checking the consistency of data within each part
of the INS. For example:

* sensor data;

e routes;

« data bases, for example chart data base, user chart, navigation lines;

e dynamic ship parameter, for example turning radiuses, rate of turn;

+ static ship parameter, for example dimensions N\

NOTE This can be done by visual means or other comparative methods.

8.5.7.5 Data output
(see 4.4.5)

Check that details of the available interfaces are facturers’
documenitation.
Check thjat data output from the INS complies and that

where an alternative interface is used £

Where interfaces with IEC 61162-1 sente

a) checl that positional information is tr e WGS84 datum and includes the

datum reference senterice (DTAVHNN acc

b) check that system data t or integrity, modified or generatg¢d by the
INS gre transmitte it i i N”; or otherwise the talker identifler of the
sourcle is use

8.5.8 Accuracy a

(see 4.5)

Check th lution) of
informati epfents of the resolutions adopted by IMO for the individual
navigatid

Check th S.

8.5.9 Consistent common reference system (CCRD)
(see 4.6)

8.5.9.1 General

Check that the manufacturer has demonstrated that a CCRS is used and that information from
the CCRS is:

[

referenced to same place and time as defined in 4.6.2;

O

compensated for latency as defined in 4.6.1;

(¢

)
)
) checked for validity;
)

o

checked for plausibility.
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Check that data is presented with a warning when it is not possible to perform the calculations
required in a) and b). Check that data is marked as invalid if the tests c¢) or d) fail in
accordance with Table 1.

Check that the operating manual provides sufficient information for operation of the CCRS.
Check that the CCRS is provided with documented set-up facilities.

Check by visual inspection that all parts of the INS are provided with the same type of data
from the same source.

Check that any presented data which is not part of the CCRS is cleg

8.5.9.2 Latency of system data
(see 4.6.1)

Check by comparison of the data output from the sensora - W ction (for
example |display of data or input for AIS transponder) that ‘ pta is as
required for the function. For example:
e by cdmparison of the photo from the INS
displgy at the same time;

¢ by dis
serial

ailable in

Check th
Internatid

relevant

8.5.9.3
(see 4.6.2)

Check th
set-up a
these adj

o0 enable
ription of

Check
spatially

providing

Check that\set-up™and offset adjustments are only available through a secure adcess, for
example paabvku' Ot “u'ungic".

Where more than one reference location is provided, check that they are clearly indicated or
distinctively obvious.

Check that the selection of an alternative reference point does not affect the integrity
monitoring process.

Check that the manufacturer has demonstrated that a consistent common reference point is
used throughout the system.


https://iecnorm.com/api/?name=d27eb389313aacc32bd347d246c15a61

- 36— 61924 O IEC:2006(E)

8.5.10 Integrity monitoring
(see 4.7)

8.5.10.1 General

Throughout the tests of the integrity monitoring provided by the INS system, a single point of
failure shall be used.

a) Check the manufacturer's documentation for details regarding essential information,
including, as a minimum, position, speed, heading and time.

b) Simulate appropriate error-free (undisturbed) data input and observe that essential
information displayed has a valid integrity indication. Check that esser)}ia.l\ir;iormation with

valid prtegrity-ts—used-by-theINSHunectiors—Simulate-the-irput-of-datatpeeifiedabove with
error [and offset greater than the threshold in use and observe thalthe i ty status
changes and the INS reacts accordingly.

c) Check that the INS provides for the manual or automatic sel integrity
monifioring as specified in the manufacturer’s documentatiog. indication
of thg sources of data selected for integrity monitoring i heck that
the INS indicates if RAIM is used for integrity monitoring.

d) Check that the INS can accept multiple sensor inp

e ship’s heading;

* speed through water;

« EPFS position;

e time (e.g. from GNSS);

< velocjty over ground (e.g. from EP

8.5.10.2 | Verification o

(see 4.7.1.1)

a) Simulate erro the INS
performs integ

e compari i

e procs

e dead t data to
dete2
Chec perates normally and provides an indication of valid integrity for
positipn,

b) Simulate“errors “(disturbances, jumps) exceeding the thresholds in use for the EPFS

selected for system data.

Check that the integrity monitoring process detects jumps and errors of EPFS selected for
system data exceeding thresholds in use and integrity of position is marked as failed and
the system reacts appropriately.

c) Set up the system so that a single means of integrity monitoring is in use (e.g. a second
EPFS only, or use of RAIM only). Simulate errors (disturbances, jumps) in the means in
use as the sole source for integrity monitoring.

Check that position integrity is marked as failed and the system reacts appropriately.

d) Set up the system so that two or more means of position integrity checks are being
applied (e.g. more than two EPFS, or a primary EPFS with RAIM and a second EPFS).
Simulate errors (disturbance, jumps) exceeding the threshold in use on each of the means
of integrity check individually (other than that selected for system data).

Check that the position integrity is marked as passed and the system reacts appropriately.
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8.5.10.3 Verification of heading integrity
(see 4.7.1.2)

a) Simulate error-free data necessary for the following tests and observe that the INS
performs integrity monitoring as follows:

e« comparison with a second heading sensor;
e comparison with a course over ground sensor.
Check that the INS operates normally with indication of valid integrity for heading.

b) Simulate errors (disturbances, jumps) exceeding the thresholds in use for the heading
sensor selected for system data.

Check that the integrity of heading is marked as failed and that/the\system reacts

apprdpriatety-
c) Set LCJE the system so that a single means of integrity monitoring g second

heading sensor). Simulate errors (disturbances, jumps) in the ¢
sourcle for integrity monitoring. Repeat the test using a COG
heading sensor.

Check that the heading integrity is marked as failed and riately.

8.5.10.4
(see 4.7.1.

a) Simu the INS

perfo

through
b) Simulate errors (di

through the water
Check that 9

M reacts ap

e speed

that the

¢ means of integrity monitoring is in use (e.g. p second
. Simulate errors (disturbances, jumps) in the means in

use ds the so tegrity monitoring. Repeat the above using a speed| over the
grou% e\sole™source for integrity monitoring.

Chec d through the water integrity is marked as failed and the syst¢m reacts
apprg

8-5-10-5 ‘V’GI ;f;\aﬂt;vll Uf VG:U\;;t] \"*"A Al 5' Uull\‘.ll ;Iltcsl;t’
(see 4.7.1.4)

a) Simulate error-free data necessary for the following tests and observe that the INS
performs integrity monitoring as follows:

e comparison with a second velocity over ground sensor;
e comparison with a speed through water sensor, for example EM-Log;
e comparison with ground velocity from an EPFS.

Check that the INS operates normally with indication of valid integrity for speed over
ground.
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b)

8.5.10.6 | Verification of time integrity
(see 4.7.1.p)

a)

b)

8.5.10.7
(see 4.7.1.8)

a)

-38- 61924 O IEC:2006(E)

Simulate errors (disturbances, jumps) exceeding the thresholds in use for the speed over
ground sensor selected for system data.

Check that the integrity of speed over the ground is marked as failed and that the system
reacts appropriately.

Set up the system so that a single means of integrity monitoring is in use (e.g. a second
speed over the ground sensor). Simulate errors (disturbances, jumps) in the means in use
as the sole source for integrity monitoring. Repeat the test using:

e a speed through the water sensor;
e« an EPFS sensor.

Check that the speed over the ground integrity is marked as failed and the system reacts
appropriately.

Simulate error-free external time data. Check that the
indication of valid integrity for time.

noymially with

Simulate errors (disturbances, jumps) exceeding the_tF 4s 0w ; rnal time
sources (other than that selected for system d k he i onitoring
process detects errors exceeding thresholds in Uuse and ma j as failed

and tihat the system reacts appropriately.

Simu tests and observe that|the INS

perfo
e cgmparison with a

e cgmparison with eleget ‘

Check that t@ , ¢ itiindication of valid integrity for depth.

Simulate erro
selected for s

exceeding thresholds in use for depth sensor

Chec inte depth is marked as failed and that the system reacts
apprdpri

Sim ' banee, jumps) exceeding the thresholds in use for alternatjve depth
sen

Chec

Simulate’a mis ch of sensor depth data with electronic vector chart data.

Check that the depth integrity is marked as failed.

8.5.10.8 Integrity monitoring thresholds
(see 4.7.2)

Check from the manufacturer’s documentation that the threshold for integrity calculations is
based on the specified or expected (where not specified) sensor accuracy at a probability of
95 %.

Check that thresholds for integrity monitoring can be displayed on request.
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8.5.10.9 Adaptation of integrity monitoring thresholds
(see 4.7.2.1)

Check that adaptable thresholds for integrity monitoring are limited to maximum values as
stated in the manufacturer’s documentation.

8.5.11 Marking of data
(see 4.8)

8.5.11.1 Marking of data after integrity check
(see 4.8.1)

NOTE Thgsetesis may be combined with and verified during execution of tests In 8.5.10.

a) Check that essential information used in INS is marked with its| integrity
moniforing. Check that functions of the INS use data integrityinfQ i dpplicable
(for example data with integrity check failed cannot be i control
functions).

b) Simulate the situation when integrity of essential info heck that

this efssential information is clearly marked as doubtful ¢ control
functions.
8.5.11.2 | Marking of doubtful data
(see 4.8.2)
Simulate| situations as per Table 1 and\chet e | erforms marking of data and
provides

8.5.12
(see 4.9)

8.5.12.1
(see 4.9.1)

Set inva essential
informati test for
delayed 3
Repeat )
Set the invalid.st 3 essential

informatipn, Che at a warning is generated.

8.5.12.2 Impossible integrity verification
(see 4.9.2)

Simulate the situation when integrity monitoring of essential information can no longer be
performed (for example disconnect the second sensor). Check that information is marked as
doubtful and a warning is generated.

In case of INS(C) repeat the test for active control mode and check that an alarm is
generated.
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8.5.13 The INS display

8.5.13.1 Display of available information
(see 4.10.1)

Check that the INS can display information in accordance with its INS category in compliance
with this and other International Standards.

Check that the presentation of the information is as described in the operators manual.

8.5.13.2 Display of essential information
(see 4.10.2)

Check that the following information is displayed simultaneously
commangd:

operator

* essential information as required by the current INS functiop
e depth of water under the keel (in case of INS(B) and whe
« display mode (where not distinctively obvious);

 mode| of operation (where not distinctively obvio

Check that supplementary informatign relat

accessible by easy means.

information i$ readily

8.5.13.3
(see 4.10.3)

Check that sensor inforrdation 5 jati i with the
indication of their:

e source; (sensper d
radar(1, rad t

bpler log,

e result
e unito

 statug

8.5.13.&
(see 4.10.4

Check thpt if-additi
data are dispfayed:

al information is displayed the system state is observable and |essential

Check that any additional navigation information that is displayed does not mask, obscure or
degrade essential information required for display by this standard, for example a help
window superimposed on the display, or required for the operation of the current INS
functions in use.

8.5.13.5 Display of sensor output data
(see 4.10.5)

Check that sensor output information can be displayed on demand. Check that display of
sensor output information is clearly marked as such.
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Check that sensor output information is displayed together with an indication of

e its source (sensor data, e.g. GYR 1, GYR 2, GPS 1, GPS 2, LORAN, EM log, Doppler log,
radar 1, radar 2, etc.);

« whether it is a result of calculation or manual input;

e its unit of measurement;

e its status, including mode.

8.5.13.6 Configuration display

(see 4.11)

Check t includes

informati

Check tf }cludes

informati INS with

data.

Check th ormation

about all

Disconnsg es.

NOTE Th

8.5.14

8.5.14.1

(see 4.12.1.1)

a) Independentlyn di e 3.1.34)
that only t that the
individual part f

b) Indep i ck by a
perfo

8.5.14.2

(see 4.12:

Identify t (Generate

malfunctions relat 0 additional facilities on identified interfaces.

Conduct a performance check to check that the performance of EUT is not degraded below
the requirements of this standard as far as is reasonably practicable.

8.5.14.3 Failure of one part
(see 4.12.1.3)

a) Independently generate failures of parts that, according to the manufacturer’s declaration,
require immediate operator attention and check that the failure is indicated by alarm.

b) Independently generate other failures of parts and check that at least a warning is given.
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8.5.14.4 Automatic response to malfunctions
(see 4.12.1.4)

Independently generate the malfunctions declared by the manufacturer and check that the
reaction of the EUT is in compliance with the relevant equipment standards and the
manufacturer’s declaration.

8.5.14.5 Fall-back arrangements
(see 4.12.2)

Disable the primary/ selected positioning source. Check that position is provided by a fall-
back arrangement. TN

S ;\&mck that

eck that

Re-enablle the positioning source, disable the primary/ selected sp
speed is jprovided by a fall-back arrangement.

Re-enablle the speed source, disable the primary/ selected
heading is provided by a fall-back arrangement.

Re-enablle the heading source, disable the primary//selects e. Check
that timel|is provided by a fall-back arrangement.

S. Check

Re-enablfz the source providing time, i Q‘l
back agrangements as per individual

that the disabled function remains ava
equipment standards, as applicable.

8.5.14.6 | Restored operation
(see 4.12.2.2)

Cause the INS to chan k- Mode_by causing failure conditions other| than by

hutdown, Remove the failure conditions.

interrupting powe:or ¢
Check that the no pBra al)mode cannot be resumed without operator inventign.

8.5.15
(see 4.13)

Check t{ ement system is provided and that the number of alarms |s kept to
a minimu
Check by.assess t of documentation or system check that any centralised ship alarm
managentept—system—intended—te—take—over—er—perform—any—funretiors—ef—he—NS alarm

management system complies with relevant requirements of this standard.

Check that the alarm management system is capable of replacing the announcement function
of navigation equipment intended for connection to the INS. Check that the announcement
function meets the relevant requirements for those individual navigation equipments.

Check that the installation manual of the INS includes guidance showing the physical layout of
the INS alarm management system. Check that this layout supports availability of INS alarms
and indications of their sources at the navigating and manoeuvring workstation.


https://iecnorm.com/api/?name=d27eb389313aacc32bd347d246c15a61

61924 0 IEC:2006(E) —-43 -
8.5.15.1 Generation of alarms, warnings and indications
(see 4.13.2)

Check, by an appropriate selection and at least all alarms, warnings and indications required
by this standard (see Annex D), that alarms, warnings and indications announced by the INS
comply with 4.13.2.

8.5.15.2 Alarm delay
(see 4.13.2.1)

Check that the maximum delay for any alarm cannot be set to more than 30 s.

Wh pu | 1 pu | o L Llo 4 | 4 H U 4 H '
ere aEarms—are—aerayed—Ccnecktatatr reastan—matcatron—s—generate

after the alarm condition occurs.

fnot terqthan 5 s

Where an alarm delay facility is provided check that guidance ig gi

im\the."doc r;ntation
for setting-up the delay values

8.5.15.3 | Alarm, warning and indication announceme
(see 4.13.3)

Check cgmpliance with Table 2.

8.5.15.4 | Display of alarms, warni
(see 4.13.4

p—y

ented in accordance with| relevant

Check that alarms, warnings and indica

TONS «@%e \p
standards on presentation, and that:

 alarm|lreasons and the

¢ alarmls, warnings a
8.5.15.5 Back-i ice

(see 4.13.9)

Check th i q_interface for a back-up officer alarm, at least for thoge alarms
required inaivi A\ dz

Check th i i activated when an alarm has not been acknowledged within 30 s.
Check th instaNation documentation includes information which shows that the backup

officer alarm, acknewlgdgement can only be carried out on the ship’s bridge.

8.5.15.6 Standby alarm mode
(see 4.13.6)

If a standby alarm mode is provided by the INS, check that:

* aclear indication is presented whenever such a mode is active;

¢ activation and deactivation requires operator action;

e activation requires confirmation from the operator; and

e automatic control functions cannot be activated in the standby alarm mode.

Check that the installation documentation includes information which shows that

implementation and cancellation of the standby alarm mode are only be possible from a
location on the ships bridge.
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8.5.15.7 Alarm limit consistency
(see 4.13.7)

Identify all INS operator interfaces on which alarm settings are displayed. Check that the
alarm settings are consistent on all of the interfaces identified.

Identify all INS operator interfaces that allow manual adjustment of alarm settings. Change
the settings for a representative selection of alarms for one of the interfaces identified. Check
that either the settings are automatically changed and so remain consistent on all INS
displays on which the alarm settings are displayed or that indication is given by the INS, that
the alarm settings are not consistent.

Repeat ti ipylation of

the alarn] settings and verify similar results.

8.5.16 Human machine interface (HMI)

8.5.16.1 | Information display
(see 4.14.1))

Identify dll parts of the HMI displaying INS informatiop”

For display interfaces associated with individugl functi r which performance gtandards
exist, chchk that the documentation py ; ianee with IEC 609445 for each
individual function.

For displ G S standard
exists, tejsts are to be carri it i hnd other
Internatignal Standards whi % honstrate
compliance with the reguire . i \a nction.

For all display injexfacss, i [ ed out in
accordance wit@ qui plating to
consistercy of prese i i ssociated

with eacH

Check th
of IEC 6

irements

8.5.16.3
(see 4.14.3)

Check that the INS requests confirmation and provides user guidance before accepting user
inputs that may cause unintended results, and which may lead to excessive sudden
manoeuvres or to loss of data.

8.5.16.4 Physical layout of operational controls
(see 4.14.4)

Check that the installation manual of the INS includes guidance showing the physical layout of
the operational controls. Check that this layout supports easy operation of the basic functions.
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8.5.17 Power supply tests

8.5.17.1 Orderly shut down
(see 4.15.3)

Shut down the EUT according to manufactures declaration. Turn on the EUT. Observe the
initial functions and their availability. Observe the operational modes, display modes and
control modes, and the alarms and warnings caused by missing functions or data triggered by
the turn on procedure.

Check that the EUT default state is compliant with the manufacturers declaration.

8.5.17.2
(see 4.15.4.

Interrupt
power su

%re the
ions.

Check th than that

specified

8.5.17.3
(see 4.15.4.

Record in use.

Interrupt

Restore ation and

automati

Check that the config

maintain¢d. Che ha
by the operator.

ated operation (as far as praciical) are
bic functions are only restored upon corjfirmation

8.5.18

8.5.18.1

(see 6.2)

Identify { rodte planning and route monitoring functions. Where no ev|dence of
approval ts to IEC 61174 is available, conduct tests according to the| relevant

requirements spesified in IEC 61174 and check that all identified parts are compliant with the
relevant tequirements of IEC 61174

8.5.18.2 INS(C) — Heading or track control system
(see 7.1)

Identify parts providing heading control functions. Identify parts providing track or track and
speed control functions. Check that all identified parts for heading control are approved
according to ISO 11674 and all identified parts for track or track and speed control are
approved according to IEC 62065.

8.5.19 INS(C) — Operator control and display functions
(see 7.2)

Identify the workstation capable of accepting control commands. In case of multiple
workstations, enter control commands at each workstation in turn. Transfer control between
each of the workstations capable of taking control.
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Check that it is clear which workstations do not accept control commands. Check that only
one of the workstations accepts control commands at a time. Check that it is not possible to
prevent the transfer of control between workstations.

8.5.20 INS(C) — Reversionary mode
(see 7.3)

Operate the controls for bypassing or overriding automatic heading, speed or track control in
different operational modes and failure modes. Check that in all cases bypassing the
automatic mode is possible by a single operator action.

failure cq : tre-conditions—GCheskthat-an—-approp he-warRtrgymessage
is given iginabautomatic
mode camnnot be resumed without operator invention.

S
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