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Foreword

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

The p

desc 1bed in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a neg

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

ded for the
ce with the

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

any

patent rights identified during the development of the document willbe in the Introdu

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

Any

frade name used in this document is information given for the-éonvenience of users 4

constitute an endorsement.

For

in explanation of the voluntary nature of standards;, the meaning of ISO specifig

expressions related to conformity assessment, as well ‘as’information about ISO's adhel
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see w
iso/fpreword.html.

This| document was prepared by Technical \Committee ISO/TC 8, Ships and marine
Subcpmmittee SC 6, Navigation and ship operations.

This

revided.

The

Inain changes compared to the.previous edition are as follows:

efinitions 3.5 "performance check", 3.6 "performance check (EMC)", 3.7 "performaf
'l[single operator action® 3.9 “field of view" and 3.10 “instantaneous field of view" have

o

4.8 "StabilisatiorCef'the field of view against the motions of the vessel" has been added;

N

4.10 "Clear yiew", former 4.11, has been clarified;

L

.13 "Line of sight" has been added;

N

|15 Presentation of information", former 4.16, has been modified;

s. Details of
ction and/or

nd does not

terms and
ence to the

Ww.iso.org/

technology,

second edition cancels and replacesthe first edition (ISO 16273:2003), which has been technically

Ice test" 3.8
been added;

4.22 "Interfacing” has been modified;
5.1.2 "Performance test" has been added;

5.1.3 "Performance check", former 6.3, has been modified;

U1
=
o~

"Performance check (EMC)" has been added;

U1
N
(O8]

"Roll and pitch test", former 6.2.2, has been modified;

5.4.2.8 "Wind endurance test" has been added;

U'IU'I
4>4>

"Test of thermal imaging systems", former 7.2, has been modified;
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— 5.4.3.2, Table 2 "Atmospheric extinction coefficients for different wavelength ranges" values have
been adjusted;

— 5.4.4 "Test of active image-intensifier systems", former 7.3, has been modified and testing of non-
visible illumination has been added;

— 5.5 "Seatrials", former Clause 8, has been modified, the surface of test specimen has been specified;

— Annex D (normative) "Measurement of MTDP (minimum temperature difference perceived) of
thermal imagers" has been added;

— Annex E (normative) "Stabilisation test for thermal imaging systems" has been added.

Any feedbadk or questions on this document should be directed to the user’s national standards bddy. A
complete lisfting of these bodies can be found at www.iso.org/members.html..

vi © IS0 2020 - All rights reserved


https://www.iso.org/members.html
https://standardsiso.com/api/?name=ea748100b123890325da36360ed4029b

IS0 16273:2020(E)

Introduction

This document has been developed to support the implementation of the International Code of Safety
for High-Speed Craft (HSC code), Chapter 13, of the International Maritime Organisation (IMO), and
the IMO performance standards for night vision equipment for high-speed craft in the IMO Resolution
MSC.94 (72)

© 1S0 2020 - All rights reserved vii
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INTERNATIONAL STANDARD

ISO 16273:2020(E)

Ships and marine technology — Night vision equipment
for high-speed craft — Operational and performance
requirements, methods of testing and required test results

1 Scope

This|document specifies operational and performance requirements and methods of testing for night
vision equipment fitted to high-speed craft.

NOTH In this document, the text identical to IMO Resolution MSC.94 (72) is printed‘in italics; [references to
the ppragraphs concerned in the IMO Resolution are given in brackets.

2 Normative 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 referencés, only the edition cited [applies. For
unddted references, the latest edition of the referenced documeént (including any amendments) applies.
1SO 9335, Optics and photonics — Optical transfer function ~Principles and procedures of m¢asurement
ISO 15529, Optics and photonics — Optical transfer function — Principles of measurement of modulation
trangfer function (MTF) of sampled imaging systems

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

IEC 1162, Maritime navigation and radiocommunication equipment and systems — Digital Ifterfaces

IEC $2288:2014, Maritime navigation and radiocommunication equipment and systems — Presentation
of na}I;/igation-related informationon shipborne navigational displays — General requirement§, methods of
testimg and required test results.

IEC ©2388:2013, Maritimenavigation and radiocommunication equipment and systems - Shipborne
radal — Performance.reguirements, methods of testing and required test results

IEC p2923, Maritime navigation and radiocommunication equipment and systems — Bridge alert
manqgement (all:parts)

IMO Resolution A.694(17), General requirements for shipborne radio equipment forming part|of the global

maritimé. distress and safety system (GMDSS) and for electronic navigational aids

craft

IMO Resolution MSC.191(79), Performance standards for the presentation of navigation-related
information on shipborne navigational displays

IMO Resolution MSC.302(87), Adoption of performance standards for Bridge Alert Management

3

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

© IS0 2020 - All rights reserved
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[EC Electropedia: available at http://www.electropedia.org/

night vision equipment
technical fixed means enabling the position and aspect of objects above the water surface relative to one's

own craft to

be detected at night

[SOURCE: IMO MSC.94(72) 4]

3.2
high-speed
HSC

craft

craft capabl
is the displal

[SOURCE: IN

3.3

test target
target that 4
floating logs

[SOURCE: I

3.4

lit vessel
vessel that,
luminous fIy

Note 1 to ent

3.5
performan
short functi

[SOURCE: If

3.6

performan
short functi
with the reg

[SOURCE: IH

3.7
performan
measureme

e of a maximum speed in metres per second (m/s) equal to or exceeding 3,710.1667 wh
cement corresponding to the design waterline

[0 HSC Code 2000]

for sea trials
imulates the real hazard of a surface object that can be found at seasuch as, small unlit 4
oil drums, containers, buoys, ice, hazardous waves and whales

10 MSC.94(72) 4]

in addition to the standard navigation lights, has,a'row of five unshielded lamps w
ix of 460 Im at 1 m horizontal spacing and 4 m above sea level

ry: This is equivalentto e.g. 21 W, 12 V.

e check
bnal test carried out during or aftera technical test to confirm that the equipment ope

C 60945:2002, 3.1.4]

e check (EMC)
pnal test carried outrduring or after an EMC test to confirm that the equipment com
uired immunitypérformance criteria

C 60945:20025-3.1.5]

Ce test
ht-ora group of measurements carried out during or after a technical test to confirm

ere I/

oats,

ith a

rates

plies

that

the equipme

nt-complies with selected parameters as defined in the equipment standard

[SOURCE: IEC 60945:2002, 3.1.6]

3.8
single oper

ator action

procedure achieved by no more than one hard-key or soft-key action, excluding any necessary cursor

movements,
[SOURCE: M
3.9

or voice actuation using programmed codes

SC.252(83), Appendix 1]

field of view

FoV
solid angle t

hrough which a detector with mounted optic is sensitive to electromagnetic radiation

© IS0 2020 - All rights reserved
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3.10

instantaneous field of view

iFoV

angle subtended by a single detector element on the axis of the optical system

Note 1 to entry: iFoV is used as measure of the spatial resolution of a remote sensing imaging system.

4 Performance requirements

4.1 Functions and their availability

[IMQ MSC.94(72), 5.1] At night, night vision equipment shall be capable of detecting objects’at least each
second above the water’s surface within a certain distance from one's own craft, and.of displaying the
information pictorially in real time, at least each second, to assist in collision avoidanee.and safe navigation.

Thisrequirement is fulfilled if the sea trials in 5.5 and the requirement in 4.4@re'met.

4.2 | Continuous operation

[IMQ MSC.94(72), 5.2.1] Night vision equipment on board HSC, while ngvigating at sea, shall be capable of
continuous operation from after sunset until before sunrise. After‘the equipment has been switched on it
shalllbe operational in less than 15 minutes.

See §.4.2.4.

4.3 | Standard test target

[IMQ MSC.94(72), 5.2.2] The standard test target.shall be a black metal target of such a size that when at
least|50 % is immersed, 1,5 m long and 0,5 mchigh remains above the water at right angles t¢ the desired
diredtion of detection. Administration may.use-other smaller targets to reflect local conditions,

See §.5.2 for more detailed specificationof the standard test target.

4.4 | Detection range

[IMQ MSC.94(72), 5.2.3] With the required field of view, the equipment shall detect the standard test
target at a distance of ngtless than 600 m with a minimum probability of 90 %, when the target has been
immersed in the sea far-atleast 24 hours under mean starlight conditions without clouds and wjthout moon.

See §.4.3.2, 5.4.45/and 5.5.4.2.

4.5 | Fieldof view

[IMQ MSC.94(72), 5.2.4] The required horizontal field of view shall be at least 20°, 10° on eithpr side of the
bow. ‘Fheverticat fietd of view stratt beat feast 12°and stratt besuffictert toemabie the equipment to fulfill
the performance requirements of MSC.94(72) as well as being able to see the horizon.

Optionally other fields of view may be provided. Their selection shall be made with a non-locking switch,
which returns to the required field of view when released.

See 5.4.2.5.

4.6 Pan and tilt ranges of the field of view

[IMO MSC.94(72), 5.2.5] The axis of the field of view of the equipment shall be capable of being moved at
least 20° horizontally to either side.

© IS0 2020 - All rights reserved 3
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The elevation axis of the field of view shall be capable of being adjusted of at least 10° to compensate for the
trim of the craft.

See 5.4.2.6.

4.7 Speeds of panning of the field of view

[IMO MSC.94(72), 5.2.6] By activation of a single control element, the axis of the field of view shall be
capable of being returned automatically to the ahead position at a minimum angular speed of 30%s. The

system shall

be capable of panning at a minimum angular speed of 30%5s.

The minim

See 5.4.2.6.

4.8 Stabi
The imaging
mrad) when
defined in 4

See 5.2.3.

4.9 Headjing marker indication

[IMO MSC.9
indicated on

When the s¢
the centre W

When outsig
shall be proy

See 5.4.2.6.

4.10 Clearn

[IMO MSC.9
lens from thq

Essential cld
equipment.
a cleaning d
discretion o

M angutar Speed sitait be at feast 30°/s- The operatiomat angutarspeed may be TOWeT:

lisation of the field of view against the motions of the vessel

 system shall not show a shift of more than the instantaneous field of view (iFoV) (e.g
looking onto a fixed onshore target under ship's movement at sea. Ship movement at s
11.

4(72), 5.2.7] When inside the field of view, the graphical ahead mark of the craft shg
the display with an error not greater than #1°.

nsor/camera is orientated right ahead, the graphical heading marker shall be displayj
rith an error not greater than +/-1°.

e the field of view, a visual indication'ef relative bearing with an error not greater tha
rided.

view

1(72), 5.2.9] Arrangement shall be provided to ensure efficient cleaning of the sensor K
b operating position. Administration may require some additional facilities such as de-icin,

aning of the.sensor head and/or lens shall be performed before the use of the night vj
During.Operation, mainly dried salt mist and spray can occur that shall be remove
evice.to get back a clear view. The technical way how to achieve that result is left t
f the. manufacturer of the device.

0,83
ea as

11 be

ed in

n +1°

ead/
.
ision
d by
b the

See 5.4.2.7.

4.11 Roll and pitch

[IMO MSC.94(72), 5.2.8] The performance of the night vision equipment shall be such that when the craft is
rolling and/or pitching up to #10°, the performance requirements in this document shall be complied with.

See 5.2.3.

4.12 Optical interference

[IMO MSC.94(72), 5.2.10] Measures shall be taken, to ensure that objects commonly encountered at sea
and in ports shall not be displayed less clearly on the monitor of the night vision equipment because of
dazzle effects, reflection, blooming, or any other effects due to the surroundings.

4
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See 5.2.4.

4.13 Line of sight

Vibrations shall not disturb the created image for the operator.

See 5.2.5.

4.14 Controls and ergonomics

[IMO MSC.94(72), 6] The night vision equipment shall be designed in accordance with sound ergonomic

pringd
The 1

Whil
verti

The f

The
contf

The ¢
be ad

The d

as we

4.15
[IMO

The
imag
The
oper

The
(naty

Any
obje(

selected field of view, if mare than one is provided, (see 4.5) shall be continuously indi

iples.
umber of operational controls shall be limited to the minimum required for operation.

5t in operational mode, double functions of controls shall be avoided on such-controlj
cal trim, field of view and other essential functions.

unctions of the individual operational controls shall be clearly labelled!

pperational functions of night vision equipment shall be activatéd directly through the
ols; menu-driven controls shall be avoided.

perational controls shall be clearly identifiable in the dark_Ifillumination is used, the bri
justable.

perational controls of night vision equipment shall meet the requirements of IMO Resoluti
Il as applicable requirements of IEC 60945 and IEC 60447.

Presentation of information
MSC.94(72), 6.3] the status of operation of the equipment shall be continuously displaye

lisplay shall be non-dazzling and non-flickering. The display shall be capable of displa
e of at least 180 mm in diagonal.

iting position.

mage shall be presented on the display, with the same aspect ratio as the sensor
ral picture).

brocessing‘of'the image on user demand is allowed as a temporary aid to enhance the
ts. Thefagt that any processing is in operation shall be permanently indicated by m

the i
an a

tomatic gain control algorithm, in a one-handed single operator action. The latency f
L g y point operations which not

processing shall not exceed 250 ms. Unaltered means that onl

mage-Lhe navigation personnel shall be able to return to the unaltered image, only p

b as for pan,

operational

yhtness shall

bn A.694(17)

.

ing a visible

cated at the

5, as default

detection of
bans next to
rocessed by
eriod of the

ronsider the

pixels neighbourhood, are applied to the image raw data, such as contrast and brightness enhancement
or tone mapping.

Additional information may be displayed, but shall not mask, obscure or degrade essential information
required for the display by its primary task as specified in this document.

The refresh rate for an optical system shall be at least 60 Hz.

The presentation of navigation-related information on navigational displays shall be in accordance

with

MSC.191(79) and IEC 62288.

See 5.4.2.2.
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4.16 Software

[IMO MSC.94(72), 5.4] the operational characteristics of the software shall meet the following requirements
in particular:

[IMO MSC.94(72.), 5.4.1.1] self-description of the functions implemented by means of software;

[IMO MSC.94(72), 5.4.1.2] display of user interface status; and

[IMO MSC.94(72), 5.4.1.3] software protection against unauthorized changes.

If certain functions of night vision equipment are implemented using software, such software shall meet the

applicable rd

If any softwj
means of so

quirements of IEC 60945.

are is used, the manufacturer shall provide a description of the functions implementg
‘tware and state how the requirements have been complied with.

“Self-description of the functions implemented by means of software” means that the functions avai

through me
“User interf:

“Software p

4.17 Dura

[IMO MSC.9
IMO Resolut
vision equip

[IMO MSC.9
detection fu

In addition

the sensor d
as well as w
responses, d
can be reprd

See 5.4.2.1.

hus (or similar) rather than separate controls shall be clear from the menu description
hce status” may be an indicator of which functions are operational!

Fotection” may be a password or lockable cover.

bility and resistance to environmental conditions

4(72), 7.1] Night vision equipment shall withstand the environmental conditions specifi
on A.694(17) and in IEC 60945. Provisions shall lse'made, if necessary, to protect the
ment against high light conditions.

1(72), 7.4.5] Night vision equipment should\be installed in such a way that its operatiol
1ctions are not impaired by head wind and)or true wind up to 100 knots

fo the requirements in [EC 60945 Durability and resistance to environmental condit
f the night vision equipment and_its mounting requires an additional shock/vibratior
ind endurance test (IEC 62388).-The shock test provides a simulation in which the resq

duced in the test laborataory.

hind 5.4.2.8

4.18 Elect

[IMO MSC.9
shall meet t}

rical and electromagnetic interference

1(72), 7.2] With respect to electrical and electromagnetic interference, night vision equip
be requirements of IMO Resolution A.694(17) and IEC 60945.

See 5.4.2.1.

ed by

lable

led in
hight

0 and

ions,
| test
nant

omparable with those likely<to be experienced in practice in the operational environment,

iment

4.19 Power supply

[IMO MSC.94(72), 7.3] The power supply of night vision equipment shall meet the requirements of IMO

Resolution A

See 5.4.2.1.

4.20 Back

.694(17) and IEC 60945,

up and fall back arrangements

[IMO MSC.94(72), 9] In the event of failure of the pan-tilt device, the sensor shall be capable of being fixed

in the ahead

position while underway.
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4.21 Malfunctions, alerts and indications
[IMO MSC.94(72), 5.3] The night vision equipment shall include a visual indication of any failure.

A warning of category B according to IMO Resolution MSC.302(87) shall be provided on the following
conditions:

— malfunction of the night vision equipment or failure of power supply, see 4.19;
— malfunction of pan-tilt device, see 4.6;

— malfunction of zoom and focus.

An alert output shall be provided for any alert conditions.

The alert shall conform to the presentation and handling requirements of IMO Res.IMSC.802(87) and
IEC §2923.

4.272 Interfacing

[IMQ MSC.94(72), 8] Interfaces with other radio and navigation equipment shall meet IEC 61162. A
recognized international standard video output for image recording shiall be provided.

The talker identifier to be used is "NV".

The following sentences shall be provided for the alert cominunication interface.
Sentg¢nces transmitted by the night vision equipment;

— ALC, ALF, ARC, HBT: see IEC 61162-1.

Sentences received by the night vision equipment:

— ACN, HBT: see IEC 61162-1.

NOTH ALR and ACK can be implemented if needed for legacy VDR equipment.

0

See 3.3

4.23 Safety precautions

[IMQ MSC.94(72), 10} The safety features of night vision equipment shall meet the requirements of IMO
Resolution A.694(17)and IEC 60945.

See §.4.2.1.

4.24 Aceustic noise and signals

Acoustic noise and signals shall meet the requirements of [EC 60945.

See 5.4.2.1.

4.25 Compass safe distance

Compass safe distance shall be determined according to IEC 60945 and the device shall be marked
accordingly.

See 5.4.2.1.

© IS0 2020 - All rights reserved 7
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4.26 Active illumination for active image intensifier system

Any system using active image-intensifier systems shall ensure good conditions of operation for all
common traffic and weather conditions. An active IR illumination or any alternative technology is
acceptable.

5 Methods of testing and required test results

5.1 General test conditions

5.1.1 GerJeral

Environmertal and safety tests shall be carried out first, followed by laboratory tests andsga trials to
verify whether the same equipment under test (EUT) meets all technical requirements. Where electrical
tests are required, they shall be carried out using the normal test voltage as specifiedih IEC 60945.

Requirements detailed in Clause 4 for which a specific test is not detailed shall be-confirmed by a vjisual
check of the|equipment and /or documentation.

5.1.2 Performance test
The perfornpance test shall confirm that the EUT complies with the following selected parameters
a) detectign range: 600 m, test according to ISO 15529 and IS09335 (see requirement in 4.4);

b) stabilisation test to meet 4.8, test according to 5.4.2.5;

c) motion test conditions shall be at least 20° horizontdlto either side and atleast 10° vertical intgrval,
the EUT shall be capable of being returned automatically to the ahead position at a minimum
angular speed of 30°/s. The system shall be ¢apable of panning at a minimum angular spepd of
30°/s (spe requirements in 4.6 and 4.7).

5.1.3 Performance check

The performpance check shall verifythat the EUT is still operational during or after being subjectpd to
the environnental tests and any pother test where it is specified.

The perfornpance check shall.ensure that the EUT shows:
a) pan and tilt motion;

b) display operatiof.

5.1.4 Performance check (EMC)

The EUT shall show no deterioration of the image when exposed to radiation.
5.2 Environmental tests

5.2.1 General

Environmental tests are intended to assess the suitability of the construction of the EUT for its intended
physical conditions of use. After each environmental test and, if specified, also during the test, the EUT
shall comply with the requirements of a performance check and/or performance test. No preconditioning
of the equipment shall be necessary. The performance test in 5.1.2 a), b), and c) shall apply.

Night vision equipment shall, as far as applicable, meet the requirements and pass the tests according
to IEC 60945, Durability and resistance to environmental conditions.
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Outside mounted camera equipment is categorized as "exposed" equipment according to IEC 60945.
The remaining equipment installed on the navigation bridge is categorized as "protected".

The exposed part of the equipment is required to function only during the night. Therefore, the solar
gain of 23 °C does not need to be applied for the functional dry heat test; i.e. the chamber temperature
can be decreased during the performance test. The performance test shall be started after the EUT has
reached a steady temperature.

The test “Corrosion (salt mist)” according to IEC 60945 is mandatory, and shall not be waived.

5.2.2 Sensor shock test

5.2.2.1 General

The sensor and its mounting shall be designed to withstand the test without external irjdications of
damgige or subsequent degradation in performance. A performance check (see 5.1.3) shall be carried
out hefore and after the test.

5.2.2.2 Procedure

The sensor and mount provided with the EUT shall be mounted,so-that a shock can be applied to the
senspr mounting base to simulate an upward vertical impulsiveforce. The sensor shall be mechanically
connected to the shock machine by its normal means of attachment. The procedure shall be carried
out in normal laboratory environmental conditions. The severity of the test is specified py the peak
acce}leration, pulse shape and duration given in Table 1.~The shock pulse shall be measured by an
accelerometer placed at the sensor fixing point nearestté the centre of the table surface.

Table 1 — Sensor shock test

Pulse shape Péak acceleration Duration
Half sine 100 m/s? 25 ms

NOTH The test is harmonized with those specified in IEC 62388:2013.

5.2.2.3 Methods of testing and required results

Confjrm by observation.that after three successive upward shocks of the required test geverity and
puls¢ shape have beenapplied and the power supply is switched off, there is no external jndication of
physjcal damage.

5.2.3 Roll and pitch test

Thistesti$sintended to prove the ruggedness of the system under the ship motions of 4.11.

The kensor and mount shall be mounted on top of a motion simulation platform being éxcited with
a defined mechanical excitation, resembling a HSC in motion (e.g. a Scorsby table). It shall be aligned
to within + 1° of the table roll axis. The following nominal simple harmonic motions shall be applied
simultaneously to the roll and pitch axes of the table for 25 min:

— roll axis: peak amplitude 10°J_r(2)2 ,period 15s + 1 s;
— pitch axis: peak amplitude 10°J_“%Z ,period 6s+1s.

During the roll and pitch test, the EUT shall be subjected to the performance test specified in 5.1.2 b) to
demonstrate the stabilisation of the iFoV.
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At the end of 25 min, the table motion shall be stopped, the table returned to its original position and

the EUT sha

NOTE

1l continue to operate without interference.

The lengths of period are harmonized with those specified in ISO 16328.

5.2.4 Optical interference test

The EUT shall meet the requirements of 4.12 when tested in accordance with 5.4 and 5.5.4.3.

5.2.5 Line of sight test

The camera

2 Hz up
— abovel
If the testis

During the |

5.3 Inter

Interfaces sl
5.4 Furth

5.4.1 Gen

Laboratory
specified in

Tests shall b|
given in 4.2

The purpos
tests on all
measured p
the navigati

The laborat
man-machip

The method
compared t

shall be exposed to the following vibration:

to 15 Hz with an excursion of + 2,5 mm * 10 %;

5 Hz up to 50 Hz with a constant maximum acceleration of 23 m/s2.

performed as a sweep test, the sweep rate should be selected according.te’[EC 60945.

ine of sight test, the EUT shall be subject to the performance test specified in 5.1.2 b).

face test

hall be tested according to [EC 61162.
er laboratory tests

eral

tests shall be performed with the EUT which has passed the environmental
5.2.

e performed to verify the requirements given in Clause 4, except 4.3 and 4.4. The require
may alternatively be verified at the sea trials. The test results shall be documented.

e of the following technicdl tests is to provide a means of performing laboratory contr
types of night vision equipment. The results of these tests shall be used to compar
erformance to pre-established standards that have been validated via at-sea tests to
pnal needs for nightnavigation of HSCs.

pry tests have\been developed to measure the various capabilities of the EUT, incly
e interfacesydisplays, mechanical operation, and sensor.

s and procedures of the laboratory tests have been derived so that, when the result
prévious test results, they reliably predict the at-sea performance of the system.

tests

ment

olled
b the
meet

1ding

S are

5.4.2 Test for all types of night vision equipment

5.4.2.1 General

Night vision equipment shall, as far as applicable, meet the requirements and pass the tests according
to IEC 60945, Ergonomics and HMI, Software, Power supply, Electromagnetic emission, Immunity
to electromagnetic environment, Acoustic noise and signals, Compass safe distance and Safety
precautions.

5.4.2.2 Presentation of information

The requirements regarding presentation of information shall be tested according to IEC 62288
presentation of operational information.
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5.4.2.3 Back up and fall back arrangements

The requirements regarding back up and fall back arrangements shall be tested by visual inspection.

5.4.2.4 Continuous operation test

The EUT shall be switched on and it shall be observed whether it is operational within 15 min.

See 4.2.

5.4.2.5 Field of view test

Geng
syst¢ms.

For active image-intensifier systems, Annex F defines a setup.
Confjrm whether the FoV of the EUT meets the requirements as specified in/4.5.

Note The field of view test is used to demonstrate stabilisation of the@eproduction of the
vessel condition roll and pitch (5.2.3) as well for the vibration (5.2.5).

5.4.2

a)
b)

)

d)

f)
g)
h)

j)

Lonfirm that a heading marker is indicated on the display, see 4.9.

Move the camera/sensor in the right ahead paosition. Verify that the graphical headir
displayed in the centre of the displayed picturewith an error not greater than +/-1°, se

Move the camera/sensor to the right edge, of the FoV of the EUT.
Verify that the heading marker line stays within the FoV with an error not greater than -
Repeat c) to the left side of the FoV; see 4.9.

Move the camera/sensor tothe right of the pan range of the EUT.

[heck that pan rangereaches at least 20° (see 4.6).

Verify that the relative bearing is indicated with an error not greater than +/- 1°, see 4.
Repeat e) to the'left side of the pan range, see 4.9.

Measurethe maximum panning speed and confirm that it is at least 30°/s (see 4.7).

[heck'Whether the axis of the FOV is capable of being returned automatically to the ahea

rate the real field of view (FoV) using the test pattern defined in Annex E for thenlnal imaging

mage for the

.6 Pan and tilt ranges as well as speeds of panning of.the field of view test, and heading
marker indication test

g marker is
P 4.9,

+/-1°, see 4.9.

N

1 position by

jctivation of one single operator action. Confirm that this speed of panning is at least 30

/s (see 4.7).

Move the camera/sensor back to the centre position and then to the top end of the tilt range.

Record the tilt range and check whether 10° of range is met.
Check the accuracy of the heading marker for +1°, see 4.9.
Check the minimum FoV of at least 12°, see 4.5

Repeat i) to the bottom end of the tilt range.

© IS0 2020 - All rights reserved
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5.4.2.7 Clear view test

After the salt mist test, the EUT shall comply with the requirements of the performance check, and the
cleaning of the sensor head and/or lens shall be tested. The sensor head and/or lens shall appear clean
with a stainless and shiny surface after only one cleaning cycle.

ind endurance test

The requirement according to 4.17 shall be tested in accordance with [EC 62388 (subsection "Antenna

5428 W
design").
5.4.3 Tes{

5.4.3.1 Thermal imaging system

Minimum t¢
description
shall be pre

Figures froi
the spatial f
AT (degrees

At least four
The targets

Horizontal
target equiv

Vertical: ta
target equiv

5.4.3.2 Range prediction test

A range-pre
NV-IPM or t
Annex A and

L of thermal imaging systems

mperature difference perceived (MTDP) shall be measured according to Annex D. A ge
including the number of observers, room and target temperature and/qther relevant
sented.

n both the horizontal and the vertical measurements shall be recorded in a diagram
Fequency (cycles/mrad), linear scale, on the horizontal axis, and-the temperature diffef
Celsius), logarithmic scale, on the vertical axis.

targets shall be measured. In the diagram, the desired-target shall be plotted at a At of
1sed at the measurement shall have a spatial frequencyboth larger and equal to/smaller

target equivalent instantaneous field of view (¥oV,) = 1,5/600 = 0,0025 rad = 2,5 mr
alent frequency (F,) = 1/IFoV,=1/2,5 = 0,4 cycles/mrad.

Fget equivalent instantaneous field of view*(IFoV,) = 0,5/600 = 0,00083 rad = 0,83 mr
alent frequency (F) = 1/IFoV, = 1/0,83"<="1,2 cycles/mrad.

diction calculation shall besperformed using a generally accepted software model su
he TRM4 or an equivalent.thermal range performance model or the attached algorith
| Figures A.1 and A.2,

The followiy
target dime

The resultin

Different at

with Table 2.

hsions of 1,5 m>= 45 m x 0,5 m (length x width x height).
g detectionrange shall be greater than 600 m.

mospheric extinction constants shall be used for different types of images in accord

neral
data

with
ence

1 °C.
than:

ad or

hd or

ch as
m in

)¢ input data shall'‘be’used: the detection range shall be calculated at 1,3 line pairs using the

ance

Table 2 — Atmospheric extinction coefficients for different wavelength ranges
Cut-on and cut-off wavelength Atmospheric extinction coefficient?
Visual: 0,4 to 0,8 pm 0,50 km-!
Short wave IR: 0,8 to 2,5 um 0,50 km-!
Mid wave IR: 3 um to 5 pm 0,67 km1
Long wave IR: 8 pm to 12 um 0,33 km'1
a2 See AnnexA.
Temperature equivalent AT: 1,0 K.
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5.4.4 Test of active image-intensifier systems

5.4.4.1 General

The procedures under 5.5.4.2 to 5.5.4.5 are recommended.

NOTE

These procedures are taken from the previous edition of this document, where they were given with a

view to gaining experience. Since no data from these procedures could be further evaluated, they are taken over

in thi

5.4.4.2

s edition, unchanged.

IIluminator spectrum

In on
that
(whe

For t|
thei

5.4.4

der to protect night vision of the bridge personnel, the illuminator shall include opti
ight emission in the visible spectrum (380 nm to 780 nm) does not exceed a lumina
n calculated using the scotopic response of the human eye).

he non-visible illumination, the detection system shall include measuresfor reducing
hterference effects.

.3 Image-intensifier sensor

Thei

age-intensifier sensor under test shall be placed on an opti¢al measurement bench in

capaple of controlling the illumination level (in the same spectum as used by the illuminat
1x1p~*1x.

The following procedure is used to establish the performance and to provide an acuit
evalyating the performance.

a)

rrange one of the system illuminators with'a variety of aperture stops employed

illumination level so that it provides the only illumination in the dark laboratory.

b)
‘)

)

q

q

.

d)

q

5.4.4
The

Mount the sensor at a fixed range of atleast 25 m, so that the acuity chart is in-focus.

$elect an acuity chart of 25 %, 40% and 60 % target contrast. Adjust the aperture
flluminator and determine the limiting spatial frequency of the system, in the dark laboratory, for

bach of the patterns on the-acuity chart.

[he incident illuminationevel at the chart position shall be measured.

The acuity curve [spatial frequency vs. illumination level) can then be plotted. The spati
gxis can be replotted as a range by assuming a number of cycles across the target for]

ask at 90 % probability.

4 Infrared illuminators

ral filters so
nce of 0,2 %

minimizing

A laboratory
brs) down to

y curve for

to vary the

stops on the

bl frequency
a detection

nch and the

nfrared illuminators used by the EUT shall be placed on an optical measurement be

Lollbo+ 1000

follo

AL A G-a-e-a-ei eIt
VI g e asuT CIees—Strar Dt tanCrr:

a) The optical spectrum of the light emission.

b) The intensity of the light emission (this may be taken at any convenient distance). The measured

i

c)

ntensity of light emission is used to produce the illumination fall-off curve in Figure 1.

Plots of the horizontal and vertical emission intensity of the illuminator. The light emission

(corrected for distance) shall be maintained over at least 20° if the illuminator tracks the sensor
head movement. If the illuminator(s) is (are) fixed relative to the craft's heading, the light emission
shall be maintained over at least 60°. Combination plots may be used to provide this data if more
than one illuminator is declared by the supplier.

© ISO
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5.4.4.5 Range prediction

The imager acuity curve and the illuminator fall-off curve shall be plotted. The crossing point of these
two curves determines the range performance of the active system, see Figure 1.

Y

7

Key
X  range (m)/spatial frequency (cycles/mrad)?
Y illumination level (Ix)?2

1  illumination fall-off curve

2 image aduity curve
a

There arg two scales on the axis. The range can be calculated from the.spatial frequency using the formulalgiven
in Annex A.

Figure 1 — Range prediction for active image-intensifier systems

The extinction coefficient for calculating the illumination fall-off due to atmospheric effeqts is
Oam = 0,22 [km™1. The fall-off due to the “phgtémetric distance law” shall be considered additiopally
(illuminancg¢ = 1/R?, where R is the range).

Required repult: the point on the curveatiwhich the two curves cross shall show a range equivalerjce of
atleast 600 |m.

Typical plots are shown in Annex.B, Figure B.1.
5.5 Seatrials

5.5.1 Intrjoduction

Sea trials sHallhelperformed with the same EUT which has passed the environmental tests according
to 5.2 and which has been subjected to laboratory tests according to 5.4.

Night vision equipment shall pass a sea trial before approval. Test conditions and test results shall be
recorded. A suitable report form can be found in Annex C. The sea trial shall be conducted at night
under normal test conditions (see 5.5.3), which shall be measured and recorded.

Approval agencies shall maintain a matrix of sea trial results and laboratory test results. Initial input
shall be generated using the EUTs' sensors to conduct sea trials on various vessels under the defined
environmental conditions. During sea trials, illuminators shall be used when defined as part of the EUT.
The sea trial shall measure the actual performance of the EUT.

NOTE The accurate recording of sea trial data may allow future development of a robust laboratory
validation process in future editions of this document.
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5.5.2 Standard test target

The test target for sea trials shall be an enclosed black sea-proofed aluminium box of 6 mm thickness
which has been immersed in the sea for at least 24 h. The box shall either be anodized or painted black.
If painted, the colour shall not be brighter and the reflection shall not be higher than that of anodized
aluminium in the spectral band used by the EUT. For the properties of the described surface, the
following applies:

— reflection < 10 % for the entire spectral range used by the EUT;

— emissivity for thermal systems > 90 %;

— 1foughness: sandblasted surface.
Provijisions shall be made to measure the actual temperature at the centre of the testside of the target.
The §ize of the box shall be so that, when at least 50 % is immersed:
— 1,5 mlong;

— 1,5 m wide;

— 0,5 m high;

remdins above the water.

Admjnistrations may use smaller targets to reflect local cehditions.

5.5.3 Test conditions

Sea trrials shall be conducted at night under the fglowing test conditions:
— apparent sea state: 2 to 5, according to the Beaufort-scale;

— vind speed: 4 kn to 22 kn;

— geatemperature: 1 °C to 25 °G;

— air temperature: 0 °C to35-°C;

— lhumidity: 40 % to 96.%;

gt least 2 h aftersunset;

— good visibility: not less than 5 NM (nautical miles);

— gpeed.ofvessel: > 8 kn;

— l|1eight of sensor above waterline: 8 m to 10 m;

— natural illumination level shall be mean starlight conditions without clouds and without moon
(5 x 10*Ix to 1,3 x 1073 Ix). For thermal imaging systems, this environmental condition may be
omitted because of the used technology, see 5.5.4.2.

5.5.4 Test procedures

5.5.4.1 General

The test target (as defined in 5.5.2) shall be immersed in the water at the test site for at least 24 h so
that the approach to the test target can be performed against an open-water background.

The sensor of the EUT shall be mounted on the craft used for the sea trials in a height of 8 m to 10 m
above the waterline and according to the installation requirements defined in Clause 7. Before starting
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and during the sea trials, the following data shall be measured by using calibrated measurement
equipment, and recorded:

— seatemperature [°C];
air temperature [°C];
humidity [% RH];

height of sensor above waterline [m];

test target temperature [°C];

target-Hackground contrast, depending on the technology used either [K] or [ratio];

baromefric pressure [hPa];

speed oyer ground of the vessel [kn];

naturalfillumination level [1x];

visibility [NM];

eed [kn].

wind sp

The following shall be observed and recorded:

sea stat

e according to the Beaufort-scale;

sky congition;

target cpndition and identification;

location of trials.

If the actual|conditions are outside the range-ofithe test conditions, no sea trial shall be conducted

The measur form

shown in Aff

ements and observations, ingluding times, shall be recorded in accordance with the
nex C.

5.5.4.2 Detection-range evaluation test

nlled,

The target s
shall proceg
minimum sj
from the crg

The target s

hall be placed in-the test area 24 h before the test. The craft, on which the EUT is inst
d away fromrthe test target up to a minimum distance of 1 200 m and then proceed W
eed of 8 kitowards the target, in such a way that the target remains within a sector d
ft's bow;

hallbé placed in open water with no background sources of interference so that the teg

ith a
f+5°

t can

be performsg

d-against an open-water background. The craft shall approach the target at 90° + 10° t

D one

of the target faces.

The target shall be observed by the radar operator to measure continuously its actual distance. The
observer (or observers) for night vision equipment shall observe the monitor of the EUT and may
operate the EUT as usual.

When the target is detected on the monitor, the actual distance of the target shall be measured by the
radar operator. The measured data shall be recorded. This procedure shall be repeated ten times. One
failure (e.g. detection range less than 600 m with the required field of view) is allowed in 10 times. If
two failures occur in the 10 runs, it is permissible to go to a total of 20 runs and, if no further failures
occur, the EUT has passed.
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5.5.4.3 Optical interference test

The craft on which the EUT is installed shall maintain a position 500 m from the test target that shall be
within 5° of the craft lubber line. The target shall present a side at 90° =+ 10°.

Alit vessel (as defined in 3.4) shall proceed at about 5 kn approximately on a bow-crossing course with
a closest point of approach of 1 500 m.

The observer shall monitor the target during the crossing to confirm that the displayed target remains
clearly visible during the crossing.

6 Marking and identification

[IMQ MSC.94(72), 11] night vision equipment shall be marked in accordance with the’requirements of
resolution A.694(17) and the applicable IEC 60945.

The night vision equipment and any ancillary equipment shall be marked cleasly and duraply with the
following data:

— identification of the manufacturer;
— ¢quipment type number or model identification under which/it was type-tested;

— gerial number of the unit; and

— 1nagnetic compass safe distance.

7 Installation

[IMQ MSC.94(72), 7.4.1] Full installation instructions to meet the following requirements shalll be included
in th¢ documentation.

— general installation instructions;
— power supply (voltage, power éensumption, frequency) and earthing information;
— dpecial tools required, mdinténance material and spare parts (e.g. fuses, spare bulbs);

[IMQ MSC.94(72), 7.4.2}-The controls of night vision equipment shall be installed in the workstation for
navigating and manoeuviing, within easy reach of the navigator.

[IMQ MSC.94(72),/74.3] The observation distance from a dedicated display shall not exceed £,3 times the
image diagonal (i.e. a dedicated night vision workstation).

For 3 general bridge display, the observation distance from the display shall not exceed|8 times the
image diagonal, but shall be situated so that observation from a distance of 2,3 times the image diagonal
is aldo possible

[IMO MSC.94(72), 7.4.4] The sensor of the night vision equipment shall be installed in such a way that:
a) the horizontal panning area required in 4.6 is free of blind sectors up to 30° on either side; and

b) inthe required field of view, in the direction right ahead, visibility of the water surface for the vertically
tilted sensor is not reduced by more than two craft's lengths by the blind angle of own craft;

c) itis placed on the fore-and-aft centre line of the HSC.

[IMO MSC.94(72), 7.4.5] Night vision equipment shall be installed in such a way that its operation and
detection functions are not impaired by head wind and/or true wind up to 100 knots and roll and/or pitch
angles up to + 10°.
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[IMO MSC.94(72), 7.4.6] Its performance shall not be impaired by vibration occurring during normal
craft's operation.
8 Maintenance

[IMO MSC.94(72), 7.5] With respect to maintenance, night vision equipment shall meet the requirements
of IMO Resolution A.694(17) and IEC 60945. Where the manufacturer requires maintenance at specific
periods, an operating hours meter shall be provided.

9 Documentation

[IMO MSC.94(72), 12] Night vision equipment shall be delivered complete with its technical documentdtion.
Such documentation shall include the following information, if applicable:

General information:

— manufagturer;

— type degignation;

— generalldescription of equipment; and

— ancillary equipment and description.
Instructions|for installation:

— generallinstallation instructions;

— power slpply (voltage, power consumption, frequency)and earthing information;
— installation instructions listed in 7;

— identifi¢ation of exposed or protected equipment.
Operation off equipment:

— descriptiion of functions, controls;-display;

— descriptiion of start-up procedures;

— calibratjon of equipment.dind error messages;

— testing ¢apabilitiesofequipment;

— description of seftware used and interfaces.

Troubleshooling, ' maintenance and service:

— special tools required, maintenance material and spare parts (e.g. fuses, spare bulbs);
— equipment care and maintenance on board HSC;
— available services.

Documentation for night vision equipment shall also meet the requirements of IMO Resolution A.694(17)
and IEC 60945.
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Annex A
(informative)

Range prediction calculation

Convert “spatial frequency” of MRTD (minimum resolvable temperature difference) curve into “range
(R)” by using the following formula.

N90 %
where
R is the predicted range, in which a target can be detected;
A, is the target area (=1,5 m x 0,5 m);

Nogo, isthe number of line pairs for 90 % detection probability (= 1,3 line pairs);

Ji is the spatial frequency in cycles/mrad.

MRTD

Key
1 MRTD,5

Figure A.1 — Typical MRTD versus range curve

Calculate the target apparent temperature difference (AT) by using the following formula, and draw a
line of AT curve on the MRTD versus R graph (see Figure A.1).

At=At, exp(—0R)

where

Aty isthe initial temperature difference, 1 °C

o is the atmospheric extinction coefficient as given in Table 2
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Key

1 MRTD,,

MRTD

At

(=}

a  Detectiop range

Determine the detection range (R, by using the graph in Eigute A.2.

The detection range shall be not less than 0,6 km.

NOTE

20

ne pairs according to Reference [7].

Figure A.2 — Prediction of range performancefrom MRTD curve

Tlre number of line pairs for 90 % detectiof) probability (Ngy o, = 1,3 line pairs) is calculated by
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Annex B
(informative)

Infrared illuminator, typical plots

12

10 - 1

X  degrees

Y illumination level (Ix)

Figure B.1 — Horizontal angular power distribution of 4 IR illuminators
and composite response

The four illuminaters shown in Figure B.1 are at:

+18°

relat

© ISO

+8°,-8°,=18°

jve to-own craft heading.
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C.1 General data

Annex C
(informative)

Sea trial record

Company/A

bplicant

Equipment name

Equipment {
Testing orga

Trials vesse

File referen¢

C.2 Equi
The equipm

ype/class

nization

pment identity

ent listed below has been supplied for testing.

C.2.1 Sens

or Head

Type

Sensor tech

nology

Lens/Optic

h] system

C.2.2 Disp

lay Unit

Type

Size

Monochronpe/Colour

C.2.3 Illuy

ninators

(Only applicable for active image intensifier systems)

Type

Number us

bd

Position on

test vessel

Remarks/Comments

Accepted for test

Signature
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C.3 Trial installation details

Date of test

IS0 16273:2020(E)

Location of trails site

Latitude Longitude
C.3.1 Trial vessel Detail
Name of vessel
Length of vessel a
Moupting height of sensor (\‘]}"
Mounting height of illuminators (if fitted) n:(‘l/v
Numpber of illuminators (if fitted) n’\ <
N
C.3.2 Testtarget Detail @)
Designation/Serial number ) \(Ov
Size pf face above water . O\
Testtarget temperature °C (\Y
Colopr of face N 7
Natuyre of surface finish (delete) Paint/Anodizing/Othg&\state)
N
C.3.3 Trial conditions Detail )
Start of trialzuns End of trial runs
Air tpmperature °C X (\* )
Sea flemperature °C N
Visiljility NM <-’\\U‘
Target-background contrast ratio ‘d
or

Humiidity (WQRH
Bargmetric pressure ('\\fﬁ’
Windl speed ﬁ\%v kn
Sea dtate ) Bft
Sky ¢ondition ~ Clear

Q Mostly clear

?\é Partly cloudy
é Mostly cloudy
Cloudy

Natural illumination 1x
Remarks/Comments
Remarks/Comments
Trials engineer name
Signature Date

© IS0 2020 - All rights reserved

23


https://standardsiso.com/api/?name=ea748100b123890325da36360ed4029b

ISO 16273

:2020(E)

Annex D
(normative)

Measurement of MTDP (minimum temperature difference

D.1 Validity

The MTDP gpplies for well and under sampled thermal imagers. The applicable spectral rdnge is
to 14 pm or jparts of this range.

NOTE The MTDP is a further development of the minimum resolvable temperature{difference (M

concept. For

D.2 Definition of MTDP

The MTDP
4-bar-test p

of the test pattern, the environmental temperature, and on the position and orientation of thd
pattern relative to the detector.

perceived) of thermal imagers

etails compare to Reference [8]. A definition of MRTD measurement is given<in NATO STANAG

s the minimum temperature difference that allows at least three observers to reso
httern (Figure D.1) in accordance with a given criterion. [tdepends on the spatial freqy

a

RTD)
4349

lve a
ency
test

Figure D.1 — 4-bar test pattern for MTDP measurement

D.3 Measurement conditions

The observer shall have normal visual acuity (post-corrected effects less than +0,25 diopters) and be
experienced in this type of measurement.

The 4-bar-test pattern is positioned in front of a black body, the temperature of which can be varied
giving positive and negative temperature differences, AT, between the bars and the background. The
spatial frequency of the resolving power measurement targets shall be within +5 % of the nominal
value. The emissivities of the test pattern and the black body shall both be 0,95 or better. The black
body shall make it possible to achieve temperature differences of at least #10 K. The accuracy shall be
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