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

1 3

This

night
High-
perfg

All te
italicg
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It is prected that both performance requirements and test procedures will need to be reviewe

Scope
nternational Standard applies to operational and performance requirements and methods
vision equipment fitted to high-speed craft in accordance with the International Code

Speed Craft (HSC code), Chapter 13, of the International Maritime Orgahisation (IMO)
rmance standards MSC.94 (72) for night vision equipment for HSC.

and the resolution and paragraph numbers are indicated in brackets.

as data on candidate night vision systems are accumulated and correlated with performang

2

The following referenced documents are indispensable for the application of this documen

refer
docu

IEC ¢

IEC 6
Meth

IMO
marit]

IMO

International Godle of Safety for High-Speed Craft (HSC Code)

STAN

ormative references

nces, only the edition cited applies. For, undated references, the latest edition of th
ment (including any amendments) applies.

1162, Maritime navigation and radiocommunication equipment and systems — Digital Interf

0945, Maritime navigation and\radiocommunication equipment and systems — General reg
Dbds of testing and required test results

Resolution A.694 (17), General requirements for shipborne radio equipment forming part
me distress and safety system (GMDSS) and for electronic navigational aids

Resolution MSC.94 (72), Performance standards for night vision equipment for high speed ¢

NAG 4349 (MAS/186-Land/4349, 19 June 1996)

of testing for
bf Safety for
and the IMO

Xts of this International Standard, whose wording is identical to thakin'IMO MSC.94 (72), gre printed in

1 in the near
e.

t. For dated
b referenced

HCeS

uirements —

of the global

raft

3 Terms and definitions

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

31

night vision equipment
any 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

[IMO

© IS0

MSC.94 (72) 4]
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3.2

high-speed craft
any craft to which the definition in chapter 1 of the HSC Code applies

[IMO MSC.94 (72) 4]

3.3

test target for sea trials
a target that simulates the real hazard of a surface object that can be found at sea such as, small unlit boats,

floating logs, oil drums, containers, buoys, ice, hazardous waves and whales

[IMO MSC.94F2r4

3.4

lit vessel

a vessel thaf, in addition to the standard navigation lights, has a row of five 21 W, 12 V unshielded lam

1 m horizontél spacing and 4 m above sea level

4 Gener

4.1 Introd

Requirement
verified by re

These requir

The manufad
The declarat

The manufag
to environms

al and operational requirements

uction

s contained in this clause are requirements not taken up.in other clauses and which cann
peatable methods of measurement.

bments include the applicable general and operational requirements of IEC 60945.

turer shall declare compliance with these requirements and shall provide relevant documen
ons, documentation and, where necessary;-the equipment under test (EUT) shall be checke

turer shall also declare the compositionof the EUT and the category for durability and resis
ntal conditions specified in IEC 60945 for each unit of the EUT.

4.2 Required functions and theiravailability (IMO MSC.94 (72) 5.1)

At night, nig
certain dista
collision avo

4.3 Conti

Night vision
after sunset

ht vision equipment shall be capable of detecting objects above the water’s surface wit
nce from one's ownCeraft, and of displaying the information pictorially in real time, to ass
dance and safe navigation.

huous operation (IMO MSC.94 (72) 5.2.1)

pquipment on board HSC, while navigating at sea, shall be capable of continuous operation
ntiNbefore sunrise. After the equipment has been switched on it shall be operational in less

15 minutes.

ps at

ot be

ation.
of

ance

hin a
ist in

from
than

4.4 Standard test target (IMO 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 m high remains above the water at right angles to the desired direction of detection.
Administration may use other smaller targets to reflect local conditions.

4.5 Detec

tion range (IMO MSC.94 (72) 5.2.3)

With the required field of view, the equipment shall detect the standard test target at a distance of not less
than 600 m with a minimum probability of 90 %, when the target has been immersed in the sea for at least
24 hours under mean starlight conditions without clouds and without moon.

© ISO 2003 — All rights reserved
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Field of view (IMO MSC.94 (72) 5.2.4)

The required horizontal field of view shall be at least 20°, 10° on either side of the bow. The vertical field of
view shall be at least 12° and shall be sufficient to enable the equipment to fulfill the performance
requirements of this International Standard 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.

4.7

Pan and tilt ranges of the fields of view (IMO MSC.94 (72) 5.2.5)

The
eithe

The 4
trim d

4.8
By a

autorn
pann

4.9

Whe
error

Whe
be pn

410

hxis of the field of view of the equipment shall be capable of being moved at least 207, h
r side.

blevation axis of the field of view shall be capable of being adjusted of at least 10%to-Compe
f the cratft.

Speeds of panning of the fields of view (IMO MSC.94 (72) 5.2.6)
Ctivation of a single control element, the axis of the field of view‘shall be capable of be

hatically to the ahead position at a minimum angular speed of, 30°/s. The system shall b
ng at a minimum angular speed of 30%s.

Heading marker indication (IMO MSC.94 (72) 5.2:7)

0 inside the field of view, the graphical ahead mark-©fthe craft shall be indicated on the di
not greater than + 1°.

0 outside the field of view, a visual indication-of relative bearing with an error not greater th
pvided.

Roll or 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

+10f

4.11

Arrar
Adm

412

Meas

the performance requirements in this International Standard shall be complied with.

Clear view (IMO MSC.94 (72) 5.2.9)

gement shall be provided to ensure efficient cleaning of the sensor head/lens from the oper
nistration mayrequire some additional facilities such as de-icing.

Optical interference (IMO MSC.94 (72) 5.2.10)

orizontally to

nsate for the

ing returned
e capable of

splay with an

an + 1° shall

itching up to

hting position.

shall not be

ures shall be taken, to ensure that objects commonly encountered at sea and in ports

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.

413

Malfunctions, warnings, alarms and indications (IMO MSC.94 (72) 5.3)

Night vision equipment shall include a visual indication of any failure.

4.14

Software requirements (IMO MSC.94 (72) 5.4)

The operational characteristics of the software shall meet the following requirements in particular:

(IMO

© IS0

MSC.94 (72) 5.4.1.1) self-description of the functions implemented by means of software;
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(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 re

quirements of IEC 60945.

If any software is used, the manufacturer shall provide a description of the functions implemented by means of

software and

state how the requirements have been complied with.

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

through men

“User interfa

L + H | AY 4l 4l ry 4 1 laall lo 1 £ 4l <l H
S (utr-stiTiat JraureT UTal T SsTual atT LUTTUUTS STidir T Lical TTUTTT UTTS TITCTTU UT S UTNMTUTUTT.

ce status” can be an indicator of which functions are operational.

“Software protection” can be a password or lockable cover.

4.15 Contr
The night vis|
The number

Whilst in opg
trim, field of

The function

The operatio
menu-driven

The operatio
adjustable.

The operatiol
as well as ap

pls and ergonomics (IMO MSC.94 (72) 6)
jon equipment shall be designed in accordance with sound ergonomic principles.
pf operational controls shall be limited to the minimum required_fer operation.

rational mode, double functions of controls shall be avoided on such controls as for pan, ve
iew and other essential functions.

5 of the individual operational controls shall be clearly.labelled.

hal functions of night vision equipment shall be'activated directly through the operational cor
controls shall be avoided.

hal controls shall be clearly identifiable jn the dark. If illumination is used, the brightness sh

hal controls of night vision equipment shall meet the requirements of IMO Resolution A.69:
plicable requirements of IEC 60945.

4.16 Presentation of information (IMO MSC.94 (72) 6.3)

The status o

The display
image of at I¢

The selecteq

operation of the equipment shall be continuously displayed.

shall be non-dazzling and non-flickering. The display shall be capable of displaying a |
bast 180-mm in diagonal.

field of view, if more than one is provided, (see 4.6) shall be continuously indicated &

rtical

trols;

all be

1 (17)

isible

t the

bitAN

operating po

STUTOTT:

The image shall be presented on the display, with the same aspect ratio as the sensors, as default (natural

picture).

4.17 Durability and resistance to environmental conditions (IMO MSC.94 (72) 7.1)

Night vision equipment shall withstand the environmental conditions specified in IMO Resolution A.694 (17)
and in IEC 60945. Provisions shall be made, if necessary, to protect the night vision equipment against high
light conditions.

© ISO 2003 — All rights reserved
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4.18 Electrical and electromagnetic interference (IMO MSC.94 (72) 7.2)

With respect to electrical and electromagnetic interference, night vision equipment shall meet the
requirements of IMO Resolution A.694 (17) and IEC 60945.

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.694 (17) and
IEC 60945.

4.20 Installation (IMO MSC.94 (72) 7.4)

Full ipstallation instructions to meet the following requirements of 4.20 shall be included inthe dpcumentation
(see HK.26).

The ¢ontrols of night vision equipment shall be installed in the workstation for navigating and fanoeuvring,
within easy reach of the navigator.

The pbservation distance from a dedicated display shall not exceed 2,3{imes the image didgonal (i.e. a
dedidated night vision workstation).

For g general bridge display, the observation distance from the display shall not exceed 8 timg¢s the image
diaggnal, but shall be situated such that observation from a distance of 2,3 times the image diagonal is also
possible.

The gensor of the night vision equipment shall be installed.iv such a way that:

a) the horizontal panning area required in 4.7 is free~of blind sectors up to 30° on either side; and

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

Night vision equipment shall be installed in such a way that its operation and detection funcfions are not
impalred by head wind and/or true wind up to 100 knots and roll and/or pitch angles up to + 10°.

Its pgrformance shall not be impaired by vibration occurring during normal craft's operation.

4.21| Maintenance (IMO)MSC.94 (72) 7.5)

With | respect to maintenance, night vision equipment shall meet the requirements of IMQ Resolution
A.694 (17) and IEC 60945. Where the manufacturer requires maintenance at specific periods, lan operating
hourg meter shall'be provided.

4.22| Interfacing (IMO MSC.94 (72) 8)

Interfaces with other radio and navigation equipment shall meet IEC 61162. A recognized international
standard video output for image recording shall be provided.

4.23 Back 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.

4.24 Safety precautions (IMO MSC.94 (72) 10)

The safety features of night vision equipment shall meet the requirements of IMO Resolution A.694 (17) and
IEC 60945.

© 1SO 2003 - All rights reserved 5
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4.25 Marking and identification (IMO MSC.94 (72) 11)

Night vision equipment and any ancillary equipment shall be marked clearly and durably with the following

data:

serial nu

magneti

identification of the manufacturer;

equipment type number or model identification under which it was type tested;

mber of the unit; and

c compass safe distance

Night vision
A.694 (17) a

equipment shall additionally be marked in accordance with the requirements of IMOReso
nd IEC 60945.

4.26 Documentation (IMO MSC.94 (72) 12)

Night vision
shall include

equipment shall be delivered complete with its technical documentation) Such documen
the following information, if applicable:

General infofmation:

manufad
type des
general
— ancillary
Instructions f

general

power s

Operation of|
— descripti
descript

calibrati

turer;

ignation;

Hescription of equipment; and
equipment and description.
or installation:

nstallation instructions;

Upply (voltage, power consumption, frequency) and earthing information;

identification of exposed or protedted equipment.

equipment;
on of functions;,controls, display;
on of start=up procedures;

bn of equipment and error messages;

testing

ution

fation

nahbilities of equiinment:
g < N Al o <5

description of software used and interfaces.

Troubleshooting; 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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4.27 Environmental requirements

Each item which appears in this clause is a requirement from IMO Resolution A.694 (17) as detailed in
IEC 60945 and for which a repeatable method of measurement has been defined in Clause 6.

5 General test conditions

5.1 General

Environmental and enfnh/ tests shall be carried out first, followed hy Inhnrnfnry tests and seg trials to Verify
whether the same EUT meets all technical requirements. Where electrical tests are required:they shall be
carrigd out using the normal test voltage as specified in IEC 60945.
Reqguirements detailed in Clause 4 for which a specific test is not detailed, shall be’ Confirmed by a visual

check of the equipment or documentation. The manufacturer shall provide a full technical specification for the
EUT,

5.2 | Normal temperature, humidity and extreme test conditions

Test ponditions shall comply with IEC 60945.

6 Environmental tests

6.1 | General
Environmental tests are intended to assess the.suitability of the construction of the equipment under test
(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 requifements of a performance check. No preconditjoning of the
equigment shall be necessary.

6.2 | Range of environmental tests

6.2.1| Test according to IEC.60945

Nigh{l vision equipment.shall, as far as applicable, meet the requirements and pass the tests|according to
IEC §0945.

6.2.2| Roll and pitch test

This test is\intended to prove the ruggedness of the system under the ship motions of 4.10.

The ELIT chall ha marintad An A opirfanns ~nanahlin ~Af nradii~nine A eallines ~Avals fram L 100 4 10° from the
Eo ot o CTHOur e O —SuratC—tapatC—oOrprotuomg—aTommg—Eycic—rom To—tC

horizontal in 8 s. The EUT shall be subject to the rolling cycle for 30 min during which a functional
performance check (6.3) shall be performed. The EUT functions shall continue to operate without degradation
during the rolling cycle.

The test shall be repeated with the EUT positioned such that a pitching cycle of + 10° is produced.

6.2.3 Optical interference

The EUT shall meet the requirements of 4.12 when tested in accordance with 8.4.3.

© 1SO 2003 - All rights reserved 7
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6.3 Performance check

The performance check is to verify that the EUT is still operational after being subjected to the environmental
tests and any other test where it is specified.

The performance check shall ensure that the EUT meets the requirements of

re-selection of field of view if available;

pan range;

pan spe
vertical {
sensor g

The equipmg

7 Laboratory tests

7.1 Introd

Laboratory t
Clause 6.

The purpose
types of nigh
to pre-establ
navigation off

The laborato
machine inte

The method
compared to

7.2 Meas

7.21

Minimum Rsg
(MDD) shall

Thermal imager, 'system

Bd;
rim adjustment;
nd display operation.

nt shall provide a clear picture of objects consistent with that at ambient conditions.

uction

psts shall be performed with the EUT which has passed the environmental tests specifi

of these technical tests is to provide a means of performing laboratory controlled tests
t vision equipment. The results of these tests-will be used to compare the measured perforn
shed standards that have been validated«wia at-sea tests to meet the navigational needs for
HSCs.

ry tests have been developed to ‘measure the various capabilities of the EUT, including
rfaces, displays, mechanical operation, and sensor.

h

5 and procedures of the laboratory tests have been derived such that, when the result
previous test results, they will reliably predict the at-sea performance of the system.

irement of thermal imaging systems

solvable’ Temperature Difference (MRTD) and/or Minimum Detectable Temperature Diffe
be measured according to the STANAG 4349 (MAS/186- Land/4349 19 June 1996) A gs

description in

presented.

ed in

bn all
ance
night

man-

5 are

ence
neral

hall be

Figures from both the horizontal and the vertical measurements shall be recorded in a diagram with the
Spatial Frequency (cycles/mrad), linear scaled, on the horizontal axis and the Temperature Difference At

(degrees Cel

sius), logarithmic scaled, on the vertical axis.

At least four targets shall be measured. In the diagram, the desired target shall be plotted at a Az of 1 °C. The

targets used

Horizontal:

at the measurement shall have a spatial frequency both larger and equal to / smaller than:

Target equivalent Instant Field of View (IFoV,)=1,5/600 =0,0025rad = 2,5 mrad or target
equivalent frequency (Fr;) = 1/IFoV; = 1/2,5 = 0,4 cycles/mrad

© ISO 2003 — All rights reserved
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Vertical: Target equivalent Instant Field of View (IFoV,)=0,5/600 = 0,00083 rad = 0,83 mrad or target
equivalent frequency (Fr;) = 1/IFoV, = 1/0,83 = 1,2 cycles/mrad

7.2.2 Range predictions

The following procedure is under consideration for a future edition of this International Standard and it is
recommended that the procedure be followed and the results recorded.

A range-prediction calculation shall be performed using a generally accepted software model such as Acquire
FLIR 92 or the TRM 3 or the attached algorithm in Annex A (informative) and Figures A.1 and A.2. The
detection probability at 600 m shall be calculated.

The rLeasured MRTD figures and the following input data shall be used:

Diffefent atmospheric constants shall be used for different types of images in accordange:with Table 1.

Table 1 — Atmospheric constant for type of images

Cut-on and cut-off wavelength Atmospheric constant?
Mid: 3,2 um to 5 pm :oal 0,56 km~1
Long:8 umto 12 ym  : ca2 0,21 km™"

8  See Annex A.

Path [length: 0,6 km

Temperature equivalent Az: 1,0 °C
Threg¢ different calculations with the following niumber of line-pairs per target size shall be supplied:
— 0,66

— 13

— 16

7.3 | Active image-intensifier systems
7.3.1] llluminatorispectrum

The illuminators shall not interfere with the night vision of the bridge personnel of the HSC or other craft.

In orderto protect night vision of the bridge personnel, the illuminator shall include optical filters quch that light
emissiormim the visibte spectrum {250 to 650 does ot exceeda tumimance of 0,2 % {when calculated
using the scotopic response of the human eye).

7.3.2 Measurement of active image-intensifier systems

The following procedure is under consideration for a future edition of this International Standard and it is
recommended that the procedure be followed and the results recorded.

7.3.21 Image-intensifier sensor
The image-intensifier sensor under test shall be placed on an optical measurement bench in a laboratory

capable of controlling the illumination level (in the same spectrum as used by the illuminators) down to
1 x 1074 Ix. Such dark tunnels shall have a known record of performance.

© 1SO 2003 - All rights reserved 9
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The following procedure is used to establish the performance and provide an acuity curve for evaluating the
performance.

a)

Arrange one of the system illuminators with a variety of aperture stops employed to vary the illumination

that it provides the only illumination in the dark laboratory.

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

Select an acuity chart of 25 %, 40 % and 60 % target contrast. Adjust the aperture stops on the
illuminator and determine the limiting spatial frequency of the system, in the dark laboratory for each of
the patterns on the Acuity chart.

90 % probability.

level so
b)
c)
d) Theinci
e) The acu
can be
7.3.22 In

The infrared

the following

a) The opti

b) Theinte
of light €

c) Plots of
distance
illuminat
at least
by the s

7.3.2.3

The imager

curves determines the range performance:ofthe active system, see Figure 1.

Key
1
2

Range predictions

| of +o baort o H S ball b
T LLILYJ

= HY Py - |
dat uic uitart pUoitivit orid T CuU.

CITTCAourtc

ty curve (spatial frequency vs. illumination level) can then be plotted. The spatial frequency
eplotted as a range by assuming a number of cycles across the target for a detection tg

frared illuminators

lluminators used by the system under test shall be placed on an optical- measurement benc
measurements taken.

cal spectrum of the light emission.

mission is used to produce the illumination fall-off curve in Figure 1.

) shall be maintained over at least 20° if the illuminator tracks the sensor head movement.
pr(s) is (are) fixed relative to the craft's heading-then the light emission shall be maintained
50°. Combination plots may be used to provide-this data if more than one illuminator is deg
Lipplier.

bcuity curve and the illuminator fall-off curve should be plotted. The crossing point of thes

Y

axis
sk at

h and

nsity of the light emission (this may be taken at any conveniént distance). The measured intg¢nsity

the horizontal and vertical emission intensity of the illdminator. The light emission (corrected for

If the
over
lared

b two

illumination fall-off curve
image acuity curve

X Range (m)/Spatial frequency (cycles/mrad)@

Y

a

Annex A.

10

lllumination level (Ix)

Figure 1 — Range prediction for active image-intensifier systems

There are two scales on the axis. The range can be calculated from the spatial frequency using the formula given in
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The extinction coefficient for calculating the illumination fall-off due to atmospheric effects is oa3 = 0,22 km~".
The fall-off due to the “photometric distance law” must be considered additionally (illuminance = 1/R2, where R
is the range).

Requ

ired result:

The point on the curve at which the two curves cross shall show a range equivalence of at least 600 m.

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

ailable. This
gies.

according to

Lits shall be
conducted at

hput shall be
nvironmental
ea trial shall

fory validation

kness which
k. If painted,
ninium in the

rget.

7.4 Other technology

At the present time, active illuminated intensifier systems and thermal imager systems are\a
sectipn is under consideration for future revisions of this International Standard for future techholg
8 $Peatrials

8.1 |Introduction

Sea frials shall be performed with the same EUT which has passed the environmental tests

Clauge 6 and which has been subjected to laboratory tests according'to Clause 7.

Nigh{ vision equipment shall pass a sea trial before approval. Test conditions and test res
recorded. A suitable report form can be found in Annex C_(informative). The sea trial shall be

night{under normal test conditions (see 8.3), which shall be:measured and recorded.

Approval agencies shall maintain a matrix of sea frial“results and laboratory test results. Initial i
genefated using the EUTs' sensors to conduct sea trials on various vessels under the defined e
conditions. During sea trials, illuminators shall be used when defined as part of the EUT. The ¢
measgure the actual performance of the EUT:

NOTH The accurate recording of sea.trial data may allow future development of a robust labora
proceps in future editions of this specification.

8.2 | Test target for sea trials

The fest target for sea trails shall be an enclosed black sea-proofed aluminium box of 6 mm thi
has heen immersed in“the sea for at least 24 h. The box shall either be anodized or painted blag
the cplour shall notybe brighter and the reflection shall not be higher than that of anodized alur
specfral band used:by the EUT.

Provisions shall be made to measure the actual temperature at the centre of the test side of the t3
The gize)of the box is such that, when at least 50 % is immersed:

— 1,5 mlong;

— 1,5 m wide;

— 0,5 m high;

remains above the water.

Administrations may use other smaller targets to reflect local conditions.

© 1SO 2003 - All rights reserved
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8.3 Test conditions

Sea trials shall be conducted at night under the following test conditions:

— apparent sea state: 2 to 5, according to the Beaufort-scale;

— wind speed: 4 kn to 22 kn;

— sea temperature: 1 °C to 25 °C;

— air temperature: 0 °C to 35 °C;

— humidity

— natural
1,3 x 107

— atleast
— good vis
— speed o

— height o

8.4 Testyq

8.4.1 Gengdral

The test targ
approach to

The sensor (
the waterline|
trials, the foll

— seatem

— airtemp

— humidity;

— heighto

- 40 % to 96 %;

llumination level: mean starlight conditions without clouds and without moon (5% 104
3 Ix);

P h after sunset;
ibility: not less than 5 NM (nautical miles);

vessel: > 8 kn;
sensor above waterline: 8 m to 10 m.

)rocedures

bt (as defined in 8.2) shall be immersed,in‘the water at the test side for at least 24 h such th
he test target can be performed again§t‘an open-water background.

f the EUT shall be mounted on the craft used for the sea trials in a height of 8 m to 10 m §
and according to the installation requirements defined in 4.20. Before starting and during th
bwing data shall be measured by using calibrated measurement equipment and recorded:

berature;

prature;

sensor-above waterline;

Ix to

bt the

bove
b sea

— testtarg

4+ k +
cl ICITTPTTdilre,

— target-background contrast;

— baromet

ric pressure;

— speed over ground of the vessel;

— natural il

— visibility;

lumination level;

— wind speed.

12
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The following shall be observed and recorded:
sea state according to the Beaufort-scale;
sky condition;

target condition and identification;

location of trials.

If the actual conditions are outside the range of the test conditions, no sea trial shall be conducted.

The measurements and observations, including times, shall be recorded in accordance with the-f
Annex C.

8.4.2] Detection-range evaluation

The farget shall be placed in the test area 24 h before the test. The craft, on which the EUT is ir
procged away from the test target up to a minimum distance of 1 200 m and-then proceed wit
speefl of 8 kn towards the target, in such a way that the target remains within a sector of + 5° frg
bow.

The farget shall be placed in open water with no background sources’ of interference such that th
performed against an open-water background. The craft shall-approach the target at 90° + 10°
targef faces.

The farget shall be observed by the radar operator to measure continuously its actual distance.

brm shown in

stalled, shall
N a minimum
m the craft’s

e test can be
o one of the

he observer

(or observers) for night vision equipment shall observe'the monitor of the EUT and may operatg the EUT as

usual.

When the target is detected on the monitor, the actual distance of the target shall be measured
operator. The measured data shall be recorded. This procedure shall be repeated ten times. On
detegtion range less than 600 m with the required field of view) is allowed in 10 times. If two fail
the 1P runs, it is permissible to go tq a total of 20 runs and, if no further failures occur, the EUT hz

8.4.3| Optical interference

The
5° of

raft on which the EUTis installed shall maintain a position 500 m from the test target that s
the craft lubber line,*The target shall present a side at 90° + 10°.

A lit
close

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

The
visibl

pbserver shall monitor the target during the crossing to confirm that the displayed target re
b @during the crossing.

by the radar
b failure (e.g.
Lires occur in
s passed.

hall be within

ourse with a

mains clearly

© 1SO 2003 - All rights reserved
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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.

o

Ngq

where

R

Ay

Ngg o,

S
Key
1 MRTD,,

Calculate the

.y

is the predicted range, in which a target can be detected;

i the target area (= 1,5 m x 0,5 m);

is the number of line pairs for 90 % detection probability (= 1,3 ling, pairs);

%

5 the spatial frequency in cycles/mrad.

MRTD

Figure A.1 — Typical MRTD versus range curve

target apparent temperature difference (A¢) by using the following formula, and draw a line

curve on the MRTD versus R graph.

At = Ato exp (—oR)

where

Ato is the initial temperature difference, 1 °C;

o is the atmospheric extinction coefficient:

— 0,56 km~1for 3,2 ym to 5 ym systems;

— 0,21 km~1for 8 um to 12 um systems.

14
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MRTD

A

~
o

Key

a8  Detection range.

Dete
The ¢

NOTH
NSO 0,

RTD,p

Figure A.2 — Prediction of range performance from MRTD curve

mine the detection range (Rye) by using the graph, in Figure A.2.

etection range shall be not less than 0,6 km:

The number of line pairs for 90-% detection probability (Nggo,=1,3line pairs) is
= 0,75 line pairs according to “Electro-Optical Imaging System Performance” (SPIE Optical Engineerir

g Press).

© 1SO 2003 - All rights reserved
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Annex B
(informative)

Infrared illuminator, typical plots

12

10 1

X -60 -40 -20 0 20 40 60 X

Key
X degrees

Y illumination level, Ix

Figure B|1 — Horizontal angular\power distribution of 4 IR illuminators and composite response
The four illuminators shown in thisZéxample are at:
+18°, +8°, 18° -18°

relative to own craft heading.
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