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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The| main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publicgtion as an
Intefnational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attgntion is drawn to the possibility that some of the elements of this document mayybe the subjgct of patent
righfs. ISO shall not be held responsible for identifying any or all such patent rights|

ISO[ 14490-8 was prepared by Technical Committee ISO/TC 172, Optics and-photonics, Subcommittee SC 4,
Telgscopic systems.

1ISO| 14490 consists of the following parts, under the general title Optics and optical instruments — Tgst methods
for felescopic systems:

— |Part 1: Test methods for basic characteristics

— |Part 2: Test methods for binocular systems

— | Part 3: Test methods for telescopic sights

— | Part 4: Test methods for astronomical telescgpes
— | Part 5: Test methods for transmittance

— | Part 6: Test methods for veiling glare‘index

— |Part 7: Test methods for limit.of.resolution

— | Part 8: Test methods for(night-vision devices

© 1SO 2011 — All rights reserved \%
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Optics and optical instruments — Test methods for
telescopic systems —

Part 8:
Test methods for night-vision devices
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International Standard describes the test methods for determining the performance'of night-vig
pecified in ISO 21094.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, thedatest edition of the reference
uding any amendments) applies.

5725-1, Accuracy (trueness and precision) of measurément methods and results — Part
ciples and definitions

11664-2, Colorimetry — Part 2: CIE standard illumihants

14490-1, Optics and optical instruments —\Test methods for telescopic systems — Part 1: T

14490-7, Optics and optical instruments — Test methods for telescopic systems — Part 7: T
imit of resolution

21094, Optics and photonics — Telescopic systems — Specifications for night vision dev

General requirements for the test conditions and preparation of tests
surements shallbe’carried out under the normal conditions of the work area, namely:
air temperature: (20,0 + 5,0) °C;

relative-humidity of the air: 40 % to 60 %.

ion devices

For dated
d document

1: General

bst methods

pSt methods

ces

ng-measurements, the temperature shall not vary by more than + 2 °C and the relative humid

ity shall not

vary

I, 4l 4.0/
vy Thorc uiarm = /0.

The measurements should be carried out in conditions in which the test specimen is protected from stray light

and

The

electrical and strong magnetic fields.

recommended illuminance in the test room is 0,01 Ix to 0,04 Ix.

Measurements of the basic characteristics of night-vision devices shall be carried out with the aid of a dedicated
power supply.

The use of an external power supply is acceptable subject to its voltage not departing from the nominal voltage
of the dedicated power supply by more than + 0,1 V.

The testing of instruments equipped with a source of radiation shall be carried out while the source is switched off.
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The source of radiation used in collimators and other instruments for measuring the characteristics of production
prototypes of night-vision devices shall be incandescent lamps which have a filament colour temperature, T,
of (2 856 + 50) K, unless otherwise stated. The instability of the voltage on incandescent lamps, at the time of
measurement, shall not exceed 0,3 %.

Itis important that the spectral characteristics of the source of radiation cover the full range of spectral sensitivity
of the image intensifier. The transmission spectrum of filters placed in collimators or in front of a night-vision
device shall correspond to the sensitivity spectral region of the test specimen.

When measuring the characteristics of production samples, the use of incandescent lamps, where the filament
colour temperature, T, is different from the one specified above, is acceptable.

The objecti

Integrating

During all measurements of the characteristics of night-vision devices, the luminance of the-image intens

screen sha

In the asse
stated in a
i.e. the ass
measuremg

4 Test method for measuring magnification and difference in magnification
41 Gengral
The measufement of magnification is based on the measurément of the image size of an object within the
of view of the night-vision device.
The magnification, T, is calculated in accordance with*the following equation:

P

tanw

where w and w' are the angles betwgen-the conjugate rays and the optical axis in object space and in im
space respectively.
For night-vision devices with-Vvariable magnification, I" shall be measured for the maximum and minin
magnificatigns.
Depending|on the value-of magnification and the size of the field of view of the night-vision device,
measuremgnts of I*shall be carried out in accordance with the arrangements shown in Figure 1 or Figure
The diameter ofithe collimator lens used in these arrangements shall exceed by 15 % to 20 % the lens diam

of the test g

es of collimators used in test arrangements may be lens, mirror or catadioptric systems.

spheres may be used for uniform illumination of scales and reticles in collimators.

| be the optimum for the observer.

5sment of results (see 4.4, 5.4, 6.4, 7.4, 8.4, 9.4, 10.4, 11.4, 13.4 and 14-4), repeatability sha
cordance with ISO 5725-1. The assessment of the correctness of the average value obtai
essment of the systematic error, shall be carried out either analytically or by comparison of
nt results obtained in different test laboratories.

ifier

| be
hed,
the

field

(1
age
hum

the

2.

eter

pecimen.

The diameter of the telescope objective lens used shall exceed by 15 % to 20 % the diameter of the pencil of
light that emerges from the test specimen.
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4.2 Requirements for the test arrangements and their principal parts
4.2.1 Requirements for the test arrangement shown in Figure 1
1 2 34 5 6 7 8 9 10 11

Key

1 spurce of radiation 7 collimator lens

2 cpndenser 8 test specimen

3 filter 9 telescope.objective lens
4 djiffusing plate 10 telescgpewread-out device
5 cpllimator scale with cross-lines @ 11 reticle

6 opaque diaphragm with aperture 12 telescope eyepiece

[

can lpe indispensable. For the sake of unification, it is recommended that a scale with cross-lines be used in all test arran

The] linear size of the collimator scale“shall be such that the size of the image of the scale a
intepsifier screen of the night-visionndevice would cover 1/5 to 2/5 of the diameter of image intensi

For the scale (5), the line widths and the spaces between them shall have dimensions that are at led
gregter than the limit of resojution of the test specimen, so that they can be clearly resolved.

Thelmarginal part of the'scale (5) shall be opaque; this is achieved by means of a diaphragm (6).

The|range of the‘scale of the telescope read-out device (10) (see Figure 1) shall be at least 25 mm
out prror of ne~more than 0,05 mm.

Abdrrations-of the optical systems of the collimator and telescope shall be within the limits that g
spegified\precision of measurements.

NOTE

-8:2011(E)

For this method, a scale without cross-lines may be used. When'testing as specified in other test methods, the use

night-vision devices with fields-of view up to 12° and magnifications up to 1,5x

of a cross-line
lgements.

Figure 1 — Arrangement for measurement of the magnification and difference in magnification of

the image
ier screen.

st 2% times

with a read-

llow for the

The requirements for the aberrations of the optical systems might be less severe if corrections for the

real angular sizes of the scale divisions and of the telescope scale movement read-out mechanism are applied to the
measurement results.

It is important that the spectral characteristics of the source of radiation cover the long-wavelength cut-off of
the image intensifier.

It is recommended that the support beneath the test specimen allows for its movement normal to the collimator
axis, in order to enable successive measurements to be made of the magnification in each channel of the
night-vision device.
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4.2.2 Req
13

uirements for the test arrangement shown in Figure 2

12345 6 7 8 910 14

Key
source of
condense

filter
diffusing
scale with
collimator
test speci

N o ok~ WN -

Figure 2

The focal p
limit of reso

The field of
The focal p

The use of
telescope r

The axes of
eyepiece of

12 11

radiation 8 telescope objective\lens

I 9 reticle with cro§s-line

10 telescope eyepiece

late 11 angle-measuring device

cross-lines 12 angle“measuring device

lens 13 fixed indexes

men 14\fixed indexes

— Arrangement for measurement of the magnification and difference in magnification
night-vision devices with any field of view and any magnification

ane of the collimator lens shallbear a scale with cross-lines, where the line width shall exceed
ution of the night-vision device under test at least by 274 times.

view of the collimator and that of the telescope may not exceed 1°.

ane of the telescope lens shall have a reticle with cross-lines or a straight line.

a telescopésin accordance with the arrangement shown in Figure 1 is acceptable, provided
pad-out device and the reticle remain stationary.

rotation of the angle-measuring devices shall be situated as close as possible to the objective
the night-vision device under test.

the

the

and

In addition to the test arrangement shown in Figure 2, two other versions of this test arrangement are acceptable:

a) the test specimen is mounted on the angle-measuring device while the other angle-measuring device
bears the collimator (Figure 2, key items 1 to 6) or the telescope (Figure 2, key items 8 to 10);

b) two independent angle-measuring devices use a common axis of rotation, which shall be situated
approximately in the middle of the test specimen.

In any version, the vignetting of bundles of rays that enter or emerge from the night-vision device under test

shall be red

uced to the minimum.

The angle measurement error of the angle-measuring devices (Figure 2, key items 11 and 12) shall not exceed
6 minutes of arc.
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4.3.

ISO 14490

Sequence of measurements

1 Sequence of measurements in arrangement of Figure 1
Adjust the eyepiece of the test specimen to 0 D (0 m=1).

Mount the test specimen, or one of its channels, so as to obtain an image of the central point
in the centre of the image intensifier screen.

-8:2011(E)

of the scale

By adjustment of the objective (provided that the objective of the night-vision device is focusable) and of

the eyepiece, obtain a sharp image of the scale.

4.3.

4.4

The
with

whd

Cal
The

Determine the number, n4, of divisions of the telescope read-out mechanism that conforms t
number as possible of collimator scale divisions.

Remove the test specimen from the support and determine the number, n,, of divisiens of th
read-out mechanism that corresponds to the previously selected number of callimator scale d

P Sequence of measurements in arrangement of Figure 2

Mount the test specimen, or one of its channels, in the test position in‘such a manner that the i
collimator cross-line would be found in the centre of the image intensifier screen and the colli
would be observed sharply through the eyepiece of the telescope.

Rotate the angle-measuring device and collimator by the angle, w, and take a reading of the ¢

Rotate the angle-measuring device and telescope by theangle, w’, until the previously selectg
telescope scale coincides with the image of the selected line of the collimator scale, and taK
of this angle.

Assessment of results

angular magnification measured in thetest arrangement shown in Figure 1 shall be calculated in
the following equation:

_mM

n2

r

re
14 is the-pumber of divisions of the telescope read-out mechanism;
ny is\the number of the collimator scale divisions.

tulations-in”accordance with Equation (2) shall be carried out for each channel of the night-visi

difference in magnification, AI, expressed as a percentage (%), shall be calculated in acco

Eq

b as large a
e telescope
ivisions.
mage of the
mator scale
ngle.

d line of the
e a reading

hccordance

()

bn device.

rdance with

lation (3)-
HOR{S4-

r
Al =

max -

min_ 100 %

min

where

I,

max is the maximum angular magnification;

I,

m is the minimum angular magnification.

in

©)

The angular magnification measured in the test arrangement shown in Figure 2, shall be calculated in
accordance with the Equation (1).

© 1SO 2011 — All rights reserved
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The repeatability of the measured value of angular magnification of the night-vision device shall not exceed
1 % of the average value. The repeatability of the measured value of the difference in channel magnification
shall not exceed 2 %.

5 Test method for measuring night-vision device gain

5.1 General

The test method for measuring night-vision device gain consists of measuring the ratio of the luminance of the
output screenmeasured in the plane of the exit pupil to the luminance of the object of observation This test
method is Rased on the assumption that both the radiation from the diffuse translucent screen (Figure!3,|key
item 2) and|that emerging from the eyepiece of the test specimen obey the Lambert law within +202{rom the
screen norrpal and from the optical axis of the eyepiece, accordingly.

NOTE $ee 7.1 for an explanation of the concept of exit pupil as applied to night vision devices.

5.2 Requirements for the test arrangement and principal parts

oo

Measuremgnt of night-vision device gain shall be carried out using the test arrangement shown in Figure

1 2 3 4 5 6 7 4 8 9

Key

1 incandesfent lamps 6 filter

2 diffuse translucent screen 7 test specimen

3 field diaphragm 8 neutral filter

4 glare baffles 9 luminance meter
5 shutter

Figure 3 — Arrangement for measuring night-vision device gain

The colourtemperature of lamp filaments shall comply with CIE standard illuminant A, in accordance with ISO 11664-2.

The luminance of the diffuse translucent screen shall be within the limits of 1103 to 3103 cd/m? across the
area limited by the opening in the diaphragm. The size of this opening shall allow for the illumination of an area
of 1/5 to 2/5 of the diameter of the image intensifier screen but it shall not be less than 7 mm. The number and
position of incandescent lamps shall be such as to ensure that these requirements are met.

The spectral transmittance of the filter is to be specified by the manufacturer and shall comply with the radiation
spectrum of the image intensifier screen.

6 © 1SO 2011 — Al rights reserved
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The number and position of glare baffles, as well as the sizes of the apertures in the baffles, shall be selected
in such a manner as to reduce as much as possible the influence of any stray light on the measurement result.
The shutter shall have matt black surfaces.

The transmittance of the neutral filter shall ensure that the measurements with the luminance meter are carried
out at the same measurement distance in each setup, according to Figure 3. The acceptance angle of the
luminance meter shall not exceed 5°.

5.3 Sequence of measurements

Mount the test specimen in the test arrangement shown in Figure 3

The] voltage on the image intensifier shall be the rated voltage or one recommended by the manufacturer of
the jmage intensifier.

Closge the shutter. Adjust the luminance meter to image the screen onto its detector. Take a readipg, L;, from
the Juminance meter scale. Open the shutter, insert the neutral filter if required and’take a new feading, L,
fronmp the luminance meter.

Remove the night-vision device and the filter (if applicable) from the test arrangement shown in Higure 3 and
pos|tion the luminance meter at the same distance from the screen as it was\from the last surface of the eyepiece.

Cloge the shutter and take a reading, L3, from the luminance metef, Then open the shutter and|take a new
reading, L.

5.4] Assessment of results

Night-vision device gain should be calculated in accordance with the following equation:

L
—2—L1

K==t 4)
Ly—Ls

whdre tis the average transmittance of the neutral filter in the spectral range of the radiation frorp the image
intepsifier screen.

Thelrepeatability of measurementresults shall be better than 20 % of the measured night-vision devicg¢ gain value.

NOTE In order to obtaifn an-unambiguous result for the measurement, the tests can be carried out at the saturation
rande. For most modern irhagé intensifiers this range starts at an illuminance of (1...3)-10-3.Ix.

6 ([Test method for measuring the angular field of view in object space

6.1| General

Accprding to 1ISO 14132-1, the field of view of a night-vision device is defined by the angle betwepn two rays
that propagate from two marginal points of an infinitely distant object, which are still visible through the night-
vision device.

6.2 Requirements for the test arrangement and principal parts

Measurement of the field of view of the night-vision device is to be carried out using the test arrangement
shown in Figure 4.

© 1SO 2011 — Al rights reserved 7
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1 234 5 6 7

Key

source of
condense)

filter (opti
diffusing

B W N -

The collimator shall meet the requirements given in 4.2)2.

NOTE 1

The axis of
specimen g

An optional
and the col

The angle 1

With any ve
shall be red

6.3 Sequ

Figure 4 — Arrangement for measuring the angular field of view in the object space

radiation 5 scale with cross-line

I 6 collimator lens

bnal) 7 test specimen

late 8 angle-measuring device

rotation of the angle-measuring.device should be situated as close to the objective of the
S possible.

version of the test arrangement where the test specimen is situated at the angle-measuring de
imator is stationary, is\acceptable.

neasurement errQf.of the measuring device shall not exceed 6 minutes of arc.

rsion of theitest arrangement, the vignetting of the bundle of rays that enters the night-vision de
uced to the) minimum.

ence of measurements

[he use of a collimator without a filter and without an opaque diaphragm with aperture (see Figure 1) is acceptable.

test

Vice

Vice

— Focus the eyepiece of the test specimen to obtain a sharp image of the image intensifier screen.

— By moving the collimator, determine the angles of rotation, +w, with the angle-measuring device, at which
the image of the collimator scale first gets to one edge of the image intensifier screen and then to the other.

— The an

gle, 2w, is to be taken as the field of view.

6.4 Assessment of results

The repeatability of the measured value of the angle of view shall be better than 15 minutes of arc or, in relative
units, 3 % of the size of the field of view.

© 1SO 2011 — All rights reserved
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Test method for measuring exit pupil diameter and eye relief

General

Instruments equipped with image intensifiers rarely have real exit pupils, in which case the procedure described
in ISO 14490-1 shall be used for determining exit pupil diameter and eye relief.

In all other cases, a reference aperture size and position has to be specified to enable evaluation of image
quality related characteristics. The diameter of the reference aperture shall be (6 + 0,1) mm. The reference
aperture shall be positioned at a distance determined according to 7.3 and should be considered as an exit pupil.

Inst
obs
ope
obs

For

7.2

Mea
sho

Key

'uments with a fixed interpupillary distance shall provide a wider cross section over which theisc
brved and shall be assessed according to 7.3.1. The same applies to instruments intended*for
Fation (like helmet or head-mounted systems) where permanent correction of the relative pos|
erver’s eye and the eyepiece cannot be provided.

all other instruments, the procedure described in 7.3.2 shall be used.

Requirements for the test arrangement and its principal parts

surement of the eye relief of the night-vision device is to be cafried out using the test a
vn in Figure 5.

1 2 3 4

source ofwradiation
Hiffusifig-screen
heutral filter

reen can be
hands-free
tions of the

'rangement

5

Y
|

I

a b~ wWwN =

eStSpeTiTTen

diaphragm with aperture(s)

Figure 5 — Arrangement for measuring eye relief

The source of radiation shall provide a uniform (as assessed by the observer) brightness of the image
intensifier screen.

NOTE 1  This requirement is achieved by selection of the number of sources of radiation and the
characteristics of the diffusing screen.

NOTE 2  The use of a single source of radiation is acceptable.

© 1SO 2011 — All rights reserved
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The diffusing screen and the neutral filter should provide a brightness of the image intensifier screen that is
optimum for the observer.

The centre of the aperture shall be located on the axis of radiation emerging from the eyepiece of the test specimen.

7.3 Sequence of measurements

7.3.1

7.3.3 Asspssment of results

The eye rellef of head or helmet-mounted instruments should be stated in accordance with 7.3.1. The eye 1
of other types of instruments-sheuld be preferably stated for 1 mm diameter of the diaphragm opening.
optional digphragm openingyis’ chosen, the relevant axial position shall be stated together with the ope
diameter uged.

The repeatability ofthe eye relief measurement result shall be better than 0,8 mm.

8 Test method for measuring the error of zero-position of the dioptre scale

8.1

Head or helmet-mounted instruments and binoculars with fixed interpupillary distance

The diaphragm shall have two openings of 1 + 0,1 mm diameter and 6 + 0,1 mm apart (centre to centre).

Locate|and centre the diaphragm as close as possible to the eyepiece of the test specimen, observing

image

Movind the diaphragm away, find a position on the diaphragm just before a shading appears-in the arg

the cir
the op

7.3.2 OthIr image intensifier devices

The di

Locate|and centre the diaphragm as close as possible to the eyepiece of the test specimen observing

image

Movind the diaphragm away, find a position on the diaphragm just before a shading appears in the are
the cirqumference of the image intensifier screen. Thisposition of the diaphragm is to be fixed. The dista
from the diaphragm to the eye lens of the eyepiece of the test specimen is to be taken as the eye relief.

Optionglly, the procedure may be repeated with-the diaphragm having a central opening of 3 mm to 6
diameter, according to the manufacturer’s-pteference. The measurement of eye relief may be carried
with other sizes of diaphragm opening.

Gen

Inings.
This pgsition of the diaphragm shall be fixed. The distance from the diaphragm to the eye lens of
eyepiege of the test specimen is to be taken as the eye relief.

ntensifier screen through the diaphragm openings for best symmetry (minimum disparity):

gumference of the image intensifier screen. The whole field of view shall be visible\through ead

phragm shall have a central opening of (1 £ 0,1) mm diametér.

ntensifier screen through the diaphragm opening for best symmetry (minimum disparity).

the

a of
h of

the

the

a of
nce

mm
out

elief
fan
ning

eral

The zero-position of the dioptre scale of the test specimen shall correspond with the setting of the night-vision
device eyepiece that provides a correct position of the image intensifier screen in the focal plane of the eyepiece.

The dioptre adjustment enables the use of a night-vision device by an observer whose vision is not normal.

8.2 Requirements for the test arrangement and its principal parts

The measurement of the zero-position of the dioptre scale of the test specimen shall be carried out using the
test arrangement shown in Figure 6.

10
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8.3

ource of radiation 7 collimator lens

ondenser 8 test specimen

Iter 9 dioptre adjustment telescope lens
ffusing plate 10 dioptre adjustment telescope-reticle
cale 11 dioptre adjustment telescape‘eyepiece

paque diaphragm with aperture

Figure 6 — Arrangement for measuring the error of zero-position of the dioptre sc
and the range of dioptre adjustment
collimator (Figure 6, key items 1 to 7) shall meet the requirements given in 4.2.1.
E1 The use of an autocollimator without a filter and diaphragm is acceptable.
bollimator, is acceptable. For checking the zero-position of the dioptre scale, the object is to be placed
icorresponds to “infinity” for the test specimen.
collimator should provide a brightness of the image intensifier screen that is optimum for the g

dioptre adjustment telescope (Figure 6, key items 9 to 11) shall provide a measurement of ¢
brgence) of the bundle that exits the night-vision device eyepiece, in the range of +5 m.

Sequence of measurements

Focus the eyepiece®f the dioptre adjustment telescope to obtain a sharp image of the reticle o
adjustment telescope.

Move the diéptre adjustment telescope lens into the zero-position.
In the absence of the test specimen from the test arrangement, observe the sharp image of t

Insert the test specimen into the test arrangement and set the eyepiece of the night-vi

E2 The use of any object that possesses adequate\brightness and contrast relative to the background, instead of

bt a distance

bserver.

pbnvergence

f the dioptre

e scale.

5ion device

successively to its different dioptre scale markings.

8.4

While observing the scale image, adjust the focussing of the dioptre adjustment telescope
sharp focus and record the reading from the dioptre adjustment telescope scale.

The difference between readings from the eyepiece scale and dioptre adjustment telescope
error of zero-position of the night-vision device dioptre scale.

Assessment of results

to obtain a

scale is the

The repeatability of the result of measurement of the error of zero-position of the dioptre scale and of the range

ofd

ioptre adjustment shall be within 0,3 m-1.

© 1SO 2011 — All rights reserved
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9 Test method for measuring the angle of image rotation around the optical axis
relative to the object and the difference of image rotation angles

9.1 General

Night-vision devices that include prisms and/or mirrors are subject to compulsory testing in accordance
with this method.

9.2 Requirements of the test arrangement and its principal parts

Measuremgq
image rotat

1

Key

screen
cord with

neutral filf

B W N -

sources g

Figure 7 -

The surface

nt of the angle of image rotation around the optical axis relative to the object and the differendg
on angles shall be carried out using the test arrangement shown in Figure 7.

2 3 4 3) 6 7 8

i i

pendulum (target)
er

test specimen
telescope lens

reticle with angle measuring mechanism

o N OO,

f radiation telescope eyepiece

— Arrangement for measuring the angle of image rotation around the optical axis relati
to the object and difference of image rotation angles

of-the target (screen) shall diffuse the incident radiation.

e of

A pendulum is to be suspended at the end of a cord in front of the target. The colour of the cord shall be

different fro

m the colour of the target.

The width of the image of the cord at the image intensifier screen shall exceed by at least 274 times the limit
of resolution of the test specimen. The length of the image of the cord on the screen shall be at least 10 mm.

In order to give a higher contrast of the image of the cord ends, the use of two targets of reduced height, instead

of one whol

e target, is acceptable.

The sources of radiation and the neutral filter shall make the brightness of the image intensifier screen optimal
for the observer.

12
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The field of view of the telescope lens should allow at least a 10 mm diameter of the central part of the image
intensifier screen to be observed. In the plane of the reticle there shall be an image of the cord with pendulum
of at least 10 mm in length.

The reticle with cross-line shall be equipped with an angle measuring mechanism, the measurement error of
which shall not exceed 30 minutes of arc. Otherwise it is acceptable to mount the complete telescope on a
rotating drum with an angle measuring mechanism.

An optional version of the test arrangement is acceptable, where a collimator with a reticle is used instead of
the target and cord with pendulum.

9.3| Sequence of measurements

Install the test specimen into the measurement position shown in Figure 7. The distance Hetween the

cord and the test specimen shall exceed the close distance of observation while the-distan
the cord and the telescope shall be compatible with the practical infinity for the telescope ob
The distance between the test specimen and the telescope lens should be suchthat any vign

Ce between
ective lens.
btting of the

bundle emerging from the eyepiece of the test specimen is eliminated.
Focus the eyepiece of the test specimen onto the image intensifier screen.
Determine the position of the image of the cord at the telescope reticle.

Remove the test specimen from the test arrangement and observe the image of the cord at the teleqcope reticle.

By means of the angle measuring mechanism, note the.sign and amount of rotation of the image of the
cord around the optical axis.

When a considerable distortion of the image of the cord atthe image intensifier screen is observed, the telescope
reti¢gle should be brought into coincidence with thesimage of the cord ends. In this case, the mepsurements
shopld be carried out in two mutually perpendicutar directions. For this purpose, the test specimen is to be
rotgted by 90° around the optical axis of its objective. The larger of two measurements of the image rotation

angje should be taken as the measurementiresult.

9.4| Assessment of results

The
the

repeatability of the result of measurement of the angle of image rotation around the optical axis relative to

bbject and the differencelofiimage rotation angles shall not exceed 40 minutes of arc.

10
em

Test method for measuring non-parallelism of the axes of bundles of rays
erging from the eyepieces of the night-vision device

10.1 General

Ino bservation,
the ee of non-
parallelism is defined by the physiological properties of the human eye. For devices equipped with one objective
and two eyepieces, the axes of bundles emerging from the eyepieces shall also be parallel.

[der to allow for normal binocular vision and to reduce the observer’s fatigue during long-term ¢

axes of bhundles of ravs emeraina from evenieces of binoculars shall be narallel _The deg
J ~J ~J J L Ll J

NOTE Types of non-parallelism of the axes of binocular instruments (convergence, divergence and dipvergence) are
defined in ISO 14132-2.

10.2 Requirements of the test arrangement and its principal parts

Non-parallelism of the axes of bundles of rays emerging from eyepieces of night-vision devices is measured
using the test arrangement shown in Figure 8.

© 1SO 2011 — Al rights reserved 13
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Key
1 source of|radiation 7 channel of'tést specimen
2 condenser 8 test specimen support
3 filter 9 telgscope lens
4 diffusing fglate 10. reticle with cross-line (two-coordinate reticle)
5 reticle with cross-lines 11" telescope eyepiece
6 collimator]lens

Figure 8 — Arrangement for measuring non-parallelism of the axes of bundles of rays
emerging from eyepieces

In the test arrangement shown in‘Figure 8 two similar collimators (key items 1 to 6) and two telescopes [key
items 9 to 1) are used.

The use of|one collimatar{and one telescope is acceptable. The test specimen is placed on a device [that
enables sugcessive insertion of channels of the test specimen into the test position. Possible variations of
spatial position of the axes of the night-vision device during this movement should not exceed (2/I') minlites
e I isc-the angular magnification of the test specimen. With magnifications of I" > 4%, posgible

The collimate

HFen agm
with aperture (shown in Figure 1) is allowed.

The parallel telescopes shall have reticles in the focal plane of their objectives; one telescope shall have a reticle
with cross-lines and the other one shall have a two-coordinate reticle with scale markings not more than 5 minutes
of arc apart. The focal planes of both collimator objectives should be equipped with reticles with cross-lines.

The optical axes of collimators and telescopes shall be parallel. Non-parallelism shall not exceed (2/1), where
I is the angular magnification of the test specimen. With magnifications of I" > 4%, non-parallelism shall not
exceed 1/2 minute of arc.

The measurement range of the measuring telescope shall be at least 100 minutes of arc along each axis.

The support for the test specimen shall enable rotation around two mutually perpendicular axes.
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10.3 Sequence of measurements

10.4 Assessment of results

The] repeatability of the results of the measurements of non-parallelism of axes efibundles of ray
from eyepieces of night-vision devices shall not exceed 5 minutes of arc.

1"

11.1

Thellimit of resolution is defined as the minimum angular separation between two adjacent bright (g
of a|bar-type resolution test target that are visible separately through the night-vision device.

Thel limit of resolution is to be measured at the centre of the field of view, centred in the same m

71

the jmage intensifier tube. The test specimen shall be at maximum magnification with the auxilian
cenjred on the optical axis of the eyepiece (ofithe test specimen) at an axial position defined by the
destribed in Clause 7. In cases where an-auxiliary telescope is not used, the eye pupil should n
decgntration.

11

Megsurements shall be carried out using the test arrangement shown in Figure 9.

.2 Requirements for the tést'arrangement and its principal parts

Focus the eyepieces of the parallel telescopes to obtain sharp images of the reticles.

-8:2011(E)

In the absence of the test specimen, the images of the centres of the collimator reticles shall be coincident

with the centres of the cross-lines of the telescope reticles.

Mount the test specimen on the support as shown in the test arrangement (see Figure 8).

By rotation of the test specimen support, make the centre of the cross-lines of one collimator coincident

with the centre of the reticle of the appropriate telescope.

of the other collimator with the reticle centre of the other telescope, in both horizontal and vertical q

Test method for measuring the limit of resolution

General

, for an optimum value of object luminance, stanidard value of object contrast and rated value o

1 2 345 6

8

Using the scale of the other telescope, measure the amount of non-coincidence of the image of the Jeticle centre

irections.

s emerging

r dark) bars

anner as in
f voltage on
y telescope
fest method
bt have any

o \/ P
T

~V

Key

1 source of radiation 6 opaque diaphragm with aperture
2 condenser 7 collimator lens

3 filter 8 test specimen

4 diffusing plate 9 auxiliary telescope (optional)

5 testtarget

Figure 9 — Arrangement for measuring the limit of resolution

© 1SO 2011 — All rights reserved
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The collimator shall meet the requirements given in 4.2.1 and Figure 1.

The dimensions of the elements of the test target shall be expressed in minutes of arc. The test target consists
of black lines on a white (transparent) background. The pattern of the test target shall be in accordance with
ISO 14490-7. The luminance of the bright background is to be 11073 cd/m=2 £15 %. The contrast of lines (ratio
of the difference of the transmittances of the background and lines to their sum) shall be at least 0,85.

The image of the test target at the image intensifier screen shall cover at least 1/3 of the screen diameter.

It is recommended that an aperture of (6 + 0,1) mm be placed behind the eyepiece at a distance corresponding
to the eye relief (measured in accordance with Clause 7) while the aperture centre should coincide with the

centre of th

The voltag¢ on the image intensifier shall be as recommended by the manufacturer and shall provide

best resolu

In order to fleduce general glare, an opaque baffle with aperture should be used.

When testin
pupil with a

11.3 Sequy
— Whenii
Adjust

Determ
lines a

11.4 Asse¢

If the focal

line pairs pér mm (Ip/mm), then the resolving pewer, expressed in line pairs per milliradian (Ip/mrad), is

line |
m

1

The error in

1 H £ ) H
= DTAllT TITICTYITTy 1TTUTTT Ui ©TyTPITUT.

ion.

g high resolution devices, an auxiliary telescope with a magnification of about #%5x and an entrg
h aperture greater than 6 mm should be placed directly behind the aperture.

ence of measurements
t is possible to focus the objective lens of the test specimen, fotus it to infinity.
the eyepiece of the test specimen for 0 D (0 m™7).

ine the part of the test target pattern with lines of minimum width where all four directions of
e detectable.

ssment of results

ength of the collimator lens is F;,, expregsed in mm, and the resolvable part of the test target h

_palrs} _10°3 'S{Ilne_palrs]Fc[mm]
rad mm
the focal length of the-sollimator lens shall not exceed +5 %.

the

nce

the

As S

(®)

The limit of|resolution may bg expressed in minutes of arc, in the number of Ip/mrad, or in the number offline
pairs per mjinute of arc. RecalCulation of the value of the limit of resolution (expressed in minutes of arc)|into
one expres$ed in Ip/mrad{shall be done according to the following equation:
line | pairs 1.1073 3,4
R > <= (6)
mprad +[minutes_of arc]-2,9-10 a
The experiment shall be repeated at least three umes. 1he best value obtained shall be taken as the resuit.

12 Test method for measuring working resolution and for determining
range of vision

12.1 General

According to Clause 11, limit of resolution is measured under optimised values of object luminance which under
real observation conditions can only rarely be achieved.

Therefore a working resolution is to be measured under standardized conditions of object luminance.

16
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For comparison purposes, an orientation range and an identification range will be calculated from the working
resolution measured.

These correspond to the ranges at which targets with object patterns of 5 and 25 line pairs per metre (Ip/m)
respectively could be resolved.

12.2 Requirements for the test arrangement and its principal parts

Measurements shall be carried out using a test arrangement similar to that shown in Figure 10.

1 2 3 4 3

il
¥
[l

Key

1 est target

2 |ight source

3 Fpollimator lens

4 lest specimen

5 uxiliary telescope

Figure 10 —Arrangement for measuring working resolution
Theltest target is a positive-high contrast diffusely reflecting target in accordance with ISO 14490-7; luminance
of the bright background’is1-10~3 cd/m=2 +15 %; contrast is > 0,85.

Thellight source has a<Colour temperature of (3 200 + 200) K (e.g. slide projector with neutral density filters and
adjystable apertare-stop).

The] collimater.shall have a lens with sufficiently low longitudinal colour (an achromat of 100 mm digmeter with
a foral lefigth of 10 m approximately would be sufficient).

Thelauxiliary telescope shall have an entrance pupil of 7 mm and a magnification of 1,5x (higher mggnifications
would decrease the illuminance on the observer’s retina).

12.3 Sequence of measurements

Determine the working resolution of the night-vision device by locating the part of the target pattern with the
finest lines where all directions of lines are resolvable.

The resolution shall be calculated according to the formulae given in Clause 11.

© 1SO 2011 — Al rights reserved 17
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12.4 Assessment of results

Calculate the range of vision using the following equation:

R
D =1000e— 7)
L SL
where
D, is the range of vision (orientation or identification), expressed in m, for discrimination type L;
SL |S iIC D}Jdt;di flcqucnby, UAPIUbDUU‘ ill iplllll, ill t;IU UIUJ.Cbt }Jidllc fUI d;bblilllillatiull typc L,
R is the resolution, expressed in Ip/mrad, of the night-vision device in object space.
If the resoldtion is given in line pairs per minutes of arc, the following formula shall be used:
R
D, =34-10%. = (8)
St
Table 1 — Types of discrimination
Type of discrimination Spatial frequency
L S
(Ip/m)
Orientation 5
Identification 25
EXAMPLE:
R =2,0 Ip/mrpd
Dorientation =@00m

Didentification

NOTE [

The low req
whether an

The high rg
antlers of a

Assuming t
selected cq

=80 m

red deer.

indicated in

iscrimination levels were dérived from field tests in observation of game animals.

olution criterion (5 lp/m) relates to discrimination of the aspect ratio of a target, e.g. determiping
oblong object is standing or lying.

solution criterien (25 Ip/m) allows an observer to identify details of an object, e.g. points of| the
hat the.body of a game animal has a critical target dimension of half a metre, the spatial frequengies

rrespond well with the recommendations given by the US Army’s Night Vision Laboratory as
Table 2. Hence the terms “orientation” and “identification” have been adhered to

18
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