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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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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interiational Stand
the technical committees are circulated to the member bodies for voting,“Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

7 was prepared by Technical Committee ISO/TC 172, Opticsfand photonics, Subcommittee S
Sy stems.

consists of the following parts, under the general title Optics and optical instruments —
[ telescopic systems:

Test methods for basic characteristics
Test methods for binocular systems

Test methods for telescopic sights

Test methods for astronomical telescopes
Test methods for transmittance

Test methods forveiling glare index
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There are various characteristics which are relevant for overall image quality of telescopic systems and
observational telescopic instruments. Two important characteristics are the limit of resolution and the optical

tran

sfer function.
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Vignetting can lead to a perceivable intensity degradation from the centre to the edge of the field of

Col
cold

present part of 1SU 14490 specifies the test method for the determination of the mit of 1]
scopic systems and observational telescopic instruments. Optical transfer function meas
ied to telescopic systems is specified in ISO 9336-3 (see bibliography).

des the limit of resolution and the optical transfer function, further characteristics ‘are relg
pssment of the image quality; the most important of them are

secondary spectrum (dispersive aberrations);
distortion;

vignetting;

colour matching.

secondary spectrum of the test specimen can preduce colour fringes surrounding obser]
ecially at high-contrasty edges) which can look like<coloured neon tube light.

distortion of the perceived image might be of bafrel or pincushion type. The pincushion type is
ve a more naturalistic impression of the observed object when swivelling the test specimen.

bur matching is the accuracy of-the colour rendition of an object observed with the test speg
ur deviation might be due to_the‘lens material or to coatings.
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4.1

The)

Scope

part of ISO 14490 specifies the test methods for the determination of the limit of resolution g

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated “teferences, the latest edition of the
Liment (including any amendments) applies.

14132-1:2002, Optics and optical instruments;~ Vocabulary for telescopic systems — Pan

14490-1:2005, Optics and optical instruments — Test methods for telescopic systems —
hods for basic characteristics

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 14132-1 apply.

Method of determination of the limit of resolution

General

f telescopic

For dated
referenced

1: General

Part 1: Test

ines of two

limit* of resolution of a telescopic system is the minimum angular distance between centre

adje

cant hriaht (Ar dAarle) haro Af tha har tvna racaliitinn tact torant wwhoaca dirantinn ~on ha_dat
SCHTorgrt— ot oo Ot ooty P T eSO otio e St tar gt oS C— G e Cto—Car— ot —act

viewing through the test specimen.

4.2

Test equipment

ected when

The limit of resolution of telescopic systems shall be determined with the test arrangement shown in Figure 1.

© 1SO 2005 - All rights reserved
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The bar-type resolution test target has contrast

T T
K = tr op >0,9 (1)
Tir T Top

where

5, is the transmittance of a translucent part of the resolution test target;

Top is the transmittance of an opaque part of the resolution test target
It shall be pJaced at the focal plane of the collimator lens.
For systemp that require the limit of resolution to be measured with a focus setting other than infinity,| the
position of the resolution test target with respect to the collimator lens shall be adjusted in©rder to obtaih its
image at th¢ specified distance from the test specimen.
The bar-type resolution test target is a glass plate bearing a picture that consists of bright bars having diffgrent
widths on a|dark background.
The dimendions of one acceptable design of bar-type resolution test target are given in Annex A.
The resolufjon test target shall be illuminated uniformly (£ 5 %) by means of a light source with a correlated
colour temperature of 5 000 K to 6 000 K, condenser and diffuser for fion-dazzling observation conditions. |The
illuminance|of the resolution test target shall be optimum for observation of its image.
The diamefer of the collimator lens shall at least exceed 1,2 times the diameter of the entrance pupil of the
test specimen. The focal length of the collimator lens shall>be at least 5 times that of the objective of the|test
specimen.
The magnif|cation of the auxiliary telescope shall nét-reduce the diameter of the exit pupil of the whole sydtem

below 0,8 npm.

5

A

e

6
=/

T
S\

L

Key

1 light source 5 collimator lens

2 condenser 6 testspecimen

3 diffuser 7 auxiliary telescope
4  bar-type resolution test target

Q

worse than 2' to 3' and the diameter of the exit pupil is below 1 mm.

Figure 1 — Test arrangement for measurement of the limit of resolution (schematic)

The auxiliary telescope should not be used if the angular limit of resolution behind the eyepiece of the test specimen is

© I1SO 2005 — All rights reserved
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4.3 Preparation and carrying out of measurements

Eliminate all possible stray light and vibration from the test set-up.

Check the cleanliness of the optical surfaces of the lenses of the test specimen, the collimator lens, the

condenser, and the auxiliary telescope. No traces of lubricants, fingerprints, moisture, or dust are a

llowed.

Select the size number of the resolution test target according to the focal length of the collimator lens and the

limit of resolution of the test specimen (for instance, see Table A.2).

If an_auxiliary telescope is used. adjust its eyepiece according to the observer's eye to allow shar
the telescope reticle. The auxiliary telescope and the eye of the observer shall not limit the assesg
resglution. After that, focus the auxiliary telescope on the image of the resolution test target which
the focal plane of the collimator lens.

viewing of
ment of the
s located in

Focls the test specimen on the image of the resolution test target; then position thé test specimen and the

aux|liary telescope coaxially with the collimator lens.

Set|the eyepiece of the test specimen in a position which enables sharp yiewing of the reticle
spegimen through the auxiliary telescope. If no reticle is provided, adjust the.eyepiece to zero diopt

Determine the limit of resolution of the test specimen in the centre of thé field of view.

Dur|ng observation through the eyepiece of the auxiliary telescope, the maximum sharpness o
patterns in one group of the resolution test target shall be obtained by means of refocusing the tes

of the test
res.

bars of all
t specimen.

If n focusing is available in the test specimen, the maximum sharpness of bars of the resolution test target

sha|l be obtained by refocusing the auxiliary telescope.
Durfng successive viewing of images of certain graups of the resolution test target having diffg
frequencies, a group of the resolution test target shall be found which enables easy detection of

directions. This shall be achieved without refocusing for the different bar directions. This gro
locgted in the centre of the field of view of the tést specimen.

4.4| Determination of results

From the size number of the~resolution test target group that enables the detection of all
direptions, determine the barwidth b.

Calgulate the angular distance ¢, in seconds of angle, between the centrelines of adjacent dar
barg of each resolution-est target group according to the equation

o=-2b . 506 265
Sk

whdre

rent spatial
all four bar
Lp shall be

our pattern

(or bright)

)

b is the bar width in mm;

f'r is the focal length of the collimator lens in mm;

206 265 is the number of arc seconds/radian.

5 Testreport

A test report shall be presented and shall include the general information specified in Clause 13 of
ISO 14490-1:2005, the result of the test as specified in 4.4 above and information on the test target used for

the test.

© 1SO 2005 - All rights reserved
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Annex A
(informative)

Dimensions of a bar-type test target for determination
of the limit of resolution of telescopic systems

A1 ResIlution test target layout

The resolufion test target consists of 25 groups, as shown in Figure A.1, and two pairs of parallel; equally
spaced matks. The distance between the centres of the marks that defines the size of the test target is called
the test tardet base.

¢
) = i A
| 1 2f| 3[| «|| s
D‘: o[ 7 8] 9f[10] .
of || 12|| ]| 1|5 L e
6] 17|| 18]| 49| 20
21| 22| 23] [ 24| 25 'l
- i >
B
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 J

Dimensions ¢f resolution test targets-are given in Table A.1.

Figure A.1 — Resolution test target layout

A.2 Layqut of groups of resolution test target

Each group_of‘the resolution test target consists of four patterns formed by five bars each. The bars have
equal lengths and widths and are arranged as shown in Figure A.2. The intervals between adjacent bars are
equal to the bar width.

A.3 Dimensions

Dimensions of resolution test targets should be in accordance with Table A.1.

4 © I1SO 2005 — All rights reserved
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Dimgnsions of resolution test targets are given in Table A.1.

Figure A.2 — A group of the fesolution test target

7:2005(E)

A.4 Bar width
The| bar width 4 in the resolution test target shall decrease from the group No.1 to the grodp No.25 in
accprdance with the geometric progression having the base 2112 = 0,94.
NOTE For dimensions, see Table A.1.
A.§ Number of bars
Thel number N of bars pér millimetre for any test target group number should be determined by division of
1 000 ym by the total width of a dark plus a bright bar (25) in ym.
Table A.1 — Dimensions of resolution test targets
Dimensions |n millimetres
Test target number
Designation @
1 2 3 4 5 6

B 1,2 24 4,8 9,6 19,2 38,4

D 0,2 0,4 0,9 1,7 3,5 7,0

Cc 0,01 0,02 0,04 0,08 0,16 0,32

K 1,1 2,3 4,5 9,1 18,2 36,4

M 0,05 0,1 0,2 0,4 0,8 1,6

S 0,005 0,01 0,02 0,04 0,08 0,16

L 0,09 0,18 0,36 0,72 1,44 2,88
a8  See Figures A.1 and A.2.
© 1SO 2005 - All rights reserved 5
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A.6 Angular distance between centrelines of adjacent bars

The angular distance ¢, in seconds of angle, between the centrelines of adjacent dark (or bright) bars of each
resolution test target group is calculated in accordance with Equation 2 (see 4.4).

The values of the angular distance ¢ which depend on the focal length of the collimator objective f*; and the
number of bars N for the test target specified in this annex are given in Table A.2.

Table A.2 — Values of the angular distance ¢ for the test target specified in A.1 to A.5

Bar Bars Angutar distance ¢ between the middies of adjacent

Numbers ctfa:.arg:jtet grobups foratest | wijdth bars for a given collimator focal length /7

get humber b N in seconds
T¢st target number e
mm
1 2 3 4 5 6 pum bars/mm| 600 | 1000 | 1200 [ 1600 | 2500 [ 3000 | 5000
25 | —|l - | = = | — 2,5 200 1,72 | 1,03 | 0,88 0,64 0,41 | 0,34 0,20
24 | — ||l — | = | = | — 2,6 190 1,82 | 1,09 [ 0,91 0,68 0,44 | 0,36 0,22
2| =/l =1 —=1—-—1— 2,8 180 193 [ 1,16 [ 0,96 0,72 0,46 | 0,38 0,23
2| -/l - =1 =1 — 3,0 170 2,04 | 1,23 | 102 0,76 0,49 | 0,40 0,25
21 - = =1 =1 — 3,1 160 2,16 | 1,30 {\1,08 0,81 0,52 | 0,43 0,26
2| -/l -1 =1—1— 3,3 150 229 | 138 | 1,15 0,86 0,55 | 0,46 0,28
9| -l - == — 3,5 140 2,43 | 1,46 | 1,22 0,91 0,58 | 0,49 0,29
8| -l — | = | = | — 3,7 130 258 | 1,54 | 1,29 0,96 0,62 | 0,51 0,31
17| -l — | = | = | — 4,0 125 2,73 | 1,63 | 1,37 1,02 0,65 | 0,54 0,33
6 | —|| — | — | — | — 4,2 120 2,89 | 1,73 | 1,45 1,08 0,70 | 0,57 0,35
5| -l — | = | = | — 4,5 110 3,06 | 1,83 | 1,53 1,15 0,74 | 0,61 0,37
M“ | —|| — | —| = | — 4.7 105 324 | 1,94 | 1,62 1,22 0,78 | 0,65 0,38
13125 — | — | — | — 5,0 100 344 | 2,06 | 1,72 1,29 0,82 | 0,69 0,41
12 124l — | — | — | £ 5,3 95 3,64 | 2,18 | 1,82 1,36 0,87 | 0,73 0,44
11 23| — | — | —cl—= 5,6 90 3,86 | 2,31 1,93 1,44 0,92 | 0,77 0,46
10| 2| — | — |~ — 5,9 85 4,08 | 245 | 2,04 1,52 0,98 | 0,82 0,49
9 21 — | =Y = | = 6,3 80 433 | 260 | 2,16 1,62 1,04 | 0,87 0,52
8 2| —S=| —| — 6,7 75 458 [ 2,76 | 2,29 1,72 1,10 | 0,92 0,95
7 9ll—~ — | — | — 7.1 70 4,86 | 292 | 2,43 1,82 1,16 | 0,97 0,598
6 18 — — — — 1,9 05 5,10 | 5,06 2,96 1,92 1,24 1,02 0,62
5 17| — | — | — | — 7,9 63 546 | 3,26 | 2,73 2,04 1,32 | 1,08 0,66
4 % | — | — | — | — 8,4 60 578 | 3,46 | 2,90 2,16 1,40 | 1,14 0,70
3 B | — | — | = | — 8,9 56 6,12 | 3,65 | 3,06 2,30 1,48 | 1,22 0,74
2 1“9 | — | — | — | — 9,4 53 6,48 | 3,88 | 3,24 2,44 1,56 | 1,30 0,78
1 13125 | — | — | — 10,0 50 6,88 | 4,12 | 3,44 2,58 1,64 | 1,38 0,82
6 © I1SO 2005 — All rights reserved
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