INTERNATIONAL ISO
STANDARD 14490-7

Second edition
2016-11-15

Optics and photonics — Test methods
for telescopic systems =+

Part 7:
Test methods for imit of resolutjon

Optique et photonique —M#éthodes d’essai pour systémes
télescopiques —

Partie 7: Méthodes d’essai pour limite de résolution

_ Reference number
—/@\— 1SO 14490-7:2016(E)

ISO

N\
= © IS0 2016


https://standardsiso.com/api/?name=e15f03dc889fcf9e7ee97b0ffe83ed0e

ISO 14490-7:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=e15f03dc889fcf9e7ee97b0ffe83ed0e

ISO 14490-7:2016(E)

Contents
FFOT@WOTM .........cccccoovvve e85 858885855
IIMETOUICEION. ..ot
1 S0P ...
2 NOFMATIVE FEEEIEIICES ........ooooieeeeee s s
3 Terms and defiNITIONIS . ...t
4' P'{cthud Uf dctcn lu;uat;uu Uf thc };lll;t Uf I CDU} I,lt;Ull .................................................................................

4.1 LT3 1 T=) - OSSO 4 |

4.2 TESE @QUIPIMIEIIT ... e

4.3 Preparation and carrying out of measurements...

4.4 Determination Of TESUILS. ... oo
5 TE@SET@POTL ...t B e
Annex A (informative) Dimensions of a bar-type test target for determination of the limit

of resolution of teleSCOPIC SYSTEIMS.............ciiiiienem e e
BIDJEOZTaAPRY . ....oooc e gt ettt

© ISO 2016 - All rights reserved

iii


https://standardsiso.com/api/?name=e15f03dc889fcf9e7ee97b0ffe83ed0e

ISO 14490-7:2016(E)

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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

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 transfer function.

This document specifies the test method for the determination of the limit of resolution of telescopic
systems and observational telescopic instruments. Optical transfer function measurement as applied
to telescopic systems is specified in ISO 9336-3.

Bes
an g

The
(est

Thd
givg

Vig

des The Hmitof Tesoution and the opticat transfer function, further characteristics are
ssessment of the image quality; the most important of them are the following:

secondary spectrum (dispersive aberrations);
distortion;

vignetting;

colour matching.

secondary spectrum of the test specimen can produce colour fringes surrounding obser
ecially at high contrast edges) which can look like colouredfeon tube light.

perceived image might have barrel or pincushion distertion. Pincushion distortion is co
a more natural impression of the observed object when swivelling the test specimen.

hetting can lead to a perceivable intensity degradation from the centre to the edge of the fi

Colour matching is the accuracy of the colour. rendition of an object observed with the test

Any

colour deviation might be due to the lens-material or to coatings.

elevant for

ed objects

hsidered to

eld of view.

specimen.
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Scope
ems and observational telescopic instruments.

Normative references

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.

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

Method of determination of the limit of resolution

General

adjacentbright (or dark) bars of the bar-type resolution test target whose direction can
n viewing through the test specimen.

5 document specifies the test methods for the determination of the limit of resolution of telescopic

following documents are referred to in the text in such a wdy that some or all of their content
Stitutes requirements of this document. For dated referenees;“only the edition cited gpplies. For
ated references, the latest edition of the referenced documént (including any amendmengs) applies.

Part 1: Test

and [EC maintain terminological databases for use in standardization at the following addresses:

limit oftesolution of a telescopic system is the minimum angular distance between ceItrelines of

e detected

4.2

Test equipment

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

© ISO 2016 - All rights reserved
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The bar-type resolution test target has contrast, as given by Formula (1):

where
Ttr 1

Top |

€y

s the transmittance of a translucent part of the resolution test target;

s the transmittance of an opaque part of the resolution test target.

The resolu

For system
the positio
obtain its i

The bar-ty
different w
+ 45 angul

The dimen

The resolufion test target shall be illuminated uniformly (mean illuminance +5 % Peak to Valley

means of g
diffuser fo
optimum f

The diame
the test sp
of the test

The magni
system bel

Fion test target shall be placed at the focal plane of the collimator lens.

s that require the limit of resolution to be measured with a focus setting other thapinfinity,
h of the resolution test target with respect to the collimator lens shall be adjusted in ordgr to
mage at the specified distance from the test specimen.

pe resolution test target is a glass plate bearing a picture that consists of‘bright bars hay
idths on a dark background, the directions of which are vertical, horizontal and diagonz
hr degrees.

ring
1 in

cions of one acceptable design of bar-type resolution test targetare given in Annex A.

by
light source with a correlated colour temperature of.5*000 K to 6 000 K, condenser pnd
F non-dazzling observation conditions. The luminancerof the resolution test target shall be
r observation of its image.

Ler of the collimator lens shall at least exceed 1,2 times the diameter of the entrance pupfl of
ecimen. The focal length of the collimator leirs shall be at least five times that of the objecfive
Epecimen.

fication of the auxiliary telescope shall not reduce the diameter of the exit pupil of the whole

pw 0,8 mm.

3

2

L

Key

conden

bar-typ

N O U W

light source

ser

diffuser

e resolution test target

collimator lens
test specimen
auxiliary telescope

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

© ISO 2016 - All rights reserved
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Preparation and carrying out of measurements

Stray light and vibration shall be minimized (and if possible eliminated) 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

allo

wed.

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 or use the formula given for

the

If a
viey
ass
targ

Foc
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Set
spe

Det

Dur
a pd
refd
of b

refd

Dur
spa

all four bar directions. This shall be achieved without refocusing for the different bar direg

angular resolution defined in ISO 14132).

h auxiliary telescope is used, adjust its eyepiece according to the observer’s eye tofa
ving of the telescope reticle. The auxiliary telescope and the eye of the observer shall n
essment of the resolution. After that, focus the auxiliary telescope on the image of the res
ret which is located in the focal plane of the collimator lens.

lis the test specimen on the image of the resolution test target; then position the test sp¢
auxiliary telescope coaxially with the collimator lens.

the eyepiece of the test specimen in a position which enables sharp-yiewing of the reticlg
Cimen through the auxiliary telescope. If no reticle is provided, adjust the eyepiece to zer

ermine the limit of resolution of the test specimen in the centre of the field of view.

ing observation through the eyepiece of the auxiliary teleéscope, the maximum sharpnes|
cusing the test specimen. If no focusing is available in the test specimen, the maximum

ars of a pattern at lowest sharpness in one group of the resolution test target shall be o
cusing the auxiliary telescope.

Fial frequencies, a group of the resolution test target shall be found which enables easy d

Illow sharp
bt limit the
blution test

ecimen and

of the test
o dioptres.

s of bars of

ittern at lowest sharpness in one group of the resolution test target shall be obtained bly means of

sharpness
btained by

ing successive viewing of images of certain groups of the resolution test target having different

etection of
tions. This

gropip shall be located in the centre ofjthe field of view of the test specimen.
4.4 Determination of results
From the size number of the resolution test target group that enables the detection of all fgur pattern
dir¢ctions, determine the bar width, b.
Calgulate the angular distance, ¢, in seconds of angle, between the centrelines of adjacent bright (or
dark) bars of each resolution test target group according to Formula (2):
[0) :2x206265 (2)
S
where
b is the bar width, in mm;
fI; is the focal length of the collimator lens, in mm;
206 265 is the number of arc seconds/radian.
© IS0 2016 - All rights reserved 3
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5 Testreport

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

the test.

4 © IS0 2016 - 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

A.]I Resolution test target layout

Thd
equ
targ

NOT

A.2

re

E

resolution test target consists of 25 groups, as shown in Figure A.1, and two .pairs
ally spaced marks. The distance between the centres of the marks that defines the size

tis called the test target base.
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Dimensions of fesolution test targets are given in Table A.1.

Figure A.1 — Resolution test target layout

Eayout of groups of resolution test target

of parallel,
of the test

Eac

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.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=e15f03dc889fcf9e7ee97b0ffe83ed0e

ISO 14490-7:2016(E)

A.3 Dimensions

NOTE

A.4 Bar

The bar wi
accordancy
down to 2-

dq

J

NOTE

A.5 Nun

The numbe
of 1 000 pn

Dimensions of resolution test targets are given in Table A&}

Figure A.2 — Group of the resolution test target

width
dth, b, in the resolution test targetshall decrease from the group no. 1 to the group no. 2

with the geometric progression having the base 2-1/12 = 0,94. Alternatively, a test patf
/3 =0,79 is acceptable.

ee Table A.1 for dimensions.

nber of bars

1, N, of bars;per millimetre for any test target group number should be determined by divi
h by the.distance between the centrelines of adjacent bright (or dark) bars (2b) in pm.

Table A.1 — Dimensions of resolution test targets

5 in
ern

bion

Dimensions 1in millimetres

. . Test target number
Designationa
1 2 3 4 5 6
B 1,2 2,4 4,8 9,6 19,2 38,4
D 0,2 0,4 09 1,7 3,5 7,0
C 0,01 0,02 0,04 0,08 0,16 0,32
K 1,1 2,3 4,5 91 18,2 36,4
a  SeeFigure A.1 and Figure A.2.

© ISO 2016 - All rights rese
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Table A.1 (continued)
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. . Test target number
Designationa
1 2 3 4 5 6
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

a

See Figure A.1 and Figure A.2.

the number of bars, N, for the test target specified in this annex are givemdn Table A.2.

angular distance, ¢, in seconds of angle, between the centrelines of adjacent bright(erdark) bars of
h resolution test target group is calculated in accordance with Formula (2).

values of the angular distance, ¢, which depend on the focal length of the Collimator objjective, f,;

Table A.2 — Values of the angular distance, ¢, for the test tatget specified in A.1 §o A.5

Bar Angular distance, ¢, between the middles of
Numbers of target groups for | yjqen | B2rs adjacent bars for a given collimator focalllength, f,
a test target number k
b N in seconds
Test target number f k
mm

1| 23] 4|5 |6 ]| um b;rrfl/ 600 |1000|1200| 1600 | 2500|3000 | 5000
25 — — — — — 2,5 200 1,72 | 1,03 | 0,88 0,64 0,41 | 0,3¢ 0,20
24 — — — — — 2,6 190 1,82 | 1,09 | 091 0,68 0,44 | 0,36 0,22
23 — — — — — 2,8 180 1,93 1,16 | 0,96 0,72 0,46 | 0,38 0,23
22 — — — — — 3,0 170 2,04 | 1,23 | 1,02 0,76 0,49 | 0,40 0,25
21 — — — — — 3,1 160 2,16 | 1,30 | 1,08 0,81 0,52 | 0,48 0,26
20 — — — — — 3,3 150 2,29 | 1,38 | 1,15 0,86 0,55 | 0,4p 0,28
19 — — — — — 3,5 140 2,43 | 1,46 | 1,22 0,91 0,58 | 0,4P 0,29
18 — — — — — 3,7 130 2,58 | 1,54 | 1,29 0,96 0,62 | 0,51 0,31
17 — —X — — — 4,0 125 2,73 | 1,63 | 1,37 1,02 0,65 | 0,54 0,33
14 — ~ — — — 4,2 120 2,89 | 1,73 | 1,45 1,08 0,70 | 0,57 0,35
15 — — — — — 4,5 110 3,06 | 1,83 | 1,53 1,15 0,74 | 0,61 0,37
14 — — — — — 4,7 105 3,24 | 194 | 1,62 1,22 0,78 | 0,65 0,38
13 25 — — — — 5,0 100 3,44 | 2,06 | 1,72 1,29 0,82 | 0,69 0,41
12 24 — — — — 5,3 95 3,64 | 2,18 | 1,82 1,36 0,87 | 0,73 0,44
11 23 — — — — 5,6 90 3,86 | 2,31 | 1,93 1,44 092 | 0,77 0,46
10 22 — — — — 5,9 85 4,08 | 2,45 | 2,04 1,52 0,98 | 0,82 0,49
9 21 — — — — 6,3 80 4,33 | 2,60 | 2,16 1,62 1,04 | 0,87 0,52
8 20 — — — — 6,7 75 4,58 | 2,76 | 2,29 1,72 1,10 | 0,92 0,55
7 19 — — — — 7,1 70 4,86 | 292 | 2,43 1,82 1,16 | 0,97 0,58
6 18 — — — — 7,5 65 5,16 | 3,08 | 2,58 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 16 — — — — 8,4 60 578 | 3,46 | 2,90 2,16 1,40 1,14 0,70

© IS0 2016 - All rights reserved 7
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Table A.2 (continued)

Bar Angular distance, ¢, between the middles of

Numbers of target groups for | yjqen | B2rs adjacent bars for a given collimator focal length, f,

a test target number k

b N in seconds
Test target number Jx
mm
1 2 2 4 c a L bars/ 600 11000112000 1600 2500130001 5000
- mm &

3 |15 —| =] =] =1 89 56 | 612 | 365|306 | 230 | 148 | 1224014
2 |l — | =] = =1 94 53 | 648 | 3,88 | 324 | 244 | 1,56 | 1,30l 08
1 |13 25| — | — | — | 100 50 | 688 412|344 | 2,58 | 1,64 (1,38 | 042
— 1224 —| -] =] 106 | 47 |728]|435|364]| 272 | 1,747 146 | 047
— 23] =] —=|—=1 112 45 772 | 462 | 3,86 | 2,83 |84 | 1,54 | 092
—J1wof2]—=]—=|—=1 119 42 | 816 | 490 | 408 | 3,04(]) 1,96 | 1,64 | 098
— o2t =] —=1|—=1 126 40 |864| 520 | 432 | 324 | 208 | 1,74 | 1,04
— | 820 —| = | =1 133 38 | 916|552 | 458/ @344 | 220 | 1,84 | 1]o
— 719 == =1 141 35 | 972|584 | 486)] 364 | 232 | 194 | 16
— | e8] =] —=|—=1 150 33 [10,32] 6,16 516 | 3,84 | 248 | 2,04 | L4
— | s | =] =<1 159 32 [1092| 6,52005.46 | 4,08 | 2,64 | 2,16 | 1,32
— | a1 =] == 168 30 [11,56|.692 | 580 | 432 | 2,80 | 2,28 | 140
— | 315 —|—=|—=1 178 28 [12,24] 732 | 612 | 460 | 296 | 244 | 148
— 20| —=|—=]—=1] 189 26 |1296| 776 | 6,48 | 488 | 312 | 2,60 | 136
— | 11325 =1 =1 200 25 . ()13,76| 8,24 | 688 | 516 | 3,28 | 276 | 1,44
— | = 1w2]2a| —| — | 212 | 24 [1456| 872 | 728 | 544 | 348|292 | L4
— | = ]23| —| = 225 |22 [1544]| 924 | 772 | 576 | 368 | 3,08 | 184
— | — [ w22 —] -] 238°] 21 [1632] 980|816 | 608 | 392|328 196
— | =] 92t | -] —]252 | 20 [1728|1040]| 864 | 648 | 416 | 348 | 2,08
— | =] 82| -] — | 267 19 [18,32]11,04| 916 | 6,88 | 440 | 368 | 2,20
— | =] 71| -2 283 18  [1944|1168] 972 | 728 | 464 | 3,88 | 232
— | =] 6 | 18] == | 300 17 [2064]12,32|10,28| 768 | 496 | 408 | 248
— | =] 5 | 7|2 — | 317 16 [21,84|13,04|1092 | 816 | 528 | 432 | 244
— | =] 4 | 63— | —| 336 15  [23,12|13,84 | 11,60 | 864 | 560 | 456 | 2,80
— | =] 3 |8 — | — | 356 14 |24,48] 14,64 | 12,24 | 920 | 592 | 488 | 296
— | =] 2Yu| -] -] 378 13 [2592]1552|1296| 976 | 6,24 | 520 | 312
— | — =2 113125 | — | 400 125 1275211648 11376 | 1032 | 656 | 552 | 318
— | = =112 24| — | 224 12 — | 1744 | 1456 | 10,88 | 6,96 | 584 | 348
— | = =111 ]23| =1 249 11 — | 1848|1544 11,52 | 736 | 6,16 | 3,68
— | =l =110]22| =1 476 105 | — |1960]16,32] 12,16 | 7,84 | 6,56 | 392
— | =1 =19 21| — | 504 10 — |2080|1728| 1296 | 832 | 694 | 4,16
— | =]l =18 20| — | 534 9,4 — | 2191183 137 | 88 | 74 | 44
— | = =17 19| =1 566 9 — | 233|194 | 145 | 93 | 79 4,7
— | =1 =196 ]18| =1 599 8,4 — | 246|207 ] 154 | 99 | 83 | 49
— | =1 =151]17| =1 635 8 — |2618| 218 | 163 | 105 ] 88 | 52
— | =1 =1 41| =1 673 7.4 — 277 1232 172 | 111 | 93 | 56
— | = =13 ]15| =1 713 7 — | 294 | 247 | 183 | 11,8 | 98 | 59
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