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Foreword

ISO (the International Organization for Standardization) is a world-
wide 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

@pan in the work. ISO collaborates closely with the International

ectrotechnical Commission (IEC) on all matters of electrotechnical
dardization.

Drafiqternational Standards adopted by the technical committees are
circuldted to the member bodies for voting. Publication as an
Internatighal Standard requires approval by at least 75% of the
member%ies casting a vote.

Committee IS #172, Optics and optical instruments, Subcommittee

s .
Internaﬂonal@éandard ISO 11421 was prepared by Technical
SC 1 Fundamen @tandards.

Annex A forms an %gral part of this International Standard.

Annexes B, Cand D are @gormation only.
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Introduction

The optical transfer mz\ion {OTF) is one of the main criteria used for
. . . * . TE .

objectively evaluating t orming capability of optical, electro-

mage-f
optical and photographi&gstems.

The terms used in the mea;@ment of OTF are defined in ISO 9334,
whilst I1SQ 9335 covers the ual principles and procedures of
measurement. A further Interna al Standard, 1SO 9336, deals with
specific applications in various o and electro-optical fields and is

in several parts, each dealing with a ficuiar appiication.

Although I1SO 9335 lists the main facto ich influence the accuracy
of OTF measurement and describes pro res which are aimed at
achieving accurate and repeatable results,\t does not cover in detail
the techniques and procedures for evaluati@ the accuracy of OTF

H T an and far agtima atine ha el e Y H
measuring equipment and Toi Ubllllldlllly@lc uncerainty in

measurements made on specific imaging system /&

The present International Standard lists the
inaccuracy in OTF measuring equipment and provi uidance on
how these can be assessed and how the results of these Agsessments
can be used in estimating the error band in any measurerfifent of OTF.
One of the aims in preparing this International Stan@ is to
encourage the setting of more realistic uncertainty levels the
results of OTF measurements. Another is to encourage the of
methods of expressing the accuracy of OTF test equipment

recognize the fact that the accuracy of a particular measurement s%

ige sources of

function of both the equipment and the test piece.
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This International Standar@ives general guidance on evaluating the sources of error in optical transfer
Ul -Cﬂcn (OT- ) eqUipment an llsinn thiec infAarmatinn +n nctimata arrare in a maaciiramant nf OTE I+ alan
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gives guidance on assessing é pecifying a general accuracy value for a specific measuring equipment,
as well as recommending meth f routine assessment.

The main body of this International dard deals exclusively with the modulation transfer function (MTF)
part of the OTF. The phase transfer f iop (PTF) is dealt with relatively briefly in annex A.

2 NORMATIVE REFERENCE §

The following standard contains provisioth'ch, through reference in this text, constitute provisions of
this International Standard. At the time of p@ ation, the edition indicated was valid. All standards are
subject to revision, and parties to agreementj‘@sed on this International Standard are encouraged to
investigate the possibility of applying the most re ﬂqdition of the standard indicated below. Members of
IEC and ISO maintain registers of currently valid Inte;@ional Standards.

ISO 9334:1995  Optics and optical instruments - Opt transfer function - Definitions and mathematical
relationships 0

3 DEFINITIONS AND SYMBOLS QO

3.1 DEFINITIONS ’i?
For the purposes of this International Standard, the following defini % apply.

3.1.1 standard lens

Single- or multi-element lens which has been constructed with a level é ccuracy which is sufficient to
ensure that for precisely specified conditions of measurement the MTF wiﬂ%e ual to that predicted from
theoretical calculations to an accuracy of better than 0,05 (MTF units). &

NOTE - In order to achieve this accuracy, standard lenses are usually of simple cgﬁuction and therefore of
limited performance. An example of a widely used lens is the 50 mm focal length o-convex lens described
in reference [3]. This and several other standard test lenses (including afocal systems and lenses operating in
the infrared wavelength bands) are available commercially.

3.1.2 audit lens

Single- or multi-element lens of stable construction whose accuracy of construction is not sufficient to
enable the MTF to be predicted by calculation from design data (usually as a result of the complexity of the
lens), but whose "accepted" values for the MTF under precisely defined measuring conditions have been

obtained by measurements done by a reputable authority (preferably a national standards laboratory, if
such a service is available).
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3.2 SYMBOLS

Symbol Meaning Unit
h object height mm, mrad, degree
h’ image height mm, mrad, degree
AW error in image height mm, mrad, degree
1 object conjugate mm
r image conjugate mm
Al error in image distance mm
Az departures from straightness of object slide mm
A7 epartures from straightness of image slide mm
Aa ,ﬁngular departure of object slide from perpendicularity to
rence axis rad
Ad’ ﬁular departure of image slide from perpendicularity to
ref@f:e axis rad
total rture from ideal object plane mm

AZ total d ure from ideal image plane mm
M magnific dimensionless
r spatial freq mm-T, mrad'1, degree‘1
Ar error in spatia uency mm™1, mrad-1, degree‘1
m(r,h) rate of change of, with object focus (for image mm-™"
intensifier and simllgy§ystems)
m’(r,h’) or m’(r,w) rate of change of M ith image focus mm-"
p'(r,h') or p’(r,w) rate of change of MTF v@ image height mm'1, mrad1, degree"I
q'(r,h’) rate of change of MTF m%age distance mm-"
0] field angle e mrad, degree
Aw error in field angle @ mrad, degree
f focal length L/‘ mm
74 azimuth angle ® degree
Ay error in azimuth angle between slits é degree
R (test lens focal length)/(collimator focal Igagth) or
(decollimator focal length)/(collimator '&%ngth) dimensionless
g width of slit referred to image plane O mm
L length of shorter slit referred to image plane @ mm
MTF, MTF of relay lens A dimensionless
r, spatial frequency for zero field angle @/ mm‘1, mrad‘1, degree'1
n'(r, h') rate of change of MTF with spatial frequency @ mm, mrad, degree
AMTE(7) error in MTF (04 dimensionless
AMTEF (r) MTF error of the relay lens 6 dimensionless
AMTF, MTF errors resulting from aberrations of relay lens error ‘L dimensionless
Al error in setting collimator focus @ mm
AMTF(random) total error in MTF random sources dimensionless
AMTF (systematic) total error in MTF systematic sources ensionless
AMTF(total) total error in MTF from all sources &ensionless
AMTF(rand), error in MTF from nth source of random error dimensionless
AMTF(syst), error in MTF from nth source of systematic errors dimensionless

NOTE - The notation m(r,h), m’(r,h’), p’(r,k’) etc. denotes that these parameters are functions of both spatial frequency r and
image height 4’ or A (i.e. the value of the parameter will be different for different frequencies and different image heights).




