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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.
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Introduction

In every image projected by an optical or electro-optical system, the irradiance varies from the centre
to the edge independently of the object structures. It generally decreases, i.e. even an object surface
of uniform radiance will be imaged with an irradiance which decreases from the image centre to the
edge. In special cases, it can, however, increase. In optical systems which are rotationally invariant, the
variation will not always be rotationally invariant, for example if limiting apertures are not rotationally
invariant.

© IS0 2019 - All rights reserved v


https://standardsiso.com/api/?name=fbe9130f549c1ce15cf098148d5477a2



https://standardsiso.com/api/?name=fbe9130f549c1ce15cf098148d5477a2

INTERNATIONAL STANDARD

ISO 13653:2019(E)

Optics and photonics — General optical test methods —
Measurement of relative irradiance in the image field

1

Scope

This document specifies general optical test methods for the measurement of the relative irradiance in

the ifmagefietd:

Thisdocument is applicable to optical imaging systems in the optical spectral region from A

A =1[um. Theoretical reflections and the comparison with the calculation apply only te optical systems.

This|document is applicable to rotationally invariant and rotationally variant/systems;
systdms, for example, are included.

Teleqcopic systems are also included. The title of this document refers ta'the relative irrad
image field, but this document is also applicable to determination of thé-relative radiant po

NOTH For telescopic systems, it is suitable to state only the radiant ‘power; for most imaging
convgrsion from radiant power to irradiance is easy.

As far as measurements are concerned, this document is alsg applicable to electro-optical s

The two methods described differ particularly in the influence of veiling glare.

2

Therk are no normative references in this document.

For the purposes of this document; the following terms and definitions apply.

ISO dnd IEC maintain terminoelogical databases for use in standardization at the following g

3.1

relative irrfadiance
quotjentiof radiant power and surface area

Note TTo emtryr Whema surface etement of the object 15 imaged, the i[TTadiance im the mage 1S a fumn

Normative references

L

[erms and definitions

ISO Online browsing-platform: available at https://www.iso.org/obp

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

=100 nm to

anamorphic
iance in the
ver.

systems, the

ystems.

ddresses:

of the object-space pupil field angle wp;

tion

of the radiant power which originates from the object element and passes through the lens (and possibly -

also through the electro-optical imaging element);

of the size of the image surface element which is struck by the radiant power.

Note 2 to entry: Radiant power and surface area are functions of the object-space pupil field angle wy, or of the
image position (u’v’).

Note 3 to entry: The relative irradiance is related to the axial surface element.

© IS0 2019 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=fbe9130f549c1ce15cf098148d5477a2

ISO 13653:2019(E)

3.2

object-space pupil field angle

)

angle formed by the optical axis and the line joining the centre of the entrance pupil and the object point

3.3

image-space pupil field angle

w,p'

angle formed by the optical axis and the line joining the centre of the exit pupil and the image point

143 nmabhaol P2 | it
4 Quantjtes;symbeols-andunits

See Table 1.
Table 1 — Quantities, symbols and units
Quantity Symbol Unit
Relative irradiance Erel(wp) %
Function for|natural fall-off in brightness Fnat(wp)
Function forrelative pupil surface Fp(wp)
Function forfvignetting Fyig(wp)
Function for|relative transmission Fr(wp)
Influence fupction of distortion Fyer(wp)
Relative distjortion Ve %
Image coordjnates u’ mm
v’ mm
Object height (one dimensional) h mm
Image height (one dimensional) I mm
Pupil field angle, object-space wp rad, degree
Pupil field arllgle, image-space w'p rad, degree
Azimuth of gbject to be measured o} rad, degree
Wall thickneiss of the analysing aperture t mm
Diameter of the analysing apertute d mm

5 Designation

Two measurementprocedures are specified, the first of which has two variants. They are distinguished
by symbols.|See Table 2.

rable 2 — Symbols Ior the measurement procedures

Symbol Measurement procedure
Al measurement of the relative irradiance at finite image distance
A2 measurement of the relative irradiance at infinite image distance
B measurement of the relative radiant power
EXAMPLE Designation of a measurement of relative irradiance according to measurement procedure Al:

Measurement of relative irradiance ISO 13653 - A1

2 © IS0 2019 - All rights reserved
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6 Description of measurement procedures

6.1

Factors influencing the relative irradiance

6.1.1 General

The angular dependence of the relative irradiance is due to several factors which are independent of
one another. In the various measurement and calculation procedures, they are allowed in different
ways. It is therefore important to know the individual influence factors. The provisions of 6.1.2 to 6.1.7
are based on the assumption that the object surface is radiant Lambertian and the optical system has a

he aperture

ure stop is a
erture stop.

ps can limit

ran resultin
e a function

flat gmtramcepupit:
6.1.2 Natural fall-off in brightness, Fy,,t = costwp (cos# law)
This[cos4 law shall always apply if the pupil boundary is flat and perpendiculartothe axis, 1
of the test specimen small and the detector area a plane perpendicular to thefaxis.
6.1.3 Relative pupil surface, Fp(wyp)
Due to pupil aberrations, the surface of the entrance pupil as an image formed by the apert
function of the pupil field angle if lens elements are arranged between the object and the ap
The relative surface shall be related to the pupil surface for wp=-0.
6.1.4 Vignetting, Fyig(wp)
With{increasing pupil field angle, rims in front of and'behind the aperture stop and other st
(vigrlette) the aperture.
6.1.3 Influence of the transmission, Fr(wy)
Any ¢hange of the incident angle on thesutrfaces of the optical components (lenses, prisms)
a chgnge of the reflectivity. The net transmission can change because the paths in glass af
of the pupil field angle.
6.1.4 Change in size of the.image surface element due to distortion
At the image scale ' =0
i 1
Fyer (wp ) = .
" Ve ) . v, s sinw, -cos, - dv,
100 100 100 do,
at firlite image scale:
1
Fver (h) =
%4 |4 dv,
1+— || 1+—2+ h v

100 100 100 dh
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6.1.7 Resulting relative irradiance

For the resulting relative irradiance in the image field as a function of the pupil field angle, the following
formula is valid:

Erel (wp

4 F

vig

F,

J=cosay, Fy (@) Fug (@) Fr (@) Fuer (0 )

The first four factors are related to a change in radiant power, whereas the last value characterizes the

variation in

size of the image surface element.

When making irradiance measurements, the radiant power shall pass through the optical system i

n the

same directjon that is experienced in normal operation because the influence of distortion and-vgiling
glare will cHange when the direction of beam travel is reversed.

6.2 Classjfication of the measurement procedures

Two different measurement procedures are generally acceptable: irradiance measurement and ragiant
power meagurement.

In the case|of imaging systems, the procedure for irradiance measuremeénts directly takes all five
factors in the formula in 6.1.7 into account, and shall, therefore, be given preference.

The procedure of radiant power measurement neglects the effect ofdistortion on the size of the image
surface elenpent. If the value is known, it can be taken into accountby calculation.

NOTE Fqr higher accuracy measurements it can be necessary to account for the distortion by calculftion.
For lower acquracy measurements, it can be neglected. For example at w = 25°, V. = 1 %, quadratic dependence:
Fver = 0,961.

The result o
obtained frq

As compare
result is gen

According t
power meag

6.3 Brief]

The relative
presuppose
Lambertian
but can also

A small refe

m the relative radiant power.

d with the method of irradiance méasurement, this procedure offers the advantage th4
erally influenced to a lesser extent by veiling glare.

p this document, telescopic systems shall be measured solely by the method of ra
urement.

description of the’irradiance measurement

irradiance shall be determined as a function of the image height. This measure
5 that there~is a uniformly radiating surface in the object space, which behaves
emitterfand as a uniform radiance. It need not, however, be situated in the object su
be arranged directly in front of the entrance pupil.

énce surface with photoelectric detector shall be displaced by a measurable amount i

f the measurement shall be multiplied by the factor cos3wp so that the relative irradiance is

t the

diant

ment
as a
rface

n the

image plane; the irradiance shall be measured in arbitrary units as a function of the image height #’,
and the measured value shall be related to the axial value (procedure A1, see Figure 1).

In systems with an infinitely great image distance (e.g. projection lenses), the diaphragm can be
arranged at the focus of an auxiliary optical system (telescope optics) which is turned to a measurable
degree about the exit pupil of the object (procedure A2, see Figure 2). The irradiance rated by the
radiation detector shall be determined according to the cos# law.

6.4 Brief description of the radiant power measurement

To measure the relative radiant power, the test specimen shall be irradiated with a collimated bundle of
rays. The axes of collimator and test specimen can be swung in relation to one another.

© ISO 2019 - All rights reserved
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In the image space, the passing radiant power shall be measured relative to the axial value as a function
of the object-space pupil field angle wyp, using an integrating sphere and a photoelectric detector
(procedure B, see Figure 3).

7 Measurement of relative irradiance

7.1

Description of the measuring set-up

7.1.1 Source of radiation

To r{
into
spec
screq

The {
pupi

7.1.2

The 1
screq
rang

The
whos

7.1.3

7.1.3
The

epresent a Lambertian radiation characteristic, it is advantageous to insert a diffy
the aperture of an integrating sphere according to Figure 1. In the spectral region i
men is used, the inside surface of the integrating sphere shall be non-selective)and t
n shall ensure uniform radiance over that part of its surface which is madease of.

ource of radiation shall emit radiation into the test specimen at least from the useful
field angle. Within this range, the constancy of the radiance shall be-better than 2 %.

Test specimen holder

est specimen shall be held so that the front edge of its mountabuts almost directly on t
n or extends so far to the aperture of the integrating sphere that irradiation from the 4
e of the pupil field angle is ensured.

fest specimen holder may be of the rigid type. Todmeasure in different azimuths tes
e mechanical design is not rotationally invariantshall, however, be rotatable about thd

Measuring system

.1 General

measuring system shall consist of the diaphragm, a filter frame and a radiation dete

be p
plang

ssible to axially displace theimeasuring system so that it can be adjusted to the respé
. To adjust the image point} the system shall be displaceable in the image plane by a

amonuint. An auxiliary device'is’necessary for focussing.

To
arral
horiz
degr

7.1.3

nged in the axialirmage point of an auxiliary optical system (telescope lens). It shall b¢
ontally swing.the auxiliary optical system, together with the measuring system, to a
e about therexit pupil of the test specimen.

.2 , Analysing aperture

The &

sing screen

in which the

he diffusing

range of the

he diffusing
entire useful

t specimens
ir own axes.

ctor. It shall
pctive image
measurable

easure test specimiens with an infinitely great image distance, the measuring system shall be

e possible to
measurable

um image

height h’ If this Value is exceeded this is to be stated The mater1a1 thlckness at its edge and the cone

angle at which the opening is chamfered shall be selected so that diaphragm vignetting is less than 1 %

even

at the greatest image-space pupil field angle w’p occurring.

The following formula shall apply to circular diaphragms:

t-tana)'p- <0,01d

where

t

d

© ISO

is the wall thickness of the diaphragm;

is the diameter of the diaphragm.
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7.1.3.3 Filter

The filter serves to adapt the spectral selectivity. If necessary, the angular dependence of the spectral
transmission shall be taken into account.

7.1.3.4 Radiation detector

The responsivity of the radiation detector shall be linear and constant in space. Linearity and spatial
constancy errors of up to 1 % are permissible; in the case of errors exceeding this value, corrections
shall be applied. The size of the radiation detector shall be sufficient for receiving the entire radiation

transmitted by the diaphragm. If necessary, a field lens may be inserted.

The aperture of the radiation detector, i.e. its maximum possible acceptance angle, shall be greater
than the apgrture of the test specimen plus the image-space pupil field angle w’y unless thé vadiption
detector is dlso horizontally swung about the diaphragm.

7.1.3.5 Auxiliary

It shall be possible to adjust the diaphragm to the desired image plane. For-this purpose, auxiliary
devices are hecessary.

Adjustment|can be made mechanically, for example, by means of suitable scales on the measyiring
arrangements or by adjusting the distance between test specimen~and diaphragm using disfance
gauges. For pptical adjustment, the source of radiation shall be repldced by an axial mark at obje¢t-to-
lens distanc, for example, a collimator. In the image space, the radiation detector can be replaced by a
magnifier lens or a microscope which can be focussed onto thesdiaphragm edge.

7.2 Measurement

7.2.1 Adjpistment of the measuring set-up

The test specimen shall be placed in the holder’and turned so that the reference mark points tp the
specified azjmuth direction. Auxiliary devices’'shall be used to axially align and focus the diaphragm.
7.2.2 Spertral region

The spectral region shall be adapted to the specific application by a suitable combination of source of
radiation, d¢tector and filter,

7.2.3 Detprminationofineasurement value

As a functiop of the'displacement of the diaphragm in the image plane to the desired image height) first
the radiant powet;passing through the diaphragm shall be measured in relative units and related to the
value measyred when the diaphragm is in its axial position.

There are two options for making this measurement:

a) The measurement shall be carried out with the test specimen rotated through 360°.

b) The measurement shall be carried out across the whole image diameter at positive image
heights, h’ as well as at the equivalent negative image heights, —-h’, either at a single or at multiple
azimuthal angles.

For test specimens whose design is intended to achieve symmetry, the measurement value shall be
averaged with reference to the most favourable point of symmetry.

When test specimens with infinite image distance are measured, the result shall be multiplied by the
factor cos3w’y. The measured values shall be stated as percentages of the axial value.

© ISO 2019 - All rights reserved
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7.2.4 Selection of image heights and image-space pupil field angles

It is recommended to select at least the following image heights and image-space pupil field angles for
the measurement:

h =

0

4 J—
a)pf_O

h" =1

K =1

h" =1

h" =1

=1

Whe

If thd
finern

As f4

4

- ’ 4 P
£0,3 h' ax @y =30,3 0" ax

p

0,5 K’ a)'p/ =10,5 0’

’

max p’,max

L 4 4 _ ’
£0,7 W ax 0y =20,7 0 max

0,85 W’ o »=%10,85 0

max p

p’,max

o =t

-h’ b

max p’,max
e

!
max

is the maximum image height occurring in practice;
p'pmax 1S the maximum image-space pupil fieldangle
h the method 7.2.3 a) is applied, it is not negéSsary to measure at negative image heigh

 relative irradiance falls off sharply, and for graphic representation, it is recommen
gradation, if suitable.

r as is possible and reasonable,'the measurement shall be carried out at the maximu

of thle test specimen, the smallest adjustable aperture of the test specimen and at stop

betw

In th
at se

8

8.1

een from the power seriesof 2 (i.e. 2, 4, 8, 16, ...).

e case of test specimens which are not rotationally invariant, the measurement shall bg
veral azimuth anglés ®.

Measurentent of radiant power

Description of the measuring set-up

8.1.

[S.

Hed to use a

Im aperture
numbers in

» carried out

Source of radiation

At an image scale f’ = 0, a uniformly radiating circular surface in the focal plane of a collimator lens
shall serve as a source of radiation. Its angular extent, together with the collimator, shall be smaller
than 2 % of the maximum object-space pupil field angle wp max. The collimator lens diameter shall be
great enough to evenly illuminate the test specimen pupil in all positions. The deviation from the spatial
constancy of the radiance of the radiant flux shall be smaller than 2 %. A filter shall be used to adjust
the spectral selectivity.

8.1.2

Adjusting elements

To adjust the pupil field angle it is necessary to rotate the collimator and test specimen with respect to
each other. This is best done by rotating the test specimen and its holder by a measurable amount about
an axis perpendicular to the optical axis. When measuring at different field angles, it is necessary to

© ISO
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capture the correct radiant power in each measurement. To accomplish this, the test specimen shall be
translated so that the entrance pupil of the specimen is correctly illuminated.

In the case of test specimens whose mechanical design is not rotationally invariant, for measurements
at different azimuths, it shall be possible to rotate the test specimen about its axis.

8.1.3 Measuring system

The measuring system shall consist of an integrating sphere and the radiation detector. It shall be
possible, if necessary, to axially and radially displace the system and to horizontally swing it about the
entrance port.

8.1.3.1 ln|tegratingsphere

The integra
covered by §

To avoid th
laterally in

surface of th
port plus th

8.1.3.2 Radiation detector

The sensitivi
errors exced

8.2 Meas
8.2.1 Adj

8.2.1.1 Sy

The test spq
specified aZ
perpendicul
system shal
centre of th
surface in t}
about its enf

The measurj
the image-s
test specimg

[ing sphere shall have a measuring port and contain the radiation detector. The detec
| baffle and be arranged perpendicularly above or below the plane of rotation)

'he plane of rotation. In the spectral region in which the test specimen is used, the i

e detector surface shall be smaller than 2 % of the sphere surface:

ity of the radiation detector shall be linear. Linearitj errors of up to 1 % are permissil
d this value, corrections shall be applied.

urement
1Istment of the measuring set-up

stems with finite image conjugates

bcimen shall be placed in the holder and turned so that the reference mark points t
imuth direction. The helder shall then be axially displaced to the position in whicl

be adjusted in both.coordinate directions so that the image point lies approximately i
e measuring portofthe integrating sphere. For all measurements, approximately the
e rear wall of the sphere shall be irradiated, so it has to be possible to swing the sy
rance port.

ement.dseasier and more convenient when the perpendicular axis of rotation runs thrj
pace nodal point of the test specimen and not through the entrance pupil. In this casg
r’'s-focal point no longer moves laterally when the test specimen is swung, so that tra

for is

e impact of fractions of specular reflection, the radiation detector shall not be arranged

nside

e integrating sphere shall be non-selective and reflect diffusely, The area of the measuring

le; if

b the
h the

ar axis of rotation runs-through the entrance pupil of the test specimen. The measfiring

n the
bame
here

ough
p, the
rking

£ 4

of the meas

Ieihg crxzokaia 1o aa ok oo gz Tlaio o P2 P Laoll bosauazar o o gt ol alez 3
OTTITE Sy S CCTIT 15 TTOTIICCESSar y. TS prottaar CS1Tart;, Tovw e veT, Ot pPCTTIIccCOOTITy 1T, O

Iring

lateral movement, the entrance pupil does not get out of the range of the homogeneous bundle leaving
the collimator. The sphere shall, however, also be swung about its entrance port so that each time the
same point of the sphere’s rear wall is irradiated.

8.2.1.2 Telescopic systems

The test specimen shall be placed in the holder and be axially displaced, preferably to such an extent
that the entrance pupil remains in front of the collimator aperture when the test specimen is swung. The
measuring port of the integrating sphere shall be moved approximately into the plane of the exit pupil.
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8.2.2 Spectral region

The spectral region shall be adapted to the specific application by a suitable combination of source of
radiation, detector and filter.

8.2.3 Determination of the measurement value

The test specimen holder shall be swung through the desired angle. Where telescopic systems are
concerned, the holder of the measuring system shall be suitably tracked sideways to compensate for
the angle. The radiant power through the lens shall be measured and recorded in relative units and
related to the value measured in the axial position. The measurement shall be carried out in both
diredtions of swing.

For fest specimens whose design is intended to achieve symmetry, the measured valies shall be
averaged with reference to the most favourable point of symmetry. When test spegiméns are measured
by tHe method of radiant power, the results shall be multiplied by the factor cos3w), and the influence
function of distortion Fyer determined separately in order to obtain the relative itradiance.

The measurement values shall be stated as percentages of the axial value,

8.2.4 Selection of the object-space pupil field angles

It is fecommended to select at least the following object-space-pupil field angles for measurement:

®, =0

®p =%0,30, max
®, =30,50, a5
®, =+0,70p a5
®, =10,850, a4
®p :iwp,max

wherle wp max is themaximum object-space pupil field angle occurring in practice.

If the irradiancefalls off sharply, and for graphical representation, it is recommended tq use a finer
gradption, if stvitable.

brture of the
in between

I as p0551b1e and reasonable the measurement shall be carrled out at the maximum ap

from the power series of2 (1 e. 2 4, 8 16, ...).

In the case of test specimens which are not rotationally invariant, the measurement shall be carried out
at several azimuth angles @.

9 Presentation of results

9.1 Tabular form

For rotationally invariant test specimens, the rows of the table shall give the values for the image
heights or pupil field angles, and the columns the values for various stop numbers.
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In set-ups that are not rotationally invariant, and if the measurements are carried out at different
azimuths, the columns shall first specify the values for different azimuths.

9.2 Graphical representation

9.2.1 Curves of measured values

For systems with finite image conjugates, plot the results as a function of image height, h’, for test
specimens with infinitely great image distance, plot results against the image-space pupil field angle
w'p’ and for telescopic systems plot results against the object-space pupil field angle wy. Plot the data for

the various

nartnrn cntbingc o aagranh
tHHe

The ranges
values of th
represented

9.2.2 Cur

For asymme
irradiance
pupil field
that three o

n-on.
FrPeT TCTTIIT S o O oTIC g TPt

0 to 100 % for the values of the relative irradiance plotted on the ordinate and“fo
e relative image height or of the relative pupil field angle plotted on the abscjssa shg
in a diagram, preferably as a section 100 mm long with linear subdivision (se®Figure

ves of equal relative irradiance

trical test specimens, the measured values may be represented by-curves of equal rel
tted over the image format. The maximum image height h’'pp a5 (the maximum image-4

lo
gngle w'p,max) shall correspond to 50 mm. The gradation ofthevalues shall be select

- four curves can be drawn (see Figure 5).

I the

11 be
4).

ative
pace
bd so

See Table 3 for the survey of the application of measuring procedutrés and presentation of results.
Table 3|— Survey of the application of measuring procedures and presentation of results
Distarnce Coordinate values .
- - Procedure - - Origin of values
object image abscissa ordinate
infinite |finite Al h’ irradiance measured value
B wp (') irradiance {measured value} cos3 wp * Fyer

finite infinite |A2 w'p irradiance {measured value} cos3 w’y
finite filnite Al h’ irradiance measured value
infinite |iffinite |B Wp radiant power measured value

10 Test report

As far as rel
variable par
and object s

bvant and néeessary, in addition to the representation of the measured values, the follo
ameters/ofithe measurement or calculation, fixed parameters of the boundary condi
pecifications shall be stated, in the following order:

a)

wing

kions

laboratTry Or company;

b)
‘)
d)
e)
f)
g)
h)
i)

10

reference to this document, i.e. ISO 13653:2019;

indication whether the values have been measured or calculated;
description of the test specimen (e.g. designation, manufacturer, serial No.);
vignetting apertures additionally considered;

measuring procedure;

adjustment selected or focussing criterion;

description of the reference mark;

azimuth angle of the measurement;
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j)  maximum image height or maximum pupil field angle;
k) stop value or aperture;

1) imaging scale;

m) angular magnification;

n) ambient temperature and humidity.

11 Examples

11.1| Measurement of relative irradiance by procedure A1 (see Figure 4, Table L)

Labqratory XYZ
Development Optics -
Measurement Technology

Measurement standard ISO 13653: 2019

Spedimen ABC1:1,4/f=80 mm
Messrs. XYZ
No. 1234 567
Measuring procedure Al
Image format 24 mm x 36 mm
Maxjmum image height 21,6 mm
Image scale g =0

Table 4. Relative irradiance as a function of stop value

Image height, h' Stop number
mm 1,4 2 4
0 100,0 % 100,0 % 100,0 %
6,5 86,3 % 97,5 % 97,5 %
10,8 71,0 % 94,5 % 94,5 %
15,1 54,0 % 83,0 % 91,2 %
18,4 41,5% 67,4 % 6/,0%
21,6 29,2 % 48,8 % 82,6 %

11.2 Example of the representation of curves of equal relative irradiance against the
image field (see Figure 5)

Laboratory XYZ
Measurement standard ISO 13653: 2019
Specimen DEF 1: 1,3/f= 56 mm
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