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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
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tions of ISO 8980-1 (6] and ISO 8980-2 [7].

brder to illustrate the issues raised, an inter-laboratory power measurement study was condug
bd. The test lenses were spherically powered allyl diglycol carbonate (ADC)!) hard resin lenses s
00D, —2,00 D, 0,00 D, +2,00 D, and +4,00 D, each with an addition~power of 2,50 D. Five
bcals and five were progressive power lenses. The measurementswere front distance power,
er, back distance power and back near power, for each lens and fer each focimeter used. Eac
asured nine times: five measurements taken without repositioning the lens and four measurem
h the lens repositioned each time.

b assessed parameters were divided into three categories:
discrepancies due to focimeter design and measurement methods;
systematic errors;

random errors.

- each parameter, experimental results are given, as well as theoretical ones when needed. Me
a include front distance portion power, front near portion power, back distance portion powel
br portion power.

TE The results of all'measurements are available on the ISOTC Server at the address given in the Bib|

ess stated otherwise, in order to show relevant information, the results shown are for the D!
en no different behaviour was found for the progressive power lenses.

Discrepancies due to different focimeter designs and measurement methg

b purpose of this Technical Report is to explain the changes relating to power measuréments in {he revised
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2.1

| _-Focimeter design
4

Traditional manual focimeters have relied on the user adjusting the instrument to obtain the clearest focus of
the test mire. All these instruments are based on the “Focus on Axis” (FOA) design, in which the focal point of
the focimeter remains on the axis of the focimeter when the lens under test is measured at a point of the lens

wh

ere the prism is not zero.

Some automated focimeters also use this optical design, but many use the “Infinity on Axis” (IOA) design, in
which the collimated beam coincides with the focimeter axis and the focal point of the focimeter goes off the

1)

ADC is often referred to by its original trade name, CR-39®.
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axis of the focimeter when the lens under test is measured at a point of the lens where the prism is not zero
(see Figures 1 and 2). As automated focimeters can have either a FOA or IOA design, users should ask the
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Figure 1 — FOA focimeter Figure 2 — IOA focimeter

f the prism is.hot zero, as shown by Coddington's equations for oblique astigmatism (for furt
p textbooks .on.optics).

a graph-of the results from the inter-laboratory measurements study.

sés, used had moderate power and prism, the average FOA-IOA difference remains within

e is no prismatic(effect, the two designs will give the same results. On the other hand, the resuilts

her

the

power tol
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nearly 2/3 of the lens power tolerance allowed by the ISO standards.
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Figure 3 — Graph of the inter-laboratory"measurements showing the difference in power
between the FOA and the IOA focimeter design in the presence of prism
Verage value of measurements of the back-vertex power made at the sagittal focus, addition powgr 2,50 D)
2.2 Wavelength dependence

b refractive index of thel lens material varies with the wavelength. This variation is given byl the Abbe
mber (for further information, see textbooks on optics).

b reference wavelength differs depending on the country. In some countries, the helium d-line (87,56 nm)

Th

is Wised, while in,others, it is the mercury e-line (546,07 nm).

Fi

NOTE

dure 4 shows'the effect of the wavelength dependence on the lens power for two materials:

a‘fmaterial with an Abbe number, v, of 57,8 and a nominal index, n, of 1,5 (ng = 1,4977, ne = 1,4T96), and

a material with an Abbe number, v, of 30,0 and a nominal index, n, of 1,59 (ng = 1,5855, ne = 1,5899).

mercury e-line.
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Higure 4 — Wavelength dependence: Calculated power difference between 546,07 nm
and 587,56 nmfor two different materials

Hence, thg theoretical power discrepancy between the helium d-line and the mercury e-line for a +4,00 D APC
lens with 4 2,50 addition would be approkximately 0,03 D for a total near power of +6,50 D. It should be nofed
that referepce wavelength dependenceis also important in the calibration of focimeters (see 3.4).

Because gutomated focimeters asually work with red light or infrared radiation, the instrument has a builf-in
correction ffor the readings for lew dispersion or high Abbe number materials such as ADC. Lenses, especiglly
high powefed ones, made ffem higher index materials with lower Abbe numbers, require the instrument to|be
adjusted/rgset in order to,correct for the different Abbe number.

2.3 Target pattern

2.3.1 Mﬂnual focimeters

For manual focimeters, the target is a graticule.

2.3.2 Automated focimeters
Automated focimeters have several approaches for the pattern their target uses to determine the focus.

Among the most common ones are the “4-rays target pattern” and the “annular pattern”. Note that an annular
pattern becomes elliptical when the lens under test is an astigmatic power lens (see Figure 5).
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Figure 5 — Examples of target patterns commonly used in automated focimeters

ure 6 shows the results from the inter-laboratory studies comparing focimeters using the “4-
tern” and the “annular target pattern”.

5 easy to note that there is very little difference between the two patterns. This can be explai
turacy and precision of the focimeters.

hese focimeters, the position of the focus is computed. Therefore, when measuring areas of p

ays target

ned by the

rogressive

ver lenses with built-in aberrations_(sueh as coma), different target patterns can yield significanily different

ults, and in certain complex cases,.some instruments cannot make a measurement and therefo
error message.

|  Front vertex versus back vertex measurements

re produce

D 8980-1 and 1SO8980-2 specify for the addition determination that the measurement for ngar portion

ver and distance.portion power can be made either at the back or the front vertex. This distinctio
major discrepancies in power measurements. Indeed, the more the lens differs from the s
oncave or biconvex shape, the greater this difference will be.

ure 7.shows the average differences between the back vertex power minus the front vertex po
tance and near portions of the lenses.

n can lead
ymmetrical

wer for the

The differences result from the relative surface curvatures and thicknesses and can be significant, especially

for

positive powered lenses. Consequently, identification of the measurement method is essential.

The distance power of a lens is that given by the back vertex measurement method, while for most multifocal
and progressive power lenses, the addition is given by the difference between the two front vertex powers. If
the addition power for such a lens is measured as the difference in back surface powers, the error for the
addition is the difference between the two lines in Figure 7, i.e. 0,26 D for the +4,00 D distance power lens.

The refractive power at the designed reference point (for distance or near vision) perceived by the viewer is
called the “as worn” power of the lens. It cannot be measured with a commercially available focimeter without
extensive modifications, and generally differs from both the front and back vertex powers. Some lenses are
designed and manufactured to provide the “as worn” power (e.g. “as worn” addition power).

© I1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=6fe96bdffc48ffb8d6736e07362c7742

ISO/TR 28980:2007(E)

Y A
0,1
0,08
0,06
004 == ><‘.§ 2
0,02 — N
\ ><l><\
-0,02
N N
-0,04
1
-0,06
-0,08
-0,10
- -4 -3 -2 -1 0 1 2 3 4 5
X
Key
X noming| distance power, in dioptres 1 D28
Y power difference, in dioptres 2 progressive power lens
Figure 6 — Graph of the inter-laboratory measuréments showing the average power
difference for distance power between\two different target patterns
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Figure 7 — Average power differences between front vertex and back vertex measurements on an
FOA focimeter using the spherical equivalent for D28 lenses, addition power 2,50 D
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2.5 Choice of focus

ISO 8980-1 and ISO 8980-2 recommend the use of either the nearer to vertical line focus of the target (sagittal
focus) or the spherical equivalent which corresponds to the disk of least confusion and to what the human eye
perceives. Manual focimeters can use both methods, whereas automated focimeters use the spherical
equivalent.

When using the sagittal focus, it is easy to mistake the two focus lines created by astigmatism when the axis
is close to 45° and 135°, e.g. using the 45° line for near power and the 135° for distance.

F' Hea-Q cbaovaa th SALALEOE diffaranc. HB—BavWaer—aaeackkramant-lbahas -tk anhbarical Avaalant d
|~u|u U STTOWS o aveTragC—urmCToToC I POUWCT MTTCaSuUrCrTe T OCTW e T NC SPTeToar CYUTvarcTTt ower an

thg power measured at the sagittal focus.

As|can be seen, the difference between the two choices of focus point is small and is within the focimeters'
acguracy and precision of measurement.
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Figure 8 — Power difference between sagittal focus and spherical equivalent measurements (average
value of measurements of a D28 lens measured at back vertex on FOA focimeters, addition power 2,50 D)
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3 Systematic errors

3.1 Non-linear errors

Even when perfectly designed, all instruments have small non linear behaviour of various origins (optical,
electronic or mechanical), which lead to systematic measurement errors.

Furthermore, some automated focimeters may present “masking”, which is when the instrument displays
0,00 D for plano lenses with a manufacturing error power smaller than a certain threshold (e.g. + 0,06 D)2).

3.2 Lenls sag error

Because df the curvature of the lens back surface, the back vertex of the lens cannot lie exactly on the frpnt
principal focus of the focimeter lens when placed on the lens mount. The results of simulations:showing the
deviation qaused by the lens sag error on simple spherical lenses for two diameters of lens support are shawn
in Figure 9.

As expectgd, this error is larger for negative lenses because of their strongly curved back surface.

Y A
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1 0,007
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0,005
0,004
0,003

2 3 2and 3
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0,001 ;Q ; /T
0 — /L/

At 5 4 3 -2 1 0 1 2 3 4 5

\J

Key

X noming] power, in dioptres
Y power grror, in dioptres

lens support
2 lens support diamieter 5 mm
3 lens support diameter 7 mm

At lens safj ‘ertor

Figure 9 — Lens sag error Ar and theoretical results for two diameters of lens support

2) It can be detected by measuring the combination of a +2,00 D lens with a —2,00 D lens. By slightly separating the

lenses, the measurement should slowly change; if it jumps to a specific value, e.g. 0,07 D, then the instrument is “masked”.

8 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=6fe96bdffc48ffb8d6736e07362c7742

ISO/TR 28980:2007(E)

3.3 Temperature dependence

Temperature affects both the refractive index of the material and the geometry of the lens. Hence, there will
be differences in power measurement for the same lens at various temperatures, although there is no
difference for glass lenses.

The effect of the temperature is quite small and is proportional to the lens power; variations around room
temperature will be under 0,02 D for a 20 °C temperature change for an ADC lens with a power of 4,00 D.

3.4 Calibration

Mgst of the previous errors, including non-linear ones, can be corrected with efficient calibration;, especially for
thg lens sag error (i.e. the surface that is placed on the lens support of the focimeter) by-using {est lenses
exactly in accordance with ISO 9342-1 and within tolerances specified in 1ISO 8598. IS©.9342-1 gllows test
lenses to be made using either the helium d-line or mercury e-line.

It i$ critical that the refractive index used in making the test lenses matches the reference wavelength to which
thg focimeter is to be calibrated. Failure to do so can cause calibration errors*of 0,11 D at the gnds of the
rarjge of the test lenses specified in ISO 9342-1.

In prder to maintain proper measurements over time, this calibration should be periodically repeated. Extra
cafe is needed for manual focimeters with a focusable eyepiece.

Finally, in order to cancel all the systematic errors for a specific instrument, one can charagterize the
sygtematic errors as a function of the power and type of lens,:using lenses with precisely known poyer. These
errprs can be used later as correction values for measurements.

3.% Accuracy versus display step
The display step chosen on an automatic focimeter is not an indication of the accuracy of measurgement. For
example, an automatic focimeter set to a.display step of 0,01 D does not mean that the instrument can

evaluate the lens to this level of accuracy. Reference should be made to the manufacturer's technical
spegcifications to establish the instrument's'true accuracy.

4 | Random errors

4.1 General

Random errors are-maostly caused by the instrument operator, either when positioning the lens or determining
thq position for bestfocus during the measurement.

4.2 Focusing issues: Theoretical limit

Berause the focimeter is not perfect, the image of a single point is not a single point, but a spot of|finite size.
The oput size—ecan—be—characterized thc\uct;ua”_y b_y diffractor—and upt;ual aberrations—and—is—the source of

uncertainties in the power measurement.

Most of the parameters involved in this depend on the aperture size. Diffraction determines the minimum spot
size. The bigger the aperture, the smaller the spot diameter. Depth of focus, also aperture dependent, is
additive to diffraction.

Additional contributions to the spot size come from optical aberrations. Spherical aberration produces
symmetrical blur and is negligible with low power spectacle lenses. Coma produces an asymmetrical blur of
the image, and is especially present with progressive power lenses (see Figure 10).

NOTE Detailed theory of aberrations and diffraction can be found in textbooks on optics.

© 1SO 2007 — All rights reserved 9
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Figure 10 — Test pattern images on a manual focimeter

Figure 11 shows the calculated results for the power measurement error due to the diffraction as a function of
the apertufe for a manual focimeter.

The presepce of aberrations will add errors in addition to those caused by diffraction.
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Figure 11 — Aperture size dependence: Theoretical limit of the measurement error due to diffraction
plus depth of focus for various apertures for a manual focimeter
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4.3 Positioning issues

Another source of measurement error is the positioning of the correct area of the lens on the focimeter
aperture. This issue is particularly important when measuring progressive power lenses. Indeed, if the
focimeter axis is not centred on the reference point of the lens, as indicated by the manufacturer, the power
and astigmatism differ from that specified. In addition, the non-permanent reference marking is normally
applied to the front side of progressive lenses. When measuring such lenses at back vertex, there is increased
difficulty in positioning the back vertex point accurately in relation to the markings on the front side.

The following example, illustrated in Figure 12, demonstrates the sensitivity of displacement and what a
fogimeterwould+ead-onr-a—+3;00-Blens-with-2;00-D-additionpower—At-the-nrear+referencepoirt-NRP, point A
in Figure 12), the reading is 0,05 D of cylinder, while at a point only 2 mm away, the measuremént|/can go up
to 0,35 D of cylinder. Note that different designs of progressive power lenses will give differentresults.

Figures 13 and 14 provide graphs of the inter-laboratory measurements showing),the average range
(difference between minimum and maximum values) of five measurements taken with, reépositioning |of the lens
onfthe focimeters, and four measurements taken without repositioning the lens on the'focimeters.

As| explained before, positioning is more sensitive when measuring the near.power on progressive power
lenses, and this error can take more than half of the ISO addition power tolerance when measuring near
poyer.

In pther cases, the range remains within the focimeter's accuracy. Nevertheless, it should be noted that for the
near power of a 0,00 D bifocal lens, measured with lens repaositioning, a value lying outside the expected
rarjge was obtained from the measurement study.

Key
A | nearreference point (NRP), cylinder reading 0,05 D

B = point2mmraway fronrthe rear reference pomt A, cytinmder reading 6;35D

C apoint 2 mm away from the near reference point A, cylinder reading 0,10 D

Figure 12 — Measurements of cylinder power done by a focimeter on the NRP (point A)
and on points B and C, both 2 mm away from the NRP
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Higure 13 — Average range of five measurements taken with repositioning of the lens
fgor the progressive power.lenses, and four measurements taken without repositioning
(back [vertex powers measured‘on FOA focimeters at the spherical equivalent, addition power 2,50 D)
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