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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

General purpose focimeters are intended for measurement of contact lenses, single-vision, multifocal
and progressive-power or degressive-power spectacle lenses, both uncut and mounted in spectacle
frames, and for the orientation and marking of spectacle lenses.

© IS0 2014 - All rights reserved v
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INTERNATIONAL STANDARD ISO 8598-

1:2014(E)

Optics and optical instruments — Focimeters —

Part 1:

Ge

neral purpose instruments

1 Ppcope

This|part of ISO 8598 specifies requirements and test methods for general purpose focimetdrs designed
for the measurement of vertex powers, cylinder axis, prismatic power and prism base’settjng within a
restricted area at a specified location of a lens. This excludes instruments thag,can only measure the
whole lens at once.

It is| applicable to instruments typically intended for use by the ophthaltmic community, with the
capdbility to demonstrate conformity of lens products with the International Standards existing for
thesg lenses.

2 Normative references

The ffollowing referenced documents are indispensable for’the application of this documenft. For dated
refefences, only the edition cited applies. For undatedreferences, the latest edition of the referenced
docyment (including any amendments) applies.

ISO 7944, Optics and optical instruments — Reference wavelengths

ISO 8429, Optics and optical instruments —*Ophthalmology — Graduated dial scale

ISO 9$342-1, Optics and optical instruments — Test lenses for calibration of focimeters — Part 1: Test lenses
for focimeters used for measuring spectacle lenses

3 [Terms and definitions

For the purposes of this’doCument, the following terms and definitions apply.

31

adjusting rail

movpble rail ox'bar used as the reference axis for spectacles during measurement and whidh is aligned
pergendicularly to the optical axis of the focimeter and parallel to the axis direction 0° to 180°
Note|Lto'entry: This is also called the lens table or frame rest.

3.2

capability

ability of a system or process to achieve the required performance

3.3

general purpose focimeter
instrument that is used to measure vertex powers, cylinder axis and prismatic effects of spectacle
and contact lenses, to orientate and mark uncut lenses, and to verify the correct mounting of lenses in
spectacle frames

© IS0 2014 - All rights reserved
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3.31

manual focusing focimeter

instrument that allows the operator to view images formed by rays of light passing through a lens and,
by manually focusing and adjusting, to measure the vertex power and identify the principal meridians

Note 1 to entry: For lenses with cylindrical power, the cylinder axis is found using the method provided to locate
the principal meridians of the lens in the area defined by the focimeter aperture. Prismatic power is measured
separately for this type of focimeter.

Note 2 to entry: There are sub-classes of manual focusing focimeter. One type has an eyepiece whereas the other
has a projection screen. With the eyepiece type, the measurement target is focused and viewed through an

eyepiece.

3.3.2

automated
instrument
single meas

3.3.3
continuous
focimeter w

Note 1 to enf
0,06 D or 0,0

3.3.4
digitally rc
focimeter W

34
centration
residual pri

3.5
indication
(of a focime

3.6
indication
difference b

Note 1 to en
known basic
and the refrd

focimeter
that measures the vertex power of a lens, in the area defined by the focimeter‘aperture
urement without operator adjustment

ly indicating focimeter
ith a continuous scale

ry: For the purposes of this part of ISO 8598, this includes both automated instruments when §
1 D steps and conventional manual focusing instruments.

unding focimeter
hich displays measured values rounded to the neatest 0,25 D or 0,12(5) D incremental

error of the instrument
smatic error of the instrument with nq lens in place

ter) quantitative value provided as the output of the focimeter

eIrror
etween the value indicated by the focimeter and the true value of the reference lens

try: Here the tpuevalue of the reference lens, the back vertex power, is calculated using the|
lens parametersvradii of curvature of the front and back surface (r1 and r3), the centre thickne
ctive index (n) of the reference lens material, using the formulas listed in ISO 9342-1.

Note 2 to enflry: When*using a measuring instrument, the influence of the uncertainty and indication error ¢

device shoul

1 bedconsidered.

3.7

lens support
mechanical interface of the instrument against which the spectacle lens or the contact lens is placed for
measurement

ina

etto

alue

four

s (@),

fthe

Note 1 to entry: The focimeter measures the vertex power related to the surface placed against the lens support.

3.8

near portion power
vertex power measured at the near design reference point, as specified by the manufacturer, of a
multifocal, progressive-power or degressive-power lens

© ISO 2014 - All rights reserved
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39

non-symmetric error for cylindrical power and cylinder axis

residual errorin the indicated cylindrical power and/or the indicated cylinder axis of a spherocylindrical
lens for an automated focimeter after calibration

3.10

non-symmetric prism error of a focimeter

difference in the prismatic power readings when a plano-prism is measured first with its base setting
in one direction and then in the opposite direction, for example, base settings of 180° and 360°, or 90°
and 270°

3.11¢1
back vertex power
reciprocal of the paraxial value of the back vertex focal length measured in metres

3.11.2
front vertex power
recirlrocal of the paraxial value of the front vertex focal length measured incmetres

Note|1 to entry: Conventionally, the back vertex power, in dioptres, is specified@asthe “power” of a speftacle lens or
a corftact lens, although the front vertex power is required for certain purposes, for example in the Mieasurement
of some multifocal lenses or progressive-power lenses.

Note|2 to entry: The unit for expressing vertex power is the reciprotalmetre (m-1). The name for this unit is the
“dioptre”, for which the symbol is “D”.

4 [echnical requirements for general purpose focimeters

4.1 | The measuring range shall include vertex.powers with a range from at least =20 D t9 +20 D and
prismatic powers from 0 A to at least 5 A.

The [instrument shall be capable of measuring the axis direction (see ISO 8429) of cylindrical lenses
between 0° and 180°. For prisms, it"shall be possible to determine the direction of the hase setting
between 0° and 360°.

4.2 | For manual focusing focimeters with non-digital display, the dioptric power scale shall have an
intefval not greater than 0,25 D and shall be clear enough for interpolations to be made to|the nearest
0,12|D or less.

For faixis directions (s€e ISO 8429) the scale interval shall not exceed 5° and shall be clear| enough for
intefpolations to\be made to the nearest degree.

For prismaticvpower readings, the scale interval shall not exceed 1 A and shall be clear|{enough for
intefpolatiens to be made to the nearest 0,50 A.

r £ . - R 1o o1 1 1 . +] £ 20 I 4 201 .1 . — fh
4‘.3 O TOLHICITL S WILID Ulgitdl Ulspidy 11T UIC Tdllgc 1T UMD 742U U LU —4U U, UIC THIHIITUITT Step of the

display shall be equal to or lower than 0,06 D. The display shall show at least two decimal digits.
For axis directions, the increment of the digital display shall be 1°.

For prismatic power readings, the minimum step of the digital display shall be equal to or lower than
0,06 A.

4.4 The instrument designed to measure spectacle lenses shall be able to measure lenses with a
diameter of at least 80 mm and a thickness of at least 20 mm. Translational movements of the lenses
on the lens support of not less than 30 mm in a direction perpendicular to the optical axis and to the
adjusting rail shall be possible, starting from no more than 10 mm below, in front of, or behind, the optical
axis of the instrument, as applicable. The adjusting rail shall also be capable of movement of not less than
30 mm in a direction perpendicular to its length and the optical axis of the instrument. See Figure 1.

© ISO 2014 - All rights reserved 3


https://standardsiso.com/api/?name=d7ec5cdee04ada9e36e462b2a892b226

ISO 8598-1:2014(E)

&

>40

Dimensions in millimetres

Key
1 lens su

bport

2 adjustipg rail

4.5 The l4
when used

It shall be d

The lens su

Examples o

Figure 1 — Minimum required movement of the adjusting rail

bns support should be designed so that it does not cause any damage to the lens under] test
n the manner recommended by the manufacturer.

bsigned and manufactured so that it will supporta lens placed against it, holding the sugface
that is in coptact with it perpendicular to the optical axis;of the focimeter.

bport shall not adversely affect the accuracy of measurement by introducing sagittal erfor.

f suitable lens supports are shown-in Figure 2.
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Key
di,dc  internal diameter of support
dz,de  external diameter of support
d3 = (d1+d2)/2
hs, h¢  height of support
r = (dz - d1)/4
r2 = (de-do)/4
Figure 2 — Examples of lens supports for spectacle lenses (a) and contact lenses (b)
For gpectacle lenses (a), d1 should be in the range 5 mm to 8 mm while for contact lenses (b), flc should be
4,5 nm * 0,5 mm. Because of the increased sagittal depth of steeply-curved contagt lenses,|the contact
lensjsupport is usually smaller in diameter and slightly shorter. The height difference (hs - hi) should be
0,55\mm #* 0,02 mm.
NOTE The dimensions of the contact lens support are as specified in [SO 18369-3.
The [nternal diameter (d1, d¢) of the lens support for focimeters used:forspectacle lens meagurement or
for dontact lens measurement shall be stated by the manufacturer.
4.6 | The pin mark printed by the axis marker shall be small.eriough to enable the distanc¢ between a
firstjand a second mark to be distinguished.
NOTE A diameter of 0,7 mm is recommended.
4.7 | The instrument shall be designed so that.itigives stable measured values in a normal environment

(i.e.

5

5.1
Whse

focimeters shall give indication readings for vertex power and prismatic power over their en

mea
in T4

5.2

The
line

Metrological requirements

h temperature of 23 °C + 5 °C, and a relativethumidity of less than 85 %).

General

n tested with the reference lenses specified in ISO 9342-1, both manual focusing and

suring range, and the' indication error for the respective true value shall not exceed the
bles 1 and 2.

Reference wavelength

instrument shall be manufactured to indicate dioptric powers with reference to the gre
l¢= 546,07 nm or the yellow helium line Aqg = 587,56 nm, as given in ISO 7944, and the m

automated
fire claimed
limits given

en mercury
hnufacturer

shal

NOTE

- A 4 1 oasl loial 1 tlal 1 1 ol
HIUICATT TAPIILITLy WIIILIT WA VTITITg LT 1145 DTTIT STITULTU.

If the light source used in the focimeter is not centred on the green mercury line A = 546,

07 nm or the

yellow helium line Aq = 587,56 nm, the user should be able either to set the instrument, or to apply corrections to
the indicated values, for lenses made from materials other than the one that was used to calibrate the instrument.

5.3

5.3.1

Performance requirement

Indication error

When tested in accordance with 6.2.1, the instrument, when fitted with the spectacle lens support, shall
not exceed the permissible indication errors given in Tables 1 and 2 when used with the spectacle form
reference lenses specified in ISO 9342-1.
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The maximum permissible indication errors given in Tables 1 and 2 correspond to the use of the reference
lenses specified in ISO 9342-1 with the respective true values.

Table 1 — Maximum permissible indication error on measured vertex power for general
purpose instruments

Values in dioptres (D)

Maximum permissible indication error

Measuring range of vertex power

Instruments with
continuous scale

Digitally rounding instruments
when set to increments of

U,25

0,12(5)=

<0=

>0<+5

+0,06

0,0

0,0

<-52>1

>+5<+10

+0,09

0,0

+0A2(5)

<-10=

>+10 < +15

+0,12

0,0

£0,12(5)

<-15>

>+15<+20

+0,18

+0,25

+0,12(5)

<=2

> +20

+0,25

10,25

+0,25

NOTE 1 Cali
reduce possil

NOTE 2 The
level of precif

a  The meal

ion.

brating to tighter tolerances (e.g. 10 % of the product tolerance) will improve_instrument equivalencq
le differences between two instruments.

user should be aware that when a focimeter is set to read in steps of 0,01 D, the readings may not be true t

ning of 0,12(5) is that the instruments has been set to 1/8th dioptre steps, displayed as 0,12 D.

and

this

Table 2 —

- Maximum permissible indication errors on measured prismatic power for gene

purpose instruments

Values in prism dioptre

ral

s (4)

Measuring

power

range of prismatic

Maximum permissible indication error

Instruments with
continuous'seale

Digitally rounding instruments
when set to increments of

0,25

0,12(5)2

>0<5

0,25

0

0,12(5)

>5<10

0,25

0,25

0,25

>10<15

0,50

0,50

0,50

> 15 <20

0,75

0,75

0,75

> 20

1,00

1,00

1,00

NOTE Cali
reduce possil

a  The meal

brating to tightér tolerances (e. g. to 10 % of the product tolerance) will improve instrument equivalencg
le differenCes\between two instruments.

ning 0f.0,12(5) is that the instruments has been set to 1/8th dioptre steps, displayed as 0,12 D.

and

For automd

ted focimeters, when any of the spherical reference lenses is measured after col

rect

centration, it shall indicate less than 0,06 D of astigmatic power.

5.3.2 Axis marker for the optical centre of lens

When tested in accordance with 6.3, the position of the axis marker for the optical centre of the lens

shall not deviate from the optical axis of the focimeter by more than 0,4 mm.

5.3.3 Axis marker alignment

When tested in accordance with 6.4, any misalignment of the orientation of the axis marker shall not
exceed the tolerance of +1° from the 0° to 180° direction of the dial scale for manual focusing instruments
or at the 0° (or 180°) value of the indicated axis for automated focimeters.

© ISO 2014 - All rights reserved
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5.3.4 Adjusting rail

When tested in accordance with 6.5, any misalignment of the adjusting rail shall not exceed the
tolerance of 1° from the position parallel to the 0° to 180° directions of the dial scale for manual focusing
instruments or the 0° (or 180°) value of the indicated axis for automated focimeters.

5.3.5 Capability of measuring tinted lenses

When tested in accordance with 6.9, focimeters should be capable of measuring tinted lenses with
luminous transmittance 7y 2 18 %. The indicated value from measuring the reference lens and neutral
reference filter as specified in Clause C.4 shall remain within the maximum permissible indication

errofs of Table 1. The limited capability of measuring tinted lenses shall be stated if the
cannjot meet the requirement of measuring tinted lenses with luminous transmittance-zi2

L
[
M

NOT
tran

In practice it may be difficult to measure lenses whose colour departs significantly’from
mittance of the lens at the operating wavelength of the focimeter is less than 18 %:

5.3.6 Non-symmetric errors for automated focimeters

5.3.6.1 General

The
mea

cylindrical power, cylinder axis and prism error requireméxnts are for automated foci
sure sphere, cylinder, cylinder axis and prism simultanegusly.

5.3.6.2 Non-symmetric error for cylindrical power

Whe
sphe

n tested in accordance with 6.6.2, the non-symmetric error for the indicated power rea
rocylindrical-power reference lens specified:;in'Clause C.3 shall not exceed 0,06 D sph/

5.3.6.3 Non-symmetric error for cylinderaxis

When tested in accordance with 6.6.3;theé non-symmetric error for the cylinder axis from g
of the spherocylindrical-power reference lens specified in Clause C.3 for each orientatic
exceed +1°

5.3.6.4 Non-symmetric prism error

When tested in accordance with 6.6.4, the non-symmetric error for prismatic power for an
focimeter shall not exceed 0,06 A. At the same time, the indicated values for the spherical ang
powgers shall notexeeed + 0,06 D.

4

5.3.7 Repeatability for the indication reading of automated focimeters

Whdntested in accordance with 6.7, the repeatability for indication readings for an automats

instrument
18 %.

heutral if the

meters that

dings of the
),09 D cyl.

ach reading
n shall not

automated
cylindrical

d focimeter

shallnet exceed 0,06 D within the spherical power range =10 D to +10 D,_and shall not ex

eed 0,12 D

within the measuring range over £10 D.

5.3.8 Centration error for manual focusing focimeters

When tested in accordance with 6.8, the residual prismatic error of the focimeter with no |
shall not exceed 0,1 A.

ens in place

5.3.9 Astigmatic axis repeatability for low-powered cylindrical lenses with manual focimeters

When tested in accordance with 6.10, the standard deviation of the axis readings for a 0,25 D cylindrical

lens shall be less than 4°.
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6 Test procedures

6.1 General

The reference lenses described in [SO 9342-1 shall be used to verify that the requirements of 5.1 to 5.3
are met.

The initial calibration of the focimeter and the metrological verification shall be carried out using all of
those reference lenses in the reference lens set specified in ISO 9342-1 that are within the measuring
range of the instrument.

Manual foc sed

according t

1sing focimeters should, before use, be set up according to 6.11 and the target foc
b 6.12.

6.2 Checking the indication errors

6.2.1 Checking the indication errors for vertex power

The spheri the

focimeter nf

al reference lenses shall be used to check whether the vertex.powers measured by
eet the permissible indication errors shown in Table 1.

Ensure thaf the lens support used is the correct one for the reference lens set selected according to 6.1.

Place each individual reference lens with its back surface against.the'lens support, and centre it on the
optical axis|of the focimeter.

Measure and record the vertex power.

It is recomrhended that three independent readings be taken for each reference lens and that the n
value be calculated and taken as the actual measured-value of the lens.

nean

NOTE The term “independent reading” means\that the reference lens is removed from the support and
replaced agafin between each reading.

6.2.2 Checking the indication errors for prismatic power

The prismatic reference lenses shall be used to check whether the prismatic powers measured by the
focimeter meet the permissible indication errors shown in Table 2.

For prismalfc power measunement, it is recommended that for each of the reference prismg, an
independent reading be taken corresponding to each of the 180° and 360° base setting directions. Take
the larger reading of thetwo measured values at 180° and 360° directions as the actual measured vjalue
of the refer¢nce lens'in order to calculate the indication errors.

6.3 Checking the axis marker for the optical centre of lens

A spherical reference lens of at least +15 D shall be used to check whether the axis marker for the optical
centre of lens meets the requirement in 5.3.3.

Centre the lens so that the indicated prism power is zero, and then mark it with the axis marker. Rotate
the reference lens through approximately 180° and re-centre to zero indicated prism power. Re-mark the
lens. Half the distance between the centres of the central marks from the firstand second measurements
is the distance between the position of the axis marker for the optical centre of the lens and the optical
axis of the focimeter.

© ISO 2014 - All rights reserved
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6.4 Checking the alignment of the axis marker

The 5 D plano-cylindrical reference lens as specified by ISO 9342-1 shall be used to check whether the
alignment of the axis marker meets the requirement in 5.3.2. The axis marker shall be checked using the
horizontal centreline on the reference lens.

For manual focusing focimeters, place the 5 D plano-cylindrical reference lens on the lens support with
its reference side roughly parallel to the 0° to 180° direction of the dial scale. Mark the lens after focusing
and positioning the lens so that a sharp image line formed by the cylinder axis of the reference lens is

coin

cident with the 0° to 180° direction of the dial scale.

For 3
cylix

dire

becd

The

cylix

6.5

For manual focusing focimeters, place the 5 D plano-cylindrical reference lens on the lens s

itsr

mov
of thle test target runs through the centre of the dial scale,

The

angl

For :
cylin

Afte

becd

adju
6.6

6.6.

This

The

non-+
aCcCo

1

utomated-focimeters;setthe trstrumrent toread-irpositive-transposttiomand-ptaceth
drical reference lens on the lens support with its reference side roughly parallel tg_th
ction. Mark the lens after correctly positioning the lens so that the indication.of| thg
mes 0° (or 180°).

nngular deviation between the marked dotted line and the horizontal centreline on th
drical reference lens is the misalignment of the orientation of the axis marker.

Checking the adjusting rail

pference side in contact with the adjusting rail. After focuSing to the non-zero princip
b the plano-cylindrical reference lens together with the adjusting rail so that a sharp hoi

angular deviation of this line from the 0° to 180%direction of the dial scale (which rey
[lar error between the adjusting rail and the dial'scale) is the misalignment of the adjug

iutomated focimeters, set the instrument to-read in positive transposition and place th
drical reference lens on the lens suppontwith its reference side in contact with the adjy

 moving the lens together with the(adjusting rail so that the indication of the vertical
sting rail.
Checking the non-symmetric error for automated focimeters

General

procedure shall’be used only for automated focimeters.

spherocylindrical-power reference lens specified in Clause C.3 shall be used to check ¥
symmetric error for cylindrical power reading and cylinder axis meet the requireme

e 5 D plano-
b 0° to 180°
axis value

e 5 D plano-

ipport with
h] meridian,
rizontal line

resents the
ting rail.

b 5 D plano-
isting rail.

prism value

mes 0 A, the deviation of the indicated cylinder axis from 0° (or 180°) is the misalignment of the

whether the
nts of 5.3.6

Irding to following procedure.

6.6.2 Checking the non-symmetric error for cylindrical power

Place the spherocylindrical-power reference lens on the lens support with one of its sides against the
adjusting rail, and then centre it in order to obtain the spherical-cylindrical power and axis readings.
Rotate the lens through 45° so that an adjacent side is on the adjusting rail and measure the spherical-
cylindrical power and new axis direction. Repeat until eight spherocylindrical power and axis readings
are obtained, one for each side of the lens.

The absolute value of the difference between the maximum and minimum readings for the cylindrical
power among the eight cylindrical power measurements is the non-symmetric error for cylindrical
power.
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6.6.3 Checking the non-symmetric error for cylinder axis

Using the eight axis values found in 6.6.2, calculate the difference between the value found for each side
and the value found for the side 45° clockwise from it. Each of the eight differences thus found shall not
differ from 45° by more than 1°.

6.6.4 Checking the non-symmetric prism error

Using the prism reference lens of 2 A specified in ISO 9342-1, obtain a pair of prism power readings for
base settings of 180° and 360°.

Repeat for ase settings of 90° and 270".

The differefnce between the two readings of each pair is the non-symmetric prism error.

6.7 Checking the repeatability of vertex power measurement for automatéd focimeters

Using the npgative and positive spherical reference lenses of nominal power 5 D @nd 15 D, take three
readings for each lens with the instrument set at the 0,06 (or smaller) indication step. Additjonal
measurements may also be made on reference lenses of other powers. TheZdifference betweer] the
maximum ajnd minimum indicationreading of eachlensis the repeatability of¥ertex power measurement.

6.8 Checking for the centration error

This proced

ure shall be used only for manual focusing focimeters.)Use the procedure given in 6.12

no lens or prism in place.

The deviati
be more tha

n0,1A.

with

bn between the centre of the eye-piece or projéction screen reticule and the target shall not

6.9 Checking the capability of focimeters to measure tinted lenses

Use the refdrence filter specified in Clause (.44

First, meastire a spherical reference lens.as specified in ISO 9342-1 and record the vertex power reading
with no filtgr in place. Keeping the powered reference lens against the lens support, place the filter in the
measurement beam with the spherical reference lens still in place against the lens support and refcord
the vertex gower reading. The meadsured values should meet the requirements specified in 5.3.5.

During the fecond measuremeént, check the following:

a) Isiteady to centrethe lens?

b) Isthe ipdicatien*reading provided stable or fluctuating?

c) Are bo]lh readings within the maximum permissible indication error specified in Table 1?

6.10 Checking the astigmatic axis repeatability for low-powered cylinder lens
This procedure shall be used only for manual focimeters.

Place a lens of positive or negative cylindrical power 0,00 D/+0,25 D on the spectacle lens support at
any axis. It is recommended that the lens be an ophthalmic trial case lens but a spectacle lens complying
with ISO 8980-1 may also be suitable provided the cylindrical power is 0,25 D + 0,06 D.

Position the lens so that the image is in the centre of the field of view, and measure and record the
cylinder axis. To obtain subsequent independent readings, defocus the instrument with the power
adjustment control and rotate the eyepiece reticule and, if appropriate, the orientation of the target,
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without touching the test lens. Make at least a further nine independent readings and calculate the

stan

NOT

dard deviation.

E

6.11 Special procedures for eyepiece focimeters

6.11.1 Setting-up procedure

Set the instrument to read 0,00 D.

Unsg
imag

NOTE

This test should be performed by an experienced focimeter user who has good visual acuity.

rew the eyepiece out fully. Look through the eyepiece and slowly screw the eyepiege
e of the target just comes into focus.

»

If the eyepiece is screwed too far in for any particular operator this will induce bcular acc

M

and increase the measurement error.

6.11.2 Checking for the absence of parallax

Afte
mov|
shal

6.12

Geng

cros
of d
focu

a Ccol

by d

NOT
lines

NOT

meas

best
area

7

71
If th

' focusing the target as described in 6.11.1, check for the absence-ef parallax. The ob
b his/her eye from side to side above the eyepiece. During thisstnovement, the image d
not move noticeably with respect to the cross hairs.

Criterion for image focusing in manual focusing focimeters

brally, the target designs in a manual focusing focimeter are in one of four forms: a ci
5 lines, a combination of cross lines and a circle*of dots, or a combination of cross lines
dts with several rows of dots in the middle. Obtaining indication values of dioptric pow
sing of the target by the operator. Due to the'different forms of target in manual focusing]
mmon criterion for image focusing is required to avoid the deviation of indication read
fferences in image focusing criteria-between operators.

£ 1 Ifthe targetis in the form of 4 circle of dots, or cross lines, or a combination of a circle of d
the best focus plane should be chosen as the best overall focus.

£ 2 Contactlenses have véry steep curvature giving spherical aberration. This may affect the
uring the power. If the tatget is in the form of a circle of dots, the best focus plane should be d

pverall focus. If the target is in the form of cross lines, the best overall focus should be selected f
of apparent diameterabout 20 mm.

Marking

Reference to ISO 8598-1

b manufacturer or supplier claims compliance with this part of ISO 8598, reference shal

in until the

ommodation

server shall
f the target

rcle of dots,
and a circle
rer requires
focimeters,
ings caused

bts and cross

results when
hosen as the
r the central

be made to

[SO 8598-1 either on the package or in available literature.

7.2
The
a)
b)
‘)

General information to be supplied by the manufacturer
packaging shall be marked, but not be limited to the following information:
name and address of the manufacture and/or trade name;
serial number;

any warning and/or precautions to take.

© IS0 2014 - All rights reserved

11


https://standardsiso.com/api/?name=d7ec5cdee04ada9e36e462b2a892b226

ISO 8598-1:2014(E)

7.3 Additional information to be supplied by the manufacturer

The information shall include, but not be limited to, the following:

the reference wavelength used for calibration;

change the Abbe number setting, if needed;

the optical system principle used, i.e. either Focus on Axis (FOA) or Infinite on Axis (I0A)Y;

ing lenses with luminous transmittance ty = 18 %j;

tions for maintenance including calibration check.

ted capability of measuring tinted Ienses should the instrument not meet the requirement of

For further information, see ISO 13666 and ISO/TR 28980.

a)
b) how to
c) the measurement range;
d)
e) thelim
measu
f) instruc
1)
12
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Use of correction values when measuring spectacle len
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ses

imeter, like all measuring devices, has tolerances around its measurements.

recommended in Annex A.

A2
A.2.

Terms and definitions

L

corijection

com
NOT

NOT

bensation for an estimated systematic effect
1 See]CGM 200:2008, 2.17 for an explanation of “systématic measurement error”.

£ 2 The compensation can take different forms,such as a constant value to be added or a nj

factdr, or can be deduced from a table or graph.

A3

A.3.

The
this

A.3.

Preparatory to a measurement

1 General

reference lenses specifiedAnISO 9342-1 may be used to determine correction values as
annex. This method can'be-applied to all types of instruments measuring spectacle len

2 Choice of reférence lenses and lens support

When calibrating.@ focimeter to generate the data needed to create a set of correction
reference lenses.used should be of the form of the ophthalmic lenses being measured and fq

corr

ection values will be used. In addition, the lens support used should be that which will b¢

the ¢hosentype of ophthalmic lenses are measured.

A3.

ematic accuracy errors can be minimized through the use of a set of corréction values as

ultiplication

specified in
es.

values, the
r which the
» used when

3““Measurement condition

A.3.3.1 Thetestconditionsshould bearoomtemperatureof23°C+5 °C,and relative humidity <85 % RH.

A.3.3.2 Before calibration, both the reference lenses and the focimeter(s) under test should be
maintained in an environment that meets the requirement in A.3.3.1 for at least 2 h.

A.3.3.3 The front and back surfaces of reference lenses should be kept clean. Care should be taken to
avoid damage to a lens when cleaning it.

NOTE

© IS0 2014 - All rights reserved
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A.3.4 Special procedure for manual focusing focimeters

A.3.4.1 Checking for the absence of parallax for eyepiece focimeters

Optical parallax from operators should be eliminated before measurement. The procedure as specified
in 6.11.2 shall be used to check the absence of parallax.

A.3.4.2 Criterion for image focusing

The procedure specified in 6.12 shall be used to obtain the plane of best image-focus for a manual

focusing fog

imeter

A.4 Calcy

A.4.1 Indication error of a focimeter

The indicat
by the insty
lens is to be

The indicat

dD:Dm

where

Dy isthe

Dy is the

NOTE1 T
of the indivi
surfaces and|
issued by an
the nominal

NOTEZ N

A.4.2 Cor

Value defing

TIIreceTT

1lation of the correction value

on error is defined as the difference between the actual measured value’of a reference
ument and the true value of the reference lens. The true value foryeaeh spherical refer
found in a certificate issued by a qualified laboratory.

on error dp is given by the following equation:

- Dy

indication reading of a reference lens by a focimeter;

true value of the reference lens.

Hual design parameters of the referénce lens, such as refractive index, radius of curvature of
central thickness. These are measured using procedures and/or equipment traceable to certifi
puthorized metrology laboratory. The meaning of the true value of a reference lens is not the saf
value of the lens.

ntional legislation mayydefine different requirements for authorizing certificates.

rection value for calibrated focimeter

bd as theanodification applied to a measured value obtained from calibration, to comper

for a syste

?

The correctiion,value dc is expressed by the following equation:

atic effeet.

lens
ence

A1)

he true value ofareferencelensis defined asacalculated value, whichisbased onactual measurements

lens
Cates
ne as

sate

dc=-dp

where dp is

14

the indication error of the focimeter.

(A.2)
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A.4.3 Calculation example

A.4.3.1 Measuring a positive reference lens

Take areference lens with a nominal value of +5,00 D. Suppose the three independent indication readings
given by the focimeter to be calibrated are +5,06 D, +5,08 D and +5,04 D respectively. Then the actual
measured value Dy, (the mean value of indication readings) can be calculated as:

Dims = (5,06 + 5,08 + 5,04)/3 = +5,06 (D)

The puthority tertificate gives the true value foreacthr spherical teference fems—Here the symbol D5 is
used to represent the true value of the +5 D lens. Suppose the true value for this lens is +4,98/D, and then
the indication error dps of this focimeter being calibrated by the reference lens with duiominal value of
+5,0P D for the power range around +5 D can be calculated as follows:

dp5 = Dins - Dys = 5,06 - 4,98 = 0,08 (D)

Then the correction value dcs for this calibrated focimeter around +5 D-¢an be calculated as:

dcs = -dps = -0,08 (D)

Thus, the indication error of the calibrated focimeter around #5D is 0,08 D and the correction value is
D.

Simiflarly, indication errors for other powers of positivé;reference lenses and the correction values for
the ¢alibrated focimeter can be calculated and listed‘as in Table A.1 or represented in a graph.

A.4.3.2 Measuring a negative reference lens

Takg a reference lens with a nominal value of -10,00 D. Suppose the three independent indication
readings given by the calibrated focinietér are -10,07 D, -10,04 D and -10,08 D respective]y. Then the
actupl measured value Dy, (the mean.walue of indication readings) can be calculated as:

m-10 = (10,07 - 10,04 - 10;08)/3 = -10,06 (D)
The jauthority certificate(gives the true value for each spherical reference lens. Here the symbol D,-19
is uged to represent thetrue value of the =10 D lens. Suppose the true value for this lens is -9,96 D, then

indication error-dp-19 of this focimeter being calibrated by the reference lens with a nominal value
0,00 D for the.power range around -10 D can be calculated as follows:

D-10= D30 - Dn-10 = -10,06 - (-9,96) = -0,10 (D)

Then the correction value dc-1¢ for this focimeter around -10 D can be calculated as:

dc-10= —dp-10 = +0,10 (D)

Thus, the indication error of the calibrated focimeter around -10 D is -0,10 D and the correction value
is +0,10 D.

Similarly, indication errors for other powers of negative reference lenses and the correction values for
the calibrated focimeter can be calculated and listed as in Table A.1 or represented in a graph.
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Table A.1 — List of correction values for a calibrated focimeter

Values in dioptres (D)

Values of reference lenses Indication readings by focimeter Correction
Nominal Certified 1 2 3 Mean value value
+25,00
+20,00
+15,00
+10,00
+5,00
+2,50
0

-2,50
-5,00
-10,00
-15,00
-20,00
-25,00

A.5 Using correction values while measuring lens samples

A.5.1 General

Table A.1, when completed, will give a series of correction values for each of the reference lenses with
nominal indication readings from -25,00 D to +25,00 D respectively. To apply the correction valugs, as
per those found in Table A.1, to the indicated valties given by the focimeter being used, add the correq¢tion
values to thie indicated values.

A.5.2 Examples of using correction values

A.5.2.1 Correction for a positivelens

A spectacle|lens with a nomimal value of +5,00 D is measured. The mean value from three indicqtion
readings by the focimetei~is 5,14 D. The tolerance around +5,00 D for the back vertex power of lenses
given by ISP 8980-1 is+£0,12 D, so it does not pass. The correction value given by the calibration|or a
metrology gertificate, for a lens of power around +5,00 D for this calibrated focimeter is —0,08 D. Then
the actual l¢ns power is obtained from the algebraic sum of the two numbers as follows:

5,14 D méan value of indication readings + (-0,08 D correction value) = 5,06 D

The actual lens power for this spectacle lens is +5,06 D.

A.5.2.2 Correction for a negative lens

A spectacle lens with a nominal value of -10,00 D is measured. The mean value from three indication
readings by the focimeter is -10,21 D. The tolerance for the vertex power of lenses given by ISO 8980-1
is 20,18 D, so it does not pass. The correction value given by the calibration or the metrology certificate,
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for a lens of power around -10,00 D for this calibrated focimeter is +0,10 D. Then the actual lens power
is obtained from the algebraic sum of the two numbers as follows:

-10,21 D mean value of indication readings + (0,10 D correction value) = -10,11 D

The actual lens power for this spectacle lens is -10,11 D.

A.6 Verification period

To ensure the measured value of the vertex power of a spectacle lens is reliable, the calibration of a
focitheter in use should also be verified periodically.

© ISO 2014 - All rights reserved 17
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Annex B
(informative)

Example for evaluation of uncertainty of measurement for

automated focimeters for general use

B.1 General

The “uncerfainty of measurement” establishes general rules for evaluating and expressing-uncerta
in measurement that can be followed at various levels of accuracy and in many fields from the shop

to fundame

The word
means dou
the result g
attributed t

Often in pr
a measurer
procedure §
well-calibrg

Automated

ntal research.

uncertainty” means doubt, and thus in its broadest sense “uncertainty of measuren
bt about the validity of the result of a measurement. It is a parameter, associated
f a measurement that characterizes the dispersion of the values‘that could reasonabl
0 the measurement.

hctice, especially in the domain of legal metrology, a device is tested by comparison
hent standard and the uncertainties associated with.the standard and the compaf
ire negligible relative to the required accuracy of the.test. An example is the use of a s
ted mass to test the accuracy of a commercial scalg:

focimeters, as an important commercial test.device for spectacle lenses, are in the {

inty
loor

ent”
with
y be

with
ison
et of

ame

situation under a legal metrological control. They are:calibrated with the reference lenses conforming

to ISO 9342

Annex B giv
a calibrated

The procedure of evaluation and analySis includes the judgment method for Type A and Type B

calculation
the expand
B.2 Tern
B.2.1

standard u

uncertainty

1.

es an explanation of the evaluation efiuncertainty in measurement of back vertex pows
automated focimeter for general use.

of combined standard uncertainty and of expanded uncertainty, and examples of appl
ed uncertainty.

1s and definitions

ncertainty

of the result of a measurement expressed as a standard deviation

r for

the
ying

B.2.2
Type A eva

luation (of uncertainty)

method of evaluation of uncertainty by the statistical analysis of a series of observations

B.2.3

Type B evaluation (of uncertainty)

method of evaluation of uncertainty by means other than statistical analysis of a series of observations

18
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B.2.4
combined standard uncertainty
Uc

standard uncertainty of the result of a measurement when that result is obtained from the values of
a number of other quantities, equal to the positive square root of a sum of terms, the terms being the
variances or covariance of these other quantities weighted according to how the measurement result
varies with changes in these quantities

B.2.p

explnded uncertainty
U

quantity defining an interval about the result of a measurement that may be éxpected to encompass a
large fraction of distribution of values that could reasonably be attributed to-the measured value

NOTE1 Tomeetthe needs of some industrial and commercial applications,@swell as requirementg in the areas
of heplth and safety, an expanded uncertainty U is obtained by multiplyingthe'combined standard upcertainty uc
by a foverage factor k.

NOTE 2  The fraction may be viewed as the coverage probability,er evel of confidence of the interjval.

B.2.

|*)}

covgrage factor
k

numlerical factor used as a multiplier of the combined standard uncertainty in order tp obtain an
expdnded uncertainty.

NOTE The value of the coverage factpr k is chosen on the basis of the level of confidence required of the
interjvaly - Utoy + U. In general, k will be in the range 2 to 3. In practice, one can assume that taking k= 2 produces

an interval having a level of confidence of approximately 95 %, and that taking k = 3 produces an inferval having
alevgl of confidence of approximately 99 %.

B.3| Evaluation of uncertainty of measurement

B.3.1 General

Aftef calibragion, the metrology certificate may offer a table or graph of correction values for indication
readings ef'back vertex power for the calibrated focimeter.

The fevaluation procedure for the uncertainty of the given correction values is as described in B.3.2 to
B.3.5

B.3.2 Evaluating standard uncertainty

B.3.2.1 Model the measurement

In mostcases ameasured value dis determined from n other quantities through a functional relationship.
So, itis necessary to establish a mathematical model to show the relationship between the measurement
method and the measuring procedures.
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The correction value for indication readings of back vertex power is determined by

c=9-d (B.1)

where
c is the correction value for indication readings of back vertex power;
@ is the true value of the power of the reference lens;

d is the indication reading given by the focimeter being used.

Knowing thlat the standard uncertainty for each component is:

up =u(q)
B.2)
uz = u(d)
B.3)
Because u1 pnd uy are independent of each other,
Uc = (u1 + u22)1/2 B.4)

B.3.2.2 Standard uncertainty for each component

B.3.2.2.1 [General

Uncertainty of measurement comprises, in general;many components. Assumingastatistical distribytion
for the results of series of measurements, the-possible range of errors for some components may be
characterizpd and analysed by their respective standard deviations.

The analysis procedure for the standard-uncertainty of each component is as described in B.3.2.2.24 and
B.3.2.2.3.

B.3.2.2.2 ncertainty, u4, of the true value for vertex power, @

Uncertainty caused by the/reference lenses is determined by the Type B evaluation. The tracgable
certificate giving the tiue value of the back vertex power will also give uncertainty of the true value .

If U(@®) = 0,43 D, aiidd 'k = 3, then the standard uncertainty of the reference lens is:
0,03D/3&49,01D

Thus: uy =u (©)=0,01 D
B.3.2.2.3 Uncertainty, uy, of the indication reading, d, for vertex power, ®

B.3.2.2.3.1 Type A evaluation
The indication reading for vertex power given by a focimeter may be affected by the following factors.

a) Uncertainty in the indication readings given by the focimeter due to the lens centring error, the
positioning error and other operator errors.
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b) Uncertainty caused by the variation of temperature and humidity. This may affect the indication
readings of a focimeter, especially for readings of high power.

c) Uncertainty caused by the variation of the input voltage.
d) Uncertainty caused by the influence of stray light.

e) Uncertainty caused by dust inside the lens support.

B.3.2.2.3.2 Example of a Type A evaluation

Ad P-Therefore a
followinjg indication

Ana omratce VFaSTott grvethnema e viactotrrotfr powetrsarot
reference lens of nominal value of -15,00 D was used to check the repeatability. The
readings were obtained from six independent measurements:

v, v

114,98 D, -14,95 D, -14,97 D, -1494 D, -1496 D, -1499 D

The fange among the six readings is 0,05 D.

The [ndividual standard deviation (for n = 6) may be obtained from thé-Bessel formula giving:
> (% -x)

== =0.019D (B.5)

n—

In practice, it is specified to take three independent readings, so the average value for the standard
deviption is:

/3 =0011D

Thus, the uncertainty of the indication reading for vertex power in a Type A evaluation is:

§ (da) = 0,011 D

B.3.2.2.3.3 Type B evaluation
The [Type B evaluation is gbtained by using an assumed probability density function.
The fomponents for £ypeé B evaluation include:

a) Pncertainty<¢atised by the measuring principle and structure of the instrument ifself. If the
ndicationdnterval of the instrument is § = 0,01 D, then its well-distributed area shall b¢:

[F6/25%08/2 ]

and the uncertainty caused by the indication imterval oI the mstrument1s:

(6/2)/+/3 = 0,003 D.

Thus u(dg1) = 0,003 D.
b) Uncertainty caused by the non-symmetric error for cylindrical powers.

Non-symmetric refers to inconsistent astigmatic powers, non-direct proportional indications and
irregular changes of errors given by automated focimeters at different axes of a spherocylindrical
or cylindrical lens due to an over-correction by the software or other reasons. It has been shown
experimentally that the maximum variation of the indication readings of vertex power is about 0,09 D.
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