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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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INTERNATIONAL STANDARD ISO 19980:2021(E)

Ophthalmic instruments — Corneal topographers

1 Scope

This document specifies minimum requirements for instruments and systems that fall into the class of
corneal topographers (CTs). It also specifies tests and procedures to verify that a system or instrument
complies with this document and thus qualifies as a CT according to this document. It also specifies
testsand procedures that allow the verification of capabilities of systems that are beyond.the minimum
requjrements for CTs.

This|document defines terms that are specific to the characterization of the corneal-shape|so that they
may pe standardized throughout the field of vision care.

This|document is applicable to instruments, systems and methods that are‘intended to measure the
surfdce shape of the cornea of the human eye.

NOTH The measurements can be of the curvature of the surface\in local areas, three-dimensional
topographical measurements of the surface or other more global paranieters used to characterize the surface.

This|document is not applicable to ophthalmic instruments classified as ophthalmometers.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. Fordated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

IEC 40601-1:2005 + A1:2012 + A2:2020, Medical electrical equipment — Part 1: General requyirements for
basid safety and essential performancé

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO gnd [EC maintainterminological databases for use in standardization at the following gddresses:

— ISO Online bréwsing platform: available at https://www.iso.org/obp

— IEC Eleetropedia: available at http://www.electropedia.org/

31
cornealapex
location on the corneal surface where the mean of the local principal curvature is greatest

Note 1 to entry: See Figure 1.

3.2

corneal eccentricity

eC

eccentricity, e, of the conic section that best fits the corneal meridian (3.3) of interest

Note 1 to entry: If the meridian is not specified, the corneal eccentricity is that of the flattest corneal meridian
(see Table 1 and Annex A).

© IS0 2021 - All rights reserved 1
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corneal meridian

0

curve created by the intersection of the corneal surface and a plane that contains the corneal
topographer axis

Note 1 to entry: A meridian is identified by the angle 6, that the plane creating it makes to the horizontal (see

1SO 8429).

Note 2 to entry: The value of 6, for a full meridian, ranges from 0° to 180°.

3.4

corneal shd
E

value that specifies the type of conic section that best fits a corneal meridian (3.3), given by Formul

E=1-p
where
p isthevas

value p is gi
a’

where
aandb ar
+ in

- in

a conic section is specified by Formula (3):

2 2
z4 X
Z 4+ 2]
b2 a

[\

value E also

E =¢?

Note 1 to ent

pe factor

lue that specifies a conic section such as a circle, ellipse, hyperbola, or parabola

yen by Formula (2):

b the semi-diameters of the axes of the conic section;
licates a circle or ellipse;

licates a hyperbola

is the square/ofthe eccentricity (3.9) of the conic section, given by Formula (4):

'y Unless otherwise specified, E refers to the meridian with least curvature (flattest meridian

A (1):
(M

(2)

(3)

(4)

). See

Table 1 and Annex A.

Note 2 to entry: Although the magnitude of E is equal to the square of the eccentricity and so is always positive,
the sign of E is a convention to signify whether an ellipse takes a prolate or oblate orientation.

Note 3 to entry: The negative value of E is defined by ISO 10110-12 as the conic constant designated by the symbol
K. The negative value of E has also been called asphericity and given the symbol Q.

Note 4 to entry:

Note 5 to entry:

© ISO 2021 - All rights reserved
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Table 1 — Conic section descriptors
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3.5

corneal topographer

CT
instr

Note
the c
refer

3.5.1
optig
corng
that

3.5.2
Plac
corng
Placi

3.5.3
refle
corn(
corn

3.54

luminous surface corneal topographer

corng
projd

Note
fluor
proje

Conic section Value of p? Value of E Value of e
Hyperbola p<0 E>1 e>1

Parabola 0,0 1,0 1,0

Prolate ellipse 0<p<1 1>E>0 1>e>0b

Circle 1,0 0,0 0,0

Oblate ellipse p>1 E<0 O<e<1b

a  See34.

b—Freemtricity—edues ot tistimguishrbetweem protate—amd-obtate-orentationmsof-amettipse{see3.9 and
Annex A).

ument or system that measures the shape of corneal surface in a non-cerntact manner

1 to entry: A corneal topographer that uses a video camera system and video image processin
brneal surface by analysing the reflected image created by the corneal stirface of a luminous
ed to as a videokeratograph.

ral-sectioning corneal topographer
bal topographer (3.5) that measures the corneal suxfage by analysing multiple optica
surface

do ring corneal topographer
bal topographer (3.5) that measures the corneal surface by analysing the reflected
do ring target created by the corneal stitface

ction-based corneal topographer
pal topographer (3.5) that measures the corneal surface using light reflected from
pal tear film interface

pal topographer.{315) that measures the corneal surface using light back-scattered fj
cted onto theypre-corneal tear film or the corneal anterior tissue surface

1 to entry:)Back-scattering is usually introduced in these optically clear substances by the
bscent material into the pre-corneal tear film. A target may include a slit or scanning slit of lig]
cting pattern of light. Other methods are possible.

g to measure
target is also

| sections of

image of a

the air/pre-

om a target

addition of a
ht or another

3.6

corn

eal topographer axis

CT axis
line parallel to the optical axis of the instrument and often coincident with it, that serves as one of the
coordinate axes used to describe and define the corneal shape

3.7
corn

eal vertex

point of tangency of a plane perpendicular to the corneal topographer axis (3.6) with the corneal surface

Note

© ISO

1 to entry: See Figure 1.
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corneal yertex

corneal gpex

radius of curvature at the corneal apex
centre of meridional curvature point
cross-se¢tion of the corneal surface
plane pefpendicular to the CT axis

N O U W N e

CT axis

Figure 1 — Illustration-of the corneal vertex and the corneal apex

3.8 Curvature

3.8.1 Axigl curvature
Note 1 to entfy Axial€urvature is expressed in reciprocal millimetres.

3.8.1.1
axial curvature
sagittal curvature
Ka

<calculated using the axial radius of curvature> reciprocal of the distance from a point on a surface
to the corneal topographer axis (3.6) along the corneal meridian (3.3) normal at the point and given by

Formula (5):

K,=— (5)

where r, is the axial radius of curvature

Note 1 to entry: See Figure 2.

4 © IS0 2021 - All rights reserved
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1.2

axial curvature

K

IS0 19980:2021(E)

a
<calculated using the meridional curvature> average of the value of the tangential curvature from the
corneal vertex to the meridional point and given by Formula (6):

Key

S U1 A W DN

Xp
p J.o K, (x)dx

(6)

X istheradial position variable on the meridian;

¥, isthe radial position at which K, is evaluated;

K

m Iis the meridional curvature.

normal to meridian at point P
It a point én‘the meridian where curvature is to be found
dentre;ofimeridional curvature point

irtersection normal — CT axis

s L b L4l 1 £ Y
IITCTTUTAIT (d LT USSTSTLLIVIT UT UICTLUTIITAT SUT IALT)

CT axis

Figure 2 — Illustration of axial curvature, K, axial radius of curvature, r,, meridional

curvature, K, and meridional radius of curvature, r

3.8.2
Gaussian curvature
product of the two principal normal curvature values at a surface location

Note 1 to entry: Gaussian curvature is expressed in reciprocal square millimetres.

© IS0 2021 - All rights reserved
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3.8.3

meridional curvature

tangential curvature

Km

local surface curvature measured in the meridional plane and defined by Formula (7):

02M (x)/0x?

Kin= ¥ (7)
{1+[om (x)/0x ]} 2
where M (x) is a function giving the elevation of the meridian at any perpendicular distance, x, from the
corneal topagt upl’lcl axts (&)

Note 1 to entry: The meridional plane includes the surface point and the chosen axis. The meridionahnerimal is
a line passing through the surface point perpendicular to the tangent to the meridional curve at that poirft and
lying in the meridional plane.

Note 2 to entry: Meridional curvature is in general not a normal curvature. It is the curyvature of the cdrneal
meridian at al point on a surface.

Note 3 to entfy: See Figure 2.

3.8.4
normal curjvature
curvature at a point on the surface of the curve created by the intérsection of the surface with any
plane containing the normal to the surface at that point

3.8.4.1
mean curvature
arithmetic gverage of the principal curvatures at a pointon the surface

3.8.4.2
principal curvature
maximum of minimum curvature at a point on'the surface

3.9
eccentricity
e
value descriptive of a conic section and the rate of curvature change away from the apex of the clirve,
i.e. how quidkly the curvature flattens or steepens away from the apex of the surface

Note 1 to enfry: Eccentricity nanges from zero to positive infinity for the group of conic sections. In order to
signify use of an oblate ellipse, e is sometimes given a negative sign that is not used in computations. Otherjwise,
use of the prqlate ellipse.is assumed. See Table 1.

3.10
elevation
distance between a corneal surface and a defined reference surface, measured in a defined direftion
from a specified position

3.10.1

axial elevation

elevation as measured from a selected point on the corneal surface in a direction parallel to the corneal
topographer axis (3.6)

3.10.2

normal elevation

elevation as measured from a selected point on the corneal surface in a direction along the normal to
the corneal surface at that point

6 © IS0 2021 - All rights reserved
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3

reference normal elevation
elevation as measured from a selected point on the corneal surface in a direction along the normal to
the reference surface

3.11
corn

eal power

refracting power of the cornea based on the radius of curvature of the front surface

Note

3.12

1 to entry: Corneal power is expressed in keratometric dioptres (3.12).

keratometric dioptres

unit
cons

K

Note

3.13
surf;
line j
that

3.14

of corneal power based on the radius of curvature of the front surface and the’ K
Fant, 337,5, using Formula (8):

eratometric dioptres = 337,5/radius of curvature

1 to entry: The radius of curvature is expressed in millimetres.

hce normal
passing through a surface point of the surface perpendiculan to the plane tangent to t}
boint

ellipsoid of revolution

surfa

3.15
radi
recig

Note

3.15
axia
sagit
ra

distd
defin

whet

U

ce of revolution that results when the generating arc is non-circular

1s of curvature
rocal of the curvature

1 to entry: The radius of curvaturelisjexpressed in millimetres.

1
radius of curvature
tal radius of curvature

nce from a surfacepoint, P, to the axis along the normal to corneal meridian at thg
ed by Formula (9):

X
sinpx)

e

eratometric

(8)

1e surface at

t point, and

9

X

@(x) is the angle between the axis and the meridian normal at point x.

Note

© ISO

1 to entry: See Figure 2.
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radius of curvature

tangential radius of curvature

"'m

distance from a surface point, P, and the centre of the meridional curvature point, and defined by

Formula (10):

1

ro=—
Km

m

Note 1 to entry: See Figure 2.

(10)

3.16 Surfa

3.16.1

aspheric su
non-spheri
surface wit}

3.16.2

atoric surf4
surface hav
principal m¢

Note 1 to ent

3.16.3

oblate surface

surface whd
peripheral

3.16.4

prolate sur
surface whq
peripheral

3.16.5

reference s
surface, tha
which dista
the mathem|

Note 1 to ent
to the measu

3.16.6

Ce

rface
ral surface
| at least one principal meridian that is non-circular in cross-section,ie., e # 0

lce
ng mutually perpendicular principal meridians of unequal<«urvature where at leas
bridian is non-circular in cross-section

Fy: Atoric surfaces are symmetrical with respect to both prisicipal meridians.

se curvature increases as the location on.the surface moves from a central position
osition in all meridians

face
se curvature decreases as the lecation on the surface moves from a central position]
osition in all meridians

urface

L can be describedfn an exact, preferably mathematical fashion, used as a reference
ce measurements are made to the measured corneal surface, and for which, in additi
atical description, the positional relationship to the corneal surface is specified

I'y: For instance, a reference surface might be described as a sphere that is the best least-squaj
Fed corneal surface. Similarly, a plane could serve as a reference surface.

[ one

to a

to a

from
bn to

es fit

toric surface

surface for which the principal curvatures are unequal and for which principal meridians are circular

sections

Note 1 to entry: Such surfaces are said to exhibit central astigmatism.

3.17
toricity

difference in principal curvatures at a specified point or local area on a surface

© ISO 2021 - All rights reserved
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4 Requirements

4.1

Area measured

When measuring a spherical surface with a radius of curvature of 8 mm, a corneal topographer (CT)
shall directly measure locations on the surface normal whose radial perpendicular distance from the
corneal topographer axis (CT axis) is at least 3,75 mm. If the maximum area covered by a CT is claimed,
it shall be reported as the maximum radial perpendicular distance from the CT axis sampled on this
8 mm-radius spherical surface.

4.2

' 1 1 L
Mcaaul CIHICIIL S541IPIC UCIISILY

Withfin the area defined by the requirement of 4.1, the surface shall be directly sanipled

locat]

4.3

If thd
the t
shall

4.4
The

5

5.1

5.1.1

An a
spec

NOTH
curvg

5.1.2

Aref
to hy
on th

ions so that any surface location within the area has a sample taken within 0,5-nvm of

Measurement and report of performance

performance of a CT for the measurement of either curvature or elevation is claimed
psting shall be done in accordance with 5.1, 5.2 and 5.3 and the analysis and reportil
be performed in accordance with 5.4.

Colour presentation of results

LT shall present the results according to the colour palétte presented in Annex B.

[est methods and test devices
Tests

Accuracy test

ccuracy test shall be conducted by measuring a test surface specified in 5.2 using
fied in 5.3 and analysing the'measured data using the method specified in 5.4.

An accuracy test'checks the ability of a corneal topography system to measure the abg
ture of a known surface at known locations.

Repeatability test

eatability test shall be conducted in order to determine the topographer’s performand
man.interface factors such as eye movements, accuracy and speed of alignment of the
e eye and the time taken to complete a measurement.

in sufficient
t.

or reported,
g of results

the method

olute surface

e in relation
instrument

This

5.2

test shall be conducted in vivo on human eyes. See Annex D.

Test surfaces

5.2.1 Reflection-based and Placido ring corneal topographers

The testsurfaces shall be constructed of glass or of optical-grade plastic such as polymethylmethacrylate.
The surfaces shall be optically smooth. The back of the surfaces shall be blackened to avoid unwanted
reflections.

© ISO
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5.2.2 Luminous surface corneal topographer

The test surfaces shall be constructed of optical-grade plastic such as polymethylmethacrylate,
impregnated with fluorescent molecules. The surfaces shall be optically smooth. Unwanted reflections
shall be eliminated.

5.2.3 Optical-sectioning corneal topographer

The testsurfaces shall be constructed of glass or of optical-grade plastic such as polymethylmethacrylate.
If desired, the bulk material from which the surface is formed may be altered to produce a limited
amount of bulk optical scattering to assist in the measuring process. The surfaces shall be optically

smooth.

Test surface

5.2.4 Spe

The curvat
mathematic
expressions
position on
given coord

This requirg
needed to fi
under test a

Specificatio
the radius o

NOTE Sy
performance

5.2.5 Ver

Conformity
within the I
a) by direqd
at a sam
b) by tran
precisid
values d

Verification

s used to establish measurement repeatability may be constructed as meniscus-$hells

cification of test surfaces

ire and elevation values of a test surface shall be given in the form of contin
pl expressions along with the specification of the appropriate coordinate system for {

This ensures that the values for curvature or elevation can e obtained for any
the surface and that this can be done if there is a specified translation or rotation d
nate system.

bment is essential since, when in use, as required in 5.3%and 5.4, the position coordi
Ind the parameter values will result from measurements made by the corneal topogrg
nd can therefore take any value within the range ofthe instrument.

h of the test surface shall include tolerance limits on curvature, expressed as a toleran

ecifications for various test surfaces that have been judged to be useful for assessin
of CTs are given in Annex A.

fication of test surfaces

to the specifications of 5.24 for test surfaces used in accordance with 5.3 shall be ve
mits specified in 5.2.4. Verification of elevation may be done either:

t measure of the surface using profilometry with a precision of at least twice the toler
ple density of at'least that specified for the instrument in 4.2, or

sference methods using a verified master surface and a measurement device of suffi
n that meéasurement differences of the master surface may be used to correct meag
f the tested surface.

of curvature may be done either:

f curvature given in millimetres, and tolerarice limits on elevation given in micrometres.

uous
hese
riven
f the

nates
pher

e on

b the

ified

ance,

cient
ured

— by mathematical calculation from verified elevation values, or

— by direct physical measurement of the curvature using a method that has a precision of twice the

specifie

d tolerance limits.

5.2.6 Type testing of surfaces

Three sphere test surfaces (1, 2, 3) as defined in Table 2 shall be type-tested with every CT. The test
ellipsoid surface (4) and the test surface with specific toricity (5) should be type-tested.

The CT should be marked A or B according to the achieved tolerance level (see Table 3) valid for the
three sphere test surfaces mentioned in Table 2.

10
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Table 2 — Test surfaces for type testing

Surface Radius of curvature Eccentricity Diameter
e
1) sphere 6 50+(0),g mm 210 mm
2) sphere (8 00+0,0) mm > 10 mm
PN-0,2
3) sphere (9 50+2.9) mm > 10 mm
4] ellipsoid of revolution " :(7 80+8,(3) ) mm 0,6 +£0,1 ¥ 10 mm
5 toric r;=8,0mm* 0,2 mm 710 mm
ry<rq
ri-r,=0,4+0,07 mm

NOTIE 1 For all test surfaces, surface profile tolerance is +1 pm.

NOTE 2 According to 1), 2) and 3): control measurement possible with a micrometenirmit.

NOTI 3 According to 4) and 5): an ellipsoid surface and toric surface can be manufactured by a contact lens|company and
meadured with a 3D-coordinate measuring device.

Table 3 — Tolerance level fortest surfaces

Tolerances, if measurements are expressed in terms of radius of curvature, in millimgtres

Measuring accuracy Type
Twide the standard deviation A 0,05
Twide the standard deviation B 0,1

Tolerances, if measurements are expressed in terms of curvature, in keratometric digptres

Measuring accuracy Type
Twide the standard deviation A 0,27
Twide the standard deviation B 0,52

The |analysis zone for aeeuracy and repeatability testing shall be tested within a zpne area of

1 mm < diameter < 6 mm-

5.3 | Data collection — Test surfaces

Align the test surface to the instrument in the manner specified by the manufacturer of the system
for measuring human eyes. Measure the surface and save the measured data. At each measured point,
the data‘set consists of the value of the measured variable and the two-dimensional posgition of the

meagurement.

5.4 Analysis of the data

5.4.1 General

The treatment of the corneal topographic data consists of a comparison between the measured values

of two data sets. The measured values can be any of the following:

— axial curvature (calculated using either axial radius of curvature or meridional curvature);

— Gaussian curvature;

— meridional curvature;

© IS0 2021 - All rights reserved
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— normal curvature;
— mean curvature;

— principal curvature;
— corneal power;

— axial elevation;

— normal elevation;

1 1 -
— referengemormatetevation:

The structy

repeatability, so they will be given separately. (see Annex D).

5.4.2 Strycture of the accuracy data set

Data values
one data sef
known test

surface at tl£e locations measured by the instrument and reported as papt of the data set. The ang3

of the paire

5.4.3 Ana

For each dat
values, desi
two data sef
two coordin|
the point lie
and the me3

Each subset]
deviations, 4

re of the data sets is slightly different for the analysis of accuracy and the analys

hre collected using the method specified in 5.3.1. For the purpose of aCcuracy determing
surface, a reference surface. The other data set consists of thé.known values of the

sets of data is done in accordance with 5.4.3.

lysis of the paired data sets

a set pair, a difference in measured values is taken: This gives rise to a data set of differ
pnated AD;, for each measured point on the €orneal surface. The indices i and j labg
s used. The index k labels the position of the“individual points. The position is specifig
ate values which may be, for instance, the corneal meridian 6 and radial position x on y
5. The known values for the test surface-are calculated from knowledge of its surface 4
sured position.

of difference values is then treated as an ensemble. The mean values, M;;, and stan

ijl
j are taken for an ensemble, Where

:Zzlwk (AD M, )2

n-1

consists of the measured values and measurement locations frem’the measurement

is of

tion,
of a
test
lysis

ence
1 the
ed by
rhich
hape

dard

(11)

(12)

(13)

i
ADijk =W
1N
Mij o 4
K
where
n
i,j
k
Djo D

12

is the number of measured points;
are the indices specifying the two data sets;
is the index specifying the point location;

are the data values at point k for each data set, i and j, respectively;
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M;; is the ensemble difference mean for the data sets i and j;
Sij is the standard deviation of the ensemble differences for the data sets i and j;
wy, is the area weighting value for position k as found using the method given in Annex C.

5.4.4 Report of accuracy performance

The accuracy performance of a corneal topographer shall be described by reporting the following

information:

a) {pecifications of test surface used;

b) ¢rientation of test surface with respect to the CT axis;

c) Lean difference according to Formula (13);

d) {twice the standard deviation of differences according to Table 3.

6 Accompanying documents

The €T shall be accompanied by documents containing instructions for use together with 1

procedures and their frequency of application. In particular thisvinformation shall contain:

Iame and address of manufacturer;

ame, model and type (A or B according to Table:3)-of the CT;

a list of accessories suitable for use with the €T}
a reference to this document, i.e. ISO 19980:2021, if the manufacturer claims conformit

dny additional documents as specifiéd in IEC 60601-1:2005 + A1:2012 + A2:2020, 7.9.

Marking

[T shall be permanently~marked with at least the following information:
ame and address-ofmanufacturer or supplier;

Iame, model ofthe CT;

jdditional'marking as required by IEC 60601-1.

naintenance

Y;

© IS0 2021 - All rights reserved
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Annex A
(informative)

Test surfaces for corneal topographers (CTs)

A.1 General

This annex §
of CTs. The g
is capable o
human eyes

For each typ

rives various test surfaces that have been judged to be useful for assessing the perform
roal of assessing the performance of a CT with various test surfaces is to ensure-that t
f measuring with accuracy and repeatability, within the defined range of theifistru
that can have different corneal eccentricities and corneal shape factors.

e of surface, a brief description is given along with its special application.

A.2 Spherical surfaces

Spherical sy
as test surf.
precision. T
can be dired
corneal top(
coverage an

rfaces are useful test objects for a variety of reasons. THey*have traditionally been
hces for keratometers and CTs because they can be made and verified to extremely
heir sphericity can be verified interferometrically and their absolute radius of curv
tly measured to submicron accuracy. They are useful-for verifying the absolute scalin
graphy system, for providing a standardized suxrface on which to measure the system
d for testing the sensitivity of a system to axial\pdsition (or defocus errors).

Spherical syrfaces are easy to specify as they are-defined by a single parameter, their radi

curvature. (
of the perfo
complex suj

The three sy
and of the t
range exped

A.3 Surfz

A.3.1 Gen

Surfaces of

n the other hand, the lack of variables mieans that they cannot adequately assess all as]
'mance of a corneal topography systém and so should always be augmented by other
faces.

here surfaces 1), 2) and 3) specified in Table 2 are chosen to be representative of the m|
wo extremes of the curvature of the cornea found in the human population and henc
ted for a corneal topography system.

1ces of revolution

eral

revolution’in which the generating arc is more complex than a circle are useful in ord

imitate the
spherical su

fages they offer surfaces which present the corneal topography system with topogra
situations mlr_l‘l<_fh_F_d_ﬂ1_h—l_ﬁ_rt‘h—b—140re ike those found in the human population. Yet they can be very precisely produced

hupian cornea. Such surfaces are referred to as aspheric and atoric surfaces. Compar

h
ent,

ance
CT

used
high
iture
b of a
area

1s of
bects
more

iddle
e the

er to
ed to
hical

using high-precision, numerically controlled lathes of the type used to manufacture contact lenses.

While these surfaces possess an axial symmetry which is seldom found in the human cornea, this
symmetry can easily be broken in a controlled fashion by tipping the surface by a specified amount and
in a specified direction from the CT axis of the instrument under test. As the surface can be completely
described analytically with respect to its axis of symmetry, the values of either curvature or elevation
can easily be found in the tipped coordinate system so that comparison can be directly made to
measured values.
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A.3.2 Ellipsoids of revolution

When the generating arc of a surface of revolution is an ellipse, an ellipsoid of revolution is the resulting
surface. This type of surface is quite like many normal corneas and is therefore a useful surface to
test, for example the corneal apex, hence the performance of a corneal topography system for this
important case. In addition, the rate of curvature change of this type of surface with respect to position
is continuous and is precisely known.

Hence, it is very useful to assess the ability of a corneal topography system to accurately map a surface

displ
systq
mea
sphe
num
spec

Ellip
eithé
prolg

Othe
ofre
with
perif

AyITg SUC Deaviour. Wemr amm ettipsoid of Tevoiution 15 tipped, any axiat SyTmet

m may have relied on to assist in the analysis of surfaces is broken and the CT iscgive
uring a general, yet not too complex, surface. Ellipsoids of revolution are not as.edsy
res, yet, because of the axial symmetry forced upon them by their method of-generati
per of meridians may be verified by profilometry to ensure that the surfdce is indg
fied.

soids of revolution belong to the same class as conics of revolution.) They may be g
r prolate or oblate surfaces. Both are useful test surfaces because, Whilst most human
te surfaces, some corneas are found to be oblate.

r members of this class are hyperboloids of revolution and parabolas of revolution. Th
olution can be useful as a simulation of a keratoconic corniea in that such surfaces can
a high apical curvature and, with a proper choice of Conic constant, low curvature V
hery. When such a surface is presented to a CT in a tipped and rotated orientation|

simuflating a keratoconus is created with a surface whose surface parameters can be calcul

A.3.]

Corr;E
can

curv

8 Higher-order polynomial surfacesgfrevolution

as which have undergone refractive surgery procedures are left with surface charactef
t be adequately modelled by conics-gf revolution because they exhibit localized high y
hture in those areas known as transition zones. To test the ability of a CT to faithful

surfa
usef

ces, surfaces of revolution with generating arcs consisting of higher-order polynomig
1. They can be manufactured using the same type of high-precision, numerically cont

which the
bn a fair test
to verify as
bn, a limited
ed made as

enerated as
corneas are

e hyperbola
be produced
alues in the

a situation
hted exactly.

istics which
yariations in
[y map such
| curves are
rolled lathes

mentioned in A.3.1. Because the)generating arc is a polynomial function of order higher than two, the
second derivatives of the surface, and hence the curvature, is a continuous function of po
e calculated exactly’The verification of such surfaces by profilometry is no more complex a task

can
than

is that task of verifying a conic surface of revolution.

sition which
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Annex B
(informative)

Standardized displays for corneal topographers (CTs)

B.1 General

To facilitate
systems, thi
intervals, sd

CTs for whid
and shall de
provide disj

B.2 Pres
The followir

step siz

colourl

map tyy

B.3 Stang

Standardize

0,1 mm

0,2 mm

0,25 mn

Should the @
is greater tH
with the col

Standardizd

the interpretation and comparison of corneal topographical results taken with differe
s annex sets forth standardized displays which may be used by any CT. Specified.are
ale centre value and colour convention.

h compliance with this document is claimed shall make these displays avaijlable to the|
Kignate them as standardized displays. CTs complying with this document may additio
lays using parameters different from these standardized ones.

entation

1g information shall be included in standardized maps:
b (units);

boend;

e.

lardized scale and scale interyals

d curvature maps shall use one ofthe following corneal intervals, expressed in dioptre
(0,5 D);

(1,0 D);

h (1,5 D).

hoice of curvatiire interval found result in areas of the cornea where the value of curv:
an the highest interval or smaller than the lowest interval, those areas shall be disp]
bur assighed to highest interval or the lowest interval, as appropriate.

d elevation maps shall use one of the four corneal elevation intervals listed below:

Nt CT
scale

user
nally

5 (D):

iture
ayed

2 pum;
— S5pum;

10 pm;

20 pm.

Should the choice of elevation interval and elevation found result in areas of the cornea where the value
of elevation is greater than the highest interval or smaller than the lowest interval, those areas shall be

displayed w

16

ith the colour assigned to highest interval or the lowest interval, as appropriate.
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For the fine and medium intervals, standardized curvature maps shall use the colour palette given in

Table B.1.

Table B.1 — Colour palette for the fine and medium intervals of standardized curvature maps

Scale interval

Colour palette mm
0,1 0,2
Red 7,0 6,0
Green 8,0 8,0
Blue 9,0 10,0
Scale interval
Colour palette D
0,5 1,0
Red 49 54
Green 44 44
Blue 39 34
The hue shall change monotonically from green to red andshall change monotonically frpm green to
blue,
For fhe expanded interval scale, standardized curvature maps shall use the colour paleftes given in
Tabl¢ B.2.
T3ble B.2 — Colour palette for the expanded interval scale of standardized curvature maps
Hue, brightness, Scale valyes:
sRGB? P
Cplour name saturation (HBS) keratometric dioptres
R G B H B S D
PInkish white 255 238 248 325 7 100 67,5
Light pink 255 217 227 344 15 100 66
Light pink 255 197 207 350 23 100 64,5
Light pink 255 176 187 352 31 100 63
Pink 255 158 168 354 38 100 61,5
Pink 255 138 148 355 46 100 60
Mediumspink 255 115 125 356 55 100 58,5
Medium pink 255 95 105 356 63 100 57
Dark pink 255 71 o0 357 72 100 55,0
Dark pink 255 40 50 357 84 100 54
Red 255 0 0 0 100 100 52,5
Dark orange 255 102 0 24 100 100 51
Medium orange 252 153 0 36 100 100 49,5
Yellow gold 252 188 0 45 100 99 48
Yellow 255 255 0 60 80 100 46,5
Light green 162 250 59 88 76 98 45
NOTE These sRGB values were specifically chosen for an HDTV monitor with a gamma value of 2,2 and a colour

temperature of 6 500 K. For other displays, slightly different settings may be needed to achieve the same HBS values.
a2  sRGBis the standard RGB colour space specified in IEC 61966-2-1. The letters RGB stand for red-green-blue.

© IS0 2021 - All rights reserved
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Table B.2 (continued)

RGBS Hue, brightness, Scale values:
Colour name S saturation (HBS) keratometric dioptres
R G B H B S D
Medium green 80 230 51 110 78 90 43,5
Dark green 51 204 51 120 75 80 42
Cyan green 32 176 72 137 82 69 40,5
Cyan blue 0 153 102 160 100 60 39
Blue t 166 57 199 166 62 375
Medium plue 0 51 204 255 100 80 36
Dark blpe 0 0 204 240 100 80 34,5
Dark bllle 0 0 153 240 100 60 33
Dark blhe 0 0 112 240 100 44 31,5
Dark bljie 0 0 80 240 100 31 30
NOTE Thede sRGB values were specifically chosen for an HDTV monitor with a gamnia~yalue of 2,2 and a cplour
temperature ¢f 6 500 K. For other displays, slightly different settings may be needed to achieve the same HBS values.
a  sRGBis the standard RGB colour space specified in IEC 61966-2-1. The letters RGB4tand for red-green-blue.
For the expanded scale, the hue shall change monotonically from 100 % green to 100 % red and |shall

change morj

otonically from 100 % green to 100 % blue. From 100 % red, the colour intensity [shall

increase monotonically to white. From 100 % blue, the colour intensity shall decrease monotonically to

20 %. Note {
being 100 %

Standardize

The hue sh4d
blue.

hat the intensity for 100 % blue or 100 % red is.50-%, black being 0 % intensity and white
intensity.

d elevation maps shall use the colour palette given in Table B.3.

Table B.3 — Colour palettefor standardized elevation maps

Scale interval
Colour palette pm
2 5 10 20
Red 20 50 100 200
Green 0 0 0 0
Blue -20 -50 -100 -200

11 change mionotonically from green to red and shall change monotonically from gregn to

18
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