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INTERNATIONAL ELECTROTECHNICAL COMMISSION

END-FACE IMAGE ANALYSIS PROCEDURE FOR THE CALIBRATION
OF OPTICAL FIBRE GEOMETRY TEST SETS

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/the TEC is to promote
international co-operation on all questions concerning standardization in the electrica
this end and in addition to other activities, the IEC publishes International Sta ‘ eir ‘preparation is

entrusted to technical committees; any IEC National Committee interested in\ the subject_dealt with may
participate in this preparatory work. International, 7 s liaising
with the IEC also participate in this preparation. The IEC collaborates closely with th ernatienal™Qrganization
for Standardization (ISO) in accordance with conditions determin between the two

organizations.

The formal decisions or agreements of the IEC on technical
international consensus of opinion on the relevant subjects since
from all interested National Committees.

In order to promote international unificatie 0 i eftake to apply IEC International
Standards transparently to the maximu k i in t e|r national and regional standards. Any
divergence between the |IEC Standard and S dr regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure tg indi

cate_its approval
equipment declared to be in conformity with an a
Attention is drawn to the possibili of the elémentsof this International Standard may be the subject

The text of this stan i e following documents:

Full information on.th

Report on voting

86/125/FDIS 86/134/RVD

oting for the approval of this standard can be found in the report on

voting indicated in thé above table.

Annex C forms an integral part of this standard.

Annexes A, B, D, E, F and G are for information only.

A bilingual version of this standard may be issued at a later date.
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END-FACE IMAGE ANALYSIS PROCEDURE FOR THE CALIBRATION
OF OPTICAL FIBRE GEOMETRY TEST SETS

1 General

1.1 Scope and object

In the research and production environments there exists a range of test methods for
characterizing the geometry of optical fibres. Furthermore, each test method may determine
one or more of the many parameters required for complete geometrical characterization. This
International Standard describes the calibration of test sets which perform_end-face image
analysis, also known as near-field or grey-scale analysis. The principles, however, may be
applied to test sets of a different type.

however, this type of test set may also be used to measure th
cores of multimode fibres, but the evaluation of unc
measurements is beyond the scope of this standard.

The procedures outlined are to be performed
manufacturers or users of geometry test sets, for the

1.2.1 4;2
accredited calibra a

calibration laborataqfs
calibration certifie
standards

appropriate National Standards laboratory to issue
1 uncertainty, which demonstrate traceability to national

1.2.2

artefact
any object tha
example, an optiea

asured on or used to calibrate a geometry test set. An artefact may be, for
Fe or a chromium-on-glass pattern

1.2.3

calibration

process by which the relationship between the values indicated by the geometry test set under
calibration and the known values of the calibration standard is established. The purpose of
calibration is to bring all geometry test sets into substantial agreement with a national
standards laboratory. This may be performed either by adjustment of the geometry test set or
by documentation of a calibration factor(s) in a calibration certificate. The pertaining
environment and instrument conditions at the time of calibration are usually recorded.
Calibration includes estimation of all uncertainties.

1.2.4

calibration chain

chain of transfers from a national standard to the geometry test set through intermediate or
working standards (see figure 1)
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1.25

calibration checking

establishing that a geometry test set that has been previously calibrated but has reached its
calibration due date remains within specified uncertainty limits. If the geometry test set has
drifted outside these limits, then re-calibration is required. Otherwise, the re-checking period
can be extended for a stated period. The test set may be checked using a working standard

1.2.6

calibration standard

artefact that is calibrated against a reference standard and is used to calibrate test sets. The
artefact may be a fibre or a chromium-on-glass pattern. Proper use of a calibration standard
ensures traceability. The term includes the reference standard, the transfer standard and the
working standard(s), in descending order of metrological uncertainty

1.2.7
combined standard uncertainty
combination of a number of individual standard uncertainties.

The term "accuracy" should be avoided in this context.

geometry test set measurement is reported as an ) oncertainty with the
applicable confidence level, for example 95,5% or 99

1.2.8

confidence level
estimation of the probability that the true
range (expanded uncertainty)

1.2.9

correction offset
number that is added to™ar s
known physical effect

asurement result of a test set to correct for a

1.2.10
coverage factor,

hich the true value of the measured parameter, at the stated
confidence lewvel, can xpected to lie. It is also called the confidence interval and is equal to
i es the standard uncertainty u:

U= kOu

The measurement uncertainty of a geometry test set should be specified in the form of
expanded uncertainty.

NOTE — When the distribution of uncertainties is assumed to be normal and a large number of measurements are
made, then confidence levels of 68,3 %, 95,5 % and 99,7 % correspond to values for k of 1, 2, and 3 respectively
(see clause C.3).

1.2.12

geometry test set

instrument used to measure the geometrical parameters of an optical fibre. The parameters
measured will depend on the type of geometry test set
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1.2.13
infant fibre
fibre whose geometry is to be measured on a calibrated geometry test set

1.2.14

instrument state

description of the measurement conditions of the geometry test set during calibration and
measurement, for instance form-fits used, data filtering schemes employed and other important
information concerning the test set such as warm-up time and date of calibration

1.2.15

national standard
standard whose measurement is traceable to fundamental quantities, suc
of light, and which is used as the basis for fixing the value, in a countr
of the quantity concerned

1.2.16
national standards laboratory
body or laboratory that maintains and operates the nationa nda

1.2.17

operating range
range of conditions under which the geametry t
expanded uncertainty; for example diame
conditions, such as temperature

to perform within the stated
asured and environmental

1.2.18

reference standard
artefact measured at a €
standards

the measurement traceable to national

1.2.19

scaling factor
ratio of the known s
geometry test set i

1.2.20

ments, such as when evaluating certain random effects of measurement.

A type B evaluation of uncertainty is used when a statistical analysis is not appropriate. It
consists of an estimation of the probable sources of uncertainty, such as when evaluating
certain systematic effects of measurement.

NOTE - In order to combine standard uncertainties from different sources it is important that they all be stated at

the same confidence level. This may be achieved by use of the coverage factor k, which is determined with
reference to Student's ¢ distribution for each individual uncertainty component.

1.2.21

traceability

ability to demonstrate, for a measurement result or a geometry test set, a calibration chain
originating from a national standard

Geometry test sets calibrated by the procedures in this standard are traceable. Direct
traceability of the measurement result to either a national standards laboratory or to an
accredited calibration laboratory needs to be demonstrated. Such traceability includes the
calibration schedules of all artefacts in the calibration chain and detailed calculations of all
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(cumulative) transfer uncertainties in the calibration chain. The use of a working standard alone
to compare or monitor geometry test set calibration cannot establish or re-establish traceability,
but can only extend the duration of the traceability certification if no change is found.

1.2.22

transfer standard

standard that is calibrated against a reference standard and is used for calibrating geometry
test sets

1.2.23

transfer uncertainty
estimate characterizing the uncertainty of a measurement caused by uncertainties in the
transfer process, at the given confidence level (such as changes in enviropmmental conditions).
These uncertainties may arise from the calibration standards used
geometry test set.

1.2.24

working standard
standard that is usually calibrated against a transfer standare
used on a routine basis to check geometry test sets

ce standard and is

1.3 Geometrical parameters of optical fibres

corresponding to singfe
concentricity error O P
the scope of this standafd

image data
employed to nch lightinto the other end of the fibre. This enables the position of the fibre
core also to be measured. A typical measurement sequence is as follows: a cleaved fibre end
is positioned in the measurement port of the instrument and an image of the fibre end is
formed on the camera. The image of the fibre is focused, usually under automatic computer
control, digitized, and then transferred to a computer which determines the geometrical
parameters of the fibre.

The quality of the fibre end is critical in this method, and the presence of cleave damage, such
as chips or edge roughness, can seriously affect the measurement. It is thus usual to employ
data-filtering methods to reduce the sensitivity of the measured result to the presence of cleave
damage.

1.5 Calibration standard requirements

The calibration procedure detailed in this standard requires the use of traceable calibration
artefacts. These artefacts consist of a calibrated fibre end and a chromium-on-glass mask.
Their nominal dimensions are discussed in 2.3.3 and 2.5.
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2 Calibration

2.1 Introductory remark
The calibration procedure comprises the following two operations.

a) The magnification, or scaling factor, of the imaging system is calibrated. This is a similar
process to conventional calibration methods for optical microscopes, except that, in this
case, a two-dimensional calibration is required.

b) A correction offset is determined. This offset is required to correct for systematic effects
such as diffraction at the fibre edge, differences between the way the calibration artefact is
calibrated and the method of measurement in the test set, and distortion of the image of the
fibre edge by camera sampling.

NOTE 3 - In certain circumstances it has been found suffici ali aling factor, using a fibre or
chromium-on-glass standard. This approach, however, ma 3 i 5 ertainties when measuring fibres

The measurement of cladding diamet most types of geometry test sets, so
calibration of this param i comparing test sets of different types. This
standard, however, d est sets which perform end-face image
analysis.

Basically, calibration ,is exposing the test set to independent geometrical
calibration standards < > atds that form the calibration chain and, therefore,

cribed as there are no sditable standard reference materials available at the time of writing.
However, procedures enabling estimation of the uncertainties obtained in the measurement of
these parameters ar€ given in 2.6 and 2.7 respectively.

2.2.1 Verification of calibration state

For routine verification, such as may frequently be carried out on geometry test sets in use, it is
sufficient to check (but not to reset) the state of calibration of the geometry test sets using a
working standard. The working standard may be a fibre or a chrome-on-glass mask.
A procedure for generation of a working standard is given in annex E.

The distinction between checking the state of calibration and the calibration itself must be
clearly made. While it is sufficient to establish stability of the geometry test set using the
working standard, this is not a substitute for full calibration.

The use of a working standard allows continued traceability to national standards to be
claimed, if it can be satisfactorily established that the existing instrument state, correction
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factors, and so on, are sufficient to provide geometry results within a specified uncertainty and
without alteration. This simply means that the geometry test set has remained stable since the
last calibration.

Continued traceability can be claimed on a calibrated test set provided that the measured
values for the working standard agree with its calibrated values within the uncertainties.

Calibration is essential in the commissioning of geometry test sets, whereas a working
standard is used for routine calibration checking.

The procedure for calibration checking is described in 2.4.

2.3 Calibration procedure
2.3.1 General advice and organization

Ensure that the environmental conditions are commensurate
specified by the manufacturer. Employ good metrological praeti

ge of measurements. Ensure that there is
independent scrutiny intermediate calculations and calibration

certificates are p

for the te
procedure.

c) Set up the geometry test set to the appropriate settings for calibration procedures, as
recommended by the manufacturer.

d) Ensure, where possible, that all accessible optical surfaces and calibration standards are
clean before measurement.

2.3.3 Calibration standard requirements

The use of calibration standards which are traceable to national standards laboratories is
mandatory. The calibration procedure requires the use of the following:

a) A fibre end with calibrated cladding diameter. The fibre should be of similar material to and
within 5,0 um of the nominal cladding diameter of the fibres to be measured by the test set
and have a non-circularity of less than 0,5 %.

NOTE 1 - The calibrated fibre end must not be re-cleaved. This is due to variations of diameter along the length of
the fibre.
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NOTE 2 — If the fibre end becomes damaged or cannot be cleaned sufficiently, it should not be used for the
purpose of calibration.

b) A calibrated measurement scale. This is a chromium-on-glass mask with a pattern,
typically, of dots, lines, circles or annuli.

For calibration checking (see 2.4), the standard may be either a fibre or a chromium-on-glass
pattern with traceable geometry values.

2.3.4 Determination of calibration factors

A derivation of the calibration factors used is given in annex A.

2.3.4.1 Scaling factor

between graduations.

NOTE — The uniformity of the scaling factor over the field of view of the j
will affect the uncertainty that can be transferred to measurement
core/cladding concentricity error. A method for estimating spatial lineart

The scaling factors for the x and y axes of the camerg

(1)
(2)

where

Dx,, is the meaz\ﬁ;y

Dy,, is the measured

Dx. is the calibra

Dy. is the cakh

The proced evdistance between graduations will depend on the type of chrome

Form an image of the array in a manner consistent with normal operation of the test set.
Measure the distances between graduations in two orthogonal directions, these being
parallel to the scan axes of the camera.

NOTE 1 — The distance over which calibration is effected should be within 5 um of the nominal diameter of the
fibres to be measured by the test set.

NOTE 2 - It is desirable to align the axes of the array to be parallel to the scan axes of the camera. However, if
they are not so aligned, compensation for the angular misalignment needs to be applied.

b) Annulus

Form an image of the annulus in a manner consistent with normal operation of the test set.
Apply elliptical form fits to the inner and outer edges of the annulus. Determine the
measured diameters Dx,,, and Dy,, along the x and y axes as follows:

Dxinner + onuter
2

Dxpy = (3)
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