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jzsessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible foi

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardiZation compri
Il national electrotechnical committees (IEC National Committees). The object of IEC is to prompte internat
-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications; Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC “Publication(s)").
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goveérhmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with,the International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for interpational use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsiblefor the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their,national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national.er regional publication shall be clearly indicated in the |2

FC itself does not provide any attestation of\conformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have(the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to\the Normative references cited in this publication. Use of the referenced publicatio
dispensable for the torrect application of this publication.

ttention is drawn:to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shall"not be held responsible for identifying any or all such patent rights.
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IEC 61280-1-4 has been prepared by subcommittee 86C: Fibre optic systems and active
devices, of IEC technical committee 86: Fibre optics. It is an International Standard.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) improvement of calibration procedure and calibration traceability;

b)
c)
d)

The

Full
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mprovement of fibre shaker description and requirements;
hddition of pulsed light sources;
removal of a poorly traceable calibration process using a micro positioner.

text of this International Standard is based on the following documents:

Draft Report on voting

86C/1806/CDV 86C/1828/RVC

information on the voting for its approval can be found in the Tfeport on voting indicate
above table.

language used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

yww.iec.ch/members_experts/refdocs. The main document types developed by IEC
Cribed in greater detail at www.iec.ch/publications.

5t of all parts of the IEC 61280 se&ries can be found, under the general title Fibre o
munication subsystem test procedures, on the IEC website.

committee has decided that the contents of this document will remain unchanged until
ility date indicated on(the IEC website under webstore.iec.ch in the data related to
Cific document. At this date, the document will be

reconfirmed,

vithdrawn,

feplaced-by a revised edition, or

hmended.

d in

d in

brdance with ISO/IEC Directives, Part 1 and JSO/IEC Directives, IEC Supplement, available

are

ptic

the
the

IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 61280-is-used specifies how to measure the encircled flux of a multimode light

source. Encircled flux is a

fraction of the cumulative

S core.

output power to the total output power—+radiatingfrom as a function of radial distance from the

centre of the multimode optical fibre
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the fibre’s optical centre. The three functions are intensity, incremental flux, and eneir
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using a calibrated camera

2D) nearfield data

dimensional
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in mathematical models predicting the minimum guaranteed length-of a communications link, or

meter). The incremental flux represents optical power per radius differential (in Watts per meter),
to qualify a light source to measure insertion loss in multimodelinks.

and| the encircled flux represents a fraction of the cumulative output power\fo*the total oufput

power.
Thefse three radial functions are intended to characterize fibre optic,laser sources either for|use

fungdtions-ofradius- The intensity represents optical power per surface area (in wattsper sqyare
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FIBRE OPTIC COMMUNICATION SUBSYSTEM
TEST PROCEDURES -

Part 1-4: General communication subsystems —
Light source encircled flux measurement method

nea}LfieId greyscale data and subsequent reduction to one-diniensional data expressed as g

part of IEC 61280 establishes the characterization process~of the encircled
surement method of light sources intended to be used with multithode fibre.

document sets forth a-standard procedure for the collection of two-dimensional fibre o

ree sampled parametric functions of radius from the fibre’s optical centre.-Thisrevisio
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mation of the fibre core diameter is not\an objective of this document.

Normative references

stitutes requirements of.this document. For dated references, only the edition cited app
undated references, -the latest edition of the referenced document (including
ndments) applies-

60793-2-10,Optical fibres — Part 2-10: Product specifications — Sectional specification
gory A1 multimode fibres

60825-1, Safety of laser products — Part 1: Equipment classification and requirements

following documents areréferred to in the text in such a way that some or all of their confent

ies.
any

for

3

For

Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following

add

resses:

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

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1
calibration light source
light source used to find the optical centre of a multimode fibre

3.2
centroid image
image used to determine the optical centre of the multimode fibre core

3.3
corrected image
|ma HT Vvh;bh :-IGB had d dal'r\ ;IIIGHC oubtlautcd fIUIII It all\—.lI VVhUOU C:CIIICIItO hGVU hdd UII;fUI ﬂlty

cornection applied

3.4
dark image
imape taken with the measured light source either turned off or not installed in the input port

Note] 1 to entry: Stray light and electrical signals of the detection system will remain in.the'dark image.

3.5
imajge
twotdimensional rectangular array of numbers whose elements are pixels and whose gixel
valyes linearly correspond to the optical power falling on thedpixels

3.6
light source
something that emits light that is coupled into a fibre, the output of which can be measured

EXAMPLE Calibration light source, transmission light source, light source used for attenuation measurements|

3.7
me3asurement light source
light source intended to be used in the*measurement of attenuation

3.8
nominal core radius
halfl{the nominal core diameter of the multimode fibre to be measured

3.9
ring smoothing
technique to reduce the two dimensional near field image into a 1-D near field intensity profile
while cancelling the effects of the periodic spacing of imager pixels of finite area

3.10
tranjsmission light source
light'source used 1o transmit digital data over multimode TIbre optic lINKS

3.1
uniformity correction
process to correct the sensitivity of a pixel so that it performs substantially like an average pixel

3.12

valid pixel

optical detection element in the detector matrix whose sensitivity, when corrected, is within 5 %
of the mean sensitivity of the average conversion efficiency of the detector
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4 Symbols

B

D\, Dg, Dy, Dg

baseline intensity

NOTE 1 This value is determined from a region of the computed near field just outside the
core boundary.

distance from the centre of the centroid image to the nearest boundary of
the image

set of distances from the centre of the centroid image to, respectively, the
left, right, top and bottom boundaries of the image

NOTE 2 The minimum of this set is used to compute D.

EF(i) encircled flux vector

EF|i) non-normalized encircled flux vector

i index parameter used in the parametric result vectors %ﬁ-ﬁ@j—andﬁ(-r)- and
EF(i)

Lyalk matrix of pixel intensities of a dark image as measudred by the detector and
digitizer

Lo matrix of pixel intensities of the light source, before correction, as measured
by the detector and image digitizer

I ¢ near-field intensity matrix
NOTE 3 This is a matrix of pixel intensities, based on /., as measured by the detectorfand
corrected using U and /.

1(7) ring-smoothed intensity vector)'each element being the arithmetic average
of the set of radial coordinates of all the pixels in a given ring

Nr number of rings used to compute the 1-D near field

N, number of rows in an-image
NOTE 4 All columns’/in an image have the same number of rows.

Ng number of.columns in an image
NOTE 5 . All'rows in an image have the same number of columns.

Py mostintense valid pixel in the centroid image

Puin least intense valid pixel in the centroid image

R radial coordinate, in ym, of the centre of any pixel, referenced to the opt|cal
centre X, Y

R(i ring-smoothed radial vector, each element being the arithmetic average of
the radii of all the pixels in the ith ring

Rax integration limit along the radius

Se column-weighted summation of all pixel intensities greater than T in the
centroid image

Si(7) intensity summation vector used in ring smoothing

Sp summation of all pixel intensities greater than T in the centroid image

Sn() pixel counting vector used in ring smoothing

Sr(7) radius summation vector used in ring smoothing

S row-weighted summation of all pixel intensities greater than T in the centroid

image
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horizontal geometric calibration factor (along columns)

vertical geometric calibration factor (along rows)

threshold used to determine which pixels in the centroid image will be used

to determine the optical centre

NOTE 6 All pixels greater than or equal to T are used to compute the centroid.

sensitivity correction matrix, applied to a dark-subtracted image to reduce

non-uniformity of the detector’s pixel-to-pixel conversion efficiency

halfanmidih in Hm of the ringo isad to nnmpnh:x tha 1. 0D naar fiald
A=W R HtHReHARGS ec—to-copdte—+h +—o—ea—He+a

1
o>

5.1
The

jumper assembly" is treated as if it possessed perfect circular symvetry about its optical cer

X axis (column) location of the centre of the centroid image

Y axis (row) location of the centre of the centroid image

Assumptions

Assumptions applicable to the characterization of data sources

50 ym or 62,5 ym core near-parabolic graded-index multimede’ fibre used as the

bechuse asymmetries in the launched optical flux distributions)will dominate any distort
intrgduced by the test jumper assembly, such as lateral and‘afhgular misalignments. It is fur
asspimed that all cladding modes will be stripped by passage through the specified ten me

fibrg¢s, one thousand metres or less, unequal distrib@tion of flux in the modes of a group is

nor

5.2
Mesd
is n
trun
suff

6.1
6.1

Figt

or r{re of fibre. The modes of a mode group need notearry equal flux. In fact, with such s

, hot the exception.

Assumptions applicable to the characterization of measurement sources

surement sources are assumed to bessufficiently broadband and incoherent, so that spe
ot a problem, and to have a sufficiently symmetrical nearfield distribution, so that
cated centroid of that nearfield_indicates the location of the optical centre of the fibre
cient accuracy for the purposes’of this document.

Apparatus

Common apparatus

N General

re 1 below shows an apparatus block diagram.

test
tre,
ons
ther
tres
hort
the

Ckle
the
vith
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reglon Attenuation® Computer
(optional) Y
A
Detector ™~ _Irr_le_lge
electronicsP digitizer2
t td
e Detector
Magnifying
optics

IEC

= Q

6.1

Ac
the

usu
soft
sanj

6.1

The
digi

he image digitizer-may can be either part of a camera or a computer add-in board.

he detector electronics are usually integral to the camera and digitizer.

ttenuation is best placed in the collimating region of the optical path, but not all optical designs will ha
ccessible collimating region. When this is not possible, the attenuation should be placed on the detector si
he optics.

Vhen a micro positioner (not shown) is employed, the input port will be physically attached to it.

Figure 1 — Apparatus block diagram

2 Computer

bmputer is required, because the acquired image contains many thousands of pixels,
reduction of the image to encircled flux requires substantial computation. The computer
hlly be connected to the image digitizer to control the acquisition of an image thro

pling is implemented).

B Image digitizer

nearfield of the fibre core is imaged onto the detector and then digitized by the im
izer. The image digitizer-may camtbe an integral part of a camera, which also contains

detector, or-may can be an add-inframe-grabber board in the computer.

Aut
inv

bmatic circuitry in the digitizer, for example-AGC-er automatic gain control (ABC) often fo
deo cameras, shall be disabled.

6.1.4 Detector

The
senj
case

detector As>typically a charge-coupled device (CCD) or complementary metal-o
iconductef,(CMOS) camera. Other types of array cameras-may can be considered. In

SeHE

hidé-vidicon-detectors. Absolute radiometric measurement of flux (optical power flow) is

e an
e of

and
will
ugh

Wware and-may can also control the micro positioner (and the source, if correlated dolible

age
the

und

ide
any

b, detectors shall be both nominally linear and memoryless:-this-excludesforinstance lead

s/ not

reqtlured

Automatic circuitry in the detector, for example-AGC-er automatic gain control often found in
video cameras, shall be disabled.

The difference in conversion sensitivity from pixel to pixel in the detector will affect the
measurement accuracy. The non-uniformity in the corrected conversion efficiency of the
detector shall not exceed 15 %. It is possible to calibrate and correct a detector, wh
uncorrected uniformity is worse than 5 %, by applying a pixel-by-pixel sensitivity correction
matrix, U, to the raw image. Often, this correction is part of the camera function (and so each
element of U-may can be taken as unity). Sometimes, the correction matrix-may can be-supplied
provided by the detector supplier. In other cases, the correction matrix shall be determined by

the

procedure outlined in Clause A.2.

ose
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Detectors can have invalid pixels, which are pixels whose corrected conversion efficiency
exceeds +5 % of the average conversion efficiency of the detector. Invalid pixels will often
produce no signal-er, a completely saturated signal, or be stuck at some intermediate value.
Detectors whose invalid pixel count exceeds 0,1 % of the total number of pixels shall be
rejected.

In most cameras and image digitizers, the setting of the "black level" is user adjustable. Since
the detector will be slightly noisy, it is important that the detector and digitizer do not clip random
black signals at zero (in common systems, random noise in a detector will have a standard
deviation less than 0,5 % of the saturation level). To ensure no clipping of the noise, when
settahle set the black level to produce a small pasitive qignal (fypirally at least five times the

starndard deviation of the noise) when no light is impinging on the detector.

6.1.5 Magnifying optics

Suifable optics shall be provided to project the magnified image of the input-port onto|the
detector, in such a way that the detector can measure the entire nearfield flux distribution. [The
numerical aperture of the magnifying optics shall exceed the nominal numerical aperture of| the
fibr¢s (as specified in the fibre’s family specification) used in calibration or measurement.
Micfoscope objectives are often appropriate for this purpose.

NOTE-4+ When a microscope objective is used, its actual magnification as used“in the present apparatus gengrally
will rjot be the same as the nominal magnification factor engraved into the side.of the objective, because the prgsent
appdratus differs from the standard microscope for which that nominakmagnification factor was computed.| The
geometric calibration procedures outlined in Clause 8 determine the actual magnification.

NOTE 2 \When-characterizing-measurementlight sources—measuctment precision-is |mnnrfgni SO nnhr\al distdrtion
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NoTE 3 —Reflections from optical surfaces+fay can seriously degrade the measurement of
enc|rcled flux. Anti-reflection coating at the wavelength of measurement or other formg of
reflection control-may can be consideredito reduce reflections.

Megsurement precision is importatt when characterizing measurement light sources, so fhat
optifal distortion is kept to a minimum. Careful selection and application of the lenses and other
optical components is recomiended. Plan-type microscope objectives are an examplg of
suitpble optics. The procedures found in IEC 61745:2017 can be used to assess the optical
inteprity of the apparatus.

It is|important that(the distance between the detector and all elements of the magnifying ogtics
be held fixed once calibration is performed. When the relationship between these elemgnts
chapges, the<magnification is expected to change enough that recalibration will be required.
Focusing shall be accomplished by changing only the distance between input port and|the
magnifying. optics.

6.1.6—AttenuationAttentatot

Often, the optical flux of the source will saturate the detector and the only effective solution is
to employ optical attenuation. Any attenuation element shall not reduce the numerical aperture
of the optical system and shall not be the source of significant reflections or optical distortions,
which will bias the resulting encircled flux.

NOTE 1 When neutral density filters are used in the optical system, geometric distortions-may can be introduced.

NOTE 2 Changing the attenuation between the optical centre image and the image of the measured source-may
can cause the location of the optical centre of the measurement source to move away from that determined using
the optical centre image, causing errors in the resulting radial data functions.


https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

IEC 61280-1-4:2023 RLV © IEC 2023 -13 -

6.1.7 Micro positioner (optional)

The micro positioner is an optional part of the apparatus. Depending on the apparatus design,
it is possible to rely on connector ferrule geometry to place the image completely onto the
detector without a micro positioner. In many implementations, only a focus adjustment (Z axis)
is necessary, and in some cases, all three axes may only require alignment during construction
or maintenance of the apparatus. Using the ferrule to place the fibre core image onto the
detector does not relieve the requirement of finding the optical centre as required by 9.3.

When used, the purpose of the micro positioner is to bring the projected image of the fibre face
into focus on the detector and to determine the magnification of the apparatus (see Clause 8).
Meghanical locking mechanisms or their equivalents are required for all three axes to preyent
meghanical drift during measurement. The micro positioner can optionally be driven by, motors
and|can optionally employ feedback mechanlsms to control the actual pOS|t|on of the stage (fand
thug the fibre face).-A

aHh g ANnnao C

3

6.1.8 Input port

The| input port is where the calibration artefacts and measuremeft samples are connectef to
the |apparatus. The input port characteristics depend on_ which type of source is to| be
chafacterized.

When characterizing transmission light sources, the input port is the distal end of the test jumper
assembly. The proximal end of the test jumper assembly will be imaged onto the detector. When
a mjcro positioner is used, the proximal end will be attached to the micro positioner.

buldhead or its equivalent. When a micro pesitioner is employed, the bulkhead will be attaghed

WhIn characterizing measurement light sources, the input port is commonly a conneftor
to the micro positioner.

Seeg 6.2 and 6.3 for particular requirements.

6.1.9 Calibration light source

Thel calibration light solircé is used when calibrating the apparatus (see Clause 8). When |this
soufce is used to illuminate the test jumper assembly, the calibration source shall overfill the
modes of the jumpér,Optionally, a mode scrambler-may can be used with the chosen calibration
soufce to ensuretmore uniform overfilling of the fibre. See IEC 60793-1-41 for information on
mode scramblers.

Any| spectrally broad non-coherent light source, such as a tungsten-halogen lamp, a xenon|arc
lamp,<or.a light- emlttmg d|ode (LED) Jmay can be used to overflll the f|bre of the test ju
asse . ight
sources, the centre wavelength of the cal|brat|on source shall be W|th|n 30 nm of the nominal
wavelength of the light sources to be qualified, and its spectral width (i.e., full width at half
maximum) shall be no more than 100 nm. When calibrating the apparatus for the
characterization of transmission light sources, the spectral characteristics of the calibration
source are not specified, but it is recommended that its spectrum be similar to the sources to
be characterized. The chosen calibration source shall be stable in intensity over a time period
sufficient to perform the measurements.

6.2 Transmission source apparatus
6.2.1 General

When characterizing transmission light sources, the input port of the apparatus consists of two
elements, the test jumper assembly and the fibre shaker (see Figure 2 below).
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Source control (optional)
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Figure 2 — Typical set-up for transmission source measurement

purpose of the test jumper assembly is to strip cladding modes, and to allow speckle tq
raged out by mechanical flexing of a portion of the test jumper assembly. The test jun
bmbly is used only when qualifying light sources for, multimode transmission.

test jumper assembly shall be at least 10 m in' [ength, made of germanium-doped n

b fibre with a core diameter of-either 50 yni’or class A1-OM1 fibre with a core diam
pm. The test jumper assembly shall-'Consist of a single, uncut length of fibre
hectors at each end. The test jumper assembly connectors shall have single-m
hanical tolerances, even though the-fibre is multimode.

3 Fibre shaker

purpose of the fibre shaker is to change the differential path length of the various mo

eraged. Speckle reduction can be accomplished in a variety of ways and shall be g
ugh to ensure sufficient repeatability in the measurement of encircled flux. Shaking of|
jumper assemply-with a mechanical device is required to reduce speckle.

of the testjumper assembly shall be mechanically shaken continuously in each of th
inally .orthogonal directions (using three independent shaker mechanisms) during
surement, making at least one hundred shake cycles in each of the three directions du

be
per

bar-
P to
eter
with
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ring
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middle shake frequency.

measurement period. The shake frequencies in the three directions shall be chosen guch
the’three shake cycles synchronize no more often than once every five hundred cycljs of

A fibre shaker mechanism-may can be of any design as long as it induces large amplitude
movements and flexing in the optical fibre. Fibre transverse displacements of more than 25 mm
are suggested. The fibre shakers shall include a fibre holding fixture for securely holding the
fibre.

One exemplary mechanism, shown in Figure 3, has three turns of fibre coiled into a 3-ply figure-
eight arrangement, with the loops each being approximately 120 mm in diameter. A motor-
driven eccentric drives a slider back and forth at about one stroke per second, alternately
flattening and stretching one loop of the figure eight with 25-mm amplitude. Three such
mechanisms in series will consume about 3 x 3 x (2 x m x 0,120) = 6,8 m of the test jumper
assembly’s fibre.
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FE 1 Only one figure-eight loop of the three loops is shown here, for visual clarity,\Fibre clips are used to
in place, in addition to elastic fibre clamps that prevent transmission of fibre motioh. Loose fibre clips not sh

FE 2 Fibre is moved back and forth as shown, with a peak-to-peak amplitude of about 25 mm, distorting
loop.

Figure 3 — Fibre shaker example

An

blows these loops about, the turbulence in the stream of the fan randomizing the motion.

NOT]

movément of fibres at connection points. In addition thé-fibre shakers are mechanically isolated from the rest g

test

posifioner, detector, or magnifying optics. Vibration reduction is easier if the fibre shaker is both statically]
dynamically balanced, and if all moving componénts are light in weight.
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ther exemplary approach is to hang large loose {opps of fibre in front of a large fan w

1 The fibre ends leading into and out of the fibre*shakers are mechanically fixed or stabilized to pre

etup so that vibrations are not transmitted tonconnection points throughout the apparatus, or to the 1

FE 2 There is no required relation between the measurement period (containing the one hundred strokes
cquisition time of an image. Typically,”in each measurement period, many individual images are taken and
ned or averaged by the computer; this technique-may can help to avoid detector saturation. The detector
zer-may-be-ablete can performnan equivalent function independently. The image will be relatively speckle]
one hundred shake cycles are averaged in this way.

Measurement-source apparatus

apparatus as.described in 6.1 is sufficient to characterize measurement light sources. F
King or otherspeckle reduction techniques shall not be employed.

F  Thistdocument does not address the characterization of OTDR transmitters, which will display signif]
kle., At the time of publication of this document, the characterization of encircled flux for OTDRs was still U
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7

Sampling and specimens

Light sources to be tested shall be chosen and prepared as defined by the user of this
document, who shall document the sampling and preparation procedures used. The only
requirements on the light sources under test are that they have an operating wavelength
compatible with the detector and have optical connectors or splices compatible with the input
port of the apparatus. The construction details of the light sources are otherwise unspecified.

When qualifying lasers, the laser drive current shall be sufficient to ensure that the laser always
acts as a laser, rather than as a light-emitting diode (LED).
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8 Geometric calibration

Calibration of the apparatus is critical to the accuracy of this measurement procedure (see
Clause A.4 for a description of the kinds of noise and errors that calibration can correct).
Calibration shall be performed periodically and should be performed at least monthly. If the
calibration is known to drift significantly during a measurement interval, the source(s) of the
drift shall be identified and eliminated. If the apparatus is disassembled, or its components in
the optical path or affecting the optical path are otherwise manipulated, calibration shall be
performed before measurements are made.

Therpurpose of geometric tatibratiom s toobtaim the measurement data meeded tocompute the
magnification factors Sy and Sy which have units of microns per pixel. These factors “wil| be

usefl to convert camera coordinates to fibre end-face coordinates. These magnification-factors

can|be arrived at by either using 1EC 61745 (specifically 2.3.4.1 “Scaling Factor™)-or by using
ﬁme%&mwm&eum%ﬂ% usmg IEC 61745 2017 (specifically 5 3.4.2).{Fhe
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9 |Measurement procedure

9.1| Safety

All procedures in which an LED or laser source is used as the optical source shall be carried
out using safety precautions in accordance with IEC’'60825-1.

—

9.2| Image acquisition
9.2/ Raw image acquisition

9.211.1 General

acqlisition depends on the general characteristics of the light source being measured. When
acqliring transmission light source images, a fibre shaker is required, which in turn requjires
that some form of averaging be performed.

Acqluiring an image is central o the measurement of encircled flux. The approach to ivrr\:‘age

Megsurements of light'sources, on the other hand, will not require a fibre shaker, and usyally
their optical intensity is sufficient to allow very short detector integration times. These isgues
are [discussedinv9.2.1.2 and 9.2.1.3.

In any casg, the raw image obtained from the measurements described in 9.2.1.2 and 9.2(1.3
is almatrix of uncorrected intensities /,,,, whose dimensions are N, rows by N, columns.

9.2.1.2 Transmission light source image acquisition

Since transmission light sources require a fibre shaker, and the resultant image shall be
integrated over at least 100 cycles of the fibre shaker, long integration times are required. Direct
detector integration and digital image accumulation—may can be employed to achieve the
required integration. A typical procedure is to acquire multiple frames and sum or average them
numerically, pixel-by-pixel. This approach prevents detector saturation while integrating enough
shaker cycles to effectively reduce speckle.

9.2.1.3 Measurement light source image acquisition

Typical measurement light sources require only one short-period detector integration to arrive
at a usable raw image. These sources are sufficiently incoherent and are sufficiently intense to
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easily get adequate dynamic range, although attenuation may be required to operate the
detector within its linear range.

NOTE OTDR measurement light sources present significant challenges to applying this method and have not been
investigated.

9.2.2 Dark image acquisition

The dark image is used to correct the raw image, pixel-by-pixel, for dark currents and DC offsets
frem introduced by the detector and digitizer. To acquire the dark image, the detector integration
time and digital image accumulation shall be the same as was used to acquire /,,,. The dark

imafe1s acquired with the inpuf port of the apparatus blocked to prevent light from entering| the
optical system. The resultant image is the matrix /4.

In spme systems,-it-may-be-shown-that the dark image is sufficiently uniform to be assumegd-te
be gonstant for all pixels. In this case, each element of /4, can be taken as zere.) The averjage

dark level will be removed from the resultant data by the baseline subtraction procedure outlined
in 1p.2.

9.23 Corrected image

Thel corrected image matrix 7, is computed from the matrices Jraw, Taark and-&/ U, ; as showjn in
Formula (1).

Io = (Irawryc _Idarkr_C )*Ur,c (1)

whdre

is the sensitivity correction matrix,.feducing non-uniformity of the detector’s pixel-to-gixel
conversion efficiency.

r,c

NOTE 1 The asterisk (*) operator denotes element-by-element multiplication.

NOTE 2 When the camera is sufficiently uniform without correction, and the baseline subtraction step of 10.2|is to
be pgrformed, no correction is required, so / can be setto /.

9.3| Optical centre-determination
9.3./1 General

Encircled flux\is computed with respect to the optical centre of the multimode fibre’s core. (It is
known that:¢oherent light sources can produce, at least over short distances, near fields which
are |not (symmetric about the centre of the fibre core. When measuring transmission sourges,
whi¢h\are typically coherent, the optical centre of the test jumper assembly cannot| be
determimed—from the earfietdimmageof thetramsmission fight source itsetfinstead; the—test
jumper assembly’s centre is determined by illuminating its core with a calibration source and
finding the centroid of the resulting nearfield.

NOTE—Since transmission light sources require two separate images to make a measurement
of encircled flux (i.e., the image for centring and an image of the light source to be measured),
attenuation setting is more challenging. As previously noted, moving or changing the
attenuation between two images can shift the optical centre of the image. It is recommended
that one attenuator setting be used for both images.

9.3.2 Centroid image

The centroid image is the image used to determine the optical centre of the multimode fibre
cord. As discussed above, the centroid image for transmission light sources is an image of the
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test jumper assembly illuminated by a calibration light source. For measurement light sources,
the same image shall be used to find both the optical centre of the fibre and to compute the
encircled flux. Use 9.1 to acquire the centroid image.

NOTE A transmission light source centroid image can be used for any number of measurements of encircled flux
as long as the test jumper assembly’s optical centre is sufficiently stable with respect to the detector. Stability of the
micro positioner, if used, and reasonable control of the ambient environment help ensure that the test jumper remains
fixed in place.

9.3.3 Centroid computation

Using the centroid image, the near field centre is computed by finding the centre of gravity of
the Jight intensity distribution for each Cartesian axis independently.

To find the centroid, first find Py,, and Py,,—Fespestively, which are the intengities of|the

brightest and dimmest valid pixels in the entire centroid image (using invalid pixels-will corfupt
the determination of T), and then compute the threshold 7 as shown in Formufa (2).

r=01 (PMax—PMin)+PMin 2)

Next, compute the three summations shown in Formula (3) over all pixels, excluding pixels with
intepsities less than T, over the row and column indices rcand c.

R e 0 I(r,c)<T
-3 |
r=1 c=1 I(V,c) I(V,C)ZT
S _Ii % 0 I(r,c)<T ;
" EE e 1(re)zT (3)
S R % 0 I(r,c)<T
C_r:’l c=1 C](r,c) ](V,C)ZT
Finally, compute theoordinates of the centroid, (X;,Y;), as shown in Formula (4).
S
Xo :S_C
P
s, (4)
Yo=—
P

9.4 Test source image acquisition

To acquire an image of the test source, connect the test source to the apparatus and energize
the test source. Allow the test source to warm up as required, and then acquire an image of the
test source using the guidelines in 9.1.
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10 Computation of encircled flux

10.1 Computation of radial data functions

The first computation step reduces the 2D pixel data into a one-dimensional (1D) radial function
by averaging the pixels in sets of nested and overlapping annular rings of thickness 2 (where
W is 0,2 ym unless otherwise specified), which are centred on the optical centre of the fibre,
Xy,Yy, as defined in 9.3.3. The spacing of the rings is W microns, although the ring’s radial

coordinate in the resulting radial data functions will be the radial centroid of the radial
coordinates of the pixels in the ring.

Thelfiltering concept is illustrated in Figure 4. The elements of the square grid are the pixels of
the jmage. Two rings, centred on the optical centre X;,Y,, are shown: the outer ring is-hatched

vertically, and the inner ring is hatched horizontally. Each ring has a width 2% and'overlap fin a
region W wide. The overlap region in the diagram is cross-hatched. The greyed-inh pixels|are
the |pixels which will be averaged into the outer ring since their centres fall inside the opter
ring[s boundary.
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Figure 4 — Pixel and ring illustration

Use the“following steps to compute the radial functions.

a) Determine the maximum radius of a complete ring. This step finds the largest ring that will
fit in the image without being truncated by an image boundary. Compute the shortest
distance to the edge of the image from the image centre using Formula (5).

Dy =Sx Xy

Dg =Sx(Nc —Xp)

Dg =Sy(Nr—Tp)

D =min (D, DR, Dr,Dg)
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Where the function "min" finds the minimum of the four distances. Next, compute the number

of rings, Nr, as shown in Formula (6).

a) Allocate and zero the three summation arrays, Sg(0..Ng), 5|(0..Ng), and Sy(0..Ng).

For

b)

c)

d)

(6)

each and every pixel (on row » and column c), perform the following steps.

Compute the radial coordinate R as shown in Formula (7).

2 2
R=yJ$% (r—Yo)? + 5% (e~ Xo)

Compute the ring index i as shown in Formula (8).
i =trunc [EJH
w

f i is less than or equal to Ng, then sum :nto both ring i and ring i—1, as show
Formulae (9) and (10).

Sgli)=Sr(i)+R

Sr(i-1)=8r(i-1)+R
S|(i—1):S| (l'—1)+[(r,c)
Sn(i=1)=Sn(i—1)+1

The]above double sum implements the overlapping-ring smoother.

(7)

(8)

h in

(9)

10)

e) Finally, compute the parametric function pair (where i is the parameter) for each ring by

computing the average radius R and average intensity 7/’ in each ring as show
Formula (11).

n in

(11)
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NoTE—Depending on the camera’s resolution and the ring thickness selected, it is possible for
some of the interior rings to contain no pixels, so the corresponding Sy values will be zero. In

this case, the ring should be omitted, the subsequent array elements should be shifted up, and
Ng should be decremented. It is also possible for two or more adjacent rings to have the same
R (or trivially identical, say within 0,01 um). In these cases, the radii and intensities in these

adjacent rings should be averaged, and those rings replaced with one ring of averaged R and
averaged intensity, and Ng should be decremented appropriately.

10.2 Integration limit and baseline determination

10.2.1 Integration limit

Thel general equation for encircled flux is given by Formula (12).

].r'l(r')dr'

EF(r)=2—— 12)
Ir'[(r')dr'
0

Thel measurable nearfield intensity does not extend vefy far beyond the fibre’s core boundpary,
and|so it is justifiable to truncate the denominator integral at a radius somewhere beyond|the
corg. From a measurement perspective, extending the integral far beyond the core ¢nly
integrates noise and so only increases the noise of the measurement.

The] integration limit, Ry, shall be set 16.11,15 times the nominal core radius of the fjbre
conpected to the test source. For example, Ry, would be set to 28,75 for 50 um fibres. [The

maxyimum index, iyay can then be folind as the index of the first radius in R(i) that is grepter
than or equal to Ry;,-

10.2.2 Baseline determination

Determine the average baseline intensity, B, as the average of a set of 1_’(1’) nearby, but outside
the [core’s nearfield.;The set of points shall include points from Ry,, outwards in radius. [The

limi{ where averaging shall be terminated, unless otherwise specified, shall be at radii no
greater than-1y2-times the nominal core radius of the fibre connected to the light source.

10.2.3, ( Baseline subtraction

Co pute the Daseline-subtracied intensity runction, IU), as shown In Formula (195).

I(i)=T"(i)-B  0<i<ipya (13)

10.3 Computation of encircled flux

The computation of encircled flux is done in two steps: first, integrating the radius-weighted
radial data function, RSRT™ E(z‘)x I_(i), and then normalizing the function to a maximum of unity.

This process will produce another parametric function pair, R and EF.
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To compute the integral, it has been shown that simple summation or rectangular rule
integration produce errors of approximately 0,25 %. These errors can easily be avoided by
employing higher-order integration methods. Trapezoidal rule integration is shown in
Formula (14) (the special case at index zero stems from the fact that the radius-intensity product
at zero radius is identical to zero).

R(OPT(0) .
EF'()=y % (14)
gr(i 1)+ FOTOTREDTCY iy Rir1)] 0<% e

Thel|function EF(i) is then computed by normalizing EF’(i) as shown in Formula (15).

EF(i):% 15)

In many cases, values of encircled flux at radial values other than the discrete values of R|are
required. It is sufficiently accurate to employ linear interpolation to'produce these intermedfiate
valyes.

11 |Results

11.1 Information available with each measurement
Report the following with each measurement:

— (ate and time of measurement;
— |dentification of source specimen;
— hominal wavelength of source;

— fadius and encircled flux at each radius specified in the detail specification, or if|not
specified, the radii and engireled flux data computed in Clause 10;

— FEF as a graph as a function of radius, including any specified template limits.
11.2 Information available upon request
Thel|following infermation shall be available upon request:

— (ate of mostrecent calibration of equipment;
— method-of calibration of equipment;

— [ing’width, W, used in the computations;

— Integration limit parameters, Rpyax and iy gy

— original images used in the computations;
— geometric calibration factors, Sy and Sy;

— derived centre, and if different, the centroid image;
— radial data functions computed in 10.1.

12 Specification information

The detail specification shall specify the following information:

— type of source to be measured;
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— sampling requirements, if any;

— criteria to be met by sources;

— any deviations to the procedure that may apply;
— radii at which the EF is to be reported;

— the EF template used to report results.
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Annex A
(informative)

Measurement sensitivity considerations

Baseline averaging considerations

A trade-off exists when selecting the region where baseline averaging is performed (see 10.3).
The baseline value, B, is subtracted from the entire set of intensities. If the value of B is taken

(ap

Ave
fung
the |
app
non
an

cha

on FI}a single intensity point, then the noise of the system would increase substant

roximately by the square root of two).

-number—of-intensities—averaged. However, imperfections in the optiealVsystem of

pratus, or imperfections in the camera, can make the baseline region outside the core t

ally

raging a region of intensities decreases this noise contribution, if all points imthe intersity

tion have uncorrelated noise—then-theneoise—will-increase-by-the-squarefeot-of-oneplus

the
b be

Lconstant, and so averaging the entire baseline region-may can cause-a bias in B. Selegting
bppropriate region over which to make the baseline determination should be dong by
racterizing the actual apparatus. Clause A.1 provides an analysis of two different images

fronmp two different instruments to illustrate methods an instrument designer might use to

dete

The

rmine how far baseline averaging should extend into the intensity function.

do mot use like components). Both use analogue camefas and PC-integrated frame grabb

and

fibr¢ cores. Instrument A shows a small imperfection on the lower portion of the core, bu

this

analysis, this imperfection is not importants

IEC

Figure A.1 — Core images from instrument A and instrument B

two images shown in Figure A.1 below are from two(similar instruments (the instruments

ers,

have similar effective pixel sizes. The images show two different, but similarly filled, 50| um

for

It is useful to modify the display of the images such that pixels lower than the average
background intensity are set to black, and pixels above the average background intensity are
set to white-to-see, which reveals small non-idealitiesideal features in the images. Figure A.2
below shows the two images from Figure A.1 reprocessed in this way.
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Figure A.2 — Compressed core images from instrument A and instrument B

ern). Instrument A also shows two white spots not attributable to thé core image (to the
bottom-right of the image). These spots are most probably causgd by small reflection
bptical system. Instrument B shows a small, horizontal stripe across the centre of the im
section of the background has slightly less intensity than.other regions of backgroun
mage, which is caused by recovery artefacts in the CCDensor used in the camera.

Itant nearfield functions in the baseline are carefully’ examined, two different patt
rge.

flat section within the reflection region is also between the default averaging radii of
,2 times the nominal core radius, as shewn by the vertical dotted lines (see Figure
w). The baseline near the core includes the additive effect of the reflections; th

Ide these reflections. If averaging\eccurred beyond the default averaging radii, the base

rument A shows a small amount of video pattern noise (the nearly vertical white and dark

left
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rns

e instrument A has a baseline which includes'small reflections, the baseline is not constant.
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Instrument B has very small modulations in the baseline, and the baseline can be determined
by averaging the entire set of data beyond the integration limit of 1,15 times the nominal core
radius, thus reducing noise in its estimate.

A.2 Pixel sensitivity variation calibration

Perform the following procedure to determine the pixel sensitivity variation correction matrix
U, .- Record the image, /gy, ON the detector when it is uniformly illuminated-with-a—uniferm

(to within 1 %)-Huminated-area-brightenough-to-almostsaturate with the-eamera signal reaching

about 75 % of the saturation level /fhn inside of a small |nfnnr9hnn sphere works well as a
unifprmly illuminated area). Next, record the dark image, IuDark’ when the uniform source is|off.
Compute the average pixel, Pyp,q, @s shown in Formula (A.1).

( uRaw; ¢ _IuDarkr!C)

i Moz

(A1)
Riavg =
9 NN,
Compute each element in-& U, ; as shown in Formula (A.2):
PuAvg
Ure = (A.2)

1y Raw o\ 1 Dark re

The|resulting element values will typically range from 0,90 to 1,10. They are to be multiplied by
theif corresponding pixels, so as to normalize those pixels to the average sensitivity of all pixels,
for gvery measurement that is made.

A.3] Correlated doublé sampling

Ong can use "correlated double sampling" (CDS) to almost completely eliminate CCD canjera
offspts, and their temperature sensitivity, at the cost of some added equipment complexity.
Corfelated double sampling is also quite effective against uncorrelated stray light. Makerp of
spetialized instriments intended to perform the measurements described in this document
wodld be welladvised to implement correlated double sampling.

To [mplement CDS, one blinks the laser or incoherent calibration source at a frequgncy
somewhere between 5 Hz and 60 Hz, and electrically synchronizes the camera fo the peripdic
blinking in such a way that odd frames are dark (source off), while the even frames see the
nearfield to be measured (source on). The odd frames are subsequently subtracted from the
preceding even frames, pixel for pixel, yielding an offset-corrected 2D nearfield flux distribution.
For best calibration, the "on" time should exactly equal the "off" time. If-ere—is—averaging a
series of frames is to be averaged;add then all even frames;—subtract should be added, all odd
frames should be subtracted from the sum of even frames, and-divide the resulting difference
should be divided by the number of even frames. CDS would replace the entire offset correction
scheme in 9.2.3, but pixel sensitivity correction will still be required. If many measurements are
to be made, like in a factory, this approach can be a time saver, as many sources of inaccuracy
that would otherwise require time and care toprevent correct manually are simply eliminated.
The-chesen blink rate should be chosen to be an exact sub-multiple of the local power-line
frequency, 50 Hz or 60 Hz, to ensure maximum discrimination against artificial stray light and
electrical noise, so that an integral number of power frequency sine waves will fit in the time
that the source is either on or off. For example, with 60-Hz power, the "on" time and "off" time
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could both be 1/30 of a second (two complete cycles fit in the on period, and another two
complete cycles fit in the off period),—fer yielding a blink rate of 15 Hz. It is not necessary to
phase lock the sampling period to the power-line cycle period; it is sufficient that the sampling
period be an exact multiple of the power-line cycle period.

A.4 Imperfections of practical detectors and optics

Cameras vary in their mechanical construction, age, condition, and state of adjustment. Some
will contain two-dimensional detectors, where the distortions will be due largely to optics and
non-square pixels. Some will mechanically scan a one-dimensional (linesman) CCD more or
lesd perpendicular to its line of pixels. Some will mechanically scan a single pixel (a pinhalé) in
two|dimensions. Others will scan a set of perhaps orthogonal slits over a single large-area
detgctor. Imperfections in these mechanical scanners will cause the X-direction and Y<diregtion
magnification to differ significantly, and non-perpendicularity movement of~the varjous
meghanical components can also cause shearing (where motion along one\'axis causes
appprent motion in another axis). The camera body (or the CCD chip within)-may can be slightly
rotated about the camera's Z (optical) axis, and the camera-may can also,bg’slightly tilted With
respect to the test jumper assembly’s optical axis.

In mathematical terms, all of these geometric distortions can together‘be expressed as a single
ovefall "affine transformation" between "true space" (micro positioner coordinates) at the fibre
facg and the "TV space" reported by the camera. Affine transforms are easily expressed with
matfices. In practice, one measures the camera's distortions; derives the affine transform, [and
usep the transform to mathematically compensate subsequent measurements for the camgra's
geometric distortions. No two cameras will be exactly alike, so this compensation shall be done
on g per camera basis (i.e., by serial number). In general, if a camera is working well, it is batter
to g¢alibrate and compensate mathematically than to try to physically adjust the camgra.
However, in any case, one shall recalibrate whenever the camera is repaired or adjusted, or
the mounting of components to the optical bench or optical plate is disturbed.

Dark current-—dark—current, which is caused by various kinds of electrical leakage within|the
phofodiodes of the CCD chip at the:héart of the camera, is a very sensitive-te functiop of
temperature, typically doubling for each seven degrees centigrade rise in chip temperature| No
two|pixels (or CCDs) will have exactly the same dark current. Because dark current is integrated
during each exposure period,.the output voltage offset induced by dark current will vary in direct
proportion to exposure duratioh (integration time).

Fixdd-pattern-noiseFixed-pattern noise, which is due to capacitive feedthrough of logic clock
sigrjals into video lines within the CCD chip, has a repetitive and usually complex pattern fthat
doep not vary significantly with temperature, illumination, or exposure duration. The pattenn is
fixefl from pixelto pixel; any given pixel will have a substantially constant value.

Pixel crosstalk noise—pixelcrosstalk, which is caused by imperfect charge transfer from pixel
to pjxel,as the image is being shifted to the output, causes smearing of the image and blee<liing
into|background areas.

Under reasonable laboratory conditions, the offsets introduced by dark current and fixed-pattern
noise combined with pixel crosstalk-combined are typically no more than about 5 % or 10 % of
saturation, if stray light has been fully eliminated and the exposure duration is short enough for
the temperature.

Pixel sensitivity variation is an effect where the sensitivity (responsivity) of individual pixels to
light varies by up to £10 % from the mean due to manufacturing variations, but does not vary
significantly with temperature, illumination, or exposure duration, so long as both saturation
ceiling and noise floor are avoided.

Bad pixels—a-few are pixels that have little sensitivity to light, remaining stuck at some high or
low value, or being very much less sensitive to light than average. Because even 100 bad pixels
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out of the 30 000 active pixels in a 256 x 256 picture have negligible effect on the results, one
can simply ignore bad pixels in the procedures described in this document, except when
determining the centroid threshold, making no attempt to eliminate or compensate for bad
pixels.

The above paragraphs discussed the imperfections of the imager chip itself. However, the
optical system containing the imager has imperfections as well, in addition to the mechanical
misalignments that are calibrated out in Clause 8-and-Annex—C. For the purposes of this
document, the principal imperfections are caused by internal reflections in the optical system,
especially reflections within and between the microscope objective and the detector. Reflections
can ese

beam splitters and the window of the detector package that protects the imager chip.
posgible to use windowless detector packages; this practice-may can expose the imager
to the environment causing reliability problems. The degree to which these reflections affect
the Imeasurement of encircled flux depends on the location of the reflections within the im
the reflection’s intensity, and the shape of the reflection.

The| useful way to tell if a spot in an image is caused by a reflection iS't6 move the fibre g¢nd-
facg (input port) in the XY plane, and observe the resulting motion ofthe spots. Reflections|will
gengrally move along the line of fibre end-face motion, but at a greater or lesser speed tfhan
the [direct image of the fibre end-face, and often in the opposite-direction. Compressing jand
falsg-colouring these images, as demonstrated in Figure A.22may can help in detecting these
refl¢ctions.

Thel most common remedy is the use of anti-reflection~Coatings on all optical surfaces, and|this
works reasonably well if the test wavelength is wellmatched to the wavelength range for which
the coating was designed.

In afgdition, one can arrange the optical systemr'such that reflections fall into harmless locatipns.
The| simplest way to accomplish this is to move the centre of the fibre face to one side of|the
micfoscope objective’s optical axis and,the centre of the imager chip to the other side, while
maiptaining the various planes (image; object, and principal) in parallel, depending on the|flat
field of the objective to maintain(focus despite these displacements. Then, light from|the
objgctive will arrive at an angle:to the window, and will be reflected off to one side.

Thel| parallel-displacement approach mentioned above is a special case of the "Scheimpfflug
confition", which is the. principle behind view cameras in photography. The Scheimpflug
conflition is met wheh“the image plane, the object plane, and the corresponding lens prindipal
planes all intersect the same line. This intersection line will be well away from the imagg or
object, and in the'case of parallel displacement, will be at infinity.

When the ‘Seheimpflug condition is met, the image will be in perfect focus despite the tilted
imape, lens, and object planes. With parallel planes, the magnification factors do not deplend
on |ogdtio
line efty—with—eeatio X aere—Hs—varyra—traad ate astty—tandted—using
projective geometry, but the considerable added complexity did not seem justified, as the
parallel planes and affine geometry of this document approach are adequate.


https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

- 29—

4:2023 RLV © IEC 2023

-

IEC 61280

and ara narnandiciilar

Q
\gﬁ;b! bl A e bk
©

4

ra ara accuimed-to - be exdetlv

e kulu oo oo U TU—toO—oC—CAgTty

resnectivelv) - axes of the e

Pt O thiT W O OO Ot T Oy ot o ar T parantito-oncart

X _and VY (row and column

(oW ad— oo TCopPTouv ey ) —axCco Ot

7 alrta

Theal XY nlanes of the two coordinate svustams are narallel to one ano

LU EA~ Fa

TIh

x-and-Sy



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

2023 RLV © IEC 2023

IEC 61280-1-4

- 30 -

&b ¢ $9 b .
< &+ |- [O) =
e =5 & o & q
Q)] |mm > ] -
&b EEEEE 5% ¢ $
B T g ; oz - >3
@) m&\ g DG = o)
- - o <
& 3 S o g 20 - T ¢
] e G d 9@ [N £
Nen r O & "] D N
% - g0} @ ¢ ¢ )] '] aO
& oD, Te 5 s e
@ P .rm.u_ [ORE .MM .MM - w . |ow ()]
?e & D & 5 b ) o
o2 3 & d 9 X ®
) LR D RN
D [ . r oy ®
LY bH PP o o & E b -
& h =+ 3 4 < P ~ ® =
s L b [}
@ 29 q Ta o
o FoPm» o9 3 @ &
I o oL » D &P &5 @ 5
D ¢ Pl & g il 5 - X 2
T X i o) @ = L D ®©
d P £ PHE 2% 7 P
- @ g D =
o [ g 33 D @ <
b 9 o DR = b Nen =
mU - - .mM & Mw M_\ h . s Mw
€ P o NI b Ko
3 ERENGT m 3
$ LEE: SEQ ¢
.mw 9 & .mw MVN D © mm
O > ® ) FS |._a D o
c P X ¢ P9 & E P ) @
9z wBPD L3 © i
= o Q & °d g 2 g p 4 e
g1 P2EQ Fo : 2 @
C b D . b
2 g888 I3 388 %
Q) >t ; ¢ 3 2 @ )
o a) [0)) W L p %
.mw T OO <4 P 5 e &
© D 2 4 g @ &> D i 14
i€ T © b dq [} D
& +F = - G I P L —+
== > o 4 5 D ] (]
— N !
P N g3 1 s 2
(O] |nw %w mn -- e i . L Mwu .m..
w e r l Cl b
) ® o I~ €] mM .mm “ w . [0)] A
e q ) =+ § + €L T
N B £ 04 nw P o D E g 3 * = g
T ¢ “$ o P o @ P -+ m ) 9
©@ B & 6 ¢ 1% xR 5 3 ¢ g
QF zTa%fs B8 P D O N g
a7 52FF 227 2285 245G g
I o &< o Jd D . & Db |- q
@ gL ES e ® g d @ 4
D T Hm ® P mw q O D A5 D nw b & n_w
(G e Dk o @ e O P " ) 4 = g
© & © + P o & -~ O J d D ¢ . d
T R A“ D sy f.‘ ql € ad - ( mm -
Mwu A~ [en b .3 T ® e O d MW P B
e [OBN o) sl 5 9 £ o L
- q
D D =+ P q g 5 & Y - a S D
o8 0 - o P ¢ - D D
23 242 T & T g . PSS E D
@ b 2.5 Q4 3 5 Q0 P X el L
Wy L L Cl 4 D
o & T b z & P @] b

(

N

Pi
Vel
7

— A

I = 1V
X
P|:\:V

P



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

—-31-

-1-4:2023 RLV © IEC 2023

IEC 61280

S

LIa a7

(B 4)

P17

It is ucefultotest that csuch sscsertions - are alwave

Wt TCaot 9T 1T ot

o oo o toOtCotT tHat SuU T oot Tt ono arc—arma y s
SO pPUtatos

e of further comnputations will at least he-in-etror

the code
H—Re-Goae-
hat the result

T HToeCotattH e o oGO~ o rdimsy

it is common-to-round-these

after testingfor =0 and =1

UG

1S

tEeSHRgG 1O+

S

SHHROR—

o—aG

Aot

ar laft 22 csub-matrix {consistinaga of all but the constant and tranclation terms) oflthe

oot o tCT oot

T 2 AL Ouo ot A (CoOToTotTg O ot out o Cootantara

x: 5
o -
9y 3
i d L
() ...o r
T b
5 - w
['y: :
(@)
3T ) 0@ ;
| T d O I 5
L ( o = r
Q D pruv] © r
« d R 4 F
DL P D mv
L EEE g i
o pur] |..n.u e D
0 o 9 .MG & <«
d 5
D D q q mw
: ; a2 ® 2
& H D
o & Z H

(R 5\

p_la ?]

LA



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

IEC 61280-1-4:2023 RLV © IEC 2023

—-32-

sing

1

0 cosg

oL N~ -
> D s ?
N Y - ~T .v..;. (0]
> Y il T @ $d
o & 3 % 4
a\ < ¢
> & 3
P q
e b d
&
® T ¢
Nen mmv d
3 =
= g
& ® g
o) ¢ q
o) Ni = 3
nV . mw i n|c ® ¢
Z @ S |® @ &
48 ~
o) S | —t— > 3
n n —_ WI, nl Q
(0] 7 ) > _wl | .mW d
Mw | W [N w T g
b s = @ ¢ d
Sl
U £ 10 B w o q
] T+ 218 x| = 2 q
T o - [
2| — 3 S0 33 == 23
.= > q
o Q o] O |0
|| © = . x> SSUES @ 9
= 0| c ®» q
e c\M 8 |'® d 7
Db © H..w_ @ x My < d
0|l c EY N Q q
£ - F o)
8|® | & = _M||_ & ¢
| B of 3
I n ¢ SEES I 4.
| ® S PR AOL: y’ 27
F = 5 ¢ 3
® T e O ]
R | $ T
] B S " T
- I 2 p
& Ry >4
O 8\ e
b “n . L od
2 I 3 d
5 Q Q‘ &
o AU L g
6 L q
[ . & 3
&2 o 3
iE 2
® .9
- Y
% : $
C q
)
£ : 3
F b
5 q
3 &
£ /Y.
_ —
P g P
H H &

(B 11)

(BT 17

cos(6 — ¢)

e

cosé

a

(R 12\
(D1

sin 6
cos?(0-¢)

arg 12 =

Sin2(9_¢) and 2 _
cos?9

2



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

— 33 -

IEC 61280-1-4:2023 RLV © IEC 2023

(R 13)
N

o7

(B 14\
(D14

o7

N
t

A=

LIy

(R 15\
N

N

whan comna

and V —
aru 1

d from

In nractice

"2

172

Y and Veannot ha lass than zaro or more than unity

ToTCarr—arity -

g 1 oo ot oo Tcoo a1 oo

Ryted-fom
>
%

TP T Ce Wi~ Gom

ae _arrore
Tge—Ci1orp

ation and skaw
O3 G-SKeW

-

witHO)

\ARRI RS

ha maore than clinht harcausce eaven
tHaR—SHGAT

(~a~7

will
WHH

aveace Nnvar

o CauoC— T Vv o

navar
oV CT oS

unity
tHHEY

e Courtig—gurc

O AU ST P opoaoratC— S gy

T CTore

™~

Moo U St S oo

O

T

and so will he ianoriad
AR G-SO-WHrDEe1ghof

o)

LB R

Ot CToTrCTar oo T T PTreoTritargo

oty

toonoisvtosunnort tha desired acecurhecv

wheaera 1/cos()V becomes-toolaraean

carto 40 °

(Rl117)
=4

In thaorv
e o5

med

o CACCoOO—OVveT

TIh

. . /. .
effakt af mascuramant arrars ic tharafora to cause nronortionate arrdrd’in tha racultina dure

T

Ot TATTOOS OVl

is ol

O CIIooTCT O o WiicTT 17 oo/ PTTomTcotoUo |u|3u“|u 0O oy tO ouUpP POt tiTc UConTuaCouuoy~



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

4:2023 RLV © IEC 2023

-

IEC 61280

— 34—

i) ;D 7 o oY £ -+
) %m = kS ? 2 g % % i N
& = o & 0 Id
b < 5T & kid = » 3 ,.v\
) = ) N % & &
g -+ - oy ¢ @
o g D o8 ) & 4 D q
b Wn [q\] .—m-w o Qw m“ =
[ o] &+ ©)
> .mW ()} mM Am 4T MW )
D T O o) fen ()] =1 q
. 358 s [ 8% 3 :
X, Lo o o) & 9 @
5 <N D o) £ T o3 .
\ O & Q < @D [0)] D
5 el g +F ¢ 2 W . Q -
£ £ O MW ™ » = »
b muV (O] mm MW :n.w w D
¢ G b ® & D 2 3
» 4 ® 5 3 P ;
ROl ¢ G & [o¥ ] m - @
?. 230 2 .mw o D O &
: Ts oyt 3 £f 2
i % 2 Al 2 P % o .
wr © F [} < 0] oy 5 nnw
R b 5 +
m +b oL (0] - ™
8 3 [V : 2 : i3
£ 3 . = . J
Ken =+ q O\ ®© R= D
5 % ] & M 9 b d O hig
P g X H \\0.. @ ) T D n
e b : 4 @ < q b
& = ) 4 o) = P d —|l v
g 2% o 2% T% 4 : |
L +P o - L
| - Hn -+ M = D ()
3 %9 ! 4%e 3} - o o
—+ & q D I G s
P g 2 @ g ¥ N 2 d 15
3 % 3 £l $%, % 5 1 |
O . < P P q .
[N @ Mw s q Q \ E @ Lo
D rar] mm q T E o)
A @ - gL g I} muw\ & d
K} ® & X = oY, Q&
£ R ¢ N P ol :
g il @ g e o P oo *
- - 3 e o b @ .
® ¢ =4 = i = o % @ L 23
@ o o P ? &£ (3 :
® st oL ) Q. ) %) ® d
X =+ o 5 e T 9 v, 0
& oL W & ®© prav) o g D ..
Py L " « o
e - mu o Q: b g 5 4
D @ = p S T i
Mw ol D Mm Pl [0} L &
C €5 [o) ] 5 jens & q «
(%] mV [ [4y] ++ d d
id 3¢ £ e ok ol L © ¢
£ £ . : : = S
: @ ® g o ) < = /4
[0)] HenpN . D <
= s 1 (and (o] (o] (o]
() Y [ [ [
® ¢ 8 i3 & - o



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

IEC 61280-1-4:2023 RLV © IEC 2023 - 35—



https://iecnorm.com/api/?name=b12a323616f35b024a386977fb3b32a3

- 36 — IEC 61280-1-4:2023 RLV © IEC 2023

S——Eandﬁ’——ﬁ (C.8)
X~ 7, y =, 97

. o G . . b G . .
This-completes-the procedure-
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardiZation compri
Il national electrotechnical committees (IEC National Committees). The object of IEC is to prompte internat
-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications; Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEE “Publication(s)").
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt
ay participate in this preparatory work. International, governmental and non-goveérhmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with,the International Organizatio
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatio

he formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical committee has representation frof
terested IEC National Committees.

FC Publications have the form of recommendations for interpational use and are accepted by IEC Nat|
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsiblefor the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their,national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national.er regional publication shall be clearly indicated in the |2

FC itself does not provide any attestation of\conformity. Independent certification bodies provide confo

Isessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible foi

rvices carried out by independent certification bodies.

Il users should ensure that they have(the latest edition of this publication.
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o liability shall attach to IEC or,its-directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature| whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to\the Normative references cited in this publication. Use of the referenced publicatio
dispensable for the torrect application of this publication.

ttention is drawnito the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shall"not be held responsible for identifying any or all such patent rights.

61280-1-4 has been prepared by subcommittee 86C: Fibre optic systems and adg
ces,of IEC technical committee 86: Fibre optics. It is an International Standard.

e or
and
IEC

hs is

htent

tive

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) improvement of calibration procedure and calibration traceability;

b) improvement of fibre shaker description and requirements;

c) addition of pulsed light sources;

d) removal of a poorly traceable calibration process using a micro positioner.
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text of this International Standard is based on the following documents:
Draft Report on voting
86C/1806/CDV 86C/1828/RVC

Full information on the voting for its approval can be found in the report on voting indicated in

the

The

above table.

language used for the development of this International Standard is English.

This
acc

document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

d in

prdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement{ available

at www.iec.ch/members_experts/refdocs. The main document types developedcby IEC |are
desgribed in greater detail at www.iec.ch/publications.
A ligt of all parts of the IEC 61280 series can be found, under the general title Fibre dptic
communication subsystem test procedures, on the IEC website.
The| committee has decided that the contents of this document willixemain unchanged until the
stahility date indicated on the IEC website under webstore.iec.€h in the data related to|the
spetific document. At this date, the document will be
e feconfirmed,
e Withdrawn,
e feplaced by a revised edition, or
e BAmended.
IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
coptains colours which are considered to be useful for the correct understanding of |its
coptents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 61280 specifies how to measure the encircled flux of a multimode light source.
Encircled flux is a fraction of the cumulative output power to the total output power as a function
of radial distance from the centre of the multimode optical fibre’s core.

The basic approach is to collect two-dimensional (2D) nearfield data, using a calibrated camera,
and to mathematically convert the 2D data into three normalized functions of radial distance
from the fibre’s optical centre. The three functions are intensity, incremental flux, and encircled
flux. The intensity represents optical power per surface area (in watts per square meter). The
increEmental 1luX represents optical power per radius diiterential (in watlts per meter), and| the
enc|rcled flux represents a fraction of the cumulative output power to the total output powef.

Thefse three radial functions are intended to characterize fibre optic laser sources €ither for|use
in mathematical models predicting the minimum guaranteed length of a communications link, or
to qualify a light source to measure insertion loss in multimode links.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM
TEST PROCEDURES -

Part 1-4: General communication subsystems —
Light source encircled flux measurement method
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part of IEC 61280 establishes the characterization process of the encitcled
surement method of light sources intended to be used with multimode fibre.

document sets forth a procedure for the collection of two-dimensional fibre“optic nearf
scale data and subsequent reduction to one-dimensional data expressed as a set of th
pled parametric functions of radius from the fibre’s optical centre.

mation of the fibre core diameter is not an objective of this document.

Normative references

stitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of\the referenced document (including
ndments) applies.

60793-2-10, Optical fibres — Part 2-10:Product specifications — Sectional specification
gory A1 multimode fibres

60825-1, Safety of laser products — Part 1: Equipment classification and requirements

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

and |IEC _maintain terminology databases for use in standardization at the folloy
fesses:

EC Electropedia: available at https://www.electropedia.org/

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

flux

ield
ree

following documents are referred to in the text in stch a way that some or all of their confent

ies.
any

for

ving

3.1
cali

bration light source

light source used to find the optical centre of a multimode fibre

3.2
cen

troid image

image used to determine the optical centre of the multimode fibre core

3.3

corrected image
image which has had a dark image subtracted from it and whose elements have had uniformity
correction applied
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dark image
image taken with the measured light source either turned off or not installed in the input port

Note

3.5
ima

1 to entry: Stray light and electrical signals of the detection system will remain in the dark image.

ge

023

two-dimensional rectangular array of numbers whose elements are pixels and whose pixel
values linearly correspond to the optical power falling on the pixels

3.6
ligh
sSom
EXA

3.7

measurement light source

ligh

3.8

nominal core radius

half]

3.9

ring smoothing
technique to reduce the two dimensional near field image into a 1-D near field intensity pr
while cancelling the effects of the periodic spacing of imager pixels of finite area

3.10
tranjsmission light source

ligh

3.11

uniformity correction

t source
ething that emits light that is coupled into a fibre, the output of which can be measured

source intended to be used in the measurement of attenuation

the nominal core diameter of the multimode fibre to be me&asured

source used to transmit digital data over multimode fibre optic links

MPLE Calibration light source, transmission light source, light source used for attenuation“measurements].

bfile

progess to correct the sensitivity of a pixel so that it performs substantially like an average pixel

3.12

valid pixel

optical detection-element in the detector matrix whose sensitivity, when corrected, is within b %

of the mean.sensitivity of the average conversion efficiency of the detector

4 |Symbols

B baseline intensity
NOTE 1 This value is determined from a region of the computed near field just outside the
core boundary.

D distance from the centre of the centroid image to the nearest boundary of
the image

D, Dg, D1, Dg  set of distances from the centre of the centroid image to, respectively, the
left, right, top and bottom boundaries of the image
NOTE 2 The minimum of this set is used to compute D.

EF(i) encircled flux vector

EF'(i) non-normalized encircled flux vector
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Idark

raw

index parameter used in the parametric result vectors and EF(i)

matrix of pixel intensities of a dark image as measured by the detector and
digitizer

matrix of pixel intensities of the light source, before correction, as measured
by the detector and image digitizer

near-field intensity matrix

NOTE 3 This is a matrix of pixel intensities, based on I, @S measured by the detector and

corrected using U and 7, .

max

ring-smoothed intensity vector, each element being the arithmetic averelage
of the set of radial coordinates of all the pixels in a given ring

number of rings used to compute the 1-D near field
number of rows in an image

NOTE 4 All columns in an image have the same number of rows.
number of columns in an image

NOTE 5 All rows in an image have the same number of columns.
most intense valid pixel in the centroid image

least intense valid pixel in the centroid image

radial coordinate, in ym, of the centre of any pixel, referenced to the opt|cal
centre X, Y

ring-smoothed radial vector, each element being the arithmetic average of
the radii of all the pixels in the it" ring

integration limit along the radius

column-weighted summation of all pixel intensities greater than T in the
centroid image

intensity summation vector used in ring smoothing

summation,of all pixel intensities greater than T in the centroid image
pixel counting vector used in ring smoothing

radius summation vector used in ring smoothing

row-weighted summation of all pixel intensities greater than T in the centroid
image

horizontal geometric calibration factor (along columns)

vertical geometric calibration factor (along rows)

threshold used to determine which pixels in the centroid image will be used
to determine the optical centre

NOTE 6 All pixels greater than or equal to T are used to compute the centroid.

sensitivity correction matrix, applied to a dark-subtracted image to reduce
non-uniformity of the detector’s pixel-to-pixel conversion efficiency

half-width, in ym, of the rings used to compute the 1-D near field

X axis (column) location of the centre of the centroid image

Y axis (row) location of the centre of the centroid image
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5 Assumptions

5.1 Assumptions applicable to the characterization of data sources

The 50 ym or 62,5 ym core near-parabolic graded-index multimode fibre used as the "test
jumper assembly" is treated as if it possessed perfect circular symmetry about its optical centre,
because asymmetries in the launched optical flux distributions will dominate any distortions
introduced by the test jumper assembly, such as lateral and angular misalignments. It is further
assumed that all cladding modes will be stripped by passage through the specified ten metres
or more of fibre. The modes of a mode group need not carry equal flux. In fact, with such short

flbrﬁMmLmﬂmmwmummmmmmmMﬁMw the
norm, not the exception.

5.2| Assumptions applicable to the characterization of measurement sources
Medsurement sources are assumed to be sufficiently broadband and incoherent;'so that spegkle
is not a problem, and to have a sufficiently symmetrical nearfield distribution, so that|the

trunfcated centroid of that nearfield indicates the location of the optical centre of the fibre with
suffjcient accuracy for the purposes of this document.

6 |Apparatus

6.1 Common apparatus
6.1./1 General

Figure 1 below shows an apparatus block diagram.

Collimating

region I
g Attenudtion® Computer

(optienal) Y
A
Detector _Irr_le_lge
electronlcsb digitizer2

hput ortCI
putp Detector

Magnifying,
optics

he image digitizer can be either part of a camera or a computer add-in board.

b he detector electronics are usually integral to the camera and digitizer.

¢ ttenuatijon is best placed in the collimating region of the optical path, but not all optical designs will havle an
ccessible collimating region. When this is not possible, the attenuation should be placed on the detector sifle of
the optics

When a micro positioner (not shown) is employed, the input port will be physically attached to it.

Figure 1 — Apparatus block diagram

6.1.2 Computer

A computer is required, because the acquired image contains many thousands of pixels, and
the reduction of the image to encircled flux requires substantial computation. The computer will
usually be connected to the image digitizer to control the acquisition of an image through
software and can also control the micro positioner (and the source, if correlated double sampling
is implemented).
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6.1.3 Image digitizer
The nearfield of the fibre core is imaged onto the detector and then digitized by the image

digitizer. The image digitizer can be an integral part of a camera, which also contains the
detector, or can be an add-in frame-grabber board in the computer.

Automatic circuitry in the digitizer, for example automatic gain control (ABC) often found in
video cameras, shall be disabled.

6.1.4 Detector

The| detector is typically a charge-coupled device (CCD) or complementary metal-oxide
senficonductor (CMOS) camera. Other types of array cameras can be considered. In ahy,case,
detgctors shall be both nominally linear and memoryless. Absolute radiometric measufrement of
flux|(optical power flow) is not required.

Autpmatic circuitry in the detector, for example automatic gain control often found in video
canleras, shall be disabled.

Thel| difference in conversion sensitivity from pixel to pixel in the detector will affect|the
megsurement accuracy. The non-uniformity in the corrected €onversion efficiency of|the
detgctor shall not exceed 15 %. It is possible to calibrate @nd correct a detector, wHose
uncprrected uniformity is worse than 5 %, by applying a pixel-by-pixel sensitivity correction
matfix, U, to the raw image. Often, this correction is part 6f the camera function (and so dach
element of U can be taken as unity). Sometimes, the correction matrix can be provided by|the
detector supplier. In other cases, the correction matrixsshall be determined by the procedure
outljned in Clause A.2.

Detectors can have invalid pixels, which are ‘pixels whose corrected conversion efficigncy
exceeds +5 % of the average conversion efficiency of the detector. Invalid pixels will often
produce no signal, a completely saturated signal, or be stuck at some intermediate value.
Detectors whose invalid pixel count exceeds 0,1 % of the total number of pixels shall be
rejected.

In most cameras and image digitizers, the setting of the "black level" is user adjustable. Sane
the detector will be slightly nojsy, it is important that the detector and digitizer do not clip ranglom
blagk signals at zero (in .common systems, random noise in a detector will have a standard
dev|ation less than 0,5'% of the saturation level). To ensure no clipping of the noise, when
settpble, set the black)level to produce a small positive signal (typically at least five times|the
standard deviation\of the noise) when no light is impinging on the detector.

6.1.5 Magnifying optics

Suifable"gptics shall be provided to project the magnified image of the input port onto|the
detector; in such a way that the detector can measure the entire nearfield flux distribution. [The

ica-aperture-of-themaghifyirg-oph haH-execeed-thereminalrurmericalaperiure-of the
fibres (as specified in the fibre’s family specification) used in calibration or measurement.
Microscope objectives are often appropriate for this purpose.

NOTE When a microscope objective is used, its actual magnification as used in the present apparatus generally
will not be the same as the nominal magnification factor engraved into the side of the objective, because the present
apparatus differs from the standard microscope for which that nominal magnification factor was computed. The
geometric calibration procedures outlined in Clause 8 determine the actual magnification.

Reflections from optical surfaces can seriously degrade the measurement of encircled flux. Anti-
reflection coating at the wavelength of measurement or other forms of reflection control can be
considered to reduce reflections.

Measurement precision is important when characterizing measurement light sources, so that
optical distortion is kept to a minimum. Careful selection and application of the lenses and other
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optical components is recommended. Plan-type microscope objectives are an example of
suitable optics. The procedures found in I[EC 61745:2017 can be used to assess the optical
integrity of the apparatus.

It is important that the distance between the detector and all elements of the magnifying optics
be held fixed once calibration is performed. When the relationship between these elements
changes, the magnification is expected to change enough that recalibration will be required.
Focusing shall be accomplished by changing only the distance between input port and the
magnifying optics.

&
|49 |

Oftgn, the optical flux of the source will saturate the detector and the only effective solutign is
to employ optical attenuation. Any attenuation element shall not reduce the numerjealaperture
of the optical system and shall not be the source of significant reflections or optical distortipns,
whi¢h will bias the resulting encircled flux.

NOTE 1 When neutral density filters are used in the optical system, geometric distortions*can be introduced.

NOTE 2 Changing the attenuation between the optical centre image and the image of the measured sourcg can
cause the location of the optical centre of the measurement source to move away from that determined using the
optigal centre image, causing errors in the resulting radial data functions.

6.1.[7 Micro positioner (optional)

The| micro positioner is an optional part of the apparatus.(Depending on the apparatus desjign,
it is| possible to rely on connector ferrule geometry te’ place the image completely onto|the
detector without a micro positioner. In many implementations, only a focus adjustment (Z gxis)
is ngcessary, and in some cases, all three axes may*only require alignment during construgtion
or maintenance of the apparatus. Using the ferrule to place the fibre core image onto|the
detgctor does not relieve the requirement of finding the optical centre as required by 9.3.

Wheén used, the purpose of the micro positioner is to bring the projected image of the fibre flace
into|focus on the detector and to determine the magnification of the apparatus (see Clausg 8).
Meghanical locking mechanisms or-their equivalents are required for all three axes to preyent
meghanical drift during measurement. The micro positioner can optionally be driven by mofors
and|can optionally employ feedback mechanisms to control the actual position of the stage (jand
thug the fibre face).

6.1.8 Input port

Thel input port isswhere the calibration artefacts and measurement samples are connectefl to
the |apparatusy “Fhe input port characteristics depend on which type of source is to| be
chafacterized

When.characterizing transmission light sources, the input port is the distal end of the test jumper
assembly. The proximal end of the test jumper assembly will be imaged onto the detector. When
a micro positioner is used, the proximal end will be attached to the micro positioner.

When characterizing measurement light sources, the input port is commonly a connector
bulkhead or its equivalent. When a micro positioner is employed, the bulkhead will be attached
to the micro positioner.

See 6.2 and 6.3 for particular requirements.

6.1.9 Calibration light source

The calibration light source is used when calibrating the apparatus (see Clause 8). When this
source is used to illuminate the test jumper assembly, the calibration source shall overfill the
modes of the jumper. Optionally, a mode scrambler can be used with the chosen calibration
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source to ensure more uniform overfilling of the fibre. See IEC 60793-1-41 for information on
mode scramblers.

Any spectrally broad non-coherent light source, such as a tungsten-halogen lamp, a xenon arc
lamp, or a light-emitting diode (LED), can be used to overfill the fibre of the test jumper
assembly. When calibrating the apparatus for the characterization of measurement light
sources, the centre wavelength of the calibration source shall be within 30 nm of the nominal
wavelength of the light sources to be qualified, and its spectral width (i.e., full width at half
maximum) shall be no more than 100 nm. When -calibrating the apparatus for the
characterization of transmission light sources, the spectral characteristics of the calibration
source are not specified _but it is recommended that its spectrum be similar to the sources to
be ¢haracterized. The chosen calibration source shall be stable in intensity over a time_pefiod
suffjcient to perform the measurements.

6.2| Transmission source apparatus
6.2/ General

When characterizing transmission light sources, the input port of the apparatus consists of|two
elements, the test jumper assembly and the fibre shaker (see Figure-2below).

Source control (optional)

To computer
! Distal end Proximal’end

Calibration
source

Fibre

Transmission

[ Optical connector ends
source no. 1
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1

1

1

1

1

| 1

1

|

1

Transmission !

source no. 2 : Tesfjumper assembly

1

1

1

1

1

| ¥

1

1

IEC
Figure 2— Typical set-up for transmission source measurement

6.2.2 Test{jumper assembly

The| purpose of the test jumper assembly is to strip cladding modes, and to allow speckle t¢ be
avefaged-out by mechanical flexing of a portion of the test jumper assembly. The test jumper
assembly is used only when qualifying light sources for multimode transmission.

The test jumper assembly shall be at least 10 m in length, made of germanium-doped near-
parabolic graded-index fused-silica multimode "glass", an IEC 60793-2-10 class A1-OM2 to
OMS5 fibre with a core diameter of 50 ym or class A1-OM1 fibre with a core diameter 62,5 pm.
The test jumper assembly shall consist of a single, uncut length of fibre with connectors at each
end. The test jumper assembly connectors shall have single-mode mechanical tolerances, even
though the fibre is multimode.

6.2.3 Fibre shaker

The purpose of the fibre shaker is to change the differential path length of the various modes
in the test jumper, ensuring that speckle in the averaged image will be reduced, as the image
is averaged. Speckle reduction can be accomplished in a variety of ways and shall be good
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enough to ensure sufficient repeatability in the measurement of encircled flux. Shaking of the
test jumper assembly with a mechanical device is required to reduce speckle.

Part of the test jumper assembly shall be mechanically shaken continuously in each of three
nominally orthogonal directions (using three independent shaker mechanisms) during the
measurement, making at least one hundred shake cycles in each of the three directions during
the measurement period. The shake frequencies in the three directions shall be chosen such
that the three shake cycles synchronize no more often than once every five hundred cycles of
the middle shake frequency.

A fi , ‘ . I e I 4ude
moyjements and flexing in the optical fibre. Fibre transverse displacements of more than25 [mm
are [suggested. The fibre shakers shall include a fibre holding fixture for securely holding|the
fibre.

Ong exemplary mechanism, shown in Figure 3, has three turns of fibre coiled intoa 3-ply figure-
eight arrangement, with the loops each being approximately 120 mm in diameter. A mqtor-
driven eccentric drives a slider back and forth at about one stroke per“second, alternately
flattening and stretching one loop of the figure eight with 25-mm~amplitude. Three rj|uch
meghanisms in series will consume about 3 x 3 x (2 x 7w x 0,120),=)|6;8 m of the test jumper
assembly’s fibre.

Fibre Fibre
. |-
in » E E_—> out
Elastic Elastic
) +120 mm )
fibre diameter fibre
clamp clamp

circle

+120.mm
diameter
circle

Y

+ 25 mm peak

displacement IEC

NOTE 1 Only onefigure-eight loop of the three loops is shown here, for visual clarity. Fibre clips are used to keep
fibrelin place, in-addition to elastic fibre clamps that prevent transmission of fibre motion. Loose fibre clips not shpwn.

NOTE 2 ,ibre is moved back and forth as shown, with a peak-to-peak amplitude of about 25 mm, distorting| one
fibre|loop.

rFigure 5 — Fibre shaker example

Another exemplary approach is to hang large loose loops of fibre in front of a large fan which
blows these loops about, the turbulence in the stream of the fan randomizing the motion.

NOTE 1 The fibre ends leading into and out of the fibre shakers are mechanically fixed or stabilized to prevent
movement of fibres at connection points. In addition, the fibre shakers are mechanically isolated from the rest of the
test setup so that vibrations are not transmitted to connection points throughout the apparatus, or to the micro
positioner, detector, or magnifying optics. Vibration reduction is easier if the fibre shaker is both statically and
dynamically balanced, and if all moving components are light in weight.

NOTE 2 There is no required relation between the measurement period (containing the one hundred strokes) and
the acquisition time of an image. Typically, in each measurement period, many individual images are taken and later
summed or averaged by the computer; this technique can help to avoid detector saturation. The detector and digitizer
can perform an equivalent function independently. The image will be relatively speckle free when one hundred shake
cycles are averaged in this way.
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6.3 Measurement source apparatus

The apparatus as described in 6.1 is sufficient to characterize measurement light sources. Fibre
shaking or other speckle reduction techniques shall not be employed.

NOTE This document does not address the characterization of OTDR transmitters, which will display significant
speckle. At the time of publication of this document, the characterization of encircled flux for OTDRs was still under
study.

7 Sampling and specimens

Light sources to be tested shall be chosen and prepared as defined by the user of [this
docpument, who shall document the sampling and preparation procedures used. The ¢nly
reqliirements on the light sources under test are that they have an operating wavelength
conjpatible with the detector and have optical connectors or splices compatible with the ipput
porf of the apparatus. The construction details of the light sources are otherwise_ unspecifigd.

Wheén qualifying lasers, the laser drive current shall be sufficient to ensurelthat the laser always
actq as a laser, rather than as a light-emitting diode (LED).

8 |Geometric calibration

Calibration of the apparatus is critical to the accuracy of. this measurement procedure (see
Clayise A.4 for a description of the kinds of noise and(érrors that calibration can correct).
Calibration shall be performed periodically and should. be performed at least monthly. If|the
calibration is known to drift significantly during a measurement interval, the source(s) of|the
driff shall be identified and eliminated. If the apparatus is disassembled, or its components in
the |optical path or affecting the optical path are otherwise manipulated, calibration shal| be
performed before measurements are made.

The|purpose of geometric calibration iste obtain the measurement data needed to computel the
magnification factors Sy and Sy which-have units of microns per pixel. These factors wil| be

usefl to convert camera coordinates to fibre end-face coordinates. These magnification factors
can|be arrived at by using IEC 61745:2017 (specifically 5.3.4.2).

9 |Measurement procedure

9.1| Safety

All procedures)in which an LED or laser source is used as the optical source shall be carried
out using sdafety precautions in accordance with IEC 60825-1.

—

9.2 | Jdmage acquisition

9.2.1 Raw image acquisition
9.2.1.1 General

Acquiring an image is central to the measurement of encircled flux. The approach to image
acquisition depends on the general characteristics of the light source being measured. When
acquiring transmission light source images, a fibre shaker is required, which in turn requires
that some form of averaging be performed.

Measurements of light sources, on the other hand, will not require a fibre shaker, and usually
their optical intensity is sufficient to allow very short detector integration times. These issues
are discussed in 9.2.1.2 and 9.2.1.3.
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In any case, the raw image obtained from the measurements described in 9.2.1.2 and 9.2.1.3
is a matrix of uncorrected intensities /,,,,, whose dimensions are N, rows by N, columns.

9.2.1.2 Transmission light source image acquisition

Since transmission light sources require a fibre shaker, and the resultant image shall be
integrated over at least 100 cycles of the fibre shaker, long integration times are required. Direct
detector integration and digital image accumulation can be employed to achieve the required
integration. A typical procedure is to acquire multiple frames and sum or average them
numerically, pixel-by-pixel. This approach prevents detector saturation while integrating enough

shakercvcles to effectively reduce speckle
J J L

9.2.1.3 Measurement light source image acquisition

Typjcal measurement light sources require only one short-period detector integration to arrive
at alusable raw image. These sources are sufficiently incoherent and are sufficiently intense to
eas|ly get adequate dynamic range, although attenuation may be required-to operate|the
detgctor within its linear range.

NOTE OTDR measurement light sources present significant challenges to applying)this method and have not peen
invegtigated.

9.2.2 Dark image acquisition

The|ldark image is used to correct the raw image, pixel-by-pixel, for dark currents and DC offsets
intropduced by the detector and digitizer. To acquire the dark image, the detector integraj}ion
timg and digital image accumulation shall be the same "as was used to acquire /,,,,. The dark

imape is acquired with the input port of the apparatus blocked to prevent light from entering|the
optical system. The resultant image is the matgix\y,«-

In spme systems, the dark image is sufficiently uniform to be assumed constant for all piXels.
In this case, each element of /5, can be-taken as zero. The average dark level will be remgved

fronp the resultant data by the baseling*subtraction procedure outlined in 10.2.

9.2 Corrected image

Thel corrected image matrix-/, is computed from the matrices /,,, /g5 @and U, ; as showh in
Formula (1).

Ic = (Irawnc ~Ldark, )*Ur,c (1)

where
U,

is the sensitivity correction matrix, reducing non-uniformity of the detector’s pixel-to-pixel
conversion efficiency.

r,c

NOTE 1 The asterisk (*) operator denotes element-by-element multiplication.

NOTE 2 When the camera is sufficiently uniform without correction, and the baseline subtraction step of 10.2 is to
be performed, no correction is required, so / can be setto /.

9.3 Optical centre determination
9.3.1 General

Encircled flux is computed with respect to the optical centre of the multimode fibre’s core. It is
known that coherent light sources can produce, at least over short distances, near fields which
are not symmetric about the centre of the fibre core. When measuring transmission sources,
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which are typically coherent, the optical centre of the test jumper assembly cannot be
determined from the nearfield image of the transmission light source itself. Instead, the test
jumper assembly’s centre is determined by illuminating its core with a calibration source and
finding the centroid of the resulting nearfield.

Since transmission light sources require two separate images to make a measurement of
encircled flux (i.e., the image for centring and an image of the light source to be measured),
attenuation setting is more challenging. As previously noted, moving or changing the
attenuation between two images can shift the optical centre of the image. It is recommended
that one attenuator setting be used for both images.

9.3.2 Centroid image

The| centroid image is the image used to determine the optical centre of the multimode fjbre
cord. As discussed above, the centroid image for transmission light sources is animage of|the
test|jumper assembly illuminated by a calibration light source. For measurement.ight sour¢es,
the [same image shall be used to find both the optical centre of the fibre and.fo compute|the
enc|rcled flux. Use 9.1 to acquire the centroid image.

NOTE A transmission light source centroid image can be used for any number of‘'measurements of encircled flux
as lgng as the test jumper assembly’s optical centre is sufficiently stable with respect/to the detector. Stability df the
micr positioner, if used, and reasonable control of the ambient environment helpnsure that the test jumper remains
fixed in place.

9.3.8 Centroid computation

Usimg the centroid image, the near field centre is computed by finding the centre of gravitly of
the Jight intensity distribution for each Cartesian axis ‘independently.

To find the centroid, first find Py, and Py, “Which are the intensities of the brightest jand

dimmest valid pixels in the entire centroid image (using invalid pixels will corrupt|the
detgrmination of T), and then compute the threshold T as shown in Formula (2).

D=0,1(Pytax — Putin ) + Prtin (2)

Next, compute the three\summations shown in Formula (3) over all pixels, excluding pixels with
intepsities less than T,Jover the row and column indices » and c.

MR Nc (0 I(r,c)<T
Sp=2. 2

o — I(r,c) I(r,c)ZT

Nr N
¢ LB V‘JO 1(r,c)<T 3)
' VL‘:1 ;[rl(r,c) I(r,c)ZT

MR 0 1(r,c)<T

c[(r,c) I(r,c)ZT

Finally, compute the coordinates of the centroid, (X,,Y;), as shown in Formula (4).
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Test source image acquisition
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To echuire an image of the test source, connect the test source to the apparatus and ener

the
test|

10

10.1

The)
by 3
W is
Xo,}
coo
coo

The
the

vertically, and the inner ring is hatched horizontally. Each ring has a width 2/# and overlap
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fest source. Allow the test source to warm up as required, and then acquire an image-of
source using the guidelines in 9.1.

Computation of encircled flux

Computation of radial data functions

first computation step reduces the 2D pixel data into a one-dimensional (1D) radial fung
veraging the pixels in sets of nested and overlapping annular‘rings of thickness 2 (wh

0,2 ym unless otherwise specified), which are centred_ on-the optical centre of the fi
(0, as defined in 9.3.3. The spacing of the rings is W, microns, although the ring’s ra

rdinate in the resulting radial data functions will be the radial centroid of the rg
rdinates of the pixels in the ring.

filtering concept is illustrated in Figure 4. The.elements of the square grid are the pixe
mage. Two rings, centred on the optical centre Xj,Y,, are shown: the outer ring is hatg

on W wide. The overlap region in the diagram is cross-hatched. The greyed-in pixels
pixels which will be averaged intozthe outer ring since their centres fall inside the o
s boundary.
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Figure 4 — Pixel and ring illustration
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Use the following steps to compute the radial functions.

a) Determine the maximum radius of a complete ring. This step finds the largest ring that will
fit in the image without being truncated by an image boundary. Compute the shortest
distance to the edge of the image from the image centre using Formula (5).

Dy = SxXg
Dg = Sx (Nc —Xop)
Dg =5y (Nr—10p)

D=min (D,Dg,Dt,Dg)

Where the function "min" finds the minimum of the four distances. Next, cdmpute the number
Df rings, Ng, as shown in Formula (6).

Ng = 6
R 7 (6)
b) RAllocate and zero the three summation arrays, Sg(0:.Ng), S,(0..Ng), and Sy(0..NR).
Forleach and every pixel (on row » and column c), perform the following steps.
c) [ompute the radial coordinate R as shown in-Formula (7).
2 2 2 2
RZ\/Sy(r—Yo) +Sx(C—Xo) (7)
d) Lompute the ring index i as shown in Formula (8).
R
 =trunc | — |+1
: (Wj (8)

e) |f i is less~than or equal to Ng, then sum into both ring i and ring i — 1, as showp in
Formutae (9) and (10).

)+1(r,c) (9)

Sr(i-1)=8Sgr(i-1)+R
Si(i-1)=8(i-1)+1(r.c) (10)
Sn(i=1)=Sn(i-1)+1

The above double sum implements the overlapping-ring smoother.
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f) Finally, compute the parametric function pair (where i is the parameter) for each ring by

computing the average radius R and average intensity /' in each ring as shown in
Formula (11).

-

Si(2)

') Sn (i

~
~—

(11)

Dep
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ending on the camera’s resolution and the ring thickness selected, it is possible for s
he interior rings to contain no pixels, so the corresponding Sy values will be|zero. In

b, the ring should be omitted, the subsequent array elements should be shifted up, angd

Lld be decremented. It is also possible for two or more adjacent rings to-have the sams
trivially identical, say within 0,01 ym). In these cases, the radii and intensities in th

cent rings should be averaged, and those rings replaced with oneting of averaged R
raged intensity, and Ni should be decremented appropriately,

Integration limit and baseline determination
.1 Integration limit

general equation for encircled flux is given by £ormula (12).

r'I(r")dr'
EF(r) =
r'I(r")dr'

O 8 |O =y

so it is justifiable_to truncate the denominator integral at a radius somewhere beyond
From a measurement perspective, extending the integral far beyond the core
grates noisétand so only increases the noise of the measurement.

nected to the test source. For example, Ry,,, would be set to 28,75 for 50 um fibres.

12)

measurable nearfield intensity does not extend very far beyond the fibre’s core boundary,

the
bnly

integration limit, Ry;5,, shall be set to 1,15 times the nominal core radius of the ffbre

The
ter

ma
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than or equal to Ry -

10.2.2 Baseline determination

Determine the average baseline intensity, B, as the average of a set of 1_’(1') nearby, but outside
the core’s nearfield. The set of points shall include points from Ry,,, outwards in radius. The

limit where averaging shall be terminated, unless otherwise specified, shall be at radii no
greater than 1,2 times the nominal core radius of the fibre connected to the light source.

10.2.3 Baseline subtraction

Compute the baseline-subtracted intensity function, 7(1‘), as shown in Formula (13).
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I(i)=I'(i)-B  0<i<ipay (13)

10.3 Computation of encircled flux

The computation of encircled flux is done in two steps: first, integrating the radius-weighted
radial data function, E(i)xf(i), and then normalizing the function to a maximum of unity. This

process will produce another parametric function pair, R and EF.

To [compute the integral, it has been shown that simple summation or rectangular rule
integration produce errors of approximately 0,25 %. These errors can easily be_avoided by
employing higher-order integration methods. Trapezoidal rule integration gdsJshown in
Formula (14) (the special case at index zero stems from the fact that the radius-intensity proguct
at zpro radius is identical to zero).

R(01(0) >
EF'()=y % 14)
EPQ—U+ROV(O+RO_0]O_Uxﬁﬂg—ﬁﬁ—ﬂ]0<iswa

2

Thel|function EF(i) is then computed by normalizing“EF’(i) as shown in Formula (15).

EFQ)=E£%%23 15)

In rmany cases, values of encircled flux at radial values other than the discrete values of R|are

required. It is sufficiently accurate to employ linear interpolation to produce these intermedfiate
valdes.
11 |Results

11.1 Information available with each measurement

Regort the following with each measurement:

—  Gatearmdtimeof measuremert;
— identification of source specimen;
— nominal wavelength of source;

— radius and encircled flux at each radius specified in the detail specification, or if not
specified, the radii and encircled flux data computed in Clause 10;

— EF as a graph as a function of radius, including any specified template limits.
11.2 Information available upon request
The following information shall be available upon request:

— date of most recent calibration of equipment;

— method of calibration of equipment;
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ring width, W, used in the computations;

integration limit parameters, Ry;5, and iy ay;

original images used in the computations;

geometric calibration factors, Sy and Sy;

derived centre, and if different, the centroid image;

radial data functions computed in 10.1.

12 Specification information

IEC 61280-1-4:2023 © |EC 2023

Thel| detail specification shall specify the following information:

— lype of source to be measured,;

— Bampling requirements, if any;

— griteria to be met by sources;

— f@ny deviations to the procedure that may apply;
— radii at which the EF is to be reported;

— the EF template used to report results.
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Annex A
(informative)

Measurement sensitivity considerations

Baseline averaging considerations

A trade-off exists when selecting the region where baseline averaging is performed (see 10.3).
The baseline value, B, is subtracted from the entire set of intensities. If the value of B is taken

on Ja single intensity point, then the noise of the system would increase substant
(approximately by the square root of two).

ally

Avefraging a region of intensities decreases this noise contribution, if all points imthe intersity
fungtion have uncorrelated noise. However, imperfections in the optical-system of
apppratus, or imperfections in the camera, can make the baseline region outsid€ the core t¢ be
nontconstant, and so averaging the entire baseline region can cause a bias‘in B. Selecting an
appropriate region over which to make the baseline determination.sshould be done
chafracterizing the actual apparatus. Clause A.1 provides an analysis/of two different images
two different instruments to illustrate methods an instrument designer might us¢ to

fro
dete

The

and

rmine how far baseline averaging should extend into the intensity function.

the

by

two images shown in Figure A.1 below are from two similar instruments (the instruments
do mot use like components). Both use analogue cameras)and PC-integrated frame grabb

have similar effective pixel sizes. The images show{two different, but similarly filled, 50

fibr¢ cores. Instrument A shows a small imperfection.won the lower portion of the core, bu

this

analysis, this imperfection is not important.

IEC

Figure A.1 — Core images from instrument A and instrument B

ers,
um

It is useful to modify the display of the images such that pixels lower than the average
background intensity are set to black, and pixels above the average background intensity are
set to white, which reveals small non-ideal features in the images. Figure A.2 below shows the

two

images from Figure A.1 reprocessed in this way.
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Figure A.2 — Compressed core images from instrument A and instrument B

rument A shows a small amount of video pattern noise (the nearly vertical white and ¢
ern). Instrument A also shows two white spots not attributable to thé core image (to the
bottom-right of the image). These spots are most probably causgd by small reflection
bptical system. Instrument B shows a small, horizontal stripe across the centre of the im
section of the background has slightly less intensity than. other regions of backgroun
mage, which is caused by recovery artefacts in the CCDsensor used in the camera.

Itant nearfield functions in the baseline are carefully’ examined, two different patt
rge.

flat section within the reflection region is also between the default averaging radii of
,2 times the nominal core radius, as shewn by the vertical dotted lines (see Figure
w). The baseline near the core includes the additive effect of the reflections; th

ide these reflections. If averaging\eccurred beyond the default averaging radii, the base

lark
left
S in
ge.

in
hen

e images are processed to produce 1D radial functions as described in 10.1 and|the

s

e instrument A has a baseline which includes'small reflections, the baseline is not constant.
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Figure A.3 — Intensity versus radius for instruments A and B
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Instrument B has very small modulations in the baseline, and the baseline can be determined
by averaging the entire set of data beyond the integration limit of 1,15 times the nominal core
radius, thus reducing noise in its estimate.

A.2 Pixel sensitivity variation calibration

Perform the following procedure to determine the pixel sensitivity variation correction matrix
U, .- Record the image, /,r,,, ON the detector when it is uniformly illuminated (to within 1 %)

with the signal reaching about 75 % of the saturation level (the inside of a small integrating

Sph ore works well as a uniformlyv illuminated area) Next record the dark image. [ when
Y 7 y F—gDarke

as shown in Formula (A.1):

the uniform source is off. Compute the average pixel, Pyayq,

i M3

C
Z( uRaw, ¢ — uDarer )

(A1)
Ria
u vg N,-NC
Compute each element in U, , as shown in Formula (A.2).
Ria
Ure = — (A.2)

1y Rawr ¢ Jyark rc

Thelresulting element values will typically, frange from 0,90 to 1,10. They are to be multiplied by
theif corresponding pixels, so as to normalize those pixels to the average sensitivity of all pixels,
for gvery measurement that is made.,

A.3] Correlated double sampling

Ong can use "correlated double sampling" (CDS) to almost completely eliminate CCD canjera
offspts, and their temperature sensitivity, at the cost of some added equipment complexity.
Corfelated double sampling is also quite effective against uncorrelated stray light. Makerp of
spetialized instruments intended to perform the measurements described in this document
wodld be well-advised to implement correlated double sampling.

To mplement CDS, one blinks the laser or incoherent calibration source at a frequgncy
somewhere between 5 Hz and 60 Hz, and electrically synchronizes the camera to the peripdic
blinking"in such a way that odd frames are dark (source off), while the even frames see|the
nearfield to be measured (source on). The odd frames are subsequently subtracted from the
preceding even frames, pixel for pixel, yielding an offset-corrected 2D nearfield flux distribution.
For best calibration, the "on" time should exactly equal the "off" time. If a series of frames is to
be averaged, then all even frames should be added, all odd frames should be subtracted from
the sum of even frames, and the resulting difference should be divided by the number of even
frames. CDS would replace the entire offset correction scheme in 9.2.3, but pixel sensitivity
correction will still be required. If many measurements are to be made, like in a factory, this
approach can be a time saver, as many sources of inaccuracy that would otherwise require time
and care to correct manually are simply eliminated. The blink rate should be chosen to be an
exact sub-multiple of the local power-line frequency, 50 Hz or 60 Hz, to ensure maximum
discrimination against artificial stray light and electrical noise, so that an integral number of
power frequency sine waves will fit in the time that the source is either on or off. For example,
with 60-Hz power, the "on" time and "off" time could both be 1/30 of a second (two complete
cycles fit in the on period, and another two complete cycles fit in the off period), yielding a blink
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rate of 15 Hz. It is not necessary to phase lock the sampling period to the power-line cycle
period; it is sufficient that the sampling period be an exact multiple of the power-line cycle
period.

A.4 Imperfections of practical detectors and optics

Cameras vary in their mechanical construction, age, condition, and state of adjustment. Some
will contain two-dimensional detectors, where the distortions will be due largely to optics and
non-square pixels. Some will mechanically scan a one-dimensional (linesman) CCD more or
less perpendicular to its line of pixels. Some will mechanically scan a single pixel (a pinhole) in
twoldimensions. Others will scan a set of perhaps orthogonal slits over a single large-area
detgctor. Imperfections in these mechanical scanners will cause the X-direction and Y-diregtion
magnification to differ significantly, and non-perpendicular movement of the various mecharjical
conponents can also cause shearing (where motion along one axis causes apparent motign in
another axis). The camera body (or the CCD chip within) can be slightly rotated about|the
camera's Z (optical) axis, and the camera can also be slightly tilted with respect to the [test
jumper assembly’s optical axis.

In mathematical terms, all of these geometric distortions can together'be expressed as a single
ovefall "affine transformation" between "true space" (micro positioner’coordinates) at the fibre
facqg and the "TV space" reported by the camera. Affine transforms are easily expressed with
matfices. In practice, one measures the camera's distortions, derives the affine transform, [and
usep the transform to mathematically compensate subsequent‘measurements for the camera's
geometric distortions. No two cameras will be exactly alike;yso this compensation shall be done
on 4 per camera basis (i.e., by serial number). In generat, if a camera is working well, it is better
to galibrate and compensate mathematically than\to try to physically adjust the campra.
However, in any case, one shall recalibrate whenever the camera is repaired or adjusted, or
the mounting of components to the optical bench\or optical plate is disturbed.

Dark current, which is caused by various kinds of electrical leakage within the photodiodes of
the [CCD chip at the heart of the camerd;tis a very sensitive function of temperature, typigally
doupling for each seven degrees centigrade rise in chip temperature. No two pixels (or CQDs)
will|have exactly the same dark current. Because dark current is integrated during dach
exppsure period, the output voltage offset induced by dark current will vary in direct propontion
to exposure duration (integration time).

Fixgd-pattern noise, which is due to capacitive feedthrough of logic clock signals into video
lineg within the CCD-g¢hip, has a repetitive and usually complex pattern that does not yary
significantly with temperature, illumination, or exposure duration. The pattern is fixed from pixel
to pixel; any given pixel will have a substantially constant value.

Pixel crosstalk noise, which is caused by imperfect charge transfer from pixel to pixel as|the
imapge is“being shifted to the output, causes smearing of the image and bleeding [into
background areas.

Under reasonable laboratory conditions, the offsets introduced by dark current and fixed-pattern
noise combined with pixel crosstalk are typically no more than about 5 % or 10 % of saturation,
if stray light has been fully eliminated and the exposure duration is short enough for the
temperature.

Pixel sensitivity variation is an effect where the sensitivity (responsivity) of individual pixels to
light varies by up to £+10 % from the mean due to manufacturing variations, but does not vary
significantly with temperature, illumination, or exposure duration, so long as both saturation
ceiling and noise floor are avoided.

Bad pixels are pixels that have little sensitivity to light, remaining stuck at some high or low
value, or being very much less sensitive to light than average. Because even 100 bad pixels
out of the 30 000 active pixels in a 256 x 256 picture have negligible effect on the results, one
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can simply ignore bad pixels in the procedures described in this document, except when
determining the centroid threshold, making no attempt to eliminate or compensate for bad
pixels.

The above paragraphs discussed the imperfections of the imager chip itself. However, the
optical system containing the imager has imperfections as well, in addition to the mechanical
misalignments that are calibrated out in Clause 8. For the purposes of this document, the
principal imperfections are caused by internal reflections in the optical system, especially
reflections within and between the microscope objective and the detector. Reflections can be
produced at any optical discontinuity, but especially at air/glass interfaces. These interfaces
can am
splifters and the window of the detector package that protects the imager chip. It is possibl
use|windowless detector packages; this practice can expose the imager chip to the enyiron
cauping reliability problems. The degree to which these reflections affect the measufement of
enc|rcled flux depends on the location of the reflections within the image, the reflectipn’s
intensity, and the shape of the reflection.

The| useful way to tell if a spot in an image is caused by a reflection is tonmove the fibre ¢nd-
facq (input port) in the XY plane, and observe the resulting motion of the'spots. Reflections|will
gengrally move along the line of fibre end-face motion, but at a greater or lesser speed than
the [direct image of the fibre end-face, and often in the opposite. direction. Compressing jand
falsg-colouring these images, as demonstrated in Figure A.2, can help in detecting these
reflections.

Thel most common remedy is the use of anti-reflection coatings on all optical surfaces, and this
works reasonably well if the test wavelength is well matehed to the wavelength range for which
the coating was designed.

In afdition, one can arrange the optical system such that reflections fall into harmless locatipns.
The| simplest way to accomplish this is to meve the centre of the fibre face to one side offthe
micfoscope objective’s optical axis and the’centre of the imager chip to the other side, while
mainhtaining the various planes (imageg0bject, and principal) in parallel, depending on the|flat
field of the objective to maintain fecus despite these displacements. Then, light from|the
objgctive will arrive at an angle ta.the window, and will be reflected off to one side.

Thel| parallel-displacement approach mentioned above is a special case of the "Scheimpflug
congition", which is the .principle behind view cameras in photography. The Scheimpflug
congition is met when the image plane, the object plane, and the corresponding lens prindipal
planes all intersect the*same line. This intersection line will be well away from the imagge or
objgct, and in the ¢ase of parallel displacement, will be at infinity.

When the Seheimpflug condition is met, the image will be in perfect focus despite the tilted
imape, lens,-and object planes. With parallel planes, the magnification factors do not deplend
on |ocation in the image; while with intersecting planes, the magnification factors will yary
lineprly with location in the image. This varying magnification factor is easily handled usging
proj. o TE ’i"i’;i’ G O v, Hy 66 LAY, seerm—astftes aS the
parallel planes and affine geometry of this document approach are adequate.

/
)
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PROCEDURES D’ESSAI DES SOUS-SYSTEMES
DE TELECOMMUNICATION FIBRONIQUES -

Partie 1-4: Sous-systémes généraux de télécommunication —
Méthode de mesure du flux inscrit de la source optique

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normaliSation comp

bvoriser la coopération internationale pour toutes les questions de normalisation dans es domaine
Electricité et de I'électronique. A cet effet, '|[EC — entre autres activités — publie des Normes internation
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles’au public (PAS) e
uides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiéera, des comités d’études
avaux desquels tout Comité national intéressé par le sujet traité peut (participer. Les organisa

avaux. L'IEC collabore étroitement avec I’Organisation Internationale de Normalisation (ISO), selon
onditions fixées par accord entre les deux organisations.

les décisions ou accords officiels de I'lEC concernant les questions te€hniques représentent, dans la mesu
ossible, un accord international sur les sujets étudiés, étant donné quel€s Comités nationaux de I'lEC intére]
nt représentés dans chaque comité d’études.
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A

es Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agr
mme telles par les Comités nationaux de I'l[EC. Tous les\efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses Publi€ations; I'l[EC ne peut pas étre tenue responsab
dventuelle mauvaise utilisation ou interprétation qui en.est faite par un quelconque utilisateur final.

t régionales. Toutes divergences entre toutes.'Publications de I'lEC et toutes publications nationale
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

fpurnissent des services d’évaluation-de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’'IEC n’est responsable d’aucun des services effectués par les organismes de certific
indépendants.

ous les utilisateurs doivent s*assurer qu’ils sont en possession de la derniére édition de cette publication.

compris ses experts pafticuliers et les membres de ses comités d’études et des Comités nationaux de |

ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépe
écoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de |
u au crédit quitluitest accordé.

‘attention/est attirée sur les références normatives citées dans cette publication. L’utilisation de publica
reférencées-est obligatoire pour une application correcte de la présente publication.

'attention est attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire I’

revets

bsée

e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC\a pour objgt de
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ternationales, gouvernementales et non gouvernementales, en liaison avec 'l[EC, participent égalemen{ aux
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'IEC
e de

ans le but d’encourager I'uniformité internationale, les Comités nationaux de I'lEC s’engagent, dans toute la
esure possible, a appliquer de fagon transparente“es Publications de I'lEC dans leurs publications nationales

5 OuU

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants

5 de
htion

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatdires,

IEC,

our tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque

nses
IEC,

ions

bbjet

e.dfoits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droitls de

L'IEC 61280-1-4 a été établie par le sous-comité 86C: Systémes et dispositifs actifs a fibres
optiques, du comité d’études 86 de I'lEC: Fibres optiques. Il s’agit d'une Norme internationale.

Cette troisiéeme édition annule et remplace la deuxiéme édition parue en 2009. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) amélioration de la procédure et de la tracgabilité de I’étalonnage;

b) amélioration de la description et des exigences relatives a I'agitateur de fibre;

c) ajout des sources optiques pulsées;
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d) suppression d’un processus d’étalonnage utilisant un micropositionneur, en raison de sa
faible tragabilité.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
86C/1806/CDV 86C/1828/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.
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hngue employée pour I'élaboration de cette Norme internationale est I’anglais.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été déveldppé selon

v.iec.ch/members_experts/refdocs. Les principaux types de documents. développés
C sont décrits plus en détail sous www.iec.ch/publications.

liste de toutes les parties de la série IEC 61280, publiées sous le titre général Procéd|
sai des sous-systemes de télécommunication fibroniques, se ttouve sur le site web de I'l

omité a décidé que le contenu de ce document ne sera pas.modifié avant la date de stah
erché. A cette date, le document sera
reconduit,

supprime,

remplacé par une édition révisée, ou

hmendé.
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ctives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles gous
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uée sur le site web de I'lEC sous webstore.iec.ch dans\es données relatives au document
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publication en utilisant.une imprimante couleur.

ique qu’elle contient des couleurs qui sont considérées comme utiles a une bon
mpréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer ce

PORTANT - Le logo "colout.inside"” qui se trouve sur la page de couverture de ce document
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INTRODUCTION

La présente partie de 'l|EC 61280 spécifie comment mesurer le flux inscrit d’une source opt

ique

multimodale. Le flux inscrit est une fraction de la puissance de sortie cumulée sur la puissance

de sortie totale, en fonction de la distance radiale depuis le centre du cceur de la fibre opt
multimodale.

ique

L’approche de base consiste a rassembler des données de champ proche bidimensionnelles
(2D) en utilisant une caméra étalonnée, et a convertir mathématiquement ces données en 2D
en trois fonctions normalisées de la distance radiale par rapport au centre optique de la fibre.

la puissance optique par différentiel de rayon (exprimée en watts par metre), et le flux‘in

repiésente une fraction de la puissance de sortie cumulée sur la puissance de sortie totalg.

Les 1_hl—rr_l_l_l_ﬂ—rrﬂ_ﬂ—rrl_ﬁr0|s onctions sont I'iNtensite, 1e flux iIncremental et e 1lux inscrit. L ntensite represente la
puigsance optique par zone (exprimée en watts par métre carré). Le flux incrémental représente

sCrit

Cegq| trois fonctions radiales sont destinées a caractériser des sources laser fibroniques utiligées
dang des modéles mathématiques prévoyant la longueur garantie minimale*d’une liaisor de
conmmunication, ou pour qualifier une source optique afin de mesurer la_perte d’insertion dans

des|liaisons multimodales.
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1 [Pomaimedapptication

La présente partie de I'lEC 61280 stipule le processus de caractérisation de la meéthodd
ure du flux inscrit de sources optiques destinées a étre utilisées avec ‘des fibres

mes
mul

Le présent document définit une procédure consistant a collecter des données fibroniqueg
champ proche, bidimensionnelles et en niveaux de gris, puis a lesreduire en donn

unig

échpntillonnées du rayon par rapport au centre optique de la fibre.

L’ey

2

Les
de

I'éd
réfé

IEC
inte

IEC
exig

3

Pour les besgins du présent document, les termes et définitions suivants s’appliquent.

L’1S
en |
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imodales.

imensionnelles exprimées sous la forme d’'un ensemble de trois‘fonctions paramétriq

Références normatives

documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p3

tion citée s’applique. Pour les références’non datées, la derniére édition du documen
rence s’applique (y compris les éventuels amendements).

60793-2-10, Fibres optiques —\Partie 2-10: Spécifications de produits — Spécifica
rmédiaire pour les fibres multimodales de catégorie A1

60825-1, Sécurité des~appareils a laser — Partie 1. Classification des matériels
ences

Termes et définitions

O et T'JEC tiennent a jour des bases de données terminologiques destinées a étre utilis

de

de
ées
ues

aluation du diamétre du cceur des fibres ne constitue pas’un‘objectif du présent documgent.

rtie

eur contenu, des exigences du présent ‘document. Pour les références datées, s¢ule

[ de

tion

et

ées

ofmalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse https://www.iso.org/obp

3.1
sou

rce optique d’étalonnage

source optique utilisée pour déterminer le centre optique d’'une fibre multimodale

3.2
ima

ge du centroide

image utilisée pour déterminer le centre optique du cceur de la fibre multimodale
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3.3

image corrigée

image a partir de laquelle une image d’obscurité a été soustraite et dont les éléments ont subi
une correction d’uniformité

3.4
image d’obscurité
image prise avec la source optiqgue mesurée éteinte ou non installée sur le port d’entrée

Note 1 a l'article: La lumiére parasite et les signaux électriques du systéme de détection restent dans I'image
d’obscurité

3.5
imajge
matfice rectangulaire bidimensionnelle de nombres dont les éléments sont des pixels et dont
les yaleurs des pixels correspondent linéairement a la puissance optique atteighant les pixels

3.6
source optique
disgositif qui émet un rayonnement lumineux, couplé a une fibre;*dont la sortie peut Btre
megurée

EXEMPLE Source optique d’étalonnage, source optique de transmission/ou-source optique utilisée dans le dadre
de mlesures d’affaiblissement.

3.7
source optique de mesure
soufce optique destinée a étre utilisée dans le cadre de la mesure de I'affaiblissement

3.8
raypn nominal du cceur
moilié du diametre nominal du cceur de la\fibre multimodale a mesurer

3.9
lisspge en anneau
technique permettant de réduire l'image du champ proche bidimensionnel en un profil
d’intensité de champ proche,unidimensionnel tout en supprimant les effets de I'espacement
péripdique des pixels de Fimageur de surface finie

3.1
source optique de-transmission
soufce optique)utilisée pour transmettre des données numériques sur des liaisons fibroniques
mulfimodales

3.11
cortection d’uniformité
processus permettant de corriger la sensibilité d’'un pixel de telle sorte qu’il se comporte
essentiellement comme un pixel moyen

3.12

pixel valide

élément de détection optique dans la matrice du détecteur dont la sensibilité, lorsqu’elle est
corrigée, est comprise dans une gamme de 5 % autour de la sensibilité moyenne du rendement
de conversion du détecteur
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4 Symboles

B

D

D\, Dg, Dy, Dg

intensité de la ligne de base

NOTE 1 Cette valeur est déterminée a partir d’'une région du champ proche calculé situé
juste a I'extérieur du bord du cceur.

distance entre le centre de I'image du centroide et le bord le plus proche de
I'image

ensemble des distances entre le centre de I'image du centroide et,
respectivement, le bord gauche, droit, haut et bas de I'image

EF(i)

max

NOTE 2 Le minimum de cet ensemble est utilisé pour calculer D.

vecteur du flux inscrit
vecteur du flux inscrit non normalisé

parametre d’indice utilisé dans les vecteurs de résultats_paramétriqueg et
EF(i)

matrice des intensités des pixels d’une image d’obscurité telles qu’elles sjont
mesurées par le détecteur et le numériseur

matrice des intensités des pixels de la source,optique, avant correction,
telles qu’elles sont mesurées par le détectedr et le numériseur d’images

matrice des intensités du champ proche

NOTE 3 |l s’agit d’'une matrice des intensités des pixels, basée sur [
mesurées par le détecteur et corrigées a Kaide de Uet /.

raw telles qu'elles sont

vecteur d’intensité du lissage én.anneau, chaque élément étant la moyefne
arithmétique de I'ensemble des’coordonnées radiales de tous les pixels dans
un anneau donné

nombre d’anneaux utilisés pour calculer le champ proche unidimensionnjel
nombre de lignes dans une image

NOTE 4 Toutes,les colonnes dans une image ont le méme nombre de lignes.
nombre de\colonnes dans une image

NOTE & Toutes les lignes dans une image ont le méme nombre de colonnes.
pixel valide le plus intense dans I'image du centroide

pixel valide le moins intense dans I'image du centroide

coordonnées radiales, en ym, du centre de n’importe quel pixel, référencg¢es
par rapport au centre optique X, Y

R(i vecteur radial du lissage en anneau, chaque élément étant la moyeTne
. - . l‘

limite d’intégration le long du rayon

somme pondérée sur les colonnes de toutes les intensités des pixels
supérieures a T dans I'image du centroide

vecteur de la somme des intensités utilisé pour le lissage en anneau

somme de toutes les intensités des pixels supérieures a T dans I'image du
centroide

vecteur de comptage des pixels utilisé pour le lissage en anneau

vecteur de la somme des rayons utilisé pour le lissage en anneau
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somme pondérée sur les lignes de toutes les intensités des pix
supérieures a T dans I'image du centroide

facteur d’étalonnage géométrique horizontal (le long des colonnes)

facteur d’étalonnage géométrique vertical (le long des lignes)

els

seuil utilisé pour déterminer quels pixels dans I'image du centroide sont

utilisés pour déterminer le centre optique
NOTE 6 Tous les pixels supérieurs ou égaux a 7 sont utilisés pour calculer le centroide

matrica de correction-de - la csencsihilité annliaiida 3 11ng imaaag 2 nartir
HatHe0—a8—-60H-e-cHoH—a8—a—S8 RSB HE—apP PrigUe8e—a—h HRage—a—pattH

5.1

La f]
con
circ
de

d’es
les
d’ur
cou
con

5.2

Il e
prés
est
que

6

uniformité du rendement de conversion du détecteur, pixel par pixel

unidimensionnel

emplacement sur I'axe X (colonnes) du centre de I'image du-Centroide

emplacement sur I'axe Y (lignes) du centre de 'image. du centroide

Hypothéses

Hypothéses applicables a la caractérisation des _sources de données

bre multimodale a gradient d’indice quasi parabolique a cceur de 50 ym ou 62,5 um, util

Llaire parfaite autour de son centre optique~En effet, les asymétries dans les distribut

groupe de modes peuvent ne pasitransporter un flux égal. En fait, avec de telles fi
'tes, de 1 000 m ou moins, une distribution inégale du flux dans les modes d’un gro
stitue la norme, et non I’exception.

Hypothéses applicables a la caractérisation des sources de mesure

t présumé que les sgurces de mesure disposent d’'une bande suffisamment large et qu’s
entent une incohérénce suffisante pour que la tacheture ne constitue pas un problém
en outre présumé que la distribution du champ proche est suffisamment symétrique g

Appareillage

de

laquelle une image d’obscurité a été soustraite, afin de réduire la_npn-

demi-largeur, en um, des anneaux utilisés pour calculer le champ prothe

sée

me "ensemble jarretiére d’essai", est traitée*comme si elle présentait une symgtrie

ons

lux optiques injectées I'emportent sur toute distorsion induite par I'ensemble jarretjere
sai, telle que les désalignements latéraux et angulaires. Il est en outre présumé que fous
modes de gaine sont extraits en traversant les 10 m ou plus spécifiés de fibre. Les mqgdes

res
upe

lles
e. |l
our

le centroide-tronqué de ce champ proche indique I'emplacement du centre optique dg la
fibr¢ avec upedprécision suffisante pour atteindre les objectifs du présent document.

6.1
6.1.

Appareillage commun

1 Généralités

La Figure 1 ci-dessous représente le schéma fonctionnel de I'appareillage.
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Région de

collimation i
A Affaiblissement¢ Ordinateur I

(facultatif) -
A
) Electronique N Numériseur
du détecteur® d’'image?

Port d’entréed

Détecteur

Optiques de
grossissement
IEC

2 e numériseur d’'images peut soit faire partie d’'une caméra, soit &tre une carte d’extension dans un ordinateur.
'électronique du détecteur est généralement intégrée a la caméra et au numériseur.
iéalement, I'affaiblissement est placé dans la région de collimation du trajet optique, mais _les architec{ures
dptiques ne présentent pas toutes une région de collimation accessible. Dans ce cas, il convient de placer
I'laffaiblissement du cété détecteur, par rapport aux optiques.

orsqu’un micropositionneur (non représenté) est utilisé, le port d’entrée est rattachié,physiquement a celuiici.

Figure 1 — Schéma fonctionnel de I’appareillage

6.1.2 Ordinateur

Un prdinateur est exigé car I'image acquise contient des-milliers de pixels et la réduction de
I'image au flux inscrit exige une capacité de calcul substantielle. L’ordinateur est généralenpent
conhecté au numériseur d'images pour commander ’acquisition d’'une image par I'intermédri:%ire
d’un logiciel, et il peut également commander le miCropositionneur (et la source, si un dolible
échpntillonnage corrélé est mis en ceuvre).

6.1.3 Numériseur d’image

Ung image du champ proche du cceur de la fibre est créée sur le détecteur, puis numérisée|par
le numériseur d’'image. Le numériseur d’'image peut faire partie intégrante d’'une caméra,| qui
conjient également le détecteur, ou-il peut s’agir d’'une carte d’extension de capture de trames,
au gein de I'ordinateur.

Les|circuits automatiques du numériseur, par exemple une commande automatique de dfain,
que|l’on trouve souvent.dans les caméras vidéo, doivent étre désactivés.

Détecteur

étecteur-gst typiquement une caméra a dispositif a couplage de charge (CCD, Chafge-
pled .Device) ou a semiconducteur a oxyde métallique complémentaire (CMPOS,
pletnentary Metal-Oxide Semiconductor). D’autres types de caméras matricielles peuyent
pris’ en compte. Dans tous les cas, les détecteurs doivent étre a la fois linéaires et sans
pas

exigée.

Les circuits automatiques du détecteur, par exemple une commande automatique de gain, que
I’'on trouve souvent dans les caméras vidéo, doivent étre désactivés.

La différence de sensibilité de conversion d’'un pixel a un autre dans le détecteur affecte la
précision de mesure. La non-uniformité du rendement de conversion corrigé du détecteur ne
doit pas dépasser +5 %. Il est possible d’étalonner et de corriger le détecteur dont la non-
uniformité non corrigée est supérieure a 5 % en appliquant une matrice de correction de la
sensibilité pixel par pixel, U, a I'image brute. Souvent, cette correction fait partie des fonctions
de la caméra (et donc chaque élément de U peut étre considéré comme unitaire). Parfois, la
matrice de correction peut étre fournie par le fournisseur du détecteur. Dans les autres cas, la
matrice de correction doit étre déterminée par la procédure décrite a I'Article A.2.
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Les détecteurs peuvent avoir des pixels invalides, qui sont des pixels dont le rendement de
conversion corrigé dépasse 5 % du rendement de conversion moyen du détecteur. Les pixels
invalides ne produisent souvent aucun signal, un signal complétement saturé, ou sont bloqués
a une valeur intermédiaire. Les détecteurs dont le nombre de pixels invalides dépasse 0,1 %
du nombre total de pixels doivent étre rejetés.

Dans la plupart des caméras et des numériseurs d’'image, le réglage du "niveau de noir" peut
étre ajusté par l'utilisateur. Puisque le détecteur sera légérement bruité, il est important que le
détecteur et le numériseur n’écrétent pas les signaux de noir aléatoires a zéro (dans les
systémes habituels, le bruit aléatoire dans un détecteur présente un écart-type inférieur a 0,5 %
du pniveau de qafuratinn) Pour assurer I'ahsence d’ér‘réfagp du bruit_lorsque celui-ci est
réglable, le niveau de noir est a régler afin de produire un petit signal positif (typiquement au
moihs cinq fois I’écart-type du bruit) lorsqu’aucune lumiére n’atteint le détecteur.

6.1.6 Optiques de grossissement

Degq optiques appropriées doivent étre prévues pour projeter une imagehagrandie du port
d’entrée sur le détecteur de telle sorte que le détecteur puisse mesurer toute la distribution du
flux|du champ proche. L’ouverture numérique des optiques de grossissement doit dépasgser
I'ouperture numérique nominale des fibres (comme cela est indiqué dans la spécification de la
famille de fibres) utilisée pour I'étalonnage ou les mesures. Les objectifs des microscgpes
répondent souvent a cette exigence.

NOTE Lorsque I'objectif d’'un microscope est utilisé, son grossissement reel tel qu’il est utilisé dans I'apparei|lage
n'esf généralement pas le méme que le facteur de grossissement nominal gravé sur le cété de 'objectif. Ceci pgarce
que lappareillage est différent du microscope normal pour lequel |€ facteur de grossissement nominal a été calpulé.
Les procédures d’étalonnage géométrique présentées dans I'Article '8 déterminent le grossissement réel.

Les|réflexions a partir des surfaces optiques peuvent sérieusement dégrader la mesure dufflux
insgrit. Un revétement antiréflexion a la longuétw' d’'onde de la mesure, ou d’autres formeg de
confrole des réflexions, peuvent-étre considérés pour réduire les réflexions.

La précision de mesure est importante*lors de la caractérisation des sources optiqueg de
mequre, de sorte que la distorsion *optique soit maintenue a un niveau minimal. Il|est
recommandé de choisir et d’utiliser)avec soin les lentilles et les autres composants optiqlies.
Les|objectifs de microscopes deLtype plan constituent un exemple d’optiques appropriées. [Les
pro¢édures présentées dans/EC 61745:2017 peuvent étre utilisées pour évaluer l'intégrité
optique de I'appareillage.

Il ept important que la distance entre le détecteur et tous les éléments des optiques de
grogsissement ne $ojt pas modifiée aprés I'étalonnage. Lorsque la distance entre ces éléments
chahge, le grossissement est susceptible d’étre modifié dans des proportions suffisantes pour
qu’un nouvel €talonnage soit exigé. La focalisation doit étre effectuée en modifiant uniquement
la djstance entre le port d’entrée et les optiques de grossissement.

6.1.F Atténuateur

Souvent, le flux optique de la source sature le détecteur et la seule solution efficace consiste a
utiliser un atténuateur optique. Dans tous les cas, 'atténuateur ne doit pas réduire 'ouverture
numérique du systéme optique et ne doit pas étre la source de réflexions ni de distorsions
optiques importantes, qui introduiraient un biais sur le flux inscrit résultant.

NOTE 1 Lorsque des filtres de densité neutre sont utilisés dans le systéme optique, des distorsions géométriques
peuvent apparaitre.

NOTE 2 Le fait de modifier I’affaiblissement entre I'image du centre optique et I'image de la source mesurée peut
éloigner I'emplacement du centre optique de la source de mesure par rapport a 'emplacement qui a été déterminé
en utilisant I'image du centre optique. Ceci entraine des erreurs dans les fonctions des données radiales résultantes.
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6.1.7 Micropositionneur (facultatif)

Le micropositionneur est une partie optionnelle de I'appareillage. En fonction de la conception
de I'appareillage, il est possible de se servir de la géométrie de la férule du connecteur pour
placer toute I'image sur le détecteur sans utiliser de micropositionneur. Dans de nombreuses
mises en ceuvre, seul un réglage du foyer (axe Z) est nécessaire. Dans certains cas, les trois
axes peuvent n’exiger un alignement que lors de la construction ou de la maintenance de
I'appareillage. L’utilisation de la férule pour placer I'image du cceur de la fibre sur le détecteur
ne dispense pas de I’exigence d’identification du centre optique, comme cela est exigé par 9.3.

Le but du micropositionneur est de focaliser I'image projetée de la face de la fibre sur le
détecteur et de déterminer le grossissement de 'appareillage (voir Article 8). Des mécanismes
de verrouillage mécaniques ou des mécanismes équivalents sont exigés sur les trois axes [afin
d’éViter une dérive mécanique pendant les mesures. Le micropositionneur peut facultativement

étre| entrainé par des moteurs et peut facultativement utiliser des mécanismes de rétroagtion
pouf commander la position réelle de I'étage (et donc de la face de la fibre).

6.1.8 Port d’entrée

Le port d’entrée est I'endroit ou les artefacts d’étalonnage et les échiantillons de mesure sont
conhectés a I'appareillage. Les caractéristiques du port d’entrée dépendent du type de solirce

a cgractériser.

Lorg de la caractérisation de sources optiques de transmission, le port d’entrée est I'extrémité
distple de 'ensemble jarretiére d’essai. L'extrémité proximale de I'ensemble jarretiére d’essai
est représentée sur le détecteur. Lorsqu’un micropositionneur est utilisé, I'extrémité proximale
est fixée au micropositionneur.

—

Lorg de la caractérisation de sources optiques ‘de’'mesure, le port d’entrée est généralement la
platine du connecteur, ou son équivalent. Lofsqu’un micropositionneur est utilisé, la plating est
fixée au micropositionneur.

Les|exigences particulieres sont présentées en 6.2 et 6.3.

6.1.9 Source optique d’étalonnage

La pource optique d’étalonnage est utilisée pour étalonner I'appareillage (voir Articlg 8).
Lorgque cette source ‘est utilisée pour éclairer I'ensemble jarretiére d’essai, la 30}rce

d’éthlonnage doit saturer les modes de la jarretiere. Un embrouilleur de modes peut
facyltativement étre jutilisé avec la source d’étalonnage choisie afin d’assurer une saturation
modale plus uniforme de la fibre. Voir I'|EC 60793-1-41 pour obtenir des informations sui les
embrouilleurs{de modes.

Toufte source optique non cohérente a large spectre, telle qu’'une lampe halogéne au tungsté
lampe a arc au xénon ou une diode électroluminescente (LED), peut étre utilisée

de I'appareillage pour la caractérisation des sources optiques de mesure, la longueur d’onde
centrale de la source d’étalonnage doit étre 8 moins de 30 nm de la longueur d’'onde nominale
des sources optiques a qualifier, et sa largeur spectrale (c’est-a-dire largeur totale a mi-
maximum) ne doit pas dépasser 100 nm. Lors de I’étalonnage de l'appareillage pour la
caractérisation des sources optiques de transmission, les caractéristiques spectrales de la
source d’étalonnage ne sont pas spécifiées, mais il est recommandé que son spectre soit
similaire aux sources a caractériser. L’'intensité de la source d’étalonnage choisie doit étre

stable sur une période de temps suffisante pour effectuer les mesures.
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