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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE FOR THE INTERPRETATION OF
OTDR BACKSCATTERING TRACES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to

2)
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4)

5)

6)
7)
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end and in addition to other activities, IEC publishes International Standards, Technical Spécif
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred\ to
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee i
e subject dealt with may participate in this preparatory work. International, governmental g
nmental organizations liaising with the IEC also participate in this preparation. |IEC collaborate
the International Organization for Standardization (ISO) in accordance with cofditions detern
bment between the two organizations. !

ormal decisions or agreements of IEC on technical matters express, as nearlyjas possible, an inte
bnsus of opinion on the relevant subjects since each technical committeevhas representation
ested IEC National Committees.

Publications have the form of recommendations for international use”and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensure that the technical conter
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

parently to the maximum extent possible in their natiohal and regional publications. Any di
ben any IEC Publication and the corresponding nationalhor regional publication shall be clearly ind
tter. )

provides no marking procedure to indicate its~approval and cannot be rendered responsible
ment declared to be in conformity with an IEC Publication.

ers should ensure that they have the latesteédition of this publication.

ability shall attach to IEC or its directofsy employees, servants or agents including individual exp
bers of its technical committees and:/IEC National Committees for any personal injury, property dg

damage of any nature whatsoever,” whether direct or indirect, or for costs (including legal fq
hses arising out of the publi%tion, use of, or reliance upon, this IEC Publication or any o
cations.
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tion is drawn to the Normative references cited in this publication. Use of the referenced public
bensable for the corre%application of this publication.
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IEC 62316, which is a technical report, has been prepared by subcommittee 86A: Fibres and
Cables, of IEC technical committee 86: Fibre optics.

This second edition cancels and replaces the first edition published in 2003. It constitutes a
technical revision. In this edition,

po

larization effects are discussed in case of unidirectional trace;

a new clause dealing with uncertainties, deviation and resolution has been introduced.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86A/1090/DTR 86A/1114/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the mgintenance result date indicated on the IEC web site under "http://webstore.ieq.ch" in
the datfa related to the specific publication. At this date, the publication will be

e recpnfirmed,

e withdrawn,

« replaced by a revised edition, or
« amended.

A bilingual version of this publication may be issued at a later date.
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GUIDANCE FOR THE INTERPRETATION OF
OTDR BACKSCATTERING TRACES

1 Scope

This Technical Report provides guidelines for the interpretation of backscattering traces, as

obtained by an optical time domain reflectometer (OTDR).

A full [description of the test measurement procedure can be found in_ Annéx
IEC 60[793-1-40.

2 Ndrmative References

The following referenced documents are indispensable for the application of this dog
For dated references, only the edition cited applies. For undated references, the latest
of the ffeferenced document (including any amendments) applies,

IEC 60[793-1-40, Optical Fibres — Part 1-40: Measurement\methods and test proced
Attenugtion

3 Bdgckscattering phenomenon

3.1 Rayleigh scattering

Rayleigh scattering or backscattering originates from fluctuations in the density, and h

C of

ument.
edition

ures —

Ence in

the index of refraction, of the material constituting the wave-guide. Optical fibres are npade of

amorphous silica-and density fluctuations are a consequence of the manufacturing proc

3.2 Cresnel reflections and dead zone fibres

When & light ray reaches_a.surface at an angle of incidence from the normal to that

ESS.

surface

and that surface separates two media of different index of refraction, part of this ligh

is the Fresnel reflection, which can be very high, depending on the difference in the i
refractjon of the4wo media, on the aspect of the surface, the surface roughness, the
incidernice and. the surface defects. In some situations, the detected Fresnel reflection

refracte¢d in the second medium and part of it is reflected backward into the first medinw. This

ray is

dex of
ngle of
is very
onding

ere the

visible on the OTDR trace. The effect of the dead-zone connected to the Fresnel reflection at
the input end of the fibre is often reduced by adopting a short length of a fibre positioned

between the OTDR output and the fibre under test. This dead-zone or buffer fibre

should

preferably be at least one tenth (1/10, in m) of the OTDR pulse-width (in ns), e.g. for a 1

000 ns pulse the dead zone fibre should be 2100 m long.
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4 Measurement of the backscattered power (OTDR)

The power backscattered by an optical fibre is measured by means of OTDRs. They are
based on the principle of sending one pulse or typically a train of pulses from one fibre end,
and measure the power back-reflected from the fibre (the optical echo) at the same end. In
OTDR traces, space and time are completely equivalent through the relation

z C

t ng(d)

(1)

where |z is the distance (in m), t is the time (in s), c is the speed of light in\vyacuum
(299 792 458 m/s) and ng (as a function of the wavelength) is the group index efi.reffaction.
This pgrameter, to be supplied by the fibre manufacturer, takes into account the’ wave-guiding
properfies of the fibre and the different materials used for the cladding and the core.|It also
adjustq the speed of light in the studied material. The group index of refractign ng is related to
the phase index n or np (which is measured on a fibre and its fundamental-attribute) by using
the follpbwing expression

dn
Ng = Np —ﬂd—ﬂp (2)

4.1 Representation of the backscattered power

A posglible schematic representation of the OTDR power P(z) at wavelength 1 backscpttered
by a pqgint z along an optical fibre is:

> 2

P2)=C=% _pr. 10 107 (3)
(2))°
where
P; is the input OTDR pulse-power;
Tw is the input OTDRspulse width;
z is the distancefrom the origin;
o is the attenuation coefficient of the fibre (assumed constant to simplify the equation);
az) |is the fibre*mode field diameter (MFD) at point z;
C is a~proportionality factor, which depends on several parameters such as the fibre

material or the refractive index value.

Equation 3 shows the relation between the backscattered power, the pulse-width, the
attenuation coefficient and the MFD. The optical echo, as given by Equation 3, is
conventionally represented on a logarithmic graph: it therefore appears as a (theoretically)
straight line, whose slope is the attenuation coefficient of the fibre, o, as better explained in
Clause 5 below.
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4.2 Noise and perturbations

Normally, the noise and fluctuations of fibre parameters affect the backscattering traces; the
trace will therefore appear as a perturbed line. The signal decreases rapidly, in an
exponential way (as from Equation 3); the signal-to-noise (S/N) ratio is therefore rapidly
degrading as a function of the distance. Backscattered traces of long fibres show inevitable
oscillations. A practical way to reduce this problem is to average data collected from repeated
measurements: OTDR evaluations of long fibres therefore take a longer time to be completed.
If this is not sufficient, longer pulse-widths have to be used, correspondingly increasing the
backscattered power (see Equation 3), hence the S/N ratio.

Macrohending and microbending effects can also perturb the OTDR frace: typically they
appeal| as local losses, and macrobending is more evident at longer wavelengths (e.g.
1 550 nm or 1 625 nm vs. 1 310 nm), far from the cut off wavelength, where the MED ig larger
and the confinement of the light into the fibre is reduced.

Backscattered Launch fibre

power
(logarithm)

<___Input end
(Fresnel reflection)

Output end
(Fresnel reflection)

N

Noise

Distance
IEC 2163/03

Figure 1 —Unidirectional OTDR trace

Figure|1l shows a typicall OTDR trace of an optical fibre. The reflection at the input [face is
exaggdqrated for clarity; normally it is reduced by means of suitable index matchirg fluid
betwegn the launehiand the measured fibre.

5 Inferpretation of a backscattering trace

51 Unidirectional trace

OTDR traces obtained by the processing of the optical echo collected from one end only of
the fibre are called unidirectional traces. They are very useful to quickly evaluate the optical
continuity of a fibre and to estimate its attenuation coefficient. Their reliability can however be
affected by several effects (such as noise in the fibre, MFD variations, polarisation ghost
peaks or others). Where possible, use the bi-directional approach described below.
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5.1.1 Slope as the attenuation coefficient of a fibre

Starting from Equation 3 for the backscattered power, taking logarithms on both sides, one
obtains:

10LogP(z) = const. + 20Log (Lj -2z (4)
o(z)

The constant in the equation includes some numerical factors and the logarithm of the
parameter C:

const. =10(logC +logP; +logz,,) (5)

Equatipn 4, plotted on a logarithmic scale as a function of z, will appear as a §traight line with
slope ¢ (taking properly into account the factor 2).

Due to|the S/N characteristics described in 4.2, the evaluation of the@ttenuation coefficient is
better yindertaken with the best-fit straight line.

5.1.2 Impurity and discontinuity

If an impurity, or any discontinuity, is present within the fitbre (in the ' MFD region), the light can
suffer p Fresnel reflection (see 3.2), and will appear.on the OTDR trace as a pegk, the
amplityde of which depends on the size of the discontinuity (in some situations, the receiver
may sdturate). It is possible to locate the position.of the discontinuity by Equation 1. A peak
can be|detrimental to link performance when its backscattered energy content is large ¢nough
to inteffere with the source . The Optical Return Loss (ORL), as defined and used [for the
characgerization of the connectors, can be.envisaged as the right parameter to evalupte the
peak.

NOTE [urther discussions on the same subject can be found in C.3.6 of IEC 60793-1-40.
5.1.3 Pulse width

It is imjportant to-understand that the pulse width affects the amplitude of the reflected peak:
the Iarl;er the pulse, the smaller the peak (the reflection is averaged over a longer timg). The
choice|of the appropriate)pulse is the result of a careful trade off between the resolution and
the available power (i‘e/ fibre length, see 4.2).

NOTE |[Further discussions on the same subject can be found in C.1.5 of IEC 60793-1-40.

5.1.4 Polarization effects

The OTDR/includes a splitter that can act as a polarizer on the output pulses and an apalyzer
on the receive side of the reflected pulses. Other elements can also polarize the light. As a
result of polarization mode dispersion (PMD) in the fibre, the Stokes vector of polarized light
rotates about the Poincaré’s sphere as it propagates through the fibre in both the forward and
reflected directions. It also rotates with optical frequency or wavelength.

If the temporal OTDR pulse width and/or spectral width is sufficiently broad, the OTDR
receiver yields the average of many Stokes vectors and the effect of varying polarization
states is not seen. If these widths are reduced in comparison to the fibre PMD, or if the fibre
PMD is low enough compared to these widths, fewer Stokes vectors are averaged and the
apparent pulse magnitude can appear to vary with position along the fibre in a ripple pattern.

These apparent ripples can be reduced by rapidly varying the polarization of the source or by
using a polarization scrambler or other appropriate devices.
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5.2 Bi-directional trace

Bi-directional traces are obtained by suitably combining measurements taken by the two
single ends of the fibre.

Starting from the expression of the backscattered optical trace (Equation 4), it is
straightforward to calculate the bi-directional OTDR traces, applying the co-ordinates
transformation z' = L - z, (where L is the total fibre length and z, z' indicate the same point
taken on the two traces), thus obtaining:

10LogP,(z) = const. + 20Log( % - ) -20z (6)
N S
10LogP,(z') = const. + 20Log( 2) j— 20l + 20z (7
z

P, and P, are the traces obtained from the two ends of the fibre. The two equations [can be
then symmed or subtracted side-by-side, and the results, respectively’S and D, are

A
S o 4Log| —— 8
og(w(z)j (8)

A
S o 4Log| —= 9
og(w(z)] 9

Equatipns 8 and 9 show that the bi-directionalvapproach allows, in principle, the separation of
contributions due to variations of geometrical parameters of the fibre (the MFD ) from
contribptions due to changes in the attenuation coefficients (o) of the fibre. Further defails for
the computation of S and D can be found in 5.2.1 and 5.2.2 below.

5.2.1 Attenuation uniformityl)

Attenugtion uniformity is \based on the bi-directional backscattering technique. The bi-
directignal back-scattering:trace can be represented as a function, y(z), with y being thle trace
(in dB) and z being the position (in km). It is computed by reversing the position df each
locatiop of one of the uni-directional traces and computing the difference between the two uni-
directignal traces-divided by two, for each position. The bi-directional trace may be ¢erived
from multiple measurements or from appropriately filtered data having the same effect.

5.2.1.1 Sliding window

The uniformity parameter, Xa, is defined in terms of the sliding window (SW) algorithm, in
which the attenuation coefficient is evaluated across a fixed sub-length, SL, (sliding window
width) of the fibre, ideally sliding along the fibre starting from each of a set of positions: z,, z,.
The attenuation coefficient values at those positions can be represented as:

y(z;j)-y(z; +SL)
SL

A(z;SL) = (10)

Alternatively, the fitted slope of the trace at the defined positions may be substituted for the
values of A(zj; SL). The uniformity parameter is the difference between the maximum of the

1 The text of this paragraph is an extract from Clause 7 of the more detailed Technical Report IEC 62033,
Attenuation uniformity in optical fibres.
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A(zj, SL) values and the average attenuation coefficient of the whole fibre, given by its end-to-
end attenuation coefficient, o, as determined by any method in the IEC 60793-1-40:

XA = max[A(zj; SL)] - « (11)
5.2.1.2 Generalised sliding window

The generalised sliding window (GSW) algorithm will provide coefficients, oy, and €, such that
for a defined range of SL:

r 1 Er
MaxA(Z, SO =a, + 12
WZLSE = - (12)

oy is a|baseline attenuation coefficient and €y is a loss penalty parameter thatyallows scaling
non-unfformity with variable SW lengths. The GSW parameters may be used‘to comppte the
sliding [window maximum in Equation 12 for a variety of sub-lengths, SL.

5.2.2 MFD uniformity

Combining the two traces P, and P, in the half-sum S(z)

10Log19P1(z) +10Log14R5 (L - 2)
2

S(z)= (13)

the MAD as a function of the position, ®(z), can-be easily calculated, inserting a reference
fibre before the fibre under test with a known(MFD; o(zp), at the position z, and neglecting
longituginal variations of &

S(z,4)

S'(z) = S(z) - S(zg) =.20L0g “;()(ZZO)) 2 wz,1)=wlzg, A0 20 (14)

5.2.3 Splice loss evaluation

It is difficult to evaluaté_a system loss budget by measuring splice losses, since there exist
severa| different appreaches and some of them can sometimes lead to misunderstandir{gs.

One traditionalmethod for measuring link loss is by an end-to-end light source powef meter
(LSPM) measurement, but note that this method does not provide fault location. For thiat type
of problem‘or trouble 'shooting the OTDR plays an important part in evaluation of systems.

The basic backscattering principle makes the OTDR very sensitive to fibore MFD dependent
light-coupling properties (see equation 3 above). Different fibres will intrinsically capture more
or less backscattered light resulting in varying signal levels back to the OTDR.

Different here means different geometrical properties and not the manufacturing method. This
means that the same fibre type can be manufactured by different technologies and are easy
to splice to each other, provided the geometry is well controlled.

When two fibres with different MFD values are joined and measured with an OTDR, either an
apparent loss or "gain” appears at the interface as shown from the following picture:
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Figure 2 — OTDR traces for fibres with different MED

mmonly known phenomenon is an artefact of the unidirectional OTDR measurnement.

or component of measured loss is governed by the following equation,

ao1pR = 10-Logla, 1oy

the mode field radius for the first fibre (upstream) and w, for the secon
tream). For example, when the MFD’s of the\spliced fibres are 9,0 um and 9,2
nt unidirectional loss/gain is present of 0,2dB. This apparent loss does not h

on the system loss budget and sheuld not be considered as splice losg.
differempces do add a minimal additional loss to the splice but can be typically ignored

Il order of magnitude. The actual lgss contributed by the different MFD’s is given
2
Umiq = =20-Log 26016022
o + @5

hmple, when the MFED values of the spliced fibres are 9,0 um and 9,2 um, the
e to this MFD fismatch is only 0,002 dB.

Huation shows each loss contributor to the unidirectional OTDR measured loss,
includes-attenuation due to core to core offset, tilt, and other loss mechanisms,

(14a)

d fibre
um an
ave an

MFD
due to

by

(14b)

actual

where

Ymeasured = [aothers + “MED ]snlice loss + %Lotdr

(14c)

To a first approximation and for MFD mismatch up to about 1 um, awrp can be considered
negligible, so the equation reduces to

Umeasured = [aothers]splice loss T Qotdr

(14d)

The most effective way of overcoming this measurement error is by taking bidirectional OTDR
measurements. Therefore, the evaluation of a splice loss is carried out according to the
following steps:

e Obtain the backscattering trace from the two opposite sides of the spliced fibres;

e Evaluate the step/gain G, and G, in the point z, where the splice is located: as shown
above, G, and G, are composed by a term (Aw=q,q,) depending on the MFD mismatch of

the

two fibres, and a term which is the proper splice loss (8=[yperssplice loss);
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e To extract the significant value, 8, compute

G1+Gy (AW +0)+(-Aw +0)

Splice — loss =
P 2

o (15)

Therefore, splice losses must be evaluated through the bi-directional average of the OTDR
traces. This approach is however not always feasible in the field due to location and access
restraints. If unidirectional OTDR measurements are to be used for splice loss evaluation,
corrections based on the MFD’s of each fibre must be used to offset the effect of o,q;-

6 Uncertainties, deviation and resolution

Attenuation coefficient measurements and fault location with an OTDR can be charadterised
in termis of uncertainties, deviation and resolution, generally defined as follows:

e On¢ part of uncertainties is the spread of values, resulting from repeated*measurgments,
around a target value; for a large number of measurements fellowing a Gaussian
disfribution, it is the standard deviation around the average.

e Deyiation indicates the difference between the measurement. output (or the average for
multiple measurements) and the true, or accepted, or reference, value. Deviation |can be
corfected with calibration, see IEC 61746.

e Regsolution is the ability to separate fine details in the measurement

6.1 \ttenuation coefficient measurements

Uncertpinties associated to the attenuation coefficient measurements with an OTDR fan be
affected by the duration of the measurement\(i.e. the number of averaged backscpttered
signald) and in general by the amount of backscattered power, in turn depending on the fibre
length pnd the coupling loss (see also 4.2);*Under appropriate conditions, the uncertainties of
a meagured attenuation coefficient canbe as low as few thousandths of dB/km.

Accuracy of attenuation measurements depends on the calibration status of the equipment. It
should|also be noted that different OTDR can have different source wavelengths, arjd their
measufements will therefore.be“different.

Resolution of attenuation coefficient measurements can be associated with the m|nimum
signifidant decimal place of the'measurement, i.e. 1 thousandth of dB/km.

6.2 Fault locations

A break orimpurity in a fibre, or a coupling between two fibres, may appear in the OTDR trace
as either@ feature with higher reflectivity, a higher loss, or both. By means of the felation
between the back-and-forih propagation time (z/Z2) and the distance (x) through the speed of
light in the fibre (v):

z-X (16)
\'

it is possible to identify the location (x) of the defect. It must be noted also that v = c/n, where
n is the effective group index of the fibre.

Deviation and uncertainties of a measured fault location can be affected by the quantity of
backscattered power and by the uncertainties related to the fibre group index which is only
approximately known: however, for typical applications, an approximate evaluation of the
defect position is acceptable.


https://iecnorm.com/api/?name=41ba68baf8a9bc85d3e874c51bcefe57
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