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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF OPTICAL TIME-DOMAIN
REFLECTOMETERS (OTDR) -

Part 1: OTDR for single mode fibres

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 promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61746-1 has been prepared by IEC technical committee 86: Fibre
optics.

This bilingual version (2014-06) correponds to the English version, published in 2009-12.

This first edition of IEC 61746-1 cancels and replaces the second edition of IEC 61746,
published in 2005. It constitutes a technical revision.

The main technical changes are the adaptation of Clause 4, the suppression of Clause 10, the
improvement and the addition of some definitions, the change of some calculations and the
change of graphical symbology to IEC/TR 61930.
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The text of this standard is based on the following documents:

FDIS

Report on voting

86/347/FDIS

86/362/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

The French version of this standard has not been voted upon.

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
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in the data

related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

In order for an Optical time-domain reflectometer (OTDR) to qualify as a candidate for
complete calibration using this standard, it must be equipped with the following minimum
feature set:

a) a programmable index of refraction, or equivalent parameter;

b) the ability to present a display of a trace representation, with a logarithmic power scale and
a linear distance scale;

c) two markers/cursors, which display the loss and distance between any two points on a trace
display;

d) the ability to measure absolute distance (location) from the OTDR's zero-distance reference;

e) the ability to measure the displayed power level relative to a reference level (for example,
the clipping level);

f) the ability to evaluate the reflectance of a reflective event.
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CALIBRATION OF OPTICAL TIME-DOMAIN
REFLECTOMETERS (OTDR) -

Part 1: OTDR for single mode fibres

1 Scope

This part of IEC 61746 provides procedures for calibrating single-mode optical time domain
reflectometers (OTDR). It only covers OTDR measurement errors and uncertainties.

This standard does not cover correction of the OTDR response.

2 Normative references

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

IEC 60793-1-40, Optical fibres — Part 1-40: Measurement methods and test procedures —
Attenuation

IEC 60793-2-50, Optical fibres — Part 2-50: Product specifications — Sectional specification for
class B single-mode fibres

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

ITU-T Recommendation G.650.1:2002, Definitions and test methods for linear, deterministic
attributes of single-mode fibre and cable

ITU-T Recommendation G.650.2:2002, Definitions and test methods for statistical and non-
linear attributes of single-mode fibre and cable

3 Terms, definitions and symbols

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

NOTE For more precise definitions, the references to IEC 60050-731 should be consulted.

3.1

attenuation

loss

A

optical power decrease in decibels (dB)

NOTE If Pjy (watts) is the power entering one end of a segment of fibre and Pqyt (watts) is the power leaving the
other end, then the attenuation of the segment is

A=10Iog10[}f'” j dB 1)

out

[IEV 731-01-48, modified]
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3.2

attenuation coefficient

a

attenuation (3.1) of a fibre per unit length

[IEV 731-03-42, modified]

3.3

attenuation dead zone

for a reflective or attenuating event, the region after the event where the displayed trace
deviates from the undisturbed backscatter trace by more than a given vertical distance AF

NOTE The attenuation dead zone (see Figure 1 below) will depend on the following event parameters: reflectance,
loss, displayed power level and location. It may also depend on any fibre optic component in front of the event.

Initial dead zone
m
©
<3
5}
S
[o]
[o%
el
Qo Attenuation
2 dead zone
@2
o
Location km —
IEC 1627/04
Figure 1 — Definition of attenuation dead zone
34
backscatter parameter
K

at a given point along the fibre, the backscattered propagating power per unit incident energy

NOTE 1 K is given by the following formula:

K = Sag Yoo (2)
2
where
as is the scattering coefficient, e.g.; in m";
S is the backscatter capture fraction. It depends on other standard fibre parameters such as the mode field

diameter in single mode fibre;

v is the group velocity (in m/s);

=c¢ /N where c is the speed of the light in vacuum, N the group index of the fibre.

NOTE 2 See also Annex G.
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3.5

backscatter coefficient

C

for a given pulse, the ratio of backscattered power at the input side of the fibre to the pulse
input power

NOTE 1 It represents the backscatter parameter for a given pulse width. The backscatter coefficient is defined
from the backscatter parameter (3.4) using the following formula:

C (AT) = KAT 3)

where AT is the pulse width, e.g. in seconds.

Usually the backscatter coefficient is expressed in dB for a given pulse width, AT.

Caa(AT) =1010g1o(KAT) )

NOTE 2 The pulse width, AT in the previous formula is used to normalise C (AT). Usual values for AT are

1 ns and 1 us. See also Annex G.

3.6

calibration

set of operations which establish, under specified conditions, the relationship between the
values indicated by the measuring instrument and the corresponding known values of that
quantity

NOTE See ISO/IEC Guide 99 [11] in the bibliography.

3.7
centroidal wavelength

ﬂavg
power-weighted mean wavelength of a light source in vacuum

[IEC 61280-1-3, definition 2.1.4]

3.8

displayed power level

F

level displayed on the OTDR's power scale

NOTE 1 Unless otherwise specified, F is defined in relation to the clipping level (see Figure 8).

NOTE 2 Usually, the OTDR scale displays five times the logarithm of the received power, plus a constant offset.

3.9

distance

D

spacing between two features

NOTE Usually expressed in metres.

3.10
distance sampling error

ALsample
maximum distance (3.9) error attributable to the distance between successive sample points

NOTE 1 Usually expressed in metres.

NOTE 2 The distance sampling error is repetitive in nature; therefore, one way of quantifying this error is by its
amplitude.
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3.1

distance scale deviation

ASL

difference between the average displayed distance (3.9) < Dgigr > and the correspondent
reference distance (3.27) D, divided by the reference distance (3.27)

NOTE 1 Usually expressed in m/m
NOTE 2 ASL is given by the following formula:

- < Dotdr >_Dref - < Dotgr >
Dres Dres

AS, -1 (5)

where < Dgtqr > is the displayed distance on a fibre averaged over at least one sample spacing.

3.12

distance scale factor

SL

average displayed distance (3.9) distance divided by the correspondent reference distance
(3.27)

NOTE S| is given by the following formula:

_ < Dotdr >
= (6)
Dyt
where < Dgtqr > is the displayed distance between two features on a fibre averaged over at least one sample
spacing.
3.13
distance scale uncertainty
UAsL

uncertainty of the distance scale deviation (3.11)

NOTE 1 Usually expressed in m/m.

NOTE 2 uasL is given by the following formula:

UpsL = u[ < Dotgr > _ 1} _ u[ < Dotdr >) )
Dyt Dyt

NOTE 3 In the above formula, u() is understood as the standard uncertainty of ().

3.14

dynamic range at 98 %(one-way)

amount of fibre attenuation (3.1) that causes the backscatter signal to equal the noise level at
98 % (3.24)

NOTE It can be represented by the difference between the extrapolated point of the backscattered trace (taken at
the intercept with the power axis) and the noise level expressed in decibels, using a standard category B fibre (see
IEC 60793-2-50).

3.15

group index

N

factor by which the speed of light in vacuum has to be divided to yield the propagation velocity
of light pulses in the fibre
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3.16

location

L

spacing between the front panel of the OTDR and a feature in a fibre

NOTE Usually expressed in metres.

3.17

location deviation

AL

displayed location (3.16) of a feature Lyiqr minus the reference location (3.28) Lef

NOTE 1 Usually expressed in metres.

NOTE 2 This deviation is a function of the location.

3.18
location offset

ALy
constant term of the location deviation (3.17) model

NOTE 1 Usually expressed in metres.

NOTE 2 This is approximately equivalent to the location of the OTDR front panel connector on the instrument's
distance scale.

NOTE 3 For a perfect OTDR, the location offset is zero.

3.19
location offset uncertainty

UALO
uncertainty of the location offset (3.18)

3.20
location readout uncertainty

UL readout
uncertainty of the location (3.16) measurement samples caused by both the distance sampling

error (3.10) and the uncertainty type A of the measurement samples

3.21

loss deviation

AA4

difference between the displayed loss of a fibre component 4,4, and the reference loss (3.29),
in dB

NOTE 1 AA is given by the following formula:

AA = Aotgr = Aret (8)
NOTE 2 The loss deviation usually depends on the displayed power level, F.

3.22
loss uncertainty

UAA
uncertainty of the loss deviation (3.21), in dB
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3.23

loss scale deviation

ASA

difference between the displayed loss of a fibre component 4,4, and the reference loss (3.29)
Aref, divided by the reference loss (3.29), in dB/dB

NOTE 1 ASp is given by the following formula:

— Aotdr_ Aref
ASp= —F—T5 C)
Aref

NOTE 2 Refer to 7.1 for more details.

3.24
noise level at 98 %
upper limit of a range which contains at least 98 % of all noise data points

3.25

non-linearity

NLIoss

difference between the maximum and minimum values of the loss deviation (3.21) A4 for a
given range of power levels, in dB

NOTE 1 This is the non linearity of a logarithmic power scale.

NOTE 2 Non-linearity is one contribution to loss deviation; it usually depends on the displayed power level and the
location.

3.26

received power level

P

power received by the OTDR's optical port

3.27

reference distance

Dyet

distance (3.9) precisely determined by measuring equipment with calibration traceable to
international or national standards

NOTE Usually expressed in metres.

3.28

reference location
Lyes

location (3.16) precisely determined by measuring equipment with calibration traceable to
international or national standards

NOTE Usually expressed in metres.

3.29
reference loss

Aref
loss of a fibre optic component precisely determined by measuring equipment with calibration

traceable to international or national standards

3.30

reflectance

R

the ratio, expressed in dB, of the reflected power (in watts), to the incident power (in watts), at

a discrete location in a fibre optic component Documents
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NOTE 1 R is given by the following formula:

P
R=10Ioglo[iﬂj (10)
Finc
where P is the reflected power, e.g. in watts;
Pinc is the incident power, e.g. in watts.

NOTE 2 In this standard, reflectance is expressed in decibels.
NOTE 3 Reflectance values are negative.

NOTE 4 For the purpose of this standard, the reflectivity, p, is defined as the linear value of the reflectance:

p:ﬁ (11)
PI)nC

3.31
reflectance deviation
AR
difference between the reflectance (3.30) of a fibre component Rytqr and the reflectance R,
in dB

AR=Rotgr - Rref dB (1 2)
3.32

rms dynamic range (one-way)
amount of fibre attenuation (3.1) that causes the backscatter signal to equal the rms noise
level (3.33)

NOTE Assuming a Gaussian distribution of noise, the rms dynamic range can be calculated adding 1,56 dB to the
one way dynamic range.

3.33
rms noise level
quadratic mean of the noise

NOTE 1 On a general basis, the rms noise level can not be read or extracted from the logarithm data of the
OTDR. This is because of the linear to logarithm conversion used to display the power level on a dB scale removes
the negative part of the noise.

NOTE 2 Assuming a Gaussian distribution of noise, a relation between the noise level and the rms noise level can
be found using the following formula:

noisegg —NOISe ms =5 %1091 (2,053 75) = 1,56 dB (13)
where  noisegg is the noise level at 98 %, e.g. in dB;
NOiS€ s is the rms noise level, e.g. in dB;
2,053 75 is the value of the reverse standard normal distribution for 98 %.

3.34
sample spacing
distance of consecutive data points digitized by the OTDR

NOTE 1 Usually expressed in metres.

NOTE 2 Sample spacing may be obtainable from instrument set-up information. Sample spacing may depend on
the measurement span and other OTDR instrument settings.
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3.35
spectral width

AArwHm
full-width half-maximum (FWHM) spectral width of the source

[IEC 61280-1-3, modified]

4 Preparation for calibration

4.1 Organization

The calibration laboratory should satisfy requirements of ISO/IEC 17025.

There should be a documented measurement procedure for each type of calibration performed,
giving step-by-step operating instructions and equipment to be used.

4.2 Traceability

The requirements of ISO/IEC 17025 should be met.

All standards used in the calibration process shall be calibrated according to a documented
program with traceability to national standards laboratories or to accredited calibration
laboratories. It is advisable to maintain more than one standard on each hierarchical level, so
that the performance of the standard can be verified by comparisons on the same level. Make
sure that any other test equipment which has a significant influence on the calibration results is
calibrated. Upon request, specify this test equipment and its traceability chain(s). The re-
calibration period(s) shall be defined and documented.

4.3 Preparation

Perform all tests at an ambient room temperature of 23 °C = 3 °C, unless otherwise specified.
Give the test equipment a minimum of 2 h prior to testing to reach equilibrium with its
environment. Allow the OTDR a warm-up period according to the manufacturer's instructions.

4.4 Test conditions

The test conditions usually include the following OTDR external conditions: date, temperature,
connector-adapter combination and use of a lead-in fibre.

Perform the calibration in accordance with the manufacturer's specifications and operating
procedures. Where practical, select a range of test conditions and parameters so as to emulate
the actual field operating conditions of the OTDR under test. Choose these parameters so as to
optimize the OTDR's accuracy and resolution capabilities (for example, view windows, zoom
features, etc.), as specified by the manufacturer's operating procedures.

The test conditions usually include the following OTDR parameters: averaging time, pulse
width, sample spacing, centroidal wavelength. Unless otherwise specified, set the OTDR group
index to exactly 1,46.

NOTE 1 The calibration results only apply to the set of test conditions used in the calibration process.

NOTE 2 Because of the potential for hazardous radiation, be sure to establish and maintain conditions of laser
safety. Refer to IEC 60825-1 and IEC 60825-2.

4.5 Documentation

Calibration certificates shall include the following data and their uncertainties:
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a) the location offset ALy and its uncertainty + 2 u, 5 as well as the distance scale deviation
AS| and its uncertainty + 2 u,g|, or the location deviations AL; and their uncertainties + 2
UALI;

b) the loss deviations A4 and their uncertainties + 2 upp or the loss scale deviation AS, and
their uncertainties + 2 u,gp:

c) the instrument configuration (pulse width, measurement span, wavelength, averaging
time,...) used during calibration;

d) other calibration certificate requirement as per ISO/IEC 17025.
5 Distance calibration — General

5.1 General

The objective of distance calibration is to determine deviations (errors) between the measured
and actual distances between points on a fibre, and to characterize the uncertainties of these
deviations.

An OTDR measures the location L of a feature from the point where a fibre is connected to the
instrument, by measuring the round-trip transit time T for a light pulse to reach the feature and
return. L is calculated from T using the speed of light in vacuum ¢ (2,997 924 58 x 108 m/s) and
the group index N of the fibre:

cT
L=—— 14
N (14)

Errors in measuring L will result from scale errors, from offsets in the timebase of the OTDR
and from errors in locating a feature relative to the timebase. Placing a marker in order to
measure the location may be done manually or automatically by the instrument. The error will,
generally, depend on both the marker placement method and the type of feature (for example,
a point loss, a large reflection that saturates the receiver or a small reflection that does not).

Even larger errors in measuring L may result from the uncertainty in determining the fibre's
group index N. The determination of N is beyond the scope of this standard. Consequently, the
calibration procedures below only discuss the OTDR's ability to measure T correctly. For the
purpose of this standard, a default value N = 1,46 is used and the uncertainty of N is
considered to be 0.

5.2 Location deviation model

In order to characterize location deviations, a specific model will be assumed that describes the
behaviour of most OTDRs. Let Lot be the reference location of a feature from the front panel
connector of the OTDR and let Lyigr be the displayed location. It is assumed that the displayed
location Lyigr, using OTDR averaging to eliminate noise, depends functionally on the reference
location Les in the following way:

Lotgr = SL % Lyef +ALg + f(Lref) (19)
where

SL is the scale factor, which ideally should be 1;

ALg is the location offset, which ideally should be 0;

flLref) represents the distance sampling error, which is also ideally 0. The distance sampling
error is a periodic function with a mean of zero and a period equal to the distance
interval between sampled points on the OTDR. As an example, if the location of a large
reflection is measured by placing a marker on the first digitized point that shows an
increase in signal and the position of the reflection is incremented in fine steps, then
f(Lref) may be shaped like a periodic ramp waveform.
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Equation (15) is meant to characterize known errors in location measurements, but there may
still be an additive uncertainty type A. This will affect both the distance measurements and the
accuracy with which parameters describing the errors can be determined by the procedures
below.

SL and ALy may be determined by measuring Lqiq, for different values of Lgf, then fitting a

straight line to the data by the least squares method. S| and ALg are the slope and intercept,
respectively.

Equivalently, a line may be fitted to the location deviation function, that is the difference
between Lgigr and Lyef:

AL = Lotgr = Lyef = AS| % Lyeg +ALg + f(Lyef ) (16)

where
AS| is the slope; and

ALq is still the intercept, as illustrated in Figure 2.

After finding the linear approximation, the distance sampling error f{L,ef) respectively its half-
amplitude AL;eagout May be determined by measuring departures from the line for different

values of Lyer. The distance sampling error amplitude ALgampie is taken as half the amplitude
of AlLref)-

In this standard, the distance sampling error amplitude ALsample is treated as part of the
location readout uncertainty type A. The stated uncertainty result thus ignores the repetitive
nature of the sampling error, that is it does not distinguish between the relative contributions of
the sampling error and the uncertainty type A.

ALsample | Linear
approximation
(Slope = AS|)
ALg—
0 1 0

AL(L) = Lotdr — Lref M

Location Lyef IEC 1628/04

Figure 2 — Representation of the location deviation AL(L)
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Therefore, the result of the distance calibration shall be stated by the following parameters:

AS|, upns. the distance scale deviation and its uncertainty;
A Lg, upn g the location offset and its uncertainty;

UlLreadout the location readout uncertainty, that is the combined uncertainty due to the
distance sampling error and the uncertainty type A of the measurement samples, in
the form of a standard deviation.

In compliance with the "mathematical basis", divide the largest excursions from the least-
squares approximation by the square root of 3 for stating u| reagout- NOte that the uncertainty
will depend on the distance, the displayed power level and the instrument settings.

NOTE ALsample represents the physical sampling error of the instrument. This error is accessible for the user as
ul readout that includes distance calculation and displaying errors.

5.3 Using the calibration results

The error in the location of a feature AL = Lqtqr — Lref Can be calculated from the calibration
results:

AL =ALO +LrefASL (17)

with the uncertainty in AL given by the following formula, in which the recommended confidence
level of 95 % is used:

]
B 2 2 2 2)2
+2upL —iZ(MALo + Lyt "upsL” + UL readout )/ (17a)

where the displayed location Lyiqr can be used instead of the reference location L.gf without
serious consequences.

Similarly, the error in the distance between two features AD and its uncertainty can be
calculated from the following formula:

AD = Dyt AS| (18)
with uncertainty in AD given by the following formula:

1
2 2 212
+2upp = i2(Dref upsL” + 2u| readout )/ (18a)

where the displayed distance Dgiqr can be used instead of the reference distance D,¢s.

NOTE The 2 in front of i ;eaq0ut? iS due to combining two uncorrelated uncertainties.

Additional uncertainties may have to be taken into account if the type of feature is different
from the feature used in the calibration. Specify the type of feature as part of the calibration
result.

5.4 Measuring fibre length

As indicated above, one of the methods of OTDR distance calibration is to measure fibres of
known length with the OTDR. In several instances in this standard, it is required that fibre
length be determined using the fibre's transit time, in contrast to a mechanical length
measurement. This method is directly compatible with the measurement principle of the OTDR
itself. In addition, the transit time can usually be measured with better accuracy than its
mechanical length, particularly when the fibre is long. Therefore, in this standard, it is
suggested that fibre transit time instead of fibre length be used whenever accuracy is
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Measure the transit time of the fibre Tiansit With the help, for example, of a pulse generator, a
triggerable laser source, an optical-to-electrical converter (O/E converter) and a time interval
counter. It is important that the laser source has approximately the same centroidal wavelength
Aavg as the test OTDR, because a difference in wavelength may result in a difference of transit
time due to the chromatic dispersion of the fibre. An alternative to the laser source is using the
OTDR itself to produce optical pulses; in this case, the centroidal wavelengths automatically
coincide. Record the transit time as the difference between the arrival times with and without
the fibre inserted between the laser source and the O/E converter.

When this fibre is used for OTDR distance calibrations, then the reference distance D can be
calculated by

To
Dief = ¢ tr;nsn m (19)

In this equation, use a group index N which is identical with the OTDR's group index setting.

The time measurement principle makes it possible to use D.¢f as the reference distance.

6 Distance calibration methods

6.1 General
Each of the three alternative calibration methods described below is capable of determining all

of the necessary calibration results: location offset, distance scale deviation, and their un-
certainties.

6.2 External source method
6.2.1 Short description and advantage

The external source method uses a calibrated time-delay generator to simulate the time delay
in a fibre and an optical source to simulate the reflected or scattered signal from a fibre.

The method is well suited to automated laboratory testing under computer control. For
simplicity, only reflective features are discussed in this standard. To calibrate the OTDR
for features other than reflection, the pulsed E/O converter described below should be replaced
by an optical source that simulates the appropriate feature.

6.2.2 Equipment

In addition to the OTDR, the measurement equipment includes, as shown in Figure 3:

a) an optical coupler;

b) an optical-to-electrical converter;

c) adigital delay generator with pulse capability;

d) an electrical to optical converter;

e) a variable optical attenuator, for reduction of the pulse amplitude to just below the clipping

level.
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A1 c2
F4 7:B_ ‘F3 E/O 52 Digital delay
F5 generator
I
DUT c1
OTDR ‘ i L F2 O/E > o
IEC 2433/09
Key
F1, F2, F3, F4 and F5 fibres
E1 and E2 electric cables
E/O electrical-to-optical converter
O/E optical-to-electrical converter
A1 variable attenuator
C1 optical-to-electrical converter
C2 electrical-to-optical converter

Figure 3 — Equipment for calibration of the distance scale —
External source method

The coupler routes the OTDR signal to the O/E converter (detector). The detector triggers the
delay generator, which, after a known time delay, causes an optical pulse to be generated. This
pulse is then coupled back to the OTDR.

The E/O converter can be a simple pulsed laser that simulates a reflection. Constant pulse
amplitude and pulse width are considered adequate to calibrate the distance scale for reflective
features. However, the attenuator makes it possible to adjust the pulse amplitude based on the
distance of the reflection from the front panel of the OTDR, in order to simulate the change of
reflection amplitude caused by the attenuation of the fibre.

To allow accurate calibration of the set-up, fibres F1 and F5 should have the same length (see
below). F5 is terminated to absorb reflections.

6.2.3 Calibration of the equipment

Before using the "external source" equipment, it shall be properly calibrated. It is assumed that
the digital delay generator is regularly calibrated. For computing the location offset ALy from
the measured data, it is also necessary to determine the insertion delay Tyejay Of the apparatus.
This can be accomplished by adding a pulse generator and a calibrated time interval counter to
the equipment, as shown in Figure 4.
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A1 G1
o (67
F3 E2
F4 45 < E/0 l<——| Digital delay
F5 generator
Ct Stop Start E4
F1 F2 E1
OE > £ E3 \ [G2
T-interval Pulse
cm counter generator
IEC 2434/09
Key
F1, F2, F3, F4 and F5 fibres
E1, E2, E3 and E4 electric cables
Cc2 electrical-to-optical converter
C1 optical-to-electrical converter
A1 variable attenuator

Figure 4 — Set-up for calibrating the system insertion delay
To calibrate the insertion delay Tqelay, proceed as follows.

Set the pulse generator to square wave, with a repetition period more than twice as long as the
delay time to be measured. Use the output pulse of the pulse generator as the start pulse on
the time interval counter, and to externally trigger the delay generator. Set the digital delay
generator for external triggering and zero delay for the leading edge of the pulse generator
signal. Set the trigger levels of the delay generator and the counter.

The external source will then generate an optical square wave which, after re-conversion to an
electrical pulse, will stop the time interval counter. To ensure lowest uncertainty, the electrical
cables E3 and E4 should have equal length. Also, fibres F1 and F5 should have equal lengths.
Note that identical cable numbers in Figures 3 and 4 mean the same physical cables. Adjust
the optical attenuator for best triggering of the time interval counter. Record the displayed time
interval (between start and stop) as the insertion delay Tqe|ay-

6.2.4 Measurement procedure
6.2.4.1 Preparation

Select the technique (automatic or manual) for locating the feature on the OTDR. Program the
attenuator to generate the desired pulse amplitude(s). Select the pulse width on the digital
delay generator, for example 1 ps.

Choose the time settings of the delay generator T; so that the samples are distributed over a
wide distance range with some randomness, to accomplish averaging over the OTDR's
distance sampling interval. The first time setting should be chosen so that the pulse appears
close to the front panel of the OTDR, but sufficiently out of the initial dead zone for good
measurements. If the testing laboratory does not determine and analytically justify a different
distance sampling scheme, one of the two schemes below shall be chosen.
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a) In the first scheme, evaluate the sample spacing Dgampie (for the appropriate OTDR
instrument setting), for example by zooming into the OTDR trace. Then calculate the
corresponding delay difference of the delay generator Tsample USINg:

2NDsampIe

Tsample = - (20)

where N is the OTDR's group index setting and c is the speed of light in vacuum.

Then calculate a total number of i delay generator settings, grouped in & clusters of »
settings each (i = k£ n), where each cluster uniformly covers one sample spacing. Each
cluster shall have the form:

T T, 1, T,
Tq,Ti + 2™Pe/ Ty +2 Samp'% T +(n ") Samp'% (21)

where the number of settings in each cluster » is at least four and is the same for every
cluster. The centres of the clusters are uniformly spaced, from just beyond the initial dead
zone to a large distance over which the instrument is to be calibrated. The number of
clusters k may be as small as two.

b) In the second scheme, there are no clusters, and the sample spacing Dgample does not
need to be known except very approximately. Calculate Tsample from Equation (20). Choose
the time settings so that they are uniformly spaced between the initial dead zone and a
large distance and each has a random time interval added. The random intervals should
have a uniform probability density in the interval — T4 to 7y, where T is at least 20 Tsample
but less than 10 % of the longest time delay for the tests. The number of measurements i
(that is different settings) should be at least 20.

Alternatively, prior knowledge of the magnitude of the uncertainty type A and the tolerable

uncertainty in the measurements may lead the testing laboratory to select a different
systematic or random distance sampling scheme.

6.2.4.2 Taking the measurement results

Select the first time setting of the time Tj of the series 71 as defined above. Record the time T4
of the delay generator and the measured location Lgtqg,, 1 Of the event on the OTDR. Proceed
with the time settings as selected in 6.2.4.1 Always record the time 7; and the measured
location Lotgr j- Continue until all time settings are completed.

6.2.5 Calculations and results

Following the concept of Clause 5, use the time settings to calculate i reference locations Ly i

o(T; + Tdelay )

Lref,i = 2N (22)
where
N is the group index setting of the OTDR;
T; are the time settings defined in 6.2.3;

Tqelay Is the calibrated insertion delay of the test equipment (see 6.2.2).

Then, use the reference locations and the displayed locations Lgr i to calculate the set of i
location deviations AL;:

AL; = Lotdr,i — Lref, i (23)

To determine the location offset ALy and the distance scale deviation AS|, fit the location
deviation data to the simplified location deviation model (in which the distance sampling error is
momentarily neglected):

ALj, model = ASL Lyef, i + AL (24)
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Specifically, minimize the difference between the model and the data using the least-squares
criterion that is, choose AS_ and ALy so that the summation

2
Z(ALi — AS| Lyef i — ALO) (25)
i
is minimized. Record ALy and AS| obtained from the approximation.

As in Figure 2, the slope of the linear approximation represents the distance scale deviation

AS|. The intercept with the vertical axis represents the location offset ALy. Record AS| and ALy
obtained from the calculation.

6.2.6 Uncertainties
6.2.6.1 General

A general discussion of the distance uncertainties can be found in Clause 5.

Note that the following list of uncertainties may not be complete. Additional contributions may
have to be taken into account, depending on the measurement set-up and procedure. The
mathematical basis given in Annex D should be used to calculate and state the uncertainties.

6.2.6.2 Distance scale uncertainty

The least-squares approximation outlined in 6.2.5 effectively uses the displayed distances
between the measurement samples to calculate the distance scale deviation. It is assumed that
the measurement samples near L = 0 and near the farthest location L = L5« have the
strongest influence on the distance scale deviation because the samples in the middle of the
range have no influence on the slope of the distance error model.

Applying the standard formula for the propagation of errors to Equation (7) yields the distance
scale uncertainty uagL in which <Dgiqr> = Dref Was used.

1/2

2 2
U <Dotdr> U Dref
Upgl = + m/km (26)
(< Dotgr >] ( Dref J
where
Dotdr is Dref = Lref (for the long distances discussed here);
U<Dotdr> is the standard deviation expressing the uncertainty of the distance samples

(on the basis of the location samples);

u<potdr>/<Dotdr> represents the slope uncertainty due to inaccurate distance readout; it is
equivalent to the standard deviation of the slope, AS| in the location model of
Equation (16) which includes the marker placement uncertainty and the
distance sampling error; the least-squares algorithm wused for the

determination of AS| can be used to determine u<potqr>; if applicable, AL;
may be averaged over the corresponding sampling interval;

UDref is the uncertainty of the reference distances;

upref/Dref represents the slope uncertainty caused by the digital delay generator and is
equal to the relative timing uncertainty of the delay generator.
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6.2.6.3 Location offset uncertainty

The location offset ALy is equal to the intercept of the least-squares approximation with the
vertical axis. This intercept mostly depends on the first few samples, that is those samples
which are closest to the location L = 0, and on the accuracy of the insertion delay Tge|ay-

The location offset uncertainty us g can be calculated by using the standard formula for the
propagation of errors:

5 1/2
2 ¢ 2
MALO: |:”GAL + [WJ queIay ] (27)
where

UAL is the uncertainty of the differences between AL; and the least-squares approximation
near L = 0, which includes the marker placement uncertainty and the distance

sampling error; it is equivalent to the standard deviation of (ALj — AL model) Near L = 0; if

applicable, AL; may be averaged over the correspondent sampling interval; the least-

squares algorithm used for the determination of ALy can be used to determine oy|.
uTdelay IS the uncertainty of the system insertion delay; the assumption is that the first-time

setting will be very short or even zero, reducing the delay generator uncertainty to one
of the insertion delays only.

6.2.6.4 Location readout uncertainty

As outlined in Clause 5, determine the largest difference between the location deviation samples

AL; and the least-squares approximation near L = 0. Then calculate the location readout
uncertainty u|readoyt (Which includes the distance sampling error) by dividing the largest
difference by the square root of 3. Alternatively, u| readout Can be determined either with the least-

squares algorithm used for the determination of AS; and ALg or with the following formula:

112
(AL ~ AL, moder )2 (28)

U| readout =
n—1+*

1 &
i=1

6.3 Concatenated fibre method

6.3.1 Short description and advantages

This method uses calibrated fibres with transit times precisely measured at the wavelength of
the OTDR under test to calibrate the distance scale.

The method requires only connectorized lengths of fibre, and is thus both inexpensive and well
suited to testing in locations where equipment such as that used in 6.2 cannot be carried. It
may be viewed as a manual test method because it requires connecting and disconnecting
short lengths of fibre a number of times to vary the locations of features. However, this process
can be automated with optical switches, if desired.

6.3.2 Equipment
In addition to the test OTDR, the equipment includes, as shown in Figure 5:

a) fibre A, to determine the location offset;
b) fibre B, to determine the distance scale deviation;

c) a set of incremental fibres, to determine the distance sampling error.
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Figure 5 — Concatenated fibres used for calibration of the distance scale

Normally these fibres will be cabled or packaged in some way for protection and connectorized
for easy connection and disconnection. Alternatively, they may be used with a fibre optic
switching mechanism that does not require connectors.

The requirements on these fibres are indicated below.

a) Fibre A may be a simple fibre with an end reflection, or a fibre with an internal reflection or
splice. Its length is not very important, as long as it puts the feature to be measured on a
backscatter trace which is essentially undisturbed from the initial reflection(s) near the
OTDR port.

Fibre A may be split into a short jumper fibre and a length as outlined before, with
connectorized ends. In this way, the incremental fibres (see below) can be inserted after
the first section of fibre A without having access to the front panel of the OTDR. The
reflection from the near-end connectors shall be small enough to avoid placing the feature
at the end of fibre A into the dead zone of the OTDR.

This alternative may be important in automated systems.

Fibre A can also be used as a lead-in fibre for measuring the distance scale deviation with
the help of fibre B.

b) Fibre B shall have reflective ends, for example by using the reflections from its connectors.
Because the uncertainty is reduced by making this fibre longer, it is recommended that
fibre B be at least 2 km long.

To calibrate the fibre, measure its optical transit time T}, as described in Clause 5.

Caution: for a correct distance calibration, the reflections from the two ends of fibre B
(connectors C2 and C3) should be approximately equal. For example, if one end produces
a reflection that saturates the OTDR and the other end does not, then the difference in
waveforms can lead to inaccurate distance measurements. The effect of this difference on
the measured distance scale deviation will be small if the fibre is long, however.

c) When the sampling interval is not precisely known from the manufacturer and expected to
be large, the set of incremental fibres will be used to vary the locations of the two
reflections of the long fibre B by amounts less than the distance sampling interval of the
OTDR. Their lengths should be selected in order to generate at least four distance
increments which are evenly spaced over the distance sampling interval. As an example, if
the distance sampling interval is 10 m, this can be accomplished with two fibres of lengths
2,5 m and 5 m. Separately and in combination, these can produce increments of 0 m (no
fibre), 2,5 m, 5m, and 7,5 m (both fibres). More generally, the fibres should generate
length increments of

0,Dy,2Dy,.....(n = 1)Dy (29)
where
n =4, and
n Dy equals the distance sampling interval of the OTDR under the conditions to be tested.
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Except in unusual cases, calibrating the transit time of these fibres according to Clause 5 is
unnecessary. Instead, their physical lengths should be measured. The difference between the
true group index and the OTDR group index setting will be negligible on such short fibres.

6.3.3 Measurement procedures
6.3.3.1 General

The contribution of random noise to location deviation is usually small except when the
displayed power level comes close to the noise limit of the instrument. Longer OTDR averaging
is recommended in this case.

6.3.3.2 Preparation

Select the type of feature (in or at the end of fibre A) for which the location offset is to be
determined and select the fibres accordingly. Also, establish the technique (automatic or
manual) for placing the markers on the feature in fibre A and the reflective ends of fibre B.

Connect fibre A to the front of the OTDR, so that the feature at or near the far end of the fibre
can be seen on the OTDR. Connect fibre B to the far end of fibre A, so that the reflections from
both ends of fibre B may be seen on the OTDR.

6.3.3.3 Taking the measurements

Measure the location of the feature in fibore A with the OTDR. Record this first measured
location as Lgtqr,1- Measure the length of fibre B with the OTDR, using the two reflections
generated by this fibre. Record this first measured distance as Dytqgr 1-

Insert the shortest of the incremental fibres between the OTDR and the beginning of fibre A.
Measure the location Lyigr2 and the distance Dy 2. If fibre A is a split fibre, as described
in 6.3.2, the incremental fibres may be inserted into the split instead of between the OTDR and
the beginning.

Continue inserting successively increasing length combinations of the incremental fibres.
Measure the location Lygr; and the distance Dgigri until i = n and the total length of the
incremental fibres is (n — 1) Dy.

6.3.4 Calculations and results
6.3.4.1 Distance scale deviation

Compute the distance < Dgyqr > (the length of fibre B) as the average of the n values of Dotqr ;.
Then compute the distance scale deviation as

< Dotgr > N < Dogr >

-1 =

AS| =
Dyt cTy

-1 (30)

where

Dot is the reference distance;

N is the group index setting of the OTDR;

Ty, is the one-way transit time for fibre B, as measured according to Clause 5.

6.3.4.2 Location offset
Let < Lotgr > be the average of all n values of Lytgr ;. Compute the location offset on the basis of

Equation (16):
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ALg =< Lotgr > = (1+ AS| ) < Les > (31)

cT, (n—1)D
ALy =< L -(1+A a X
0 =< Lotgr > (+SL)(N+ > J
where

< Lief > is the average reference location corresponding to the first reflection, to be calculated
with the help of the average length of the incremental fibres;

N is the group index setting of the OTDR;
Ty is the one-way transit time for fibre A, as measured according to Clause 5;
ASL is the distance scale deviation as determined by the Equation (30); if fibre A is

sufficiently short, then the AS| term can be neglected.
6.3.5 Uncertainties
6.3.5.1 General

A general discussion of the distance uncertainties is given in Clause 5. Note that the following
list of uncertainties may not be complete. Additional contributions may have to be taken into
account, depending on the measurement set-up and procedure.

The mathematical basis given in Annex D should be used to calculate and state the
uncertainties.

6.3.5.2 Distance scale uncertainty

The distance scale uncertainty uag should be calculated with the following formula which is
derived from Equation (30):

1/2

2 2

Upotdr Uty

UpsL = ( ] +[ J m/km (32)
Dotdr Tb

where upotqr is the uncertainty of the displayed length of fibre B, for example, as caused by the
marker placement uncertainty and the distance sampling error.

The transit time uncertainty of fibre B orp should itself be calculated by root-sum-squaring.

uTp,counter I8 the transit time uncertainty of fibre B, due to the time interval counter;

UTp, 4 is the transit time uncertainty of fibre B, due to a difference between the
wavelength used in determining the transit time and the OTDR wavelength;

UTh,@ is the transit time uncertainty of fibre B, due to its temperature coefficient; typical
value: 1 cm/(km °C).

6.3.5.3 Location offset uncertainty

The location offset uncertainty us o should be calculated from the following formula which is
derived from Equation (31), by neglecting the AS| and the (n—1) Dy/2 terms:

2 1/2
c
Unro= [ul?otdr + [Wj u%a ] (33)

where u|otqr is the uncertainty of measuring the location of the feature at the end (or inside) of
fibre A, that is mainly the uncertainty of the marker placement; it is assumed that the distance
sampling error is effectively removed by averaging over one sampling interval.
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The transit time uncertainty of fibre A uT should itself be calculated by root-sum-squaring:

uTa counter i8S the transit time uncertainty of fibre A, due to the time interval counter;

UTa, ; is the transit time uncertainty of fibre A, due to a difference between the
wavelength used in determining the transit time and the OTDR wavelength;

UTa,@ is the transit time uncertainty of fibre A, due to its temperature; typical value:
1 cm/(km °C).

6.3.5.4 Location readout uncertainty

Calculate the following two sets of data, one for the location deviation and one for the distance
error, using the measurement samples given in 6.3.3.

cT. . .
Lotdr,i — Lref,i = Lotdr,i _( Na + ’ij i=0ton—1 (34)
and
C‘Tb .
Dotdr,i — Dref,i = Dotdr,i — N i=0ton—1 (39)

It is recommended that half the difference between the largest and the smallest value of the L
set or the D set, whichever is larger, be divided by the square root of 3 to calculate the location
readout uncertainty U readout-

6.4 Recirculating delay line method
6.4.1 Short description and advantage

The recirculating delay line method uses a calibrated loop of fibre, made with a coupler and a
reflector, to generate periodic reflections.

The method is similar to the concatenated fibre method: a fibre artifact is used, and there is no
need for electronic equipment. The artifact generates many calibrated distance samples; this
has the potential of reducing type A uncertainties affecting the distance scale deviation.

The measurements of location offset are limited to the reflective features generated by the
recirculating delay line.

6.4.2 Equipment

In addition to the test OTDR, the measurement equipment only includes a recirculating delay
line manufactured and calibrated according to Annex A, as shown in Figure 6.
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Figure 6 — Distance calibration with a recirculating delay line

The recirculating delay line places a number of reflective features on the OTDR display, as
shown in Figure 7. The first feature is the one obtained from the optical pulse travelling direct
to the mirror, then back direct to the OTDR. The second feature is generated by the optical
pulse travelling once through the loop, then to the mirror, then back direct to the OTDR (this
pulse coincides with the pulse travelling direct to the mirror, then back through the loop, then
back to the OTDR). The third pulse travels through the loop twice, etc.

Accordingly, the ideal displayed locations would be

Lotdr,O =1L,
Lotdr,1 =Ly + Lb/2 (36)
LOtdI’,Z = La + Lb — etc

where L, is the length of the lead-in fibre and Ly, is the length of the fibre loop.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Clipping
level

Lotdr, 0
Lotdr, 1
Lotdr, 2

Displayed power F dB

Lotdr, 3

LocatonL ———
IEC 1633/04

Figure 7 — OTDR trace produced by recirculating delay line Documents
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As an optional addition to the measurement set-up, it may be advantageous to use one or more
incremental fibres as in 6.3.3. The need for this is reduced because the multiple reflections
from the delay line are likely to generate averaging over the distance sampling interval.
However, this averaging effect is not controlled and systematic control may be preferred. Using
the notation of 6.3.3, it may be sufficient to let n = 2, so there is just one incremental fibre with
length equal to half of the distance sampling interval.

6.4.3 Measurement procedure
6.4.3.1 General

The procedure assumes that no incremental fibres are used. If they are used, this simply
increases the number of distance samples that are recorded, and it is straightforward to modify
the notation and computations. The method then becomes very similar to that of 6.3, with the
lead-in fibre being equivalent to fibre A and the loop length equivalent to fibre B.

6.4.3.2 Preparation

Establish the technique (automatic or manual) of placing the markers at the leading edges of
the reflections from the recirculating delay line, following the manufacturer's recommendations.

Connect the recirculating delay line assembly directly to the OTDR so that the reflective
features can be seen on the OTDR.

6.4.3.3 Taking the measurement results

Measure the locations of successive reflections from the recirculating delay line with the
OTDR. Record these as Lotqr,;, where the index i goes from 0 to k& and represents the number
of passes through the loop. A large number & will presumably increase the accuracy of the
result, but it will be limited by loss and the noise floor of the OTDR.

6.4.4 Calculations and results
Using the calibration data of the recirculating delay line T, and T, the series of reference

locations is:
P2 L = Ty +NTb/2)
=2 Lo C(Ta]"\; Tp)
o(Ty+ 2
i=0 Lt = N

where N is the group index setting of the OTDR.

Then use the displayed locations Lytgr i and the reference locations to calculate the series of
location deviations AL;.

ALi = Lotdr,i — Lref,i = ASL Lyef,i + ALy + f(Lref,i) (37)

To determine the location offset ALy and the distance scale deviation AS(, fit the location
deviation data to the simplified location deviation model (in which the location readout
uncertainty is momentarily neglected):

ALj model = AS| Lref,0 + ALg (38)

Specifically, minimize the difference between the model and the data using the least-squares
criterion, that is choose AS| and ALg so that the summation:
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S (AL~ A8y Lot - ALo | (39)

i
is minimized. Record ALy and AS| obtained from the approximation.

6.4.5 Uncertainties
6.4.5.1 General

A general discussion of the distance uncertainties is given in Clause 5.

Note that the following list of uncertainties may not be complete. Additional contributions may
have to be taken into account, depending on the measurement set-up and procedure. The
mathematical basis given in Annex D should be used to calculate and state the uncertainties.

6.4.5.2 Distance scale uncertainty

The least-squares approximation outlined in 6.4.4 effectively uses the displayed distances
between the measurement samples to calculate the distance scale deviation. It is assumed that
the group of measurement samples near L = 0 and the one near the farthest location L = Ly ax
have the strongest influence on the distance scale deviation because the samples in the middle
of the range have no influence on the slope of the distance error model.

Applying the standard formula for the propagation of errors to Equation (7) yields the distance
scale uncertainty uag| in which < Dgiqr > = Dref Was used.

1/2

2 2

u u

Upg = [ <Dotdr> j +[ Dref J m/km (40)
< Dotdr > Dref

where
Dotdr is Dref = Lrgf (for the long distances discussed here);

U<Dotdr> is the standard deviation expressing the uncertainty of the distance samples (on
the basis of the location samples); this is equivalent to the standard deviation of
(AL;j — AL; model) Which includes the marker placement uncertainty and the distance
sampling error; the least squares algorithm used for the determination of AS_ can
be used to determine u<pgiqr>; if incremental fibres are used, then AL; may be
averaged over the correspondent sampling interval;

UDref is the uncertainty of the reference distances; it can be calculated from the formula
upref/Dref = utp/Tp, Where utp is the uncertainty of the loop transit time, as
documented in the calibration certificate of the recirculating delay line (see Annex A).

6.4.5.3 Location offset uncertainty
The location offset ALy is equal to the intercept of the least-squares approximation with the

vertical axis. This intercept mostly depends on the first few samples, that is those which are
closest to the location L = 0, and on the accuracy of the transit time T5.

The location offset uncertainty us g can be calculated by applying the standard formula for the
propagation of errors to Equation (38):

2 1/2
C
uALO=[u§L+[Wj u$a] (41)

where
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UAL is the uncertainty of the differences between AL; and the least squares approximation
near L = 0; this includes the marker placement uncertainty and the distance sampling

error; this is equivalent to the standard deviation of (ALj — AL; model) Near L = 0; the
least squares algorithm used for the determination of ALy can be used to determine

oaL; if incremental fibres are used, then AL; may be averaged over the correspondent
sampling interval;

UTa is the documented uncertainty of the delay time of the lead-in fibre of the recirculating
delay line (see Annex A);

uTa,e IS the uncertainty of the delay time of the lead-in fibre due to the temperature coefficient
of the fibre; typical value: 1 cm/(km °C).

6.4.5.4 Location readout uncertainty

The principle of determining the location readout uncertainty is shown in Figure 2. With the
recirculating delay line, it is expected that not enough data are produced to show the repetitive
nature of the measurement samples. Nevertheless, it is recommended that the largest
differences between the location deviations AL; (L;ef) and the least-squares approximation be
determined. Then divide this difference by the square root of 3 to obtain the location readout
uncertainty u) reagout (Which includes the distance sampling error).

7 Loss calibration — General

7.1 General

The objective of the loss calibration is to determine the loss deviation A4 for power levels F

within the OTDR backscatter regime and to evaluate the measurement uncertainties. A4 is a
function of the displayed power level F; it includes both the inaccuracy of the displayed loss
and the non-linearity of the OTDR power scale.

The loss scale deviation AS, can be use to present the calibration results as an alternative.
This is especially useful, on previous generation of OTDR, when the error can be a function of
the attenuation. The user should take care of the use of this parameter for attenuation lower
than 1 dB: the uncertainty can be higher than the one provided by the formula.

The calibration can be carried out with any of the following four methods: fibre standard,
external source, splice simulator or power reduction. The following subclauses outline the
principles of the loss calibration.

7.2 Determination of the displayed power level F

For each measured loss, determine the displayed power level or an equivalent parameter
that can be used to reproduce the vertical position of a measurement sample. This level is
termed F.

Unless otherwise specified, use the OTDR's clipping level, determined at the front panel
connector location, as the (default) reference point for determining F: Fref = 0 dB. State all
values of F in relation to this reference point (for example, if the displayed power level is x dB
below the clipping level, then F = —x dB). The clipping level can be found by introducing a
sufficiently large reflection into a length of fibre, as indicated in Figure 8. Alternatively, a
sufficiently strong optical pulse from an external source can be used (see 8.3). The clipping
level was chosen because it represents the most reproducible level on most OTDR power
scales.
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Reference level = clipping level

0 dB-]

—x dB7]

Display power F dB

Location L ——
IEC 1634/04

Figure 8 — Determining the reference level and the displayed power level

Alternative solutions may be to state the value of F in dB, relatively to a fixed level, if the OTDR
provides the capability of reading out the displayed power in dB, or to use the start level of the
backscatter trace from a specified type of fibre, at a specified pulse width, as the reference
level. Note that, in the latter case, the reproducibility of the reference level is usually affected
by the non-reproducibility of the connection to the OTDR port.

7.3 Selection of an appropriate reference loss A¢f

The principle of the loss calibration is to apply a device of known (reference) loss A, to the
OTDR and to measure the displayed loss A4ytqr,; @s a function of the displayed power level F
as shown in Figure 9. Notice that the F'; values denote the high power ends of Agqy ;-

From a theoretical point of view, an infinitesimally small value of A, would be desirable.
In practice, values of 4,¢f being too small may result in additional measurement uncertainty due
to OTDR noise, whereas large values of A4,¢f tend to obscure fine details. Therefore, the
specific value of 4,ef used in the calibration has to be documented. The recommended range
for Aref is 0,5 dB to 2 dB.
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Figure 9 — Measurement of the OTDR loss samples

The reference loss can be an actual or simulated fibre optic component. Note that fibre optic
components usually exhibit wavelength-dependent losses. Therefore, it is necessary to know
the reference loss at the centroidal wavelength of the OTDR. It is also important that the
reference loss has a small polarization dependence.

7.4 Development of a test plan

The loss samples may depend not only on the power level, but also on the distance and the
history of the signal (that is, the shape of the fibre's OTDR signature) prior to the feature that is
being measured. In particular, the detector and electronics may be affected by recovery from
the initial firing of the laser and from signals due either to scattering or reflections in the fibre.
The calibration will apply only to the distance and signal conditions for which it is performed.

This standard does not require specific conditions of signal history. For an aid in describing
power levels and distance, this standard defines an OTDR display region A as an
approximation to the region where the user normally takes measurements. For the purpose of
this standard, region A is defined by four quantities, as illustrated in Figure 10: the extrapolated
start of the backscatter trace for the specific pulse width used Fg, a lowest and a highest
attenuation as defined in the Table 1 below, and 3 dB margins on both sides.

Table 1 — Attenuation coefficients defining region A

Fibre attenuation coefficients
Wavelength
nm Lowest (&,in) Highest (&max)
dB/km dB/km
1310 0,33 0,43
1 550 0,18 0,28

On the same basis, attenuation coefficient values for other wavelengths may be chosen to
represent typical single-mode fibres. An analytical description of region A is given by

Frmax (L) =Fo— aminL + 3 dB

(42)
Frin(L)=Fo— amax L — 3 dB
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Fmax should not exceed an upper limit of 1 dB below the clipping level, unless otherwise
specified by the OTDR manufacturer. The loss calibration points F should lie inside region A.
Calibration data in regions B and C can be provided on a voluntary basis. Region B is
applicable when the fibre path includes components with high loss. Region C is applicable

when the fibre pat

Fo

Display power F dB

h includes components with strong reflection.

---------- 1 dB margin
\ \\\ Backscatter traces defined by
AN highest and lowest fibre attenuation
S Region A
Region C
Frnax (L)

3dB™

/

Region B

Frin (L)

__________ b

Clipping
level

Location L

IEC 1636/04

Figure 10 — Region A, the recommended region for loss measurement samples

For each of the methods outlined below, develop a test plan of sample placements, each of
which is a combination of location and displayed power level. The goal is a vertical sample
spacing of 0,5 dB to 1 dB, and not more than the reference loss Ae;. An attenuation range from
Fg down to the noise level and an even distribution of samples inside region A should be
chosen. Overlapping measurement samples, that is samples at the same displayed power level
but at different locations, are desirable, as indicated in Figure 11.

Displayed power F dB

Figure 11 — Possible placement of sample points within region A
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7.5 Polarization dependence

Polarization dependence (PDL) testing can be accomplished by feeding a polarized external
signal with variable polarization state and constant power level to the OTDR port (see
IEC 61300-3-2). One possibility is including a PDL test into the external source method outlined
in 8.3, by replacing one attenuator by a polarization controller. Figure 12 shows an example.
The polarization controller should be able to generate all states of polarization while leaving the
output power and degree of polarization essentially unchanged.

PC
Al C2
F3 dB < E/O
F4
|-
A
DUT c1 G1
F1 F2 -
OTDR | ’ O/E > Digital delay
generator
IEC 2437/09
Key
F1, F2, F3 and F4 fibres
C1 optical-to-electrical converter
C2 electrical-to-optical converter
A1 variable attenuator
PC polarisation controller
G1 digital delay generator

Figure 12 — External source method for testing the polarization dependence of the OTDR

Another possibility for polarization dependence testing is using the reflected signal from, for
example, a cleaved fibre end. See Figure 13.

PC

DUT A1 Cleaved
Q O > fibre end
OTDR dB

IEC 2438/09

Key
A1 variable attenuator
PC polarisation controller

Figure 13 — Reflection method for testing the polarization dependence of the OTDR

Be aware that the loss of the polarization controller may depend on its settings (rotation
dependence). The coupler used in the external source method may also exhibit polarization-
dependent loss. It is essential that these dependences be smaller than the OTDR polarization
dependence. Both will introduce a measurement uncertainty. It is recommended to test the set-

up for this uncertainty as follows.
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a) In the case of the external source method, evaluate the uncertainty by setting the E/O
converter to continuous-wave operation and replacing the OTDR with a polarization-
insensitive optical power meter.

In the case of the reflection method, evaluate the uncertainty by setting the OTDR to
continuous-wave mode if possible; otherwise, replace the OTDR with a continuous-wave
(polarized) laser source. Connect the fibre end to a polarization-insensitive optical power
meter.

b) Adjust the polarization controller so that a large number of polarization states is produced
which cover essentially the entire Poincaré sphere. Observe the peak-to-peak change of
the displayed power level caused by the change of polarization state, Adpq set-up; this
quantity will also include the power meter's polarization dependence. Following the
mathematical basis, record the result in the form of an uncertainty for the PDL measure-
ment set-up, upd set-up:

U AApdl,set-up
di,set-up = _ —
p p 2 \/g

To test the OTDR polarization dependence, place the optical pulse on the centre of the screen.
Avoid displayed power levels near the OTDR's clipping level by proper setting of the attenuator.
Adjust the polarization controller so that a large number of polarization states is produced.
Observe the change of displayed power level caused by changing the polarization state.

Record the variation of the pulse amplitude +A4pq otdr-

(43)

Include the PDL measurement result into the documentation. If PDL testing was not carried
out, then this is to be specifically stated in the documentation.

7.6 Calculation of the calibration results
From the measured values Aqqr i, calculate the loss deviation A4;.

Adi = Aotdr,i - Aref 9B (44)
The loss uncertainties upp are discussed in conjunction with the calibration methods.

7.7 Using the calibration results

The error of a loss value, AY; measured with the OTDR A4; and its uncertainty can be
calculated from the calibration results by the following formula, in which the recommended
confidence level of 95 % is used:

AYI ZAAi + 2uAA,i dB (45)

Notice that this error applies, in a rigorous sense, only to measured losses at the displayed
power level and displayed location for which A4; was recorded.

8 Loss calibration methods

8.1 General

In all loss calibration methods, a reference loss is produced outside the OTDR, and the OTDR
response to this reference loss is tested. In some cases, the reference loss is the difference
between two signals of equal polarization state (see 8.3 and 8.5). In these cases, the loss
calibration result is not influenced by the OTDR's polarization dependence. In other cases, the
reference loss is the difference between two signals of potentially different polarization states
(see 8.2 and 8.4). In these cases, it may be advisable to add a polarization controller between
the OTDR and the reference loss device, in order to be able to average out the influence of the
OTDR polarization dependence. Generally, it is desirable that the loss calibration results are
not influenced by the OTDR polarization dependence. Iﬁocuments
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8.2 Fibre standard method
8.2.1 Short description and advantage

The fibre standard method describes the calibration of the OTDR power scale with the help of
an optical fibre standard of precisely determined loss (see Annex B). This reference loss is
used to determine Aqtqr,i- This calibration method closely reflects the conditions in measuring
fibre attenuation with an OTDR; it is particularly well suited for the calibration of region A of
Figure 10.

8.2.2 Equipment
8.2.21 General
In addition to the test OTDR, the measurement equipment includes

a) a fibre standard as described in Annex B;
b
c

d

a set of lead-in fibres, these shall be type B single-mode fibres (see IEC 60793-2-50);

a variable attenuator;

)
)
)
) optionally, a polarization controller.

The purpose of the attenuator and lead-in fibres is to place the fibre standard at a number
of different locations within region A (see Clause 7) of the OTDR display. Example: the
displayed power level can be varied within a 30 dB range with 2 dB steps by a proper
combination of four lead-in fibres with attenuation values of 2 dB, 4 dB, 8 dB and 16 dB.

These fibres should be equipped with low-reflectance connectors; the attenuation numbers
include the typical connector losses. In order to obtain the recommended (finer) sample
spacing of 0,5 dB, the attenuator will have to be varied between 0 dB and 1,5dB in 0,5 dB
steps.

It should be noted that the attenuator is not necessary if the recommended steps of 0,5 dB are
generated with a larger number of lead-in fibres.

The purpose of the optional polarization controller is to reduce the possible influence of the
OTDR polarization dependence (see Figure 14).

PC
DUT A1
b A
~00 Q. Q. -~ .
OTDR dB —= - T 1l
(optional) Set of D
lead-in fibres 2
Fibre standard
IEC 2439/09
Key
A1 variable attenuator
PC polarisation controller (optional)

Figure 14 — Loss calibration with a fibre standard

Both the attenuator and the polarization controller shall have low reflections, because
reflections can influence the attenuation measurement results.
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8.2.2.2 Calibration of the reference loss

Measure the total length D, of the fibre standard according to the OTDR manufacturer's
instructions for length measurement. Using the OTDR markers, select a section of the fibre
standard, of length D4, outside the attenuation dead zone caused primarily by any connectors
in front of the fibre standard (see Figure 15). Choose the beginning of the section so that the
difference between the actual backscatter trace and its linear extrapolation AF5x is sufficiently
small at that point (a lead-in fibre may be necessary to accomplish this). Measure the length of
the section D4.

Small reflection caused by

connector in front of fibre
/ standard

End of fibre
standard

Displayed power FF dB

\—— Earliest start of section D4

Location L ——
IEC 1641/04

Start of section Dy

Figure 15 — Placing the beginning of section D4 outside the attenuation dead zone

A length D¢ that corresponds to a reference loss of about 0,5 dB is recommended. Back
reflections from the fibre standard's far end should be carefully avoided, because they can
influence the preceding backscatter trace. Due to the longitudinal uniformity of the fibre
standard and the directional independence of its backscatter loss, the reference loss 4.¢f at the
marker locations is given with high accuracy by

D.
Aret = Asta (havg) - dB (46)
2

where Astq (Aavg) is the calibrated loss of the fibre standard at the centroidal wavelength of the

OTDR Aavg (see Annex B). A¢f shall remain constant during the subsequent measurements, or
the distance between the marker locations shall be kept fixed. Note that the influence of the
group index is eliminated in the calculation.

8.2.3 Measurement procedure
8.2.3.1 Preparation

First, develop a test plan of fibre/attenuator settings so that a vertical sample spacing of
approximately 0,5 dB is achieved and all measurement samples fall within the region A of the
OTDR display; an example is described in 8.2.2. Overlapping measurement samples, that is
samples at the same displayed power level but at different locations, are desirable. That part of
the dynamic range which might be inaccessible due to the insertion loss of the attenuator
(including both connectors) may be covered by directly connecting the shortest lead-in fibre to
the OTDR and varying the insertion loss by bending the lead-in fibre.
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8.2.3.2 Taking the measurement results

For each displayed power level Fj measure the loss value Agtqri. In order to reduce the
uncertainty, it is recommended to average around the markers or over the entire length Dy,
instead of using single power levels. Longer OTDR averaging may be advisable at low
displayed power levels in order to reduce the uncertainty type A; all applied averaging times
should be reported in this case. Record all 44, ; displayed power levels Fj and locations L;

The measurement results are expected to be influenced by the OTDR polarization dependence
(PDL), because the signals from the beginning and the end of section D1 may have different
polarization states. A way of reducing the PDL influence is inserting a polarization controller, as
shown in Figure 14, and measuring n samples of Anqr i at different positions of the polarization
controller. Finally, all of the » samples can be averaged to a single A4qtqr i, in which the PDL
influence is reduced.

8.24 Calculations and results
Calculate the loss deviation samples A4; using Equation (47):

Adi = Aotgr i~ Aref 9B (47)
Alternatively report the loss scale deviation using Equation (48):

A - A
ASp; =270 gB/dB (48)

ref

8.2.5 Uncertainties

Note that the following list of uncertainties may not be complete. Additional contributions may
have to be taken into account, depending on the measurement set-up and procedure.

The guidelines of the mathematical basis given in Annex D should be used to calculate and
state the uncertainties.

The standard deviation characterizing the loss uncertainty upa of an individual A4 can be
calculated from Equation (47), using the standard formula for the propagation of errors.

5 ) Y2
UAA = (uAref +qutdr) dB (49)

The uncertainty upref Of the reference loss, that is of the fibre standard, and upotqr of the OTDR
response shall be determined.

The uncertainty upref Should be accumulated, by root-sum-squaring, from the following
contributions:

UA std the loss uncertainty, in decibels, of the fibre standard as documented according to
Annex B;

up distance the loss uncertainty, in decibels, due to not using the full length of the fibre
standard; this uncertainty should itself be accumulated by root-sum-squaring the
uncertainty in determining the length relation D4/D, (see Equation (46)) and the
uncertainty due to the longitudinal attenuation uniformity (see Annex B).

The uncertainty wupotgr Should be accumulated, by root-sum-squaring, from the following
contributions:

UA A the loss uncertainty, in decibels, introduced by the uncertainty of the OTDR
centroidal wavelength u;.
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NOTE This uncertainty may be negligible at wavelengths near 1 550 nm because of the small wavelength
dependence of the fibre loss at these wavelengths; in the wavelength region where the loss is predominantly given
by Rayleigh scattering, for example at 1 300 nm, the uncertainty is
44
Up\ = —;f Uy (50)
up deadzone the loss uncertainty, in decibels, caused by the attenuation dead zone following

the connector(s);

up attenuator the loss uncertainty of the optical attenuator caused by the possibility that the
backscatter signal is polarized and the attenuator may have polarization-
dependent loss;

UA,pd the loss uncertainty caused by the OTDR's polarization dependence, due to the
fact that the backscatter signal exhibits different polarization states; this
uncertainty can be reduced (see 8.2.3.2);

UA type A the loss uncertainty type A, in decibels, to be experimentally determined. It will
depend on the displayed power level and OTDR averaging time.

Additional contributions may have to be taken into account, depending on the measurement
set-up and procedure.

8.3 External source method (see Figure 16)
8.3.1 Short description and advantage

This method uses a calibrated delay generator to simulate the time delay in a fibre, and an
optical source to generate a known change of optical pulse amplitude. The equipment is similar
to the one used for the external source method for distance calibration (see 6.2), except that
control of the optical amplitude is added. The combination of variable delay and variable pulse
amplitude allows complete characterization of the OTDR power scale, including its dependence
on distance.

The method is well suited to fully automated laboratory testing under computer control. It can
calibrate all regions A, B and C of Figure 10. For simplicity, the text below describes only a
pulsed signal source generating points in region A with no backscatter light in the signal
history. To calibrate the OTDR for other conditions, the pulsed light source described below
should be replaced by an optical source that simulates the appropriate signal.

8.3.2 Equipment

In addition to the test OTDR, the measurement equipment includes

Y

an optical fibre coupler to interconnect the system;

O

an optical to electrical (O/E) converter;

O

a delay generator with variable delay, variable pulse width and variable pulse amplitude;

o

)
)
)
) an electrical to optical (E/O) converter, with a centroidal wavelength which is approximately

equal to the OTDR's centroidal wavelength, and preferably with the capability of generating
continuous-wave optical power (for the calibration of the reference loss);

e) a variable optical attenuator (attenuator 1);

f) an optical attenuator (attenuator 2) with good repeatability to toggle in and out a specific
quantity of attenuation (the recommended value is 1 dB to 4 dB);

g) optical fibre jumper cables to connect the system;
h) an optical power meter.
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PC
A2 A1 c2
Q Q /1 /1
F3 {8 |—4dB |—<«—]E0
F4
I
DUT a1 *
C1
F1 F2 .
OTDR O/E > Digital delay
generator
IEC 2440/09
Key
F1, F2, F3 and F4 fibres
C2 electrical-to-optical converter
C1 optical-to-electrical converter
A1, A2 variable attenuators
PC polarisation controller
G1 digital delay generator

Figure 16 — Loss calibration with the external source method

The combination of variable attenuator A1 and variable delay generator allows the peak of an
optical pulse (or simulated backscatter trace) to be positioned anywhere in the two-dimensional
space of the OTDR display. Attenuator A2 is used to toggle a fixed attenuation step in and out
so that the optical pulse amplitude changes by a known amount. Note that the reference loss
Aref €quals half the attenuation step, due to the OTDR's vertical scaling factor of 0,5.

The purpose of the optional polarization controller is to reduce the possible influence of
the polarization dependence of the two attenuators and the power meter used in taking the
reference loss. If applicable, it should be used in both calibrating the reference loss and taking
the actual measurements, by taking the average of several polarization states as described
in 8.2.3.2.

8.3.3 Calibration of the reference loss

Select a suitable value for the reference loss 4,ef. A value of 0,5 dB to 2 dB is recommended —
this equals an attenuation step of 1 dB to 4 dB.

Set the E/O converter to continuous wave (CW) operation. Connect the optical power meter to
the OTDR end of fibre F1. Set the wavelength correction of the optical power meter to the
wavelength of the E/O converter. Measure the attenuation step of attenuator 2 a number of
times to determine 4ef and its uncertainty type A ua step- Note that optical interference, caused
by reflections in the measurement set-up and by a narrow spectral width of the source, may
cause undesired variability of the measurement results.

Calculate the reference loss as the average attenuation step divided by 2.
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8.3.4 Measurement procedure
8.3.4.1 Preparation

Select appropriate combinations of pulse amplitudes and delay settings so that the
measurement samples are spaced by 0,5 dB to 1 dB and distributed evenly over the entire
length of region A (see Figure 10). Overlapping measurement samples are desirable, that is
samples at the same displayed power level but at different locations. Note that measurement
samples outside of region A can be provided on a voluntary basis.

Select the E/O pulse width, for example, 1 ps, so that the displayed pulse has an essentially
flat top. Select the OTDR pulse width so that it is shorter than the return path, to prevent it from
overlapping the pulse from the E/O. Program attenuators 1 and 2 and the delay generator
accordingly. Another possibility is to change the pulse width with each new location, so that the
pulse always starts at L = 0, and determine the attenuation step at the end of the pulse.

Define the method of using the OTDR to measure the change of power level caused by
toggling attenuator 2. For example, the method may involve averaging a number of points in
the vicinity of the measurement location. Also, define the method of measuring the displayed
power level (see Clause 7; the displayed power level is defined as the upper level of the two in
question).

Switch on all equipment. Specifically, allow sufficient warm-up time for the E/O converter to
achieve a stable pulse amplitude. Toggle attenuator 2 a few times and verify the stability of the
displayed power level and of the attenuation step 4qiqr With the OTDR.

8.3.4.2 Taking the measurement results

Determine the 0 dB reference level as described in Clause 7.

For each of the preselected combinations of attenuator 1 settings and delay generator settings
proceed as follows.

Determine the measurement location on the pulse L;, for example, as the centre of the pulse
width. To reduce the uncertainty, do not change L; during the set of measurements at this
particular location.

Reference level

S 0dB

<3

[} otdr, i

g , Aotdr,j
a —x dB T

8 F;

>

o R
o}

L

o

Initial dead zone (may
be used to determine
clipping level)

L;

WWWW;\MM

Location L ———
IEC 2441/09

Figure 17 — Location and measurements for external source method
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Toggle attenuator 2 between its predefined settings, record the displayed power level F; (the
upper level of the two in question) and the change of displayed power level Ayiqyr i as shown in
Figure 17.

It may be advisable to repeat the measurement of Ay, several times and to record the
average of these samples. It may also be desirable to generate more than one sample per
location, at different displayed power levels, by adjusting the pulse power with attenuator 1.

Proceed by setting the delay generator to the next location.

8.3.5 Calculations and results
For each measurement sample, calculate the loss deviation using Equation (44):
Adi = Aotgr,i ~ Aref B (51)

Record the displayed power level F; and the location L; with each loss deviation value. It may be
advisable to plot the loss deviation values as a function of the displayed power level F;.

Alternatively report the loss scale deviation using Equation (52):

A - A
A5y =207 yBdB (52)

ref

8.3.6 Uncertainties

Note that the following list of uncertainties may not be complete. Additional contributions may
have to be taken into account, depending on the measurement set-up and procedure. The
mathematical basis given in Annex D should be used to calculate and state the uncertainties.

The standard deviation characterizing the loss uncertainty can be calculated from Equation
(51) using the standard formula for the propagation of errors:

2 2 1/2
Upan = (uAref +”Aotdr) dB (53)

The uncertainty of the reference loss upref Should be accumulated, by root-sum-squaring, from
the following contributions:

UA,pm the uncertainty, in decibels, due to calibrating the reference loss with the power
meter, for example, due to the power meter's non-linearity, polarization dependence,
inhomogeneity and noise. This uncertainty should itself be accumulated by root-sum-
squaring;

UA refl the uncertainty due to differences in the reflection characteristics of the set-up.
The return loss of the power meter will not be the same as the return loss of
the coupler/OTDR combination; this may have an influence on the magnitude of the
reference loss;

upstep  the loss uncertainty, in decibels, introduced by the instability of the attenuation step,
for example caused by the instability of the external source, optical interference, or
the coupler's polarization dependence in conjunction with instability of the state of
polarization.

The uncertainty of the OTDR measurement samples up otgr Should be accumulated, by root-
sum-squaring, from the following contributions:

UA 5 the uncertainty, in decibels, caused by the difference between the centroidal
wavelengths of the OTDR and the optical source used in the calibration;

UApd the uncertainty, in decibels, introduced by changing polarization state as a result of

the attenuation step; Documents
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UA type A the uncertainty, in decibels, introduced by the variability of the attenuation step
measurements, for example, caused by limited readout resolution and displayed
power levels when they approach the noise limit. This uncertainty can be
determined together with ua step above.

NOTE The uncertainties due to polarization dependence can be reduced or eliminated by the optional polarization
controller.

8.4 Splice simulator method
8.41 Short description and advantage

This method uses a splice simulator to calibrate the OTDR power scale. The splice simulator
has a fixed reference loss of approximately 1,5 dB. This method closely reflects the condition
in measuring splice attenuation with an OTDR. No electronic equipment is needed for the
calibration. The method is well suited for the calibration of the regions A and B of Figure 10.

8.4.2 Equipment
In addition to the test OTDR, the measurement equipment includes

a
b
c
d

a splice simulator as described in Annex C;
a set of lead-in fibres. The lead-in fibres shall be type B of IEC 60793-2-50;

)
)
) a variable attenuator, if necessary;
) optionally, a polarization controller.

The test set-up is shown in Figure 18.

PC
DUT A1 F1
Q0O O o
OTDR dB —— F2
(optional) Set of
lead-in fibres Splice simulator
IEC 2442/09
Key
FO, F1 and F2 fibres
A1 variable attenuator
PC polarisation controller (optional)

Figure 18 — Set-up for loss calibration with splice simulator

According to Annex C, the calibrated reference loss (approximately 1,5 dB) appears at the end
of fibre F1. The purpose of the lead-in fibres is to generate measurement data within region A
(see Clause 7 and Figure 19).

The loss produced by the splice simulator is the difference between

a) the sum of the two backscatter signals from fibres F1 and F2, and
b) the backscatter signal from fibre F2.
The two signals a) and b) will usually have different polarization states. Therefore, it may be

advisable to use a polarization controller to produce a number of different polarization states of
signals a) and b), which will then allow to average out the effect from the OTDR's Blarization
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It is important that the attenuator and the polarization controller have low reflections, because
they can influence the calibration result.

N Region C

N ~

. Region A "~ _ Splice simulator

S T

Region B

Display power F dB

Location L ———
IEC 2443/09

NOTE The smaller circle represents the OTDR response to the reference loss.

Figure 19 — OTDR display with splice simulator

8.4.3 Procedure

8.4.3.1 Preparation

Select appropriate combinations of lead-in fibre and attenuator settings so that a vertical
sample spacing of 0,5 dB to 1 dB is achieved and all measurement samples fall within the
region A of the OTDR display. Overlapping measurement samples, that is samples which are
taken at the same displayed power level but at different locations, are desirable. Note that the
variable attenuator can be used in order to increase the number of different displayed power
levels F.

Connect the splice simulator to the OTDR as shown in Figure 18.

8.4.3.2 Taking the splice loss measurements
As illustrated in Figure 20, the splice loss A4giqr is defined as the vertical distance between the
two lines representing the attenuation coefficients.

Follow the instructions below for splice loss measurement with two cursors (two points method)
or with the least squares approximation (LSA method). Note that other methods such as the
five cursors method or automatic measurement can also be used. However, the method used
shall be clearly specified.
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Figure 20 — Measurement of the splice loss

If the optional polarization controller is used, then repeat the following procedure n times for
different positions of the polarization controller. In the calculations, average all of the »
samples to a single Aptqr i, in which the PDL influence is reduced.

For each combination of lead-in fibres and attenuator settings, proceed as follows:

a) define point X1, near the splice, but to the left on a straight, clean backscatter trace;

b) define point X1, to the left of X, at least 500 m away. A straight, clean backscatter trace
should connect the two points. Record the distance between the two points Dg1;

NOTE A distance of 500 m was chosen because it is essential that the backscatter loss between the two
points is at least in the order of 0,1 dB.

c) according to the method used — the two-point method or the LSA method:

1) if using the two-point method, record the two power levels, F15 and Fq,, and compute
the displayed attenuation coefficient of the fibre as:

a1:F1a_F1b (54)
Dg1
Note that the attenuation coefficient given by the OTDR may be used,;
2) if using the LSA method, compute the best-fit line and determine the slope a4 and the
intercept with the vertical axis F1g. The fit should be performed on all points between

X1a and X4p. Record a1 and F1g;

d) define point X5 near the splice, but to the right, after any effects caused by the drop of
signal on a straight, clean backscatter trace;

e) define point Xy, to the right of X, at least 500 m away. A straight, clean backscatter trace
should connect the two points. Record the distance between the two points Dg;

f) according to the method used — the two-point method or the LSA method:

1) if using the two-point method, record the two power levels, Fo, and Fyp,, and compute
the displayed attenuation coefficient of the fibre as
Foa— Fop

Ds2

Note that the attenuation coefficient given by the OTDR may be used,;
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