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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
CALIBRATION OF OPTICAL TIME-DOMAIN  

REFLECTOMETERS (OTDR) –  
 

Part 2: OTDR for multimode 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 61746-2 has been prepared by IEC technical committee 86: Fibre 
optics. 

This bilingual version (2015-12) corresponds to the monolingual English version, published in 
2010-06. 

The text of this standard is based on the following documents: 

CDV Report on voting 

86/336/CDV 86/359/RVC 

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

A list of all parts of IEC 61746 series, under the general title Calibration of optical time-domain 
reflectometers (OTDR), can be found on the IEC website.  

The committee has decided that the contents of this publication will remain unchanged until the 
stability 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) the ability to measure type A1a or A1b IEC 60793-2-10 fibres; 
b) a programmable index of refraction, or equivalent parameter; 
c) the ability to present a display of a trace representation, with a logarithmic power scale and 

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

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

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

the clipping level). 

Calibration methods described in this standard may look similar to those provided in Part 1 of 
this series. However, there are differences: mix of different fibre types, use of mode conditioner 
or different arrangement of the fibres. This leads to different calibration processes as well as 
different uncertainties analysis. 
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CALIBRATION OF OPTICAL TIME-DOMAIN  
REFLECTOMETERS (OTDR) –  

 
Part 2: OTDR for multimode fibres 

 
 
 

1 Scope 

This part of IEC 61746 provides procedures for calibrating multimode optical time domain 
reflectometers (OTDR). It covers OTDR measurement errors and uncertainties. The test of the 
laser(s) source modal condition is included as an optional measurement. 

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 60793-2-10, Optical fibres – Part 2-10: Product specifications – Sectional specification for 
category A1 multimode fibres 

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

IEC 61280-1-4, Fibre optic communication subsystem test procedures – Part 1-4: General 
communication subsystems – Light source encircled flux measurement method 

IEC 61280-4-1, Fibre optic communication subsystem test procedures – Part 4-1: Installed 
cable plant – Multimode attenuation measurement 

IEC 61745, End-face image analysis procedure for the calibration of optical fibre geometry test 
sets 

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

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  
A 
loss 

optical power decrease in decibels (dB)  

NOTE If Pin (watts) is the power entering one end of a segment of fibre and Pout (watts) is the power leaving the 
other end, then the attenuation of the segment is 
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 








out

in
10

  log10  =   
P
PA  dB (1) 

[IEV 731-01-48, modified]  

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 DF 

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. 

 

D
is

pl
ay

ed
 p

ow
er

 F
   

(d
B

)  

Location   (km)  

Attenuation 
dead zone 

Initial dead zone 

DF 

IEC   1424/10   

Figure 1 – Definition of attenuation dead zone 

3.4  
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 Guide International vocabulary of basic and general terms in metrology. 

3.5  
centroidal wavelength 
λavg  
power-weighted mean wavelength of a light source in vacuum 

[IEC 61280-1-3, definition 2.1.4] 
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3.6  
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 power scale displays five times the logarithm of the received power, plus a constant 
offset. 

3.7  
distance 
D 
spacing between two features 

NOTE Usually expressed in metres. 

3.8  
distance sampling error 
DLsample  
maximum distance (3.7) 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. 

3.9  
distance scale deviation 
DSL  
difference between the average displayed distance (3.7) < Dotdr > and the correspondent 
reference distance (3.27) Dref divided by the reference distance (3.27) 

NOTE 1 Usually expressed in m/m. 

NOTE 2 DSL is given by the following formula 

  1   =  =  
ref

otdr

ref

refotdr
L −

− ><><
∆

∆
∆

∆
∆∆

S  (2) 

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

3.10  
distance scale factor 
SL  
average displayed distance (3.7) divided by the correspondent reference distance (3.27) 

NOTE 1 SL is given by the following formula 

 
ref

otdr  S
D
D

L
><

=  (3) 

where < Dotdr> is the displayed distance between two features on a fibre (actual or simulated) averaged over at 
least one sample spacing. 

3.11  
distance scale uncertainty 
uDSL  
uncertainty of the distance scale deviation (3.9) 

NOTE 1 Usually expressed in m/m. 
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NOTE 2 uDSL is given by the following formula 

 







=








−=

><><

ref

otdr

ref

otdr
ΔSL   1  

D
D

D
D uuu  (4) 

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

3.12  
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 A fibre (see 
IEC 60793-2-10).  

3.13  
encircled flux  
EF 
fraction of cumulative near field power to total output power as a function of radial distance 
from the centre of the core 

3.14  
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 

3.15  
location 
L 
spacing between the front panel of the OTDR and a feature in a fibre 

NOTE Usually expressed in metres 

3.16  
location deviation 
DL 
displayed location (3.15) of a feature Lotdr minus the reference location (3.28) Lref 

NOTE 1 Usually expressed in metres. 

NOTE 2 This deviation is a function of the location. 

3.17  
location offset 
DL0  
constant term of the location deviation (3.16) 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. 

3.18  
location offset uncertainty 
uDL0  
uncertainty of the location offset (3.17) 
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3.19  
location readout uncertainty 
uLreadout  
uncertainty of the location (3.15) measurement samples caused by both the distance sampling 
error (3.8) and the uncertainty type A of the measurement samples 

3.20  
loss deviation 
DA 
difference between the displayed loss of a fibre component Aotdr and the reference loss (3.29) 
Aref, in dB 

NOTE 1 DA is given by the following formula 

 refotdr = AAA −∆  (5) 

NOTE 2 The loss deviation usually depends on the displayed power level, F. 

3.21  
loss uncertainty 
uDA  
uncertainty of the loss deviation (3.20), in dB 

3.22  
loss scale deviation 
DSA 
difference between the displayed loss of a fibre component Aotdr and the reference loss (3.29) 
Aref, divided by the reference loss (3.29), in dB/dB 

NOTE 1 DSA is given by the following formula 

 
ref

refotdr
A  = 

A
AA

S
−

∆  (6) 

NOTE 2 Refer to 7.1 for more details. 

3.23  
mode conditioner 
a fibre set that converts any power distribution submitted at its input to an output power 
distribution that fully comply with encircled flux limits 

NOTE For the purposes of this standard, the encircled flux limits are defined by the IEC 61280-4-1. 

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  
NLloss  
difference between the maximum and minimum values of the loss deviation (3.20) DA 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.  
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3.26  
received power level 
P 
power received by the OTDR's optical port 

3.27  
reference distance 
Dref  
distance (3.7) precisely determined by measuring equipment with calibration traceable to 
international or national standards 

NOTE Usually expressed in metres. 

3.28  
reference location 
Lref  
location (3.15) 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  
rms dynamic range (one-way) 
amount of fibre attenuation (3.1) that causes the backscatter signal to equal the rms noise level 
(3.31)  

NOTE Assuming a Gaussian distribution of noise, the rms dynamic range can be calculated adding 1,56 dB to the 
one way dynamic range. See 3.31.  

3.31  
rms noise level 
the quadratic mean of the noise 

NOTE 1 On a general basis, the rms noise level cannot be read or extracted from the logarithm data of the OTDR. 
This is because 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 

 ( ) 56,105375,2log5 10rms98 =×=− NoiseNoise   dB (7) 

where Noise98  is the noise level at 98 %, e.g. in dB; 

Noiserms  is the rms noise level, e.g. in dB; 

2,05375 is the value of the reverse standard normal distribution for 98 %.  

3.32  
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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3.33  
spectral width 
DλFWHM  
full-width half-maximum (FWHM) spectral width of the source  

[IEC 61280-1-3, definition 3.2.3 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 instruction.  

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, centre 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 DL0 and its uncertainty ± 2 uDL0 as well as the distance scale 
deviation DSL and its uncertainty ± 2 uDSL, or the location deviations DLi and their 
uncertainties ± 2 uDLi; 

b) the non-linearity NLloss ; 

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

d) other appropriate calibration data and 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 c (2,997 924 58 × 108 m/s) and 
the group index N of the fibre: 

  
N
TcL

2
  =  (8) 

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 multimode 
fibre's group index N and taking into account the differential mode delay. The determination of 
N and the analysis of the consequences of the differential mode delay are beyond the scope of 
this standard. Consequently, the calibration procedures below only discuss the OTDR's ability 
to measure T correctly. For the purposes of this standard, a default value N = 1,46 is used and 
the uncertainty of N is considered to be 0. Also the calibration methods are built to limit 
uncertainties due to the differential mode delay. 

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 Lref be the reference location of a feature from the front panel 
connector of the OTDR and let Lotdr be the displayed location. It is assumed that the displayed 
location Lotdr, using OTDR averaging to eliminate noise, depends functionally on the reference 
location Lref in the following way 

  ( )ref0refLotdr   LfLLSL +∆+⋅=  (9) 

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

DL0  is the location offset, which ideally should be 0; 

f(Lref)  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 
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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. 

Equation (9) 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 DL0 may be determined by measuring Lotdr for different values of Lref, then fitting a 
straight line to the data by the least squares method. SL and DL0 are the slope and intercept, 
respectively.  

Equivalently, a line may be fitted to the location deviation function, that is the difference 
between Lotdr and Lref 

 ( )ref0refLrefotdr    - LfLLSLLL +∆+⋅∆==∆  (10) 

where  

DSL is the slope, and  

DL0  is still the intercept, as illustrated in Figure 2.  

After finding the linear approximation, the distance sampling error f(Lref) respectively its half-
amplitude DLreadout may be determined by measuring departures from the line for different 
values of Lref. The distance sampling error amplitude DLsample is taken as half the amplitude 
of f(Lref).  

In this standard, the distance sampling error amplitude DLsample 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. 

 

Location Lref 

0 

Linear  
approximation 

∆L0 
(Slope = ∆SL ) 

0 

∆L
(L

) =
 L

ot
dr

 –
 L

re
f  

  (
m

) ∆Lsample 

IEC   1425/10   

Figure 2 – Representation of the location deviation DL(L) 

Therefore, the result of the distance calibration shall be stated by the following parameters: 

DSL, uDSL  is the distance scale deviation and its uncertainty; 
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D L0, uDL0 is the location offset and its uncertainty; 

uLreadout  is 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 uLreadout. Note that the uncertainty 
will depend on the distance, the displayed power level and the instrument settings. 

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

5.3 Using the calibration results 

The error in the location of a feature DL = Lotdr – Lref can be calculated from the calibration 
results: 

 Lref0 SLLL ∆+∆=∆  (11) 

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

 ( ) 2
12

Lreadout
2

ΔSL
2

ref
2

ΔL0ΔL 22 uuLuu ++±=±  (11a) 

where the displayed location Lotdr can be used instead of the reference location Lref without 
serious consequences.  

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

 Lref SDD D=D  (12) 

with uncertainty in DD given by the following formula: 

 ( ) 2
12

Lreadout
2

ΔSL
2

refΔD 222 uuDu +±=±  (12a) 

where the displayed distance Dotdr can be used instead of the reference distance Dref.  

NOTE The 2 in front of uLreadout
2 is due to combining two uncorrelated uncertainties. 

Differential mode delay may create additional uncertainties on long fibres measurement. Such 
uncertainties should be negligible for distance given in Table 1.  

Table 1 – Additional distance uncertainty  

Wavelength 
nm 

Length of fibre causing additional distance uncertainty  

IEC 60793-2-
10 

 A1a.1 

IEC 60793-
2-10  

A1a.2 

IEC 60793-
2-10 

 A1b 

IEC 60793-
2-10 

 A1d 

850 1 000 m 7 500 m 500 m 50 m 

1 300 1 000 m 2 500 m 1 000 m 500 m 
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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 
important. 

Measure the transit time of the fibre Ttransit 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 centre wavelength 
λcentre 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 centre 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 Dref can be 
calculated by 

 
N

Tc
D transit

ref   =  m (13) 

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 Dref as the reference distance. 

6 Distance calibration methods 

6.1 General 

Each of the calibration methods described below is capable of determining all of the necessary 
calibration results: location offset, distance scale deviation, and their uncertainties. 

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.  

Each time it is possible (e.g. when operation at 1 300 nm), IEC 60793-2-50 single mode fibres 
are used instead of multimode fibres for the interconnections, in order to reduce uncertainties 
caused by differential mode delay. 

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. 
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6.2.2 Equipment 

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

a) a mode conditioner; 

b) an single mode optical coupler; 

c) an optical-to-electrical converter; 

d) a digital delay generator with pulse capability; 

e) an electrical to optical converter; 

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

 

 

Key 

F0 multimode fibre 

F1, F2, F3, F4 and F5 single mode fibres 

MC mode conditioner  

E1 and E2 electric cables 

E/O electrical-to-optical converter 

O/E optical-to-electrical converter 

A1 variable attenuator 

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

The OTDR is connected to the coupler through the mode conditioning multimode to single 
mode adapter. 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). Fibre F5 is terminated to absorb reflections. 

C1 
F1 F2 E1 

E2 F4 

F5 

Digital delay 
generator 

A1 

F3 dB 

OTDR 

E/O 

O/E 

G1 

DUT 

F 0 

In Out 

C2 

MC 
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NOTE 1 The mode conditioner is needed to make sure the OTDR receives proper launch conditions from the 
electrical to optical converter. Therefore fibre F0 should be connected to the output of the mode conditioner while 
fibre F1 should be connected to the input. 

NOTE 2 The attenuation of the optical path between the connector of the OTDR and the optical to electrical 
converter may be high. This is acceptable as the output power of the OTDR is generally sufficient. 

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 DL0 from 
the measured data, it is also necessary to determine the insertion delay Tdelay 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.  

 

 

 

 

 

 

 

Key 

F0 multimode fibre (two during calibration) 

MC mode conditioner (two during calibration) 

F1, F2, F3, F4 and F5 fibres 

E1, E2, E3 and E4 electric cables 

C2 electrical-to-optical converter 

C1 optical-to-electrical converter 

A1 variable attenuator 

Figure 4 – Set-up for calibrating the system insertion delay 

To properly measure the propagation delay of the mode conditioner it is recommended to 
include within the optical path, a second identical mode conditioner.  

To calibrate the insertion delay Tdelay, 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. 

C1 
F2 E1 
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The two modes conditioner and the two fibres F0 should have the same length. 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 Tdelay. 

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 µs. 

Choose the time settings of the delay generator Ti 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. 

a) In the first scheme, evaluate the sample spacing Dsample (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 

 
c

DN
T sample

sample
2

  =  (14) 

 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 k clusters of n 
settings each (i = k n), where each cluster uniformly covers one sample spacing. Each 
cluster shall have the form: 

 n
TnTn

T
Tn

T
TT sample1

K
sample

K
sample

KK )(,.....2,, −+++  (15) 

 where the number of settings in each cluster n 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 Dsample does not 
need to be known except very approximately. Calculate Tsample from Equation (14). 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 – T1 to T1, where T1 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 Ti of the series T1 as defined above. Record the time T1 
of the delay generator and the measured location Lotdr,1 of the event on the OTDR. Proceed 
with the time settings as selected in 6.2.4.1. Always record the time Ti and the measured 
location Lotdr,i. Continue until all time settings are completed. 
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6.2.5 Calculations and results 

Following the concept of Clause 4, use the time settings to calculate i reference locations Lref,i 

 
( )

N
TTc

L
2
  

  delayi
iref,

+
=  (16) 

where  
N  is the group index setting of the OTDR;  

Ti  are the time settings defined in 6.2.3; 

Tdelay is the calibrated insertion delay of the test equipment (see 6.2.2).  

Then, use the reference locations and the displayed locations Lotdr,i to calculate the set of i 
location deviations DLi 

  DLi = Lotdr,i – Lref,i (17) 

To determine the location offset DL0 and the distance scale deviation DSL, fit the location 
deviation data to the simplified location deviation model (in which the distance sampling error is 
momentarily neglected): 

 DLi, model = DSL Lref,i + DL0 (18) 

Specifically, minimize the difference between the model and the data using the least-squares 
criterion that is, choose DSL and DL0 so that the summation 

  ( )2
i

0iref,Li     ∑ ∆−∆−∆ LLSL  (19) 

is minimized. Record DL0 and DSL obtained from the approximation. 

As in Figure 2, the slope of the linear approximation represents the distance scale deviation 
DSL. The intercept with the vertical axis represents the location offset DL0. Record DSL and DL0 
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 B 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 = Lmax have the 
strongest influence on the distance scale deviation because the samples in the middle of the 
range have less influence on the slope of the distance error model. 
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Applying the standard formula for the propagation of errors to Equation (4) yields the distance 
scale uncertainty uDSL in which <Dotdr> ≅ Dref was used. 
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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<Dotdr>/<Dotdr>  represents the slope uncertainty due to inaccurate distance readout; it is 
equivalent to the standard deviation of the slope, DSL in the location model of 
Equation (10) which includes the marker placement uncertainty and the 
distance sampling error; the least-squares algorithm used for the 
determination of DSL can be used to determine u<Dotdr>; if applicable, DLi 
may be averaged over the corresponding sampling interval;  

uDref  is the uncertainty of the reference distances;  

uDref/Dref  represents the slope uncertainty caused by the digital delay generator and is 
equal to the relative timing uncertainty of the delay generator. 

6.2.6.3 Location offset uncertainty 

The location offset DL0 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 Tdelay.  

The location offset uncertainty uDL0 can be calculated by using the standard formula for the 
propagation of errors 
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where 

uDL  is the uncertainty of the differences between DLi 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 (DLi – DLi, model) near L = 0; if 
applicable, DLi may be averaged over the correspondent sampling interval; the least-
squares algorithm used for the determination of DL0 can be used to determine u DL.  

uTdelay  is the uncertainty of the system insertion delay that also includes the difference 
between the two mode conditioning adapters used during calibration; the assumption 
is that the first measurement 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 DLk and the least-squares approximation near L = 0. Then calculate the location 
readout uncertainty uLreadout (which includes the distance sampling error) by dividing the 
largest difference by the square root of 3. Alternatively, uLreadout can be determined either with 
the least-squares algorithm used for the determination of DSL and DL0 or with the following 
formula  
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6.3 Concatenated fibre method (using multimode fibres) 

6.3.1 Short description and advantages 

This method uses multimode 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 reflections. However, this 
process can be automated with optical switches, if desired. 

This method using multimode fibres is applicable at both 850 nm and 1 300 nm and does not 
require any mode conditioner. However, the differential mode delay (DMD) of the calibrated 
fibre B (see Figure 5) has to be taken into account as an uncertainty. 

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. 

 

Fibre A Fibre B 
One fibre 
of the set 

C1 C2 C3 
OTDR 

DUT 

IEC   1428/10   

Key 

C1, C2 and C3 optical connectors  

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.  

The requirements on these fibres are indicated below. 

a) Fibre A is a simple multimode fibre with an end reflection (generated by a non-angled 
connection). Its length, much shorter than fibre B, is not very important, as long as it puts 
the end reflection to be measured on a backscatter trace which is essentially undisturbed 
from the initial reflection(s) near the OTDR port.  

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

 To calibrate the fibre, measure its optical transit time Tb 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 (if practical). 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, 5 m, and 7,5 m (both fibres). More generally, the fibres should 
generate length increments of 

  ( ) xxx 1,.....2,,0 DnDD −  (23) 

where  

n ≥ 4, and 

n Dx equals the distance sampling interval of the OTDR under the conditions to be tested. 

 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 

Establish the technique (automatic or manual) for placing the markers on the reflection of fibre 
A and the reflective ends of fibre B. 

Connect fibre A to the front of the OTDR, so that the end reflection 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 reflection of fibre A with the OTDR. Record this first measured 
location as Lotdr,1. Measure the length of fibre B with the OTDR, using the two reflections 
generated by this fibre. Record this first measured distance as Dotdr,1. 

Insert the shortest of the incremental fibres between the OTDR and the beginning of fibre A. 
Measure the location Lotdr,2 and the distance Dotdr,2.  

Continue inserting successively increasing length combinations of the incremental fibres. 
Measure the location Lotdr,i and the distance Dotdr,i until i = n and the total length of the 
incremental fibres is (n – 1) Dx.  
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6.3.4 Calculations and results 

6.3.4.1 Distance scale deviation 

Compute the distance < Dotdr > (the length of fibre B) as the average of the n values of Dotdr,i. 
Then compute the distance scale deviation as 
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where  
Dref  is the reference distance; 

N  is the group index setting of the OTDR; 

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

6.3.4.2 Location offset 

Let < Lotdr > be the average of all n values of Lotdr,i. Compute the location offset on the basis of 
Equation (10). 
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where 
< Lref >  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; 
Ta  is the one-way transit time for fibre A, as measured according to Clause 5; 
DSL  is the distance scale deviation as determined by Equation (10); if fibre A is sufficiently 

short, then the DSL term can be disregarded. 

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 B should be used to calculate and state the 
uncertainties. 

6.3.5.2 Distance scale uncertainty 

The distance scale uncertainty uDSL should be calculated with the following formula which is 
derived from Equation (10) 
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where uDotdr is the uncertainty of the displayed length of fibre B, for example, as caused by the 
marker placement uncertainty and the distance sampling error. 
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The transit time uncertainty of fibre B uTb should itself be calculated by root-sum-squaring: 

uTb,counter is the transit time uncertainty of fibre B, due to the time interval counter; 

uTb,λ 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; 

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

uTb,DMD is the transit time uncertainty of fibre B, due to the differential mode delay; Table 
1 gives some indications for different multimode fibres. 

6.3.5.3 Location offset uncertainty 

The location offset uncertainty uDL0 should be calculated from the following formula which is 
derived from Equation (25), by neglecting the DSL and the (n–1) Dx/2 terms: 
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where uLotdr is the uncertainty of measuring the location of the end reflection 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. 

The transit time uncertainty of fibre A uTa should itself be calculated by root-sum-squaring: 

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

uTa,λ  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,Θ  is the transit time uncertainty of fibre A, due to its temperature coefficient; typical 
value: 1 cm/(km  °C); 

uTa,DMD  is the transit time uncertainty of fibre A, due to the differential mode delay in fibre A 
(can be estimated based on the length ratio of the different type of fibres; should 
be negligible if fibre A is much shorter than fibre B). 

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. 
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and 

 
N

cT
  DDD i,i,i,

b
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It is recommended that half the difference between the largest and the smallest value of the L 
set or the D set, whichever is the larger, be divided by the square root of 3 to calculate the 
location readout uncertainty uLreadout. 
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6.4 Recirculating delay line method 

6.4.1 Short description and advantages 

The recirculating delay line method uses a calibrated loop of multimode 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 multimode 
recirculating delay line manufactured and calibrated according to Annex A, as shown in 
Figure 6.  

 Loop length (transit time Tb) 

Lead-in length 
(transit time Ta) 

R 
OTDR 

DUT 
C 

F 

IEC   1429/10   

Key 

F fibre in the loop 

C four-port coupler 

R reflection 

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 
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where La is the length of the lead-in fibre and Lb is the length of the fibre loop.  
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