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Introduction

The NGAN projects are currently being implemented by many network providers and are
introducing fibre optics into the network on a massive scale, often with a solution of the PON
(Passive Optical Network) type.

The measurements and fault-finding procedures on these networks are mainly based on the
use of OTDRs (Optical Time Domain Reflectometers). These measurements are made more
complex by the heavy local losses due to the passive optical splitters and by the presence of
the “n" branches downstream of the splitters themselves. These produce a superimposition
of the signals that are often difficult to discriminate, being represented on the screen of the
OTDR by a single trace called a “composite”.

In this work we turn to a PON network for a solution of the FTTH (Fiber To The Home) type,
implemented with a double level of passive splitting, to cover a high number of ONTs (Optical
Network Termination) starting from a central OLT (Optical Line Termination).

The first part describes the problems with measurement connected with use of the OTDR on
PON networks, checked on a test plant set up in the laboratory.

The second part however looks at the possible causes of faults and the relative localization
procedures on the PON networks, with an analysis of the possible case studies and the choice
of the most effective remedies.
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Preliminary Technical Considerations Regarding the Measurement of
Backscattering in Optical Splitters

As we know, the attenuation of backscattering A, measured at any concentrated discontinuity
along an optical fibre is given by the equation:

A, (dB) = - 1 [10log,, %s)] (m

Where P; represents the relative incident power and P, the power scattered back by the
discontinuity itself. The factor 1/2 results from the propagation back and forth of backscattering
on the fibre of the signal.

The backscattering attenuation given by (1) also applies to a 1:n splitter measured in the input-
output direction with its output branches connected to leads of sufficient length. In the case of
a 1:n splitter account must be taken, for any point-point concentrated discontinuity, of all the
backscattering contributions generated by the output branches, that are in turn superimposed
by the OTDR in a single backscattering trace (“composite” trace). So the attenuation provided
by (1) measured in line with a 1:n splitter is defined as apparent attenuation, not always the
same as the insertion attenuation of the splitter itself; this attenuation is in fact influenced both
by the direction of the propagation of the measurement signal and by the “loading” of its
output branches (connections).

The theoretical apparent attenuation (A,,,,.eq) of a splitter generally varies according to how
many output branches are connected to separate optical leads. The range of values is given
by the following equation (2):

Insertion Loss < )

> < apparents Insertion Loss

The theoretical Insertion Loss (IL) of a 1:n splitter is however expressed as follows (3):

In(n) @3)
o - 3log,n

IL (dB) =3
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We will now consider the behaviour of an ideal 1:n splitter (balanced), in the input-output
direction, with all its output branches connected to leads of progressively increasing length
according to the diagram in Figure 1. The corresponding backscattering trace is also shown.

2
Splitt
pliccer [ |

OTDR  {—{
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attenuation
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contribution of the n A
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(COMPOSITE TRACE) A,

~~~~~~~~~~~~~~~~~~~~~ el
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Figure 1 — Theoretical backscattering trace of a 1:n splitter measured in the input-output
direction with all its output branches connected.

For different values of the spatial x-coordinate |, the OTDR measures the following
backscattering contributions (Ay,):
<l Aps o = Agpparent splitter = Backscattering contribution of all the output branches

li<l<l, Aps n1 = Agpparent spliier T A1 = Backscattering contribution of the n - 1 output
branches (from no. 2 to no. n);

<<y Aps n2 = Agpparent splitter T A1 + Ay = Backscattering contribution of the n - 2
output branches (from no. 3 to no. n);

and so on up to the spatial coordinates made up of:

[ <l Aps 1 = Agpparent splitier T A1 + Ay + Az +..+ A 1 = Backscattering contribution
of just the nth output branch (longest branch).
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The last significant backscattering contribution represents the typical attenuation of a branch
of the splitter with respect to the level of optical power at its input or strictly speaking the IL of
the splitter. We can see that the individual attenuation contributions A;, Ay, Az ..... A, increase
progressively.

In order to measure the IL of a splitter with an OTDR it is therefore necessary to isolate the
contribution of just one branch from the superimposition of all the backscattering contributions
of its branches. From the operational point of view it is enough for this measurement to make
a branch sufficiently longer than all the other branches of the splitter. This can easily be
arranged by connecting a tail coil to one and only one of the n output branches of the splitter.

The behaviour of a splitter measured by an OTDR in the output-input direction is different. In
the case of a 1:n splitter the attenuation measured is equivalent to its insertion loss, obviously
according to the method of measuring the backscattering.

However in the case of a 2:n splitter, that is a typical primary FTTH splitter in the presence of
two-way and with both the input branches connected, the attenuation measured (in the
output-input direction) is an apparent attenuation, less than the insertion loss.

Finally the use of an OTDR for acceptance testing of a multi-splitting FTTH network is
connected both with the network elements, that can be measured individually, and with the
direction of the measurement used.

We can see below that measurement with OTDR by the OLT strictly enables one of the
following two parameters to be measured:
e Total attenuation just of the primary network excluding the insertion loss of the
primary splitter;
e Total attenuation of the primary network including the insertion loss of the primary
splitter.
The latter parameter can be measured to the extent described, in the presence of just one
secondary branch of sufficient length or in the case of extension of one of the outputs of the
primary splitter with a suitable tail coil.

WWWw.anritsu.com 7



A nritsu envision:ensure

Although more favourable for the measurable contributions, the use of the OTDR in the ONT-
OLT direction however places a limit on the measurement of the insertion loss of the primary
splitter if the latter is type 2:n. In fact the two backscattering contributions of the direct route
and the reserve route show the apparent attenuation of the primary splitter to be less than its B \“ 02948 i —
insertion loss, as far as has been observed.

= Qualitative Diagram
Backscatter power

splitter

Point of break

In reality and for information’s sake, the measurement of the apparent attenuation of a 1:n (or in the fiber No. 3

2:n) splitter will provide a value greater than the theoretical value because its “excess loss” is
not zero. In reality in fact the sum of the optical powers in the output branches is always less
than the input power to the splitter.

Finally the combined effect of all the fibres makes the reflectometer measurement, although ===
indispensable for characterizing a PON, particularly insensitive and difficult to interpret. Length [m]

In fact it is only possible to evaluate the events if: Figure 3

e The event to be evaluated has a very accentuated attenuation;

e The output fibres from the splitter are of different lengths;

e The network was accurately documented before the anomalous event, that is at the
network deployment stage.

As the typical attenuation of the above splitter is about 10 dB, a similar attenuation value
significantly reduces the S/N ratio after the event affecting the splitter itself. So, to have an
ideal S/N ratio and hence a trace that is less noisy after the splitter event, an OTDR is needed

- Qualitative Diagram with the following salient characteristics:
Backscatter power

e High energy of the signal launched in fibre (high dynamics with narrow pulses)

splitter . . s _— . .
P e High receiver sensitivity (limited “recovery time"” of the RF receiver)

P
Combined effect /
of all fibers

(composite trace) —

Fibre ends of the output
branches from the splitter

Qualitative Diagram

Backscatter power

splitter

recovery time

Length [m] | — Undesired effects due to\ /
L the response of the receiver
| amplifier and the pulse used Noise

Figure 2

For example, in a 1:8 splitter, an interrupted fibre causes an increase in attenuation in the point T . —
of interruption of just 0.29 dB! Length [m]

In fact: Figure 4

Loss =5 Log [N/(N-1)] = 5 Log (8/7) = 0.29 dB (4)
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With reference to the figure above, the measurement schedule in this case requires the OTDR
to be connected to C1, of SC/APC type; in fact in order to significantly reduce the reflections
of the individual output branches of the splitter all the SP/PC type terminations have been
connected to mixed SC/PC — SC/APC braces. The Bragg filters, with A=1650 nm, initially
provided at all the user terminations, have however been eliminated. The only filter used was

inserted on one of the two input branches to the primary 2:8 splitter. This filter (inserted in the
Figure 5 SC-PC brace) was connected to the above port by means of an SC coupling and an SC-PC
semi-brace; this point of flexibility enables the measurement at A=1650 nm to be conducted

Measurement Test Plant: THE COMPONENTS with or without the filter

The following components are used to make up the test plant: The measurement schedule in figure 6 shows a branch of the primary 2:8 splitter (branch 2) of

e SMF optical fibres (ITU-T G.652D) joined together in cascade, and so as to
represent, in terms of length, a realistic optical access network;

e PLC (Planar Light Circuit) type splitters: Primary 2:8 and secondary 2:16;

e Bragg filter (FBG) with | = 1650 nm in an SC/PC brace;

e Refraction index adaptor bulbs.

a shorter length (180 m) than the distance between primary splitter and secondary splitter
(equal to 210 m); branches 6 and 7 are of greater length, the remaining branches are very short.

Measurement Test Plant: THE SCHEDULE

The test plant is constructed to as to enable:
e Connection in cascade of the 2:8 (primary) and 2:16 (secondary) splitters connecting
the latter to branch 1 of the 2:8 splitter;
e Connection of the Bragg filter with A=1650 nm to just one of the two input ports of
the primary 2:8 splitter (port corresponding to optical fiber 1A" optic line number 2).

WWWw.anritsu.com 11
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The Measurements of Test 1

Figure 7 - Test 1 All the branches are terminated with APC braces

Ramo = branch

The 2:16 splitter is less evident because of the backscatter contributions of branches 2-3-4-5-8

of the 2:8 splitter all located before it

Tite -

1E50nmSM) SS . 0,00000km I1OR .
DR 10,20527km SE H 2.90079km Avarage
P 0.00032km Date

231411 k|
W-EHI -

FT
11,90 dB8 .
WeOffset q
-0.60 dB
Current Fositon
Out of Range
Marker Posmon
Markar Move » 2.33007km
[ T

Figure 8 - Test 1 Events 1 and 2
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Measurement Parameter
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Figure 9 - Test 1 Evenst 2 and 4
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Figure 10 - Test 1 Event 5
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Figure 12 - Test 1 Event 7 and 8
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Practical Example

If the 16 buildings served by the same secondary splitter are 40 m apart from one another and
in each building the fibres have a maximum length of 30 m, the trace first shows the 16
reflections connected to the shortest branch, then those of the branch 40 m longer and so on.
In any other case the reflections of the various branches are superimposed!

Figure 15 (Punto di diramazione = splitter point)

These situations are found in the FTTH architecture that provides for a spatial distribution of the
secondary splitters that is hard to keep uniform and such as to guarantee that the nearest user
connection is after the last secondary splitter, that is the one furthest from the primary splitter

Figure 16
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The Measurements of Test 2

In test 2, first of all branch 7 of the primary 2:8 splitter was terminated on an SC/PC connector
to be able to observe its reflection, then the influence of the Bragg filter with A =1650 nm,
positioned at the input to the primary 2:8 splitter, on the backscattering measurement was
analysed.

The OTDR was connected to the optical fibre 1A" of the TTF according to the measurement
schedule in Figure 17.

% L=1771m L=210m
SC/APC L=180m
— 2116 ——
—— FO- 14 } Note 1
LT 2:8 L
SC/APC |
Launch coil }N0t61
500 m —
OTDR
Note: FBG filter with A = 1650 nm SC/PC connected
Figure 17
RRDAST, o i St e Mt e R me A
Splitter 2:8

2,67 km

Figure 18 - TEST 2 Branch 7 Splitter 2:8 terminated SC/PC

WWWw.anritsu.com 17




/I nritsu envision:ensure

The dead zone and the width of the reflections of the various branches are wider if these are
not terminated with APC connectors or even with bulbs filled with index adjusting gel spurious
reflections are also seen.

«— FBG filter reflection
primary 2:8 splitter input

The filter does not block the reflection
of the SC/PC connector of branch 7 of
+—— [he 2:8 splitter - :

Heéw satura{iun and hié]h re{:c»\aferin,r time of
the OTDR caused by the Bragg filter

- Bragg filter inserted upstream of the 2:8 splitter
Figure 19 - TEST 2 Branch 7 Splitter 2:8 terminated SC/PC

The diagram shows how a highly reflective element like the Bragg filter with a A =1650 nm

(IL > 20 dB; RL < 5 dB) disturbs the measurement downstream of its positioning. Therefore it is

only correct to insert these filters in plants in the presence of automatic monitoring systems

that use an OTDR with A= 1650 nm. In this case in fact the purpose of the Bragg filter is to block
the A= 1650 nm at the input of the ONT.

18| Understanding PON - Measurements and Fault Finding

The Measurement of Test 3

'Bragg filter inserted upstream of the 2:8 splitter: * -
The reflection of the branch 7 disappears if it
is APC terminated!

Figure 20 - Test 3 Branch 7 of the 2:8 Splitter terminated SC/APC
The high RLvalue of an APC connector > 60 dB is such that its reflection is not seen downstream
of the Bragg filter.

Conclusions of Tests 2 and 3

The particular nature of a passive optical network requires careful adjustment of the
measurement configuration of the OTDR to be able to reconcile the requirements to be
dynamic with those of resolution. In this article the problems have been discussed and
demonstrated that are encountered in the use of these instruments for acceptance testing and
operation of the PON networks and the results of the measurements conducted on an
experimental test plant have been set out. A comparison was also made between certain
instruments available on the market, generally recording good measurement results but with
substantial and important differences in performance according to the manufacturer of the
instrument itself.

WWW.anritsu.com 19
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Salient Characteristics of an OTDR for PON Networks

As mentioned above in the case of point to point connections, the use of the OTDR technique
in the analysis of PON networks is more complex, mainly due to the presence of the optical
splitters. These devices in fact introduce a strong localised attenuation and if the OTDR does
not have sufficient dynamic range. It may not be able to distinguish the trace downstream of
the splitter from the noise level, may interpret this strong localised attenuation as “end of
fibre”, and may neither be able to evaluate the attenuation of the splitter nor capable to
analyse the events downstream of same splitter. Moreover the superimposition of the
backscattering signals coming from the various user branches makes it difficult to identify the
individual traces downstream of the splitter and hence the location of any fault. If the lengths
of two or more branches are equal, it as happens in reality, matters are further complicated
because, as well as having the total superimposition of the traces, the reflection peaks of the
connectors coincide, making it difficult to evaluate any stress on the cable because of the
reduction in the level of these reflections.

These considerations apply in the case of measurements conducted by the OLT; to obtain
complete information on the network and in particular to localise any fault on the secondary
section, the measurements must also be conducted on the ONT side. In the case of FTTH
architecture with a high splitting factor (64, 128 and above), the situation gets even worse in
that the section downstream of the primary splitter is difficult to interpret.

An OTDR optimised for measurements on PON networks must have the following salient
characteristics:

e Source of pulses with a wavelength of 1625/1650 nm to guarantee the continuity of
the service during the measurements on live networks, with receiver filtered at the
operating wavelengths (1310, 1490, 1550 nm);

e High spatial resolution to localise the events accurately;

e Highly dynamic, even for short pulses, to be able to investigate the maximum
distance possible downstream of the highly concentrated attenuation introduced by
the splitters;

e Dead zone after the splitter limited as much as possible (limited recovery time of the
RF receiver).

By suitably adjusting the parameters of the OTDR it is possible to carry out measurements on
PON networks, both at the stage of acceptance testing and during corrective and preventative
maintenance, even if with the limitations described above. A point worth considering is the
fact that the spatial resolution is more accurate for shorter pulses, while the dynamic range of
the instrument is greater for longer pulses. It is therefore necessary to carefully determine what

20| Understanding PON - Measurements and Fault Finding

information we want to obtain from the measurement and adjust the parameters of the OTDR
accordingly, so to reach the best compromise between resolution and dynamics. An OTDR for
PON networks must therefore achieve a good compromise between resolution and dynamic
range.

The analysis of PON networks by means of OTDR, although difficult to interpret, is fundamental
and must be carried out both on the OLT side to display the primary section and on the ONT
side for the secondary.

The measurement of the 1490 nm wavelength, used on the PON in the downstream direction,
is not needed in that the attenuation at 1490 nm is on average only 0.02 dB higher that at 1550
nm. This is true for the most recently built fibres and particularly for the G.652 C fibres (low
water peak fibres), but not however for fibres produced before 1990.

The availability of a very wide range of pulses in the interval from zero to 500 ns enables the
measurement to be optimised according to the various attenuation conditions with the most
appropriate resolution (e.g.: 3/5; 10; 20/30; 50; 100; 200; 500 ns). The pulse from 500 ns is very
important in that it allows, when it is not necessary to characterise the individual elements of
the plant, the attenuation between OLT and ONU to be determined directly with a good
speed of measurement.

WWWw.anritsu.com VA
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Operating the PON Networks

The network problems that can arise most frequently in the operation of a PON are:
® The level of power received in one or more ONT is insufficient;
e No signal received at the ONT, increased BER or degraded signal;
e Component faults at the ONT, along the line and at the OLT.

As all the line components are passive, the problems are generally due to lack of cleaning, to
damage or to misalignment of connectors, or to interruptions and/or micro and macro
curvature of the optical fibres. These problems can affect one, some or all of the customers of
the network according to the location and type of fault encountered.

To locate a fault on a PON we can therefore operate as follows:

Primary network fault (lack of service for all the users affected by the particular pri-
mary splitter):
e Use of a common OTDR operating at any | for localisation by the OLT;

All the users of a secondary splitter are without service:
* Probable causes of faults and corresponding actions:
® Interruption of the branch connecting to the primary splitter:

e Use of OTDR at any A by one of the output ports of the secondary splitter; in this
case no filter is required and the signal of the OTDR will not in fact be
transmitted to the OLT (fibre interrupted).

e Secondary splitter completely faulty (not very likely):

e Replacement of the splitter.

One or more users of as secondary splitter are without service:
e Probable causes of faults and corresponding actions:
e Optical fiber of the vertical connection cable interrupted;
e Ports corresponding to the secondary splitter faulty;
e Splitter side and/or user side connectors dirty or faulty.

In the above cases the ONT/ONT's does/do not receive any signal from the OLT!
Fault-finding will require:
e Visual fault Locator (VFL);

e Receiver/transmitter to measure the attenuation;
e OTDR.

22| Understanding PON - Measurements and Fault Finding

One or more customers of a secondary splitter report a reduction in the quality of
the service:

e Probable causes of faults and corresponding actions:
e Optical fibre of the vertical connection cable stressed,;

e Ports corresponding to the secondary splitter faulty;
e Splitter side and/or user side connectors dirty or faulty.
e The ONT/ONT's receives/receive a low level of signal from the OLT.

Fault-finding will require:

* A power-meter;

e An OTDR.
Check the level received by OLT at the outputs of the secondary splitter; if the level is still low
the port of the splitter is faulty and if a spare is available replace the port.

If the level of the signal received by OLT is nominal, after cleaning the terminals, connect the
OTDR towards the ONT (after detachment of the user equipment) in order to locate any
stresses on the user connection and/or degradation of the terminations.

www.anritsu.com 23
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Test Equipment for the Optical Communications Industry

MT9090 Network Master

With its four independent modules the MT9090 finally addresses the need of providing all the
features and performance required for installation and maintenance of FTTx access networks.
The very compact battery-powered Network Master is a comprehensive solution for OTDR, 10
Mb/100 Mb & Gigabit Ethernet, Drop Cable Fault Locator and Optical Channel Analyzer.

Modules Available include:
e MU909011A Drop Cable Fault Locator
e MU909014x/15x pOTDR Module
e MU909020A Optical Channel Analyzer
e MU909060A Gigabit Ethernet Module

Base Model |Wavelength (hm)' | Dynamic Range (dB) Supported feature

APC: [ OPM [PON-PM | LS VLD
MUF0014C Triple wavelength 32.5/31/32.5 ¢ o
MU909014C6 1310/1550, L L J L e
MU909015C filtered 1625 or 1650 38/37/35 ) L
MU909015Cé L L J L
MU909015C-059 | Triple wavelength 36/35/35 [ J L
MU909015C6.059|  1310/1490/1550 0 ® ® L
MU909014B 32.5/31 . .
MU90901481 Dual wavelength [ ) [ J L)
MU909015B 1310/1550 37/36 ® L
MU9090 15B1 L o
MU909014A1 Single wavelength 325 [ J ® LJ
[ ] L]

MU909014A6 filtered 1625, or 1650 M) M)
1 - Wavelengh should be specified at option, deatiled models are described in MT9090 brochure.

2 - All models are supported APC, detailed models are described in MT9090 brochure.
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MT9090A/MU909014/15 Network Master pOTDR

e High-end OTDR performance in a pocket-size package with unique battery operation

e Full AUTO mode simplifies operation, no OTDR knowledge needed

e Complete PON testing through splitters up to 1 x 64

e Built-in PON Power Meter, Loss Test Set and Light Source

e Verify connector quality (Pass/Fail) with Video Inspection Probe
The new MU909014x/15x pOTDR Module series for the MT9090A Network Master platform
provides all of the features and performance required for installation and maintenance of
optical fibers in a compact, modular test set. The MT9090A represents an unmatched level of
value and ease of use, while not compromising performance. Data sampling of five centimeters,
dead zones of less than one meter and dynamic range up to 38 dB ensure accurate and
complete fiber evaluation of any network type — premise to access, metro to core...including
PON-based FTTx networks featuring up to a 1 x 64 split.
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MT9083A2/B2/C2 ACCESS Master™ OTDR

e Test ultra-long fibers spans (>200 km)

* Rapid testing of PON based networks up to 128 splits

e Up to 150,000 data points for superior fiber detail

e Battery operation time up to 12 hours

e SCPI remote command support

e Fiber visualizer application apply easy graphical summary
& PDF reporting

e Verify connector quality (Pass/Fail) with Video Inspection Probe

The MT9083C2 test sets are designed to make your measurement experience simple and
error-free with true one-button fault location, pass/fail classification, automated file saving and
naming and also a macrobend detection feature for identifying installation issues. They feature
multiple wavelengths and options to satisfy any network testing requirement: access or metro,
FTTx or LAN...all without straining your budget. For customers installing and maintaining
metro area or core networks, the ACCESS Master offers an automated fiber construction
application and multiple wavelengths.

Model Wavelength (hm) | Dynamic Range (dB) | Options

MT9083A2-073 |1310/1550 39/37.5 Protector kit - display cover & bumpers (-010)39/37.5
MT9083B2-053 |1310/1550 42/41 Visible laser diode (-002)

MT9083C2-053 [1310/1550 46/46 Optical power meter - CATV, Single mode, +23 to -50 dBm (-004)
MT9083A2-057 |1310/1550/1625 37/35.5/32.5 Optical power meter - Single mode/multimode +6 to -67 dBm (-007)
MT9083B2-057 |1310/1550/1625 40/39/38 Optical power meter - High power, Single mode, +30 to -43 dBm (-005)
MT9083C2-057 |1310/1550/1625 46/46/44

MT9083A2-055 |1310/1550, filtered 1650 | 38.5/37/34.5 LC connector (-033)

MT9083B2-055 |1310/1550, filtered 1650 | 42/41/35 FC connector (-037)

MT9083A2-063 |1310/1550 SM 39/37.5 ST connector (-038)

MT9083B2-063 |850/1300 MM 29/28 SC connector (-040)

MT9083B2-056 |1310/1490/1550 42/41/41 FC/APC connector (-025)

SC/APC connector (-026)

\MT9083B2-058 | 1310/1490/1550/1625 42/41/41/40
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USB 200/400X Video Inspection Kit OPTION-545VIP

* Interchangeable adapters for all popular connector styles
including angled polish

e Compact, one cable design with standard USB interface

e Ability to view back panel fiber connectors through the
bulkhead without removing them

e "Pass” or “Fail” evaluation of connectors based on pre-
determined criteria (CMA4500/5000/a and PC only)

e Compatible with most Anritsu field test sets and Windows
based Laptop PCs

The Video Inspection Probe (VIP) application for Anritsu field testing platforms gives operators
a safe, easy way to analyze and document connector conditions. With today’s high data rates,
high definition services, connector quality and inspection has never been so important.
Research reveals that up to 75% of all optical network failures are attributed to poor connector
quality - reduce your installation time and ensure your network is reaching its full potential.

Connector images are captured digitally and displayed on the test set screen. The images can
then be viewed or saved as a variety of common graphics files for later review or documentation
of connector quality. Various adapters are available to allow direct viewing of patch cord end
faces, as well as, for viewing of end faces already installed in patch panels. Furthermore, since
there is no path to the human eye the VIP application eliminates the possibility of injury as with
traditional connector microscopes.

www.anritsu.com 2
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Conclusions

e |f there is non-active spare capacity, the priority will be to activate the reserve fibre
in the shortest time possible and any locating of the fault can be conducted
afterwards with a common OTDR at any A,

e With a double splitter level and high splitting ratios, the measurement by the OLT is
significant only for the part of the network upstream of the primary splitter. In fact
downstream of the primary splitter it is possible to identify the reflections that can
be attributed to the various elements under examination, that can be identified
based on the measured progression compared to the point of insertion of the
signal.

e Clearly it is difficult to identify the reflections of the various branches of the
secondary splitter, which can be confused with the reflections of the branches of the
primary splitter;

e The situation is much more complex if all the branches of the primary splitter are
connected to secondary splitters in that the backscattering trace does not just show
the spatial contributions of the splitter but also those of all the output branches
from the latter.

e The terminations of an angular type (APC) have a better RL value, give rise to more
regular Backscattering diagrams and, for equal pulse width, to narrower reflections
that are unsaturated and with greater resolution power than the non-angular
terminations (PC). Therefore it is good practice to terminate the output branches
from the splitters on APC type connectors.

e The presence of the Bragg filters (FBG) is a cause of saturation of the backscattering
trace and the use of these filters does not give any advantage, so it is not
recommended to use them on the network, except in cases of clear need (automatic
fibre optics monitoring systems).
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