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Abstract: Problem gtatement: This study presents fiber fault monitoring appieex for Fiber-to-the
Home (FTTH) with a Passive Optical Network (PONure@nt fiber fault monitoring approaches are
difficult to be implemented due to its complexitydahigh loss as the amount of branches increase.
Approach: A fiber fault monitoring scheme is proposed wheré&aber Bragg Grating (FBG) is
placed on each branch of the Optical Network UBINU). The advantages of the scheme are that it
is simple, low cost and efficient in monitoring dibfault in ONU. FTTH based network design is
simulated using Optisystemtem 8.0 in order to itigase the feasibility of the proposed scheme.
Results: The reflection spectrum of Fiber Bragg Gratings @B with different spectrum shape,
frequencies and amplitude is used to differentésteh optical network. The simulation result shows
that the unique characteristic of fiber Bragg gratis able to distinguish each optical network dor
20 km Passive Optical Network (PON) syst&onclusion: This study suggests the implementation
of Fiber Bragg Grating that is placed in each nekwmstead of using Optical Time Domain
Reflectometer (OTDR) for fiber fault monitoring.
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INTRODUCTION 1996). A monitoring method that embeds the OTDR

functions in each ONT has also been conducted

Passive Optical Network (PON) monitoring is (Schmucket al., 2006). A technique that is proposed by

very important in order to reduce the operational(Mulder et al., 2007) cannot transmit a measured

expense. For Wavelength Division Multiplexing OTDR trace when the optical network has a fault.

(WDM)-PON, the reliability might be more critical Passive Optical Network (PON) has been

as the aim is to transport high capacity servides. recognized as the best design to implement FTTH

conventional Optical Time Domain Reflectometersystem due to optimal fiber infrastructure and

(OTDR) which operates at single wavelength is notexclusively passive components involved in the
able to detect branches beyond the wavelengtktransmission line (Leest al., 2006). Challenges in
selective component of the Remote Node (RN) of anonitoring fault and the health of fiber optics tmesen

WDM-PON (Yukselet al., 2008). actively discussed among experts (Leteal., 2006;
A lot of fiber fault locations have been conductedChenet al., 2007; Yuksekt al., 2008), but most of the
for branched optical fibers of PONs (Sankagtaal., research introduced a black fiber monitoring system

1990; Tanakaet al., 1996; Cavigliaet al., 1999; applying OTDR as the hub of monitoring method
Schmuck et al., 2006; Mulderet al.,, 2007). The (Yukselet al., 2008). However, monitoring black fiber
Multiwavelength OTDR method uses a costly arrayedwill not reflect the real flow of optical signalafifics in
waveguide grating to assign an individual testingthe system and if needed so, it will cause service
wavelength to each branched fiber (Tana#taal.,  downtime.
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Several researchers have studied on various types A restoration scheme in the working line at the
of monitoring system in the PON. Several solutitors  drop region for FTTH with PON has been presented in
different type of PON monitoring were suggested.(Ab-Rahmanet al., 2012). However the technique is
WDM-PON implements optical reflector (Hamh al.,  difficult to be implemented due to its complexitpda
2006), reusing existing light sources (Lanal., 2005) difficulties to determine any breakdown that magurc
and commercializing multiwavelengths signal alllwit in the PON.
the application of an OTDR. It has been discusked t In this study, a simple and robust method to detec
by introducing optical power splitter in PON, thgatial  optical fiber cut in Passive Optical Network (POiNs
information regarding the position of fiber faulight  been proposed. The unique reflection spectrum from
be lost in the transmission (Lét al., 2006). This Fiber Bragg Grating (FBG) that is located in each
problem is one of the problems of fiber monitoring Optical Network Unit (ONU) is manipulated in order
system using OTDR architecture. detect the fault network.

Numerous physical layer monitoring solutions
based on OTDR have been proposed in (Caviglia Theory: The main device in this monitoring system is
al., 1999). However, realization of OTDR into tree- the Fiber Bragg Grating (FBG). FBG consists of a
structured PONs causes several disadvantages suchpgeriodic modulation of the refractive index in tbere
lack of dynamic range to observe the equipmentr aft of a single-mode optical fiber. The unique reflenti
the splitter, lengthy measurement time to achievesignal spectrum of FBG will distinguish the Optical
suitable OTDR trace and repetition of the Network Unit (ONU). The simplest fiber Bragg gratin
measurement on various ONTs and the reflection ofonsists of a periodic modulation of the refracfivéex
the dead zone that makes it impractical to distislyu in the core of single-mode optical fiber. The Bragg
the monitoring signal from two similar-length grating condition satisfies both energy and mommantu
branches (Yuksedt al., 2008). conservation. The first order Bragg condition is

Monitoring solutions based on Optical Frequencysimplified as below Eqg. 1:

Domain Reflectometry (OFDR) lately appeared as an

alternative approach (Zoa al., 2007; Effenberger and Ag =2n4A 1)
Meng, 2008). These solutions require either a very

coherent laser source to reach sufficient measuremeyhere the Bragg grating wavelengthg is the free
ranges (Zotet al., 2007) or some complex modulation space wavelength of the input light that will becka
schemes superimposed on the downstream data signaflected from the Bragg grating. Neff the effective
(Effenberger and Meng, 2008). refractive index of the fiber core at the Freespzamter

A recent monitoring strategy based onwavelength.\is the grating spacing of the FBG. In
interferometric devices placed at the ONTSs relakes this project, the grating spacing is varied in orte
requirement on the linewidth of the light source€lket manipulate the reflection spectrum. For a unifofaGH
al., 2008). However, this solution detects only thethe index of refraction profile is as follows Eq. 2
breaks in the network. As an option approach, & tes
signal by way of a self-injection-locked reflective o1z
Semiconductor Optical Amplifier (SOA) located atleac N(2)=n, +A“°°E*]

ONU was proposed (Thollabandt al., 2009). This
method, however, requires a protocol extensiors thu _
not directly applicable to all PON protocols. Whe_re. L

Ab-Rahman et al. (2009) has demonstrated a N, = The average refractive |_ndex L
design for fiber monitoring in the FTTH system. An = The amphtude of the induced refractive index
However, this technique requires a complex embedded _ perturl_:)atlon ) - :

: s = The distance along the fiber longitudinal axis
system with Ethernet connectivity. The use of
electronic components such as a microcontroller to
control the optical switch may also lead to bottlek
issues. A design of FTTH monitoring based on Zigbe
Wireless Sensor Network has also been presented |
(Mastanget al., 2011). However, the implementation of
active components in the design is less prefertedtd g )) = Q”sinh” (sl) 3)
power efficiency. Ak?sinh? (sl)+ € cosh (sl

(@)

Using the coupled mode theory, the reflection of a
G‘grating with constant modulation amplitude and qebri
R given by Eq. 3:

1002



J. Computer i, 8 (6): 1001-1007, 2012

Where: The general expression for the approximate full-
The reflectivity width-half maximum bandwidth of a grating is givien
The grating length and wavelength, | Eg. 6:

and wavelength

Q = The coupling coefficient Y (1Y
m . DN =Ags +(7J (6)
Ak =k T The detuning wave vector 2n, N
B
Zmo - 1 . .
k== = The propagation constant arfd=sQ*  \yhere, N is the number of the grating plane. The

AK2 parameters ~1 for strong gratings (with near 100%
reflection) while s ~0. 5 for weak gratings (Otherand
Kalli, 1999). In this project, the values of theatjng
period vary in order of the Bragg grating center
wavelength and its amplitude.

Q for a sinusoidal variation of index perturbation
along the fiber axis is Eq. 4:

_TAn

X M, 4) MATERIALSAND METHODS

In the design of the overall system, the project
starts by designing the Fiber Bragg Grating (FBG)
using IFO_Grating simulation software. For each

where, N is the fraction of fiber mode power contained
in the fiber core. M can be approximately by 1%

where V is tzhe r:o/rzmahzed ljrt-,:‘quency of the T'ber‘network, a unique FBG is designed. For this projiaet
V=(2mNa(n,’ - n,’)* where ‘a’ is the core radius, yrating period of the FBG varies in order to progliac
Neow Nex the core and cladding indices, respectively. Atunique FBG. This FBG is used in the overall systam
the Bragg grating center wavelength, there is nahown in Fig. 1. The optical coding unit is actyatie
detuning andik = 0; the expression for the reflectivity unigue FBG that has been designed in IFO_Grating

becomes Eq. 5: software. This FBG will be exported to Optisystem
simulation software in order to implement the ollera
R =tanif Q/) (5) system as shown in Fig. 1.
Remote =
______________ C: 9_____________ Feeder node e s fisina
region -

1310nm & / (“ = E ONU

1490 nm —» - B ONLU

1550 nm —* - B ONU

! 1625 nm —> .
i (monitoring signal) H lOlkm f;lber
e T bl ekt 3 B engt

vvy

Fig. 1: Block diagram of PON monitoring system iimslation
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Fig. 2: Block diagram of PON monitoring system éality
Figure 1 shows the block diagram of Passive
Optical Network (PON) that is designed in Optisyste — ===
simulation software. The laser source used is the Bt =
Distributed Feedback (DFB) laser. The wavelength of — —
the downstream signals is 1490 and 1550 nm whée th = =
upstream signal is 1310 nm. The monitoring signal
wavelength is 1625 nm. The optical link distance fo = P

this PON system is 20 km. The downstream signals an e =
the monitoring signal will pass through the 20 km i e B
optical fiber length. Using a splitter the signalil be , ==
separated to each Optical Network Unit (ONU). The
optical coding unit consists of a Fiber Bragg Gmati Fig. 3: Simulation of PON monitoring system
(FBG). Each ONU will have a unique FBG reflection
signal to differentiate each network. S S S e 7

Figure 2 shows the block diagram of the real PON |
monitoring system. In reality, the FBG consistsoag
input and one output. The reflected signal from the
FBG will pass through the fiber optic line whichridas
the input signal. The unique reflected signal freath
network will distinguish the network. In real
application, only the Optical Spectrum Analyzer £)S
is required to analyze the reflected signal from FBG = AR,
as shown in Fig. 2. prastea 0 T

Sidire
Lengt

jonal Optical Fiber_1
h=10 km

Optical Spectrum Analyzd
OptiGrating
FBG filename = C:\Users\Nani Faziina\AppDataiRoamingWicrosoft)

Optical Null_1

RESULTSAND DISCUSSION
Fig. 4: Simulation of PON monitoring sub-system
Figure 3 shows the simulation of the monitoring
system that has been developed. All the reflectedhen, this FBG is exported to Optisystem simulation
signals from each network will be analyzed in Ogitic software. In this simulation, the grating lengthtbé

Spectrum Analyzer_13. FBG is manipulated in order to obtain a unique
Figure 4 shows the components in the subsysteneflected signal from the FBG.
There are 3 subsystems in this simulation, herexe tB Figure 5 shows the result from OSA when there is

Optical Network Units (ONUs) that will be analyzed. no cut in the optical network. This is the accurteda
Each ONU will have a unique reflected signal frdm t reflected spectrum from the FBGs from each network.
FBG. The FBG is designed using IFO Grating software The optical network is as shown in Fig. 3.
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Fig. 7: Result from Optical Spectrum Analyzer (OSA)

Fig. 5: Result from Optical Spectrum Analyzer (OSA) which shows that there is a fiber cut in Optical
which shows that there is no fiber cut in the Network Unit 2 (ONU 2)
PON system Opteat spectom avaye: I L =
i & Optical Spectrum Analyzer_13 Signal Indess |0 =
Optical Spectrurn Analyzer _ ' E‘ Hold Control Key for Accelerated Panning Auto Set
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power f Paver X}, Poner v/ f Fig. 8: Result from Optical Spectrum Analyzer (OSA)
' which shows that there is a fiber cut in Optical

Network Unit 3 (ONU 3)
Fig. 6: Result from Optical Spectrum Analyzer (OSA)

which shows that there is a fiber cut in Opticallt can be seen that there is no signal in Fig. Thi
Network Unit 1 (ONU 1) circle. That indicates that there is a cut in ONUAR a

comparison of Fig. 5 and 7, the unique spectrunpesha
.of ONU 2 is located at wavelength ranges from 15625

Figure 6 shows the result when there is a cut in 6557 | m with the highest reflection power of 1
ONU 1. In order to detect the cut, one can comp@e Lo watt Lallt 1_év2|564 m. 9 on pow

result in Fig. 5 with Fig. 6. It can be seen ttadre is Figure 8 shows the result when there is a cut in
no signal in Fig. 6 in the circle. That indicateatithere  oNU 3. As a comparison result for Fig. 5 and 8ait be
is a cutin ONU 1. As a comparison of Fig. 5 anth&,  seen that there is no signal in Figure 8 in theleifThat
unique spectrum shape of ONU 1 is located ajndicates that there is a cut in ONU 3. As a cotispar
wavelength ranges from 1.6243-1.6246 um with theof Fig. 5 and 8, the unique spectrum shape of ON§/ 3
highest reflection power of 4 attowatt at 1.624%8. 1 located at wavelength ranges from 1.62507-1.62581

Figure 7 shows the result when there is a cutNiJO  with the highest reflection power of 5 attowatfLi2508
2. Based on comparison with Fig. 5 and 7, thestftthe  pum. The overall result for all the conditions thas been
cable connected to the ONU 2 can be determined. explained earlier is as shown in Fig. 9.

1005



J. Computer <ci., 8 (6): 1001-1007, 2012

[rErnE ) | R r—r—
: Signal Index: |0 e Yigral brse:. [ “and
_ [ Optical Spectrum Aqalyzer_13 = = Optical Spectrum Analyzer_13 oral [ ry |
] Left Button and Drag to Select Zoom Region. Press Control Key and Left AutoSet I g Miald Cremiend ey lor Acraleraled Panrg AdoSe |
E ]
& ~Wavelength- ekt
o g" Urits; |m - ity |m =
& ¥ Aulamatic 1ange g [ e—
x A ——
g Center:[TEZ00AE0T H G [T
= Stat [1EZ39885745 2 e [TEETRT I
2 Stop: [1.6260148022 I T
g feluk m i
= %g-- (~ Amplitude 3 A A
| EF Urits: [w - = et [w =
¥ Automatic range W uomates
Maw [20.729519438 M |51 TERETV 6]
Mive [T0BE4ESETE W L Ehiamsmrntroihod
| =
T Resolution Bandwidth— TSk oy Eairlih
=1 Res: [0.01 i I Fiex ™
16241 1825 1 626 —_— ™ Irveeet Colors
{m) I Invert Colors
|\ Power [ Power X } Pawer ¥ /
|
() (b)
"o sorcom avwoe SR )] | et L. ©
PSS | = Optical Spectrum Anatyzer_13 sgaliedes [T
] Optical Spectrum Analyzer_13 ¥ = | 1 . i -
| toucostmsiay toe scoeusated Fansi Sl | RS Conlr ey ot ocemenied Feang a5t
5 “Wpewinrgrh
Fn Ursts |m. -;I
B E W datomsic iange
? i e
5 - Gl [VESUNGEEN
5 8 Sl [TIGIINESN
52 i
=z = rir [ -
W fatomale iprgm
Mo [FLFEERIT W
I '* W
1™ Fltiokbion Sandwadh
1 . - I m
L 1] LR - T =
I tewreet Ccom
Power | Fuwer 3 | P 7 [
(© (d)

Fig. 9: Result from the Optical Spectrum Analyzer 4 cases; (a) when there is no fiber cut (b) wihene is a cut
at ONU 1 (c) when there is a cut at ONU 2 (d) witere is a cut at ONU 3
CONCLUSION and for ONU 3, the unique spectrum shape is located

wavelength ranges from 1.62507-1.62521 um with the

As a conclusion, a simple and efficient method hasighest reflection power of 5 attowatt at 1.62508. 4
been successfully demonstrated in order to monitor
fiber fault in Passive Optical Network (PON). The
unique reflection spectrum of the fiber Bragg gratis
manipulated in order to distinguish the opticawmk.  Ab-Rahman, M.S., M. Saupe, A. Premadi and K.
The unique spectrum shape of ONU 1 is located at Jumari, 2009. Embedded Ethernet microcontroller
wavelength ranges from 1.6243-1.6246 pm with the for optical monitoring. Proceedings of the
highest reflection power of 4 attowatt at 1.624%8. u International Conference on Space Science and

For ONU 2, the unique spectrum shape 2 is located Communication, Oct. 26-27, IEEE Xplore Press,
at wavelength ranges from 1.6255-1.6257 um with the  Negeri Sembilan, pp: 51-55. DOI:
highest reflection power of 1 attowatt at 1.6256#4 10.1109/ICONSPACE.2009.5352672
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