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Abstract: Problem statement: This study highlights on restoration scheme pregdaainst failure in
working line at the drop region for Fiber-To-The e (FTTH) with a Passive Optical Network
(PON). Whereas PON is a system that brings opfilcal cable and signals all or most of the way to
the end userApproach: Survivability scheme against failure is focused swattered residence
architectures and it is applied in the ring an@ t@pology respectively by means of Customer Access
Protection Unit (CAPU). CAPU will be installed begéothe ONU and ensure the signal will find the
alternative path when failure occurs at the spedifie. Our proposal scheme is low cost and
applicable to any residence architecture. The adganof this scheme is the failure at fiber lina ba
recovered until three levels to make sure the ogijoal flow continuously to avoid any application
disturbance. Two type of restoration scheme is gsed by means of linear protection (tree) and
migrated protection (ring). FTTH based network gass simulated by using Opti System 7.0 in order
to investigate the power output and BER performaaitceach node in the tree and ring protection
scheme in scattered placement. This study we perfor analysis on linear protection scheme that
consisting of two model a) Line to Line (L2L) protmn and CAPU to CAPU (C2C) or Shared
protection. However the migration of tree to rirgalogy to enable the signal flow continuously in
the case of failure occurs specifically in randonscattered placement topology has been highlighted
in our previous publicatiorResults: The signal will be divided into section; drop apalss through
and the ratio is significant to determine the numifeuser allowed and achievable distance. Output
power for optical nodes could be slightly improugdvarying the pass through and drop signal ratio.
Conclusion: Our proposal is the first reported up to this timavhich the upstream signal flows in
anticlockwise in ring topology when the restoratsmeme activated.

Key words: Customer Access Protection Unit (CAPU), Fiber-T@Thlome (FTTH), Optical
Network Unit (ONU), Optical Line Terminal (OLT), Reote Node (RN)

INTRODUCTION the distribution area especially scattered placénen
ensure the traffic can be sent continuously inctme of
Survivability in FTTH network is an important failures occurs. The signal can choose one lingao
issue. It has been discussed in optical networéarljer  through the Optical Network Unit (ONU) when the
studies. When a network transfers more data, tta to failure is occur in the other line (H&hal., 2007).
interruptions due to network failure or attack bmeo Two major fibers placed on two lines which are
important issue for consideration (Rejebal., 2010) located in the tree and ring network. Every linpath
(Ab-Rahmanet al., 2011a). Therefore, many authors (tree lines), aing lines would be duplicated witie t
have come out with innovative design of newprotection line. Protection line will be used iretavent
techniques and methods to increase the survivalilit of any failure at the working line. Ring line issal
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equipped with two lines for each optical node tisat output power almost the same for all optical node,
working line and protection line. Protection lireised  regardless the position of the node. The linear
when there is any failure on the working line. Théve  0ction signal is separate by splitter and thesgy
optical signal will have four alternative routestinave dropped it not occur at each optical node. Sigoal f

been chosen to carry out the optical signals tosfe . . . o )
to each receiver. The downstream signal will gofi"d path become optimum with adjusting drop signal

through the main fiber in a linear path (tree limgid (N %) and pass signal (1-n %) at optical coupleont
the signal goes through an optical splitter, tdritigte ~ the observation, the average output power is -23dBm
power into multiple recipients. Hence, under normal In a ring network topology, the protection scheme
conditions without failure, the optical signal flew from Zhao (2005) has a large conventional ring and
through the working line, but if failure occurs in backup transceiver, used to protect the damagaet o
working line, protection line will be activated. point. Among the disadvantages in a ring topology i
Subsequently, the signal enters the optical coupldra yse a lot of fiber, attenuation of the signal igthand
signal in here will be divided according to the geveral other long-term problems. To solve this

percentage of 1-n% for the pass signal componéat; N yropjem, authors used the feeder fiber coupling it

is the portion of drop signal component. The drop ; ; ; ; ;
signal will be dropped directly to the recipientus, small ring hybrid which was introduced in the study

the ratio of signal power that is already small and(_Hossalnet al. 2005). This scheme minimizes the use of
enough to be accepted by receiver fiber and ensures that no data packets are loht thvt
Elliot wave explained about zigzag theory thatcomponentsl reagly tﬁ. stangby. Howgver, the ONU. IS
being used for mechanism protection with variods fa M°'e complex in this scheme and 1+1 protection
outs (multi drop) by connecting every working and scheme has a low market performance due to high

protection line in CAPU (Customer Access ProtectionCoSts. In addition, the study Hwang al. (2009)

Unit) the authors group designed. According to Agtiz Proposed protection scheme through a close pafiipers
al. (2009), CAPU s a protection against fiber fanlt ~With the PON-ONU to avoid over bridge device in the

fiber line that will also being placed in custonwrd- EPON network. In addition, the proposed network
user in order to perform as the smart restorafitinere ~ coverage provides network access to large-sizedh mes
is uncertainty of fiber cut occurring in distriboti  and access networks capable of high accessibiilityaa
region. Figure 1 shows two restoration schemefast recovery (Langeet al., 2004). At present, the
proposed to cater the breakdown problem occurBen t scheme of protection for future generations alsesab
FTTH-PON. In tree topology, each line connected toimplement protection mechanisms 1: N because i®mor
ONU is installed with pair fiber. If the workingnle  efficient that require the use of optical switctibeN
fails, the traffic will be switched to the proteanti (stand (Appelman and Zalevsky, 2004). The basic concépt o
by) fiber (Fig. 1a). But if the failure is slightigritical,  gyitching is often used for opto-mechanical techgyl
th? t.rafﬂc will be sent through_the_ne|ghborselnh>y The study of Haret al. (2007) also propose a hybrid
utilizing CAPU. The segmentation is activated ahd t architecture to protect the failure protection irD¥-

rest and unaffected ONUs receive the signal diectl L L
from the optical splitter. If the major problem lp@ms PON mult!pomt and ngtwork design is _by a fuII dupl
configuration. In which all areas, including fiber

in the network such as cable cut, device dysfunciiod module is equipped with redundant (duplicate fafii

others, the only way is to migrate the topologyrfripee to . d ) .
ring by means of migrated protection as shown gn Eb. two working flbers. .and protection flbers- are used
However the detail discussion on ring restorationduring normal conditions. However, protection sceem

properties was already highlighted in our previadisle. ~ Of Chanet al., (2003) proposed a network architecture
based on WDM protection that will provide proteatio

against damage to the fiber bidirectional 1:1 betwe

Previous 1 ch: For comparison, there are two the remote node (RN) and the ONU. If damage occurs

opiions proposed in the study of Langeal. (2004). online, which carry data signals are transferredthie

F'rSt’ by doubling the transceiver and mgtallmgwn adjacent ONU protection under the proposed scheme.
fiber to create a separate password associatedthéth Ay oohmanet al. (2011b and 2011c) has proposed the
user. Second, by increasing the overall networlesec survivability scheme based on the Optical Cross at]
if customers demanded higher. However, by doublingyyop Multiplexer (OXADM) to cover the protection in
the transceiver at both ends and has two sepabee f drop/distribution area. Two restoration schemes are
routes the center will provide a less economicalttie  introduced to cater the problem of breakdown arbbei
network. So, for this research, simulation analyers activated according to the types of failures by mseaf
the linear protection path that authors design peced linear protection and shared protection.

42



J. Computer <ci., 8 (1): 41-47, 2012

MATERIALSAND METHODS

s S
Art of design: The designed network protection (t/f AP ONU2
scheme is a combination of the linear and ring Opmlspl,ﬁ?—\/\ \_\
protection. Then the simulation analysis is conedct Optical spliter \>d\ .
from node to node and is divided into two main part S | 8
namely linear and ring protection schemes. Eachgiar cary onvs e NP
the protection scheme has been reviewed. The output g;;
power for each node has obtained in the normat stat fo i@y
(without failure). The maximum distance that can be @

achieved with the sensitivity of every different
protection schemes and also the maximum number of I
nodes is depending on the different of sensitivity. .-
Sensitivity values are used for the node to nodeyais R ot
which starts at -25, -30, -32 and -35dBm. \

Figure 1 (a) shows design of the linear feedeterou
for tree topology or linear network. The wavelength
1550 and 1490nm will be multiplexed to get through
network protection. CAPU was designed with four
alternative routes protection to transfer optigghal if
line is breakdown. Two major lines are proposethis
network architecture for tree and ring topology.tiBo

= e D
///‘ «-"’73/\‘\

" Device dysfunctional _.~*"

major lines are combined in this CAPU (Ab-Rahneain = \1/T

al., 2009). Two major fiber was placed on two lines; \ '\‘owm“ /‘ ’

tree and ring line. Each linear path (tree linedrking \ Cotebmek iy N

line will be duplicated with protection line. Proti®n N e O e
line will be used in the event of any failure toeth \“\”\f.—bpu‘”\::*mﬂ“{' s
working line. Ring line is also equipped with twiods «— Upstream signal O

for each optical node which are protection and \wayk _— bd'*il‘hl ONuH
line. Then the optical signal will have four altative mffic will bediverted o ingbased

routes that will be selected to carry the optiéghals to roteclen ‘

each receiver. Figure 1 (b) is a design of droppegibn ©

for linear protection scheme when signal from feede . .
will be separate to five receivers and after thatwv$ Fig. 1. TV\.'O restoration _schemes are proposed and be
through optical nodes. The optical signal from fed activated according to PON (a) Zero Fault
region will be split by 5 optical splitter to reach to Condition (b) Linear Protection (c) Migrated
the five number ONU. Before reaching to the ONU, Protection
optical signal must passing and will be divided ) ) . .
according to percentage in every node optic. Optica  Figure 1c shown for ring network simulation stage,
node consist of optical switch, optical couplericgd ~ Point a signal path for whole ring network whictve®
circulator and de-multiplexer. Figure 1c indicatesoptical nodes connected to each other. Drop sigoat
optical node components which bring signal fordine optical coupler with ratio n% will transfer through
path. If both of working and protection line ardfee, optical switch 21 and receiver using optical circulator.
ring line will be activated. Signal from ring lingill ~ Pass signal flow into optical switchx2, where the
flow through major fiber and optical coupler. Here, optical switch control with ACS to choose whichdin
signal will be divided into 2% of power; 1-n% pass Will be activated. Signal flows from node to nodig
signal and n% drop signal. Drop signal enter tacapt line) also have 2 line fibers. ACS controlled diet
switch 21 and optical circulator. Drop signal will be optical switch function to change path. Figure bveh
dropped directly to the recipient. Thus, the ratfio = component where optical signal pass in ring network
signal power already small enough to be accepted ofrom the network architecture security authors
a receiver. The pass signal will transfer to théagd  designed, linear and ring line terminal are used in
node (signal out). Optical signals out from theOptical Line Terminal for downstream signal. In
previous node will be the input signal to the oatic normal condition, linear line terminal would traesf
node and the next optical node. downstream signal into linear line. Thus, ring line
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terminal is static and not activated if failurenst occur  to 50: 50% for the signal pass and drop. Subsetyyent
on both of linear line. the percentage ratio of coupler is adjusted rangdml
Simulation of distance accessibility in this reska  obtain the lowest output power and it is same fuorhe
authors has determined the increase, at the samee ti optical node. Thus, the adjusted ratio percentage i
when sensitivity at linear and ring path increasiite  shown in Fig. 3 (inside) whereas the ratio for Siag
increase of user optical nodes would be analyzed byodes is individually adjustable. Figure 3 shows th
sim_ulation. For sensitivity of -35dBm, the numbér o output power results when the coupler ratio is steit
optical nodes could be added to the 10 nodes bys shown in inside box. The highest output power
adjusting the percentage ratio of the optical ceupl optained at the fifth node where the value is -
Generally for EPON FTTH network, it's involving 26 568dBm (drop signal of 1490 nm) and lowest power
relatively high data rates of 1.25 Gbps to obtdi@ t 4; second node is -30.847dBm (drop signal 1490 nm).
minimum bit error rate of 10-09. So, according to\yhen the pass signal goes high at the second bptica

S ot rcocoiae coa o oxckiont”ode (Pass Sanal 1450 nm) then ai the same me
Y1 ) signal goes high at the first optical node -34.6%56d
restoration FTTH-PON is at 26dB by PX-20D for the (1490 nm signal to go). From the drop signal output

fiber length of 20 km. power, the sensitivity would be reduced to -31dBm.
Therefore, by adjusting the ratio of the couplibdBm

sensitivity could be reduced.
Output power for each node of linear protection ! 2

scheme: Signal flows through linear protection and I I | I

then joins into optical coupler. After that, it Wwibe

RESULTSAND DISCUSSION

29593
28475
27678 |

divided into two signals; one pass signal and tieero
drop signal. For the analysis of this case studly first
optical coupler is adjusted to a ratio of 50:50%clHhs
50% for drop signal and 50% for pass signal. Thi 50
pass signal will be combined with a new signal fritwe T B8R o
next optical node. Then, after observing the £ I I I I I I I |
performance each optical node in term of outputgrow -

the ratio of the optical coupler is adjusted toadaibt N
optimum output power for each receiver at the @ptic e
node. The pass signal (1-n) % drop signal of n% isrig. 2: Output power for the 5 nodes; drop signad a

Output Power (dBm)

adjusted. In the design of linear protection, signa pass signal (1550 and 1490 nm) when the oupler
through linear protection line would not have power is adjusted ratio 50: 50%. Inside: Percentage of
dropped when they flow from optical node to other optical coupler ratio adjust for linear path
optical nodes until the last node. This is becatlme protection scheme

power of optical signal will be split to each nodtewill
be in effect when transmitted input power to theicxb
Line Terminal (OLT) separate by optical splitteronp

entering each optical node. In contrast to the ring
network, the power output by each node is expetted

06|

-29.219

shrink by follow the position of the optical node. 7
Figure 2 shows the output power of two -

wavelengths (1550 and 1490 nm) respectively at a :

signal pass and loss when the coupling ratio was o

adjusted to 50:50%. Lower output power of drop aign

is observed at the first node, -31.228 (1550) and - I I I I I

29,98
30888 |
33089 |

100

31.978 (1490 nm). This may be due on the first node
that does not have the power combination of thecalpt
coupler on the previous node and make it the lowest

power than the other optical nodes. The lower pasgig. 3: Power output for the 5 nodes; pass and sigpal

signal occur at second node is -29 593 (1550) &Ad - (1550 and 1490 nm) when the ratio of the coupler
343 (1490 nm). From the present output power, the ils adjusted at randomly. Inside: Percentage of
receiver sensitivity of -32dBm can be applied foeéar optical coupler ratio adjust for linear path
protection scheme when the optical coupler is degus protection scheme
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Achievable distance: The Simulations were conducted wide dynamic range at the receiver is requireduiféig
to study the maximum distance that can be achiémed 4b shows the value of maximum Q factor which is
a linear path protection according to the ratiopas achieved for each node as the 50:50% ratios at
and drop signal. This analysis starts with evatwatf ~ sensitivity of -25 dBm. As we can see, optical n6dewve
output power of the distance (km) that can be aelie accessed to the highest distance at 12 and 4.4ikthef

in each of the optical path and thus, the sensitean  OPtical node 2 while the other nodes have seveittdQv
be determined afterwards by the output power okdain factor reduction due to insufficient sensitivity the
The maximum distance that can be achieved has be&RCeiver when the power loss occurred at the nades
measured when the receiver sensitivity is set@t-@, - VY high. We found the Q factor decreases expaiignt
32 and -35 dBm. The cut off distance is defined byVith increasing of fiber distance.

maximum Q factor parameter which is 6 acceptalleesa ) .

through BER analyzer on Opt system software. ThéRatio of drop and pass through signal-n: (1-n)%:

specifications used to run the simulation werebavfs: This time on the coupling ratio is adjusted to gaie
ratio so that the loss can be reduced to each abptic

Network specification: node. Figure 5a shows the output power versusntista
is obtained when the coupling ratio of the lineathp

Launched signal power

gna 0dBm varied randomly (see the box inside). As we can see
Data transmission rate

125  Gps foroptical node 5 has obtained the highest output pawe
downstream (EPON ;5 15are to other optical nodes and optical nodeass

Sensitivity of photodetector = Sta-lgg?r%)o, -32 and _obtaine_d the lowest output power. In this case9z52
35 dBm dBm difference between optical nodes to 5 and rbde

Thermal noise — 0.1152572631e-021 | he measured output power at node 5 is at sergit¥i
W/Hz, -25, -30, -32 and -35 dBm has achieved different
11.817578125 e- distance of 12, 36, 47 and 62 km. By considerirgy th
024 W/Hz, optical node 4 (the lowest output power) output
4.005859375 e-024 power at -30, -32 and -35 dBm we find their length
W/Hz, of fiber at a distance of 13.06, 23.75 and 39.1 km.
1.0764648375 e- As obtained from the results, only 1 km can be
024 W/Hz increased from the adjustment of the ratio of the

optical coupler. Hence, output power for optical
%odes could be improved slightly by varying thepas
through and drop signal ratio.

Figure 5b shows the maximum value of the Q
factor is achieved for each node at the differartent
Ratio of drop signal and Q factors were obtainee?&t
&Bm sensitivity. Optical nodes 5 have access to the
highest distance from other nodes which is 12 kigh an

] ) the other nodes has weakened with severe Q faanhokrs
Ratio of drop and pass through signal-50:50%:  cannot achieve the Q factor of ~ 6.

?ﬁgﬁ;e?hgiséi?gjt Vp?cr)i\/(\a/err\?vweﬁoztﬁtzeofiﬁg 'I:(i,%grt?\mat( Simulation continues to increase the sensitivity o
distance to signal loss. Power output decreaseaiy 0 dBm for the receiver to see the maximum d|stf_;mc_e
with increase in fiber length (km). Achieved thelest ~ that can be achieved for each optical node. This is
output power available at the optical node 5 arl thimportant to predict the distance that can be aeiien
lowest output in the first optical node. There is adifferent sensitivity on the linear network. Figube
difference of 5.2324 dBm between the first opticalshows the distance that can be achieved at -30 dBm
nod%s an%OPtlﬁa' n?_de? to 3 05 the outout oo sensitivity. As expected the maximum distance can b

onsider the optical node 10 o, the oulput pPOWer Ojncreased for each recipient. Based on the minimum
-25, -30, -32 and -35 dBm respectively the fiberghey |, Q factor for each optical node, the distarscund

at a distance of 11, 35, 46 and 61 km. Considdtieg
first optical node, the power output at -30, -32 aB5 to be 17.62, 24,375, 255, 26,411 and 40.35 km

dBm find their fiber length at a distance of 9,6.&and  fespectively for the optical node 2, optical nodes
33.6 km. So to achieve a high range on the netwark, optical node 4, optical nodes 1 and the opticaenad
45

linear distance of the route. This linear routel Wi
divided into two main parts, namely the adjustmeint
the coupling ratio is set at 50%: 50% and the rafio
the coupler is changing. Performance in these tw
conditions will be compared by the maximum distanc
that can be achieved.
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while maximum distance is 40.9 km according to Mafactor at sensitivity of -30 dBm

As a conclusion,
applications in scattered placements has beenajeaet!

CONCLUCION con

sists of an optical node and CAPU as an addition

element that is used to come out with the protactio

design of protection for sch
fibe

eme in order to repair the three levels of failin
r line. The combination of the ring and tree

and analysis is performed by simulation. The desigriopology has been used in this design to reachitarbe
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design protection. So, there are three ways tlytasi  Appelman, R. and Z. Zalevsky, 2004. All-optical
would pass which is linear L2L and C2C and ringhpat switching technologies for protection applications.

as an alternative route in case of fiber failure.this IEEE Commun. Mag., 42: S35-S40. DOI:
study we successfully studied the ratio of passuifin 10.1109/MCOM.2004.1362548

and drop signal in the case of failure occurs 1680 Aziz, S.A.C., M.S. Ab-Rahman and K. Jumari, 2009
point in three network and the tree topology isagved Customer access protection unit for survivable

unchanged or can still be used. The result of vecei

. - 3 FTTH network. Proceedings of International
power analysis is represented by the maximum distan

Conference on Space Science and Communication.

can biachiﬁveddf(ér every nolde according to the odt 26-27 Oct, pp: 71-73, Negeri Sembilan, DOI:
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ACKNOWLEDGEMENT Chan, T.K., C.K. Chan, L.K. Chen and F. Tong, 2003.

A self protected architecture for wavelength-

This project is supported by Universiti Kebangsaan  division M passive optical network. Photon.

Malaysia (UKM) through the action/strategy research  Technol. Let., 15: 1660-1662. DOI:
grant UKM-PTS-082-2010 and research university 10.1109/LPT.2003.818657

operating fund UKM-OUP-ICT-36-182/2010 Han, K.E., S.H. Shim, B.J. Oh, L.M. Peng and Y.C.
Kim, 2007. Hybrid protection architecture against
REFERENCES multipoint failure in WDM-PON. Proceeding of

the 9th International Conference on Advanced
Ab-Rahman, M.S., 2011lc. The extension of oxadm  Communication Technology. Feb. 12-14, IEEE

survivability scheme to feeder region in fiber-het Xploor, Gangwon, pp: 1385-1390. DOI:
home (ftth) network. J. Applied Sci. Res., 7: 873- 10.1109/ICACT.2007.358615
879. Hossain, D., H. Erkan, R. Dorsinville, M. Ali and S

Ab-Rahman, M.S., K. Jumari and S. Shaari, 2011ke. Th Shami et al., 2005. Protection for a ring-based
feasibility analysis on tree-based EPON-FTTH EPON architecture. Proc. 2nd Broadband

protection architecture; the art of access control  Networks, 2: 1548-1553. DOl:
system. J. Applied Sci. Res., 7: 498-506. 10.1109/ICBN.2005.1589790

Ab-Rahman, M.S., M. Tanra, S.C.Boonchuan, A. Langer, K.D., J. Grubor and K. Habel, 2004. Prongsi
Baharudin and K.S.A. Mohamaet al., 2011a. evolution paths for passive optical access networks

Analysis of components failure, malfunction effect ~ Proc. Trans. Optical Networks, 1: 202-207. DOI:

and prevention technique in customer access | 10.1109/ICTON.2004.1360276

network FTTH-PON. J. Applied Sci., 11: 201-211. Rejeb, R., M.S. Leeson, C.M. Machuca and |. Tomkos,

DOI: 10.3923/jas.2011.201.211 2010. Control and management issues in all-optical
Ab-Rahman, M.S., S.AC Aziz and K. Jumari, 2009,  TWOIKs: J. Networks, 5: 132-139DOK

Protection for an immediate split structure of tree . INW.9.2.

based epon architecture; ideal condition anal sithaO’ X., X. Chen and X. Fu, 2005. A novel protet
P ' ysIs. switching scheme for PONs with ring plus tree

Am. J. Eng. Applied Sci., 2. 372-38WOL: topology. Proc. SPIE, 6022: 949-956. DOI:
10.3844/ajeassp.2009.372.380 10.1117/12.636269

47



