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Abstract: Problem statement: This study highlight on restoration scheme progosgainst failure in
working line at the drop region for Fiber-To-Therhi® (FTTH) with a Passive Optical Network (PON).
Whereas PON is a system that brings optical fibblecand signals all or most of the way to theuesad. In
this study we highlighted the issue on survivabiitheme against failure which is focused scattered
residence architectures\pproach: Two type of restoration scheme is proposed by mesdnlinear
protection (tree) and migrate protection (ring).r @roposal scheme is inexpensive and applicabéyo
residence architecture (ordered placement ancese@ditplacement). The advantage of this schemeis th
failure at fiber line can be recovered until twedls to make sure the optic signal flow continugusit TH
based network design is simulated by using Opt#Byst.0 in order to investigate the power output and
BER performance at each node in the tree and roiggiion scheme in scattered placement to prave th
system feasibilityResults The simulation analysis for output power in a Impsotection path produced
almost same output power for all optical nodesndigss of the position and situation of the noddinear
protection, signal is split by optical splitter ad@l not having loss of power at each node. Thes th
percentage adjustment on the coupling is obtairiexteythe average output power measured at theeece
is at -28.4206 dBm. While the signal for ring patlptimized by adjusting the loss ratio (n%) aach$mit

it (1-n%) in the optical coupler. Also found thaty average output power is -23 dBm only. A simolatf
distance accessibility is increased with the irgirgpof sensitivity that used for the linear patid aing
path. Conclusion: This study suggests the migration of tree to timgplogy to enable the signal flow
continuously in the case of failure occurs spedlificin random or scattered placement topology. Our
proposal is the first reported up to this time ihick the upstream signal flows in anticlockwiseriimg
topology when the restoration scheme activated.

Key words: Tree topology, ring topology, scattered placemesgtoration

INTRODUCTION path line to carry the optical signal when theul is
occur in the other line (Hagt al., 2007).
Safety and Survivability in FTTH network is an Two major fibers placed on two lines which are

important issue. It has been discussed in opticacated in the tree and ring network. Every linpath
network by earlier studies. When a network trarssfer (tree Ilnes),_ the_worklng Imgs wpuld pe duplicateith
more data, the total interruptions due to netwaikife the protection line. Protection line will be usedthe

: . . ._event of any failure at the working line. In some
or attack become important issue for conmderaﬂoqemrenee& ring line is also equipped with twasiror

(Rejebet al., 2010). Therefore, many authors proposedsach optical node that is working line and protecti
the new technique and method to give the protectiofne. In our point of view when tree-ring combiiioa
and restoration the fiber region area especialigtared  protection scheme solution the optical signal Wive
placement to become a good signal transfer withoufour alternative routes that have been chosen toy ca
failure. Most of the proposal chooses the alteveati out the optical signals to transfer to each receive
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Therefore in our proposal, the downstream signal
will go through the main fiber in a linear patheg@rline)
and the signal goes through an optical splitter, to —z
distribute power into multiple recipients. Hencedar N
normal conditions without failure, the optical sign
flows through the working line, but if failure oasuin
working line, protection line will be activated.

Subsequently, the signal enters the optical cowgridra S e votngtine i e S
signal in here will be divided according to the proectionlineby meansof oNU4
percentage of 1-n% for the pass signal componéft; n (@)

is the portion of drop signal component. The drop

signal will be dropped directly to the recipienthd, — — | ...u. — v

the ratio of signal power will be small and it isoeigh = = Povnseamsiend] ,

Device dysfunctional -

to be accepted by receiver. \52% - AT
Elliot wave Prechter 1994, explained about zigzac \op‘,m,wu;:,\\ R
theory that being used for mechanism protectiorh wit Sl S, s
H H 5 Feederand drop region \ N
various fall-outs (multi drop) by connecting every ' P ieart O

working and protection line in Customer Access Ifthe tre based network ais,

the traffic will be diverted to CAPU “—CAPU

Protection Unit (CAPU) the authors group designed e O
According to Azizet al. (2009), CAPU is a protection ‘ ) B

against fiber fault in fiber line that will also ing

placed in customer end-user in order to perforrthas Fig. 1: Two restoration schemes are proposed and be
smart restoration if there is uncertainty of fibeut activated according to the types of failure in
occurring in distribution region. Figure 1 showsotw FTTH-PON (a) Linear Protection (b) Migrate
restoration scheme proposed to cater the breakdown Protection

problem occurs in the FTTH-PON. In tree topology, ) )

each line connected to ONU is installed with p#ief. In a ring network topology, the protection scheme
If the working line fails, the traffic will be svdh to the oM Zhaoet al. (2005) has a large conventional ring
protection (stand by) fiber (Fig. 1a). If the major and backup transceiver which l.Jsed to protect the
problem happens in the network such as cable cu amage at one point. Ar_nong the dlsgdvantage5|ngar
device dysfunction and others, the only way is to bpology is use a lot of fiber, attenuation of gignal is

miarate the toooloay from tree to ring by means Ofhigh and several other long-term problems. To solve
'9 pology =€ o 1ing by this problem, authors used the feeder fiber cogplin
migrated protection as shown in Fig. 1b.

with a small ring hybrid which was introduced ireth
study (Hossaimt al., 2005). This scheme minimizes the
Related research: For comparison, there are two function of fiber and ensures that no data packets
options proposed in the study of Langeral. (2004).  |ost with the components ready to standby. However,
First, by doubling the transceiver and installingwn the ONU is more complex in this scheme and 1 +1
fiber to create a separate password associatedthéth protection scheme has a low market performanceaue
user. Second, is by increasing the overall networkigh costs. In addition, the study (Hwaetgal., 2009)
access if customers demanded higher. However, byroposed protection scheme through a close pahipers
doubling the transceiver at both ends and has twgith the PON-ONU to avoid over bridge device in the
separate fiber routes the center will provide aslesEPON network. In addition, the proposed network
economical for the network. So, for this researchcoverage provides network access to large-sizech mes
simulation analysis for the linear protection p&is  and access networks capable of high accessibilityaa
produced the output power almost the same for alfast recovery (Langest al., 2004).

optical node, regardless the position of the nddee Simulation of distance accessibility in this
linear protection signal is separate by splitted &lme  research, authors has determined the increasdieat t
power dropped it not occur at each optical nodesame time when sensitivity at linear and ring path
Signal for ring path become optimum with adjustingincreased. The increase of user optical nodes woeild
drop signal (n%) and pass signal (1-n%) at opticahnalyzed by simulation. For sensitivity of -35dBtime
coupler. From the observation, the average outputumber of optical nodes could be added to the H&so
power is -23dBm. by adjusting the percentage ratio of the opticaipter.
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Generally for EPON FTTH network, it does according to percentage in every node optic. Optica
involve relatively high data rates of 1.25 Gbp®shtain  node consists of optical switch, optical couplastical
the minimum bit error rate of 10-9. So, according t circulator and demultiplexer.
standard |EEE 802.3ah EPON protocol budget  Figure 1b indicates optical node components which
authority, this architecture design of protectionda pring signal for linear path. If both of working din
fiber length of 20 km. _ activated. The ring protection scheme can alscaliect

At present, the scheme of protection for future\jigrated Protection. Signal from ring line will flo
generations also aims to implement protectionnrough major fiber and optical coupler. Here, aign
mechanisms 1.: N_ becaus_e is more efficient thatirequ i pe divided into 2% of power; 1-n% pass sigaall
the use of optical switches 1xN (Zalevsky andpo, grop signal. Drop signal enter to optical swigehl

Appelman, 2004). The basic concept of switching isyng optical circulator. Drop signal will be dropped
often used for opto-mechanical technology. The stud gjrectly to the receiver and the ratio of signaiveo is

of Hanet al. (2007) also proposes hybrid architecture togm 4| enough to be accepted on a receiver. The pass
protect the failure protection in WDM-PON multipoin signal will transfer to the optical node (signaltjou
and network design is by a full duplex configuratitn  opgical signals out from the previous node will the
which all areas, including fiber module is equippedinput signal to the optical node and the next @ptic
with redund_ant _(duplicate full) an(_:i two workin_g éit_s node. According to Fig. 1b, drop signal from optica
and protection fibers are used during normal Camt .o pler with ratio n% will transfer through optical
However, protection sche_me of Chah al. (2003)  gjitch 21 and receiver using optical circulator. Pass
propos_ed netwqu arghltecture . based_ on WDIv'signal flow into optical switch 2, where the optical
protection that_wnl_prowde protection against diga switch control with ACS to choose which line wileb

to the fiber bidirectional 1:1 between the Remotedél activated. Signal flow from node to node (ring )iaéso

(RN) and the ONU. If damage occurs online, Whichhas 2 line fibers. ACS controlled all the opticali
. g . . pticalitsh
carry data signals are transferred via the adjagO®tl ¢ tion 1o change path.

protection under the proposed scheme. Two major fiber was placed on two lines; tree
MATERIALSAND METHODS and ring line. Each linear path (tree line), woikin
line will be duplicated with protection line.
Scattered protection design: The designed network Protection line will be used in the event of aniuie
protection scheme is a combination of the lineadt anto the working line. Ring line is also equipped twit
ring protection. Then the simulation analysis istwo lines for each optical node which are protettio
conducted from node to node and is divided into twoand working line. Then the optical signal will have
main parts, namely linear and ring protection sakem four alternative routes that will be selected torga
Each part of the protection scheme has been rediewethe optical signals to each receiver. Both linead a
The output power for each node has obtained in théing protection scheme used Optical Line Terminal
normal state (without failure). The maximum disinc for downstream and upstream signal transmissio
that can be achieved with the sensitivity of every
different protection schemes and also the maximum
number of node is depending on the different of
sensitivity. Sensitivity values are used for thal@do
node analysis which start at -25, -30,-32 and -36dB
Figure 1a shows design of the linear feeder route
for tree topology or linear network. The wavelength
1550 and 1490 nm will be multiplexed to get through
network protection. CAPU was designed with four @
alternative routes protection to transfer optigéghal if
line is breakdown. Two major lines are proposethis
network architecture for tree and ring topology.tiBo
major lines are combined in this CAPU. According to
Fig. 1a, the optical signal from feeder region viié
split by 1x5 optical splitter where it used to reach theFig. 2:The flow of optical signals under normal
five number of ONU. Before reaching to the ONU, condition where there is no breakdown to the
optical signal must passing and will be divided working line
400
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ONU —m— Drop signal 1490 nm

Pass signal 1550 nm

Pass signal 1490 nm

er (dBm)

Output pow

_________________________________

Nodes

L Fig. 4: Output power for the 5 nodes; drop signad a

pass signal (1550 nm and 1490 nm)
Fig. 3: The flow of optical signals under normal

conditions if no breakdown to the linear line Percentage of drop signal coupler for
tree topology network 100%
90%

Therefore in normal condition, it indicates thatelar = w
line terminal would transfer downstream signal into
linear line (as illustrated in Fig. 2 and 3, whete
shows the flow of optical signals when there is no
breakdown to the working and linear line). Thusgri
line terminal is static and not activated untilllfiae
has passivate the connection through tree-based L

topology. In this case, the ring protection schemne Naals
migrated protection has to be activated.
Fig. 5:Percentage of optical coupler ratio adjfmt
RESULTS linear path protection scheme.

Output power for each node of linear protection Figure 4 shows the output power of two
scheme: Signal flows through linear protection and wavelengths (1550 and 1490 nm) respectively at a
then joins into optical coupler. After that, it Wibe  signal pass and loss when the coupling ratio was
divided into two signals; one pass signal and ttero  adjusted to 50: 50%. Lower output power of dromalg
drop signal. For the analysis of this case studg first is at the first node, -31.228 (1550) and -31.6B&n
optical coupler is adjusted to a ratio of 50:50%allis (1490 nm). This may be due on the first node thetsd
50% for drop signal and 50% for pass signal. Th# 50 not have the power combination of the optical ceupl
pass signal will be combined with a new signal frithe  on the previous node and make it the lowest pokaan t
next optical node. Then, after observing thethe other optical nodes. The lower pass signal oatu
performance each optical node output power, the rat second node is -29.593 (1550) and -30.343 dBm (1490
of the optical coupler always make change to obtaimm). From the present output power, the receiver
optimum output power for each receiver at the @ptic sensitivity can be carried on -32 dBm for linear
node. The pass signal (1-n) % drop signal of n% igprotection scheme when the optical coupler is defls
adjusted. to 50: 50% for the signal pass and drop.

In the design of linear protection, signals thioug Subsequently, the percentage ratio of coupler is
linear protection line would not have power droppedadjusted randomly to obtain the lowest output power
when they flow from optical node to other opticatles  and it is same for each optical node. Thus, thashejl
until the last node. This is because the powerptital ratio percentage is shown in Fig. 5 whereas the fat
signal will be split to each node. It will be infeft 5 optical nodes is individually adjustable. Figuée
when transmitted input power to the Optical Lineshows the output power results when the coupléo rat
Terminal (OLT) separate by optical splitter uponis adjusted as shown in Fig. 5. The highest output
entering each optical node. In contrast to the ringpower obtained at the fifth node where the value is
network, the power output by each node is expetted 26.568 dBm (drop signal of 1490 nm) and lowest powe
shrink by follow the position of the optical node. at second node is -30.847 dBm (drop signal 1490 nm
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5 1 2 3 4 5
5 —+— Dropsignal 1550 nm
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?_40 * Nodes
Fig. 8: Output power for the 5 nodes; pass and drop
v signal (1550 nm and 1490 nm) when the ratio of
) the coupler is adjusted to 95:% (95% pass signal
Nodes and 5% drop signal)
Fig. 6:Power output for the 5 nodes; pass and drop : : 3 : w2
signal (1550 nm and 1490 nm) when the ratio of ) RS M

the coupler is adjusted at randomly Drop sigual 1550 om

— Pass signal 1490 nm

-20
-25
-30

-33

Output power (dBm)
(o=

Nodes

Fig. 9: Power output for the 5 nodes; pass and drop
signal (1550 nm and 1490 nm) when the ratio of
the coupler is adjusted to 90: 10 (90% pass
signal) and (10% drop signal)

At the first, power division’s analysis is set(at 1-

n) where ‘n’ is 5%. Therefore, the signal drop % bf
Fig. 7:As both lines on the linear network is the total power. Figure 8 shows the output power of
breakdown, then the ring protection line will be each optical node for the pass signal (1490 nm and
activated 1550 nm) and drop signal (1490 and 1550 nm). As
expected, the lower power signal reveal at the last

When the pass signal goes high at the second bpticaptical node is -32.53(1550) and -33.28dBm (1490
node (pass signal 1490 nm) then, at the same tim&m). It was found that the output power for both
signal goes high at the first optical node -34.¢B6n  types of signals will decrease steadily when pagsin
(1490 nm signal to go). From the drop signal outputthrOUQh the_whole of optical nodes. Th_|s occurs
power, the sensitivity would be reduced to -31dBm.\When the signals flow through the optical node

Therefore, by adjusting the ratio of the couplibdBm deple;nds on th? dim(ijntgtion of pow(;a_r._ . d rati
sensitivity could be reduced. or current condition, power divisions used ratio

(n, 1-n) with ‘n’ as a drop signal of 10 and 90%tloé

. . pass signal. Power divisions with this ratio pravid
Output power for each nodering protection scheme:  some higher power to the receiver. Separation of
Signals through linear protection line will jointagal  powers on the first node is not appropriate bec#use
coupler and will be divided into two signals; pa@s&  first node power drop is not acceptable properuféic
drop signal. For the ring protection schemes, thead  shows the output power of each optical node fos pas
will be decreased when go through the optical nodessignal (1490 and 1550 nm) and drop signal (1490 and
Thus, research on the power divisions of the cagpli 1550 nm) is decline linear through optical nodes
was carried out to obtain the optimum power outputnetwork. Output power for node 1 to node 5 with@55
Signals in the coupler must be adjusted according tnm wavelengths respectively has -19 829, -22 437, -
drop signal (n%) and the pass signal is (1-n%), ad44, -27 802 and -30 458dBm. Hence, the wide
illustrated in Fig. 7. dynamic range required to obtain a good signal.
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Percentage of drop signal coupler o0ee Figure 10 shows the percentage ratio of an optical

coupler when the output power constant at -23 dBm.
simulation, the ratio percentage can be defined by
parameter extraction method. The value of -23 dBm i
45%
19% I
3 4 5

selected as the maximum output power would be
achieved to reach the satisfactory operation of all
optical nodes. If the power prescribed is less tixh
dBm, the power is not sufficient to meell nodes
requests because signals go through optical noaés h
divided across the nodes. Due to adjustment, the
outcome average output power was -23 dBm by
inserting five nodes in the optical network.

Figure 11 shows the output power of each pass and
drop signal nodes. Equal output power could beiobta
‘ : from drop signal. It occur when the optical couplker
- ! 2 3 4 5 adjusted to reach optimum output power and for all
each optical nodes. The last node pass signajustad
to -100dBm because there is no next node to transfe
the optical signal.

6% 10%
sm

1 2

Nodes

Fig. 10: The percentage ratio of the optical coufide
all optical nodes

—=— Drop signal 1550 nm

Output power (dBm)

.35 | —®—Dropsignal 1490 nm
Pass signal 1550 nm . .
45 | e Passsignal 1490 mm Total distance of network scheme protection:
’ Simulation is carried out to study the maximum
-55 1 distance that can be achieved to access lineagqtian
5 - and ring protection path. This analysis is to exwhe

maximum distance that can be achieved through the

Fig. 11: Output power for the 5 nodes; pass ang drodesign of safety schemes with the combinationrfalr
signal (1550 nm and 1490 nm) when theProtection and ring protection. Further discussibbe
coupler ratio adjust at various amounts divided into two, which are linear protection andgr

protection. Each section will evaluate the outpaver
Simulation of the coupler by adjusted the ratis ha of distance (km) that can be achieved in each ef th
been done. The aim is to obtain optimum output poweoptical path and therefore, sensitivity can be aeiteed

and reducing the power depreciation especiallyhat t by available output power.

last optical node. Setting coupling ratio paraméidoe The achieved maximum distance was evaluated as

same ratio for all optical nodes is uneven because the receiver sensitivity is set at -25, -30, -32 a85

different position of the optical nodes in the ring dBm. The assessment of maximum distance that can be
structure also contributed to the various amount ofchieved at maximum Q factor of 6 is given by BER
power loss and reduced the number of ONU (Yeh andnalyzer on OptiSystem software. If reading of

Chi, 2008). Thus, the ratio for each coupler |srrgmi minimum quality factor Q is equal to 6, then aeatain

randomly to make sure the output power obtained fogjistance, there is where the maximum distance ean b

all o%tlcgl nodes is at tg1e_optr|]mumilevefl. " I achieved by protection path. Specifications usedte
ptimization to obtain the ratio of the coupler on g o "0 L e

the power set cou_ld be done_ with t_he extractior_hmdat Network specification:
of parameters in the simulation. Extraction of
parameters is using parameter optimization metinod i .
which the ratio of the optical coupler will be eatted *  Signal launch power =0 dBm o
to obtain the specific output power. Optimizatioilw * Data transmission rate = 1.25 Gps for directional
find the ratio of the optical coupler to achieveaarput decreased (EPON standard)
of the power meter as required. The Multiple Patame °*  Sensitivity of photosensitive = -25, -30, -32, -35
Optimization has been carried out if the number of dBm
optical nodes exceeds one. At the result, the aitthe * Thermal noise = 0.11525726810-21 W/Hz,
optical nodes coupler will always change to obthia 11.81757812810-24 W/Hz, 4.005859375x10-24
specific output power by using OptiSystem. W/Hz, 1.0764648375%10-24 W/Hz
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Output power (dBm) vs fiber length (km)
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Linear path (tree topology): Maximum distance
analysis is started by examining the distance bmear
path. This linear route will be divided into two ima
sections when the coupling ratio adjustment isa580:
50% and the ratio of variable coupling. Performaoie
these both conditions is compared according to the
maximum distance that can be achieved.

Ratio of linear path optical coupling with ratio of
signal path and signal loss at 50%: 50%: Adjusted
distance varies from 10-120 km. Figure 12 shows the
output power when the fiber length is given at that
distance for the signal loss. Power output decrease
linearly with the increase in fiber length (km). it
found that; the highest output power achieved &tab

Fig. 12: Output power (dBm) versus fiber length Ykm node 5 and the lowest output power at first optical
for all optical nodes (up to optical nodes of 5) node. There is a difference of 5.2324 dBm betwhen t

Fig.

Fig.

Maxinum Q factor

13: The maximum value of Q factor for the siggn

Output power (dBm)

14: Output power (dBm) versus fiber length Ykm

-40

for the signal loss

Maximum Q factor vs fiber length (km)

ATSG Q factor of 6 T . Optical node §

~——__ Optical node 2

Optical node 4

Optical node 1

Optical node 3

Fiber length (km)

loss at -25 dBm for all optical nodes

Output power (dBm) vs fiber length (km)

N1 = Optical node 1
N2 = Optical node 2
N3 = Optical node 3
N4 = Optical node 4
NS = Optical node §

20 40 60 80 100 120

Fiber length (km)

for signal loss

first optical node and optical node 5. Considerihg
optical node 5, the output power of -25, -30, -82 a
35 dBm are respectively with the fiber length at a
distance of 11, 35, 46 and 61 km. By considerimgfitist
optical node, the output power at -30, -32 anddBh
obtain their fiber length at a distance of 9, 18 33.6
km, respectively. Thus to achieve high range on the
network, a wide dynamic range required in the rexrei
Figure 13 shows the maximum value of Q factor
that has been achieved for each node as the percent
ratio at the sensitivity of -25 dBm. Found thate th
optical node 5 has the highest reach of distance
compared to other nodes which is 12 km (at the
sensitivity of -25 dBm) and 4.4 km maximum distance
has been achieved for the second optical node.ewhil
other nodes severely decreased the value of Qrfacto
and cannot reach the factor of 6. This is due to
insufficient sensitivity of the receiver when powess
occurs in the following nodes is too high. Also ridu
that, the values of Q factor decreases expongntiath
the increasing of fiber length.

Variable ratio of optical coupler for signal loss and
transmitted signal: The coupling ratio is then adjusted
to a certain ratio so that; the loss can be reddoed
each optical node. Figure 14 shows the output power
versus distance that has been obtained when the
coupling ratio of the linear path varied randomly.
Found that, node 5 obtaining the highest outputgrow
compared to other optical node and optical nodd of
obtain the lowest power output. For this case tal tuf
4.2925 dBm difference between the optical noded an
node 4. Output power for node of 5 at -25, -30, aBd

-35 dBm can achieve their respective fiber lendtla a
distance of 12, 36, 47 and 62 km. By considerhmey t
optical node of 4 (lowest output power), output pow
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at -30, -32 and -35 dBm find their respective fiber Maximum Q factor vs fiber length (lam)
length at a distance of 13.6, 23.75 and 39.1 kramFr

these results, only a total of 1 km can be imprdvech e
the adjustment of ratio on the optical coupler. The
output power for optical node could be improved in
slightly compared to case before.

Figure 15 shows the maximum value of Q factor
that has been achieved for each node as the variabl
percent ratio being changed and that Q factor is
obtained at -25 dBm sensitivity. Found that, tptaal -1
node of 5 has the longest distance compared tothes
nodes which is 12 km (at the sensitivity of -25 dBm : A =
The other nodes got decreased severe Q factor and
cannot rea_ch the_ value of Q fa_ctor até. _ Fig. 15: Q factor versus fiber length (km) for sigjfoss

The simulation was continued by increasing the in sensitivity of -25dBm
receiver sensitivity at -30 dBm; where it is dorme t

Maxinmm Q facter
5 7

determine the maximum distance that can be achieved Mg Bicor vy Sher teatt Gl

for each optical node. This is important to predi e
distance that can be achieved in different serityitia N ERSBEEE
linear range. Figure 16 shows the distance thathean o ety
achieved at -30 dBm of sensitivity. As expected th NS - Ont e §

maximum distance can be increased for each of
receiver. Based on the minimum line of Q factor for
each optical node, the distance is found to bera&2]
24.375, 26.411 and 40.35 km respectively to thé&alt
node 2, optical node 3, optical node 4, opticalendd
and optical node 5.

The sensitivity is then increased to -32 dBm for
case of variable percent ratio on linear path aptic
coupling. Figure 17 shows the value of Q factor for
each optical node. The distance that can be adhisve im0
27.61, 36.57, 37.97, 38 and 52.6 km respectivalytie
optical node 2, optical node 1, optical node 4joat Fig. 16: Maximum Q factor versus fiber length (kim)

10

Maximum Q factor

A Q factor of 6 |

By

node 3 and optical node 5. signal loss in sensitivity of -30 dBm
Finally, the sensitivity is set at -35 dBm and the
maximum distance that can be achieved is steadily Maximum Q factor vs fiber length (km)

increasing. Figure 18 shows the Q factor at sefityiti

of -35 dBm versus distance for each node. Optiodkn R ]
2, optical node 3, optical node 4, optical nodendl a 34?'.5.'?'(3“34
optical node 5 respectively achieved 43.6, 49.54,50 5 = Opteal node §

52.1 and 66.35 km.

Maxinmm Q factor
10

Ring protection path: The analysis is then studied
on the maximum distance that can be achieved for L B cheet 1
ring protection path on different values of se sy T fla
which are -25, -30, -32 and -35 dBm. In this ring
path, the ratio at coupler is adjusted at eachcapti
node to obtain the output power at optimum and e - 7 5;] s
same level. The output power was obtained when the Fiber length (kam)
distance is increased starting at 10 until 120 km.
Figure 19 shows the output power when distance ifig. 17: Minimum distance at 27.4 km (optical node
increased until 120 km. Found that there is a small 2) and maximum distance at 52 km (optical
difference on output power for each optical eed node 5)
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Maximum Q factor vs fiber length (km)

N1 = Optical node 1
N2 = Optical node 2
N3 = Optical node 3
N4 = Optical node 4
NS = Optical node 5
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Maximum Q factor vs fiber length (km)
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Q factor of 6
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Fig. 18:Minimum distance at 43.49 km and maximum

distance at 68 km

Output power (dBm) vs fiber length (km)
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N N3 = Optical node 3

. N4 = Optical node 4

N3 = Optical node 3§

-30
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Fig. 19:Output power (dBm) versus fiber length {km
of optical node 5

Maximum Q factor vs fiber length (km)
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Maximum Q factor
¥

Maximum distance is 35 km
at Q factor of 6

20 30

Fiber length (km)

40

Fig. 20: Maximum Q factor for different distancethé
sensitivity of -25 dBm

Fig. 21:Maximum Q factor versus fiber length at
sensitivity of -30 dBm

The output power for optical node 4 at -25, -3@, add
-35 dBm have their own fiber length at 32.4, 58.8,6
and 82.4 km, respectively.

Figure 20 shows the maximum Q factor versus
fiber length (km) of optical node 5 at sensitiviif/-25
dBm. At this level of sensitivity, the maximum diste
that can be achieved is at a distance of 35 kmwisic
on optical node 4. While the lowest distance tlzat be
achieved at optical node 5 is 28.6 km. Sensitivity
then increased at -30 dBm to obtain the distaneg¢ th
can be achieved at each optical node. Figure 2ivsho
the maximum Q factor against fiber length (km). étbt
that, the available output power for optical nodéHe
lowest) and optical node 4 (highest) are respelgtivé
and 62 km.

Next, the sensitivity is increased to -32 dBm weher
the maximum distance at this level of sensitivisy i
obtained. Figure 22 shows the fiber length (km) at
sensitivity of -32 dBm. At a minimum Q factor of the
distance on optical node 5 and optical node 4 4rB 6
and 71 km, respectively. While at the sensitivity-3b
dBm, the maximum distance also being increased.
Figure 23 shows the Q factor decreased exponsntiall
when the distance is increased.

As expected, the maximum fiber length (km) has
been increased to 88 km at optical node 4 and the
minimum distance achieved in the optical node 5 is
over 78 km.

Number of maximum optical nodes for ring network:
The objective of this analysis is to study the mmasn
number of optical nodes that can be incorporattdtire
network together with the output power ofclea
optical node. Each different sensitivity \edu will
give the different maximum number of opticalde.

406



J. Computer i, 8 (3): 398-409, 2012

)
S

Maximum Q factor vs fiber length (km)

i 22
v i
P N1 = Optical node 1 24
N2 = Opical node 2
N3 = Optical node 3 = 26
ol N4 = Optical node 4 &
¥ N \ N5 = Optical node 5 T 28
! 8
\ £ 30
5 by
& 1 2 -32
H 8 :
é == Output power 1550 nm
2 gl | -36 == Output power 1490 nm
Mainum distance is 70 km 38
at Q factor of 6
- -40
= Opitical node
LA Fig. 25: Output power (dBm) for optical node 9 when
(=] L s e e e o rseasgennng M 1 M 1
%0 20 <0 P 25 the coupling ratio is varied

Fiber length (km)
By increasing the dynamic range in the networknthe

Fig. 22: Maximum Q factor versus fiber length atthe number of optical nodes that can be achieved al
sensitivity of -32 dBm increased. To study the maximum number of optical

nodes, the coupler of ring path will be changed
Maximum Q factor vs fiber length (k) according to a specific value to get an equal pcamer

T that output power is the optimum value in accoréanc

with all optical nodes in the network.

For the study to get the value of this maximum
optical node, the parameter extraction method keas b
carried out. The ratio on the coupling parametes ha
been extracted with BER analyzer to obtain the ¢@ofa
of 6. In this case, optimization will find the ratof the
e — optical coupler to achieve a Q factor of 6 for all
a1 Q factor of § sensitivity that has been specified. As a reshé, ratio
of the optical coupler can be adjusted accordinthé
sensitivity at the receiver. As the number of ogitic
nodes is more than one, then the optimization abua
parameters (Multiple Parameter Optimization, MPO)

i o o B i 90 were conducted. Found that, all ratios on opticaden
Fiber length (km) coupler will be varied to achieve a Q factor ofsthe
noise power (sensitivity) may be prescribed.

Fig. 23: The maximum value of Q factor for diffeten Thus, the percentage ratio on the coupling
fiber lengths up to 88 km (maximum distance) parameters will be determined by the appropriataeva
at sensitivity of -35 dBm to obtain the results from BER analyzer. As a tesié

coupling ratio should be adjusted to achieve theva
Percent of signal loss for optical coupler 100% Output power for all optical nodes.
A study to obtain the maximum number of optical
nodes is performed on ring protection path onlytedo
that, the overall length prescribed for this sintiola is

63%
15 km. Sensitivity values that have been usedudyst
the maximum number of optical nodes in the network
30%
7 8 9

40 50
+

30
4

Maximum Q factor

[
L,

10
4

are -30 and -35 dBm.

Figure 24 shows the percentage of coupling ratio
resulting from the parameter extraction method to
obtain the minimum output power at -30 dBm. While

Nodes Fig. 25 shows the output power for 8 optical nodes
which are, the maximum number of optical nodes
Fig. 24: Percent of signal loss for coupler that can be achieved at sensitivity 00 -8Bm.
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Percent of signal loss for optical coupler 100% DISCUSSION
As a summary, the design of protection for

applications in scattered placement (proposal 1§ ha
been developed and carried out by a simulation

30.0% analysis. The design consists of optical nodesaact
additional elements that used to carry out thegutain
28%18-5““ scheme until it is able to troubleshoot three levtl
0.3% 0.6% 1.0% 4% 25% 0 I impairment in fiber line.
1 2 3 4 5 6 71 8 9 10 The combination of tree topology and ring
Nodes topology were used in the design on this first psap.

In this protection design, there are two opticahpdhat
can be used which are linear path and ring patlerevh
it functioning as an alternative route in case of

Fig. 26: Adjustment percentage of signal loss iticap
coupler for ten optical nodes (maximum node

reached) impairment on the fibers. The simulation analysis f
25 output power in a linear protection path produced

L 2 % 4 346 7 % 710 almost same output power for all optical nodes
30 regardless of the position and situation of theendd

this linear protection, signal is split by opticsdlitter

-35 ,/\-:,::2:,:,59_—:!:.- and did not having loss of power at each node. Tiheis

percentage adjustment on the coupling is obtaittes;

Output power (dBm)

-40 average output power measured at the receiver is at
28.4206 dBm. While the signal for ring path is
45 optimized by adjusting the loss ratio (n%) and srait
it (1-n%) in the optical coupler. Found that; are@age
-50 output power is -23 dBm only.

Opitical node

A simulation of distance accessibility is incredse

Fig. 27: Output power (dBm) for ten nodes for optic with the increasing of sensitivity that used foe thear
wavelength of 1550 nm and 1490 nm path and ring path. The increasing in number oicapt
node (user) is analyzed by a simulation on ringh pat
At this level of sensitivity, the obtained outputvger ~ ©nly. Noted that, at sensitivity of -35 dBm, thenther
for each optical node does not exceed -30 dBm foPf optical nodes capable of be added to 10 by &dis
these eight optical nodes. Also, node 9 gives thdhe ratio percentage of the optical coupler.
declining output power and it determines that; at
dynamic range of 30 dBm, a total of eight optical CONCLUSION
numbers of nodes can be loaded in the network. _ ) ) o
However, the sensitivity can be improved so that ~ AS & conclusion, design protection for applicaion
the maximum number of optical nodes can be increase” Scattered placements has been developed and
and the maximum nodes that can be use are differe@alysis carried out by simulation. The design iss
according to each level of sensitivity. This is iese; ©Of an optical node as an additional element thased

when the sensitivity is increased, the maximum nemb t0 come out with the protection scheme in order to
of optical nodes could be improved. repair the three levels of failure in fiber linehd

The sensitivity is then set at -35 dBm to obtaia t Combination of the ring and tree topology has been
maximum number of optical nodes. From the resultd/sed in this design to reach a better design
obtained, the maximum number of nodes increased tBrotection. So, there are two ways that signal woul
optical node 10 with a distance of 15 km overatyufe ~ Pass which is linear and ring path as an altereativ
26 shows the percentage of the coupling ratio taipb route in case of fiber failure.
the maximum number of nodes on the sensitivity35f -
dBm where the distance is measured at 15 km asu#t re ACKNOWLEDGEMENT
from parameter extraction method. Figure 27 shdwes t
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