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ABSTRACT 
 

This paper highlight on restoration scheme proposed against failure in working line at the drop region for 
Fiber-to-the Home (FTTH) with a passive optical network (PON). Whereas PON is a system that brings optical 
fiber cable and signals all or most of the way to the end user. In this paper we highlight the issue on survivability 
scheme against failure which is focused on scattered residence architecture. Two type of restoration scheme is 
proposed by means of linear protection (tree) and migrate protection (ring). Our proposal scheme is inexpensive 
and applicable to any residence architecture (ordered placement and scattered placement). The advantage of this 
scheme is the failure at fiber line can be recovered until three levels to make sure the optic signal flow 
continuously. FTTH based network design is simulated by using OptiSystem 7.0 in order to investigate the 
power output and BER performance at each node in the tree and ring protection scheme in scattered placement 
to prove the system feasibility. This paper suggests the migration of tree to ring topology to enable the signal 
flow continuously in the case of failure occurs specifically in random or scattered placement topology. Our 
proposal is the first reported up to this time in which the upstream signal flows in anticlockwise in ring topology 
when the restoration scheme activated. 
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Introduction 

 
Survivability in FTTH network is an important issue. It has been discussed in optical network by earlier 

studies. When a network transfers more data, the total interruptions due to network failure or attack become 
important issue for consideration (Rejeb, et al. 2010). Therefore, many authors proposed the new technique and 
method to give the protection and restoration the fiber region area especially scattered placement to become a 
good signal transfer without failure. Most of the proposals choose the alternative path line to carry the optical 
signal when the failure is occur in the other line (Han et al 2007). 

Two major fibers placed on two lines which are located in the tree and ring network. Every linear path (tree 
lines), the working lines would be duplicated with the protection line. Protection line will be used in the event of 
any failure at the working line. In some references, ring line is also equipped with two lines for each optical 
node that is working line and protection line. In our   point of view when tree-ring combination protection 
scheme solution the optical signal will have four alternative routes that have been chosen to carry out the optical 
signals to transfer to each receiver.  

Therefore in our proposal, the downstream signal will go through the main fiber in a linear path (tree line) 
and the signal goes through an optical splitter, to distribute power into multiple recipients. Hence, under normal 
conditions without failure, the optical signal flows through the working line, but if failure occurs in working 
line, protection line will be activated. Subsequently, the signal enters the optical coupler and a signal in here will 
be divided according to the percentage of 1-n% for the pass signal component; n% is the portion of drop signal 
component. The drop signal will be dropped directly to the recipient. Elliot wave (Prechter (1994), explained 
about zigzag theory that being used for mechanism protection with various fall-outs (multi drop) by connecting 
every working and protection line in CAPU (Customer Access Protection Unit) the authors group designed. 
According to Aziz et al 2009, CAPU is a protection against fiber fault in fiber line that will also being placed in 
customer end-user in order to perform as the smart restoration if there is uncertainty of fiber cut occurring in 
distribution region. There are two types of designed CAPU. The first is to encounter fault in ordered placement 
architecture and the  later is discussed in this paper which is suitable for scattered placement architecture (Ab-
Rahman et al. 2010). Figure 1 shows two restoration scheme proposed to cater the breakdown problem occurs in 
the FTTH-PON. In tree topology, each line connected to ONU is installed with pair fiber. If the working line 



1920 
J. Appl. Sci. Res., 7(12): 1919-1926, 2011 

 

 

fails, the traffic will be switch to the protection (stand by) fiber (Figure 1 a). If the major problem happens in the 
network such as cable cut, device dysfunction and others, the only way is to migrate the topology from tree to 
ring by means of migrated protection as shown in Figure 1b. 

 
Scattered Protection Design: 

 
The designed network protection scheme is a combination of the linear and ring protection. Then the 

simulation analysis is conducted from node to node and is divided into two main parts, namely linear and ring 
protection schemes. Each part of the protection scheme has been reviewed. The output power for each node has 
obtained in the normal state (without failure). The maximum distance that can be achieved with the sensitivity 
of every different protection schemes and also the maximum number of nodes is depending on the different of 
sensitivity. Sensitivity values are used for the node to node analysis which start at -25dBm, -30dBm, -32dBm 
and -35dBm. 

Figure 1a shows design of the linear feeder route for tree topology or linear network. The wavelength 
1550nm and 1490nm will be multiplexed to get through network protection. CAPU was designed with four 
alternative routes protection to transfer optical signal if line is breakdown. Two major line are proposed in this 
network architecture for tree and ring topology. Both major lines are combined in this CAPU. According to 
Figure 1a, the optical signal from feeder region will be split by 1x5 optical splitter to reach to the five number 
ONU. Before reaching to the ONU, optical signal must passing and will be divided according to percentage in 
every node optic. Optical node consists of optical switch, optical coupler, optical circulator and demultiplexer. 

Figure 1b indicates optical node components which bring signal for linear path. If both of working and 
protection line are failure, ring line will be activated. The ring protection scheme can also be called Migrated 
Protection. Signal from ring line will flow through major fiber and optical coupler. Here, signal will be divided 
into 2 percent of power; 1-n% pass signal and n% drop signal. Drop signal enter to optical switch 2x1 and 
optical circulator. Drop signal will be dropped directly to the recipient. The pass signal will transfer to the 
optical node (signal out). Optical signals out from the previous node will be the input signal to the optical node 
and the next optical node. According to Figure 1b, drop signal from optical coupler with ratio n% will transfer 
through optical switch 2x1 and receiver using optical circulator. Pass signal flow into optical switch 2x2, where 
the optical switch control with ACS to choose which line will be activated. Signal flows from node to node (ring 
line) also has two line fibers. ACS controlled all the optical switch function to change path.  

Two major fiber was placed on two lines; tree and ring line. Each linear path (tree line), working line will 
be duplicated with protection line. Protection line will be used in the event of any failure to the working line. 
Ring line is also equipped with two lines for each optical node which are protection and working line. Then the 
optical signal will have four alternative routes that will be selected to carry the optical signals to each receiver. 
Both linear and ring protection scheme used Optical Line Terminal for downstream  and upstream  signal 
transmission. Therefore in normal condition, linear line terminal would transfer downstream signal into linear 
line. Thus, ring line terminal is static and not activated untill failure has passivate the connection through tree-
based topology. In this case, the ring protection scheme or migrated protection has to be activated. 

To achieve high speed detection and fast recovery system, we have developed three supportive devices to 
enable effectively monitoring and redundancy by means of Access Control System (ACS), Multi Access 
Detection (MAD) device and Smart Access Network_Troubleshooting, Analyzing & Database (SANTAD) (Ab-
Rahman et al. 2011d). 

To get better view of analysis, the simulation was carried out on the protection scheme of architecture. The 
simulation did on the system with 32 nodes together with amplifiers added to the system. The focus of 
simulation was on ring architecture where all trees connections or links are malfunction. The reason of doing 
this is that the ring connections are the most critical especially for nodes more than 10 nodes. By theoretical the 
losses faced by the system will bigger with this connection. The simulation was done only on the downstream 
which is point to multipoint. 

 
Amplifiers Added To The System: 

 
The system was added with 2 SOAs amplifiers. The first amplifier located in between the node 6 and node 

7. The second amplifier located in between node 16 and node 17. The input to the SOA was  -28.617dBm and 
the output was 25.432dBm. The location of SOA in the ring based FTTH network is shown in Figure 2. 

The percentage of the first 3 nodes were adjusted to low in order to make sure more power passing to the 
next nodes. The last node was set 100% for coupling because there is no node available after it. The percentage 
of coupling assigned is shown in Figure 3. 

The main trunk of the fiber from the OLT was set to 15km. Meanwhile the other nodes were set 1km to 
2km as depicted in Figure 4. The arrangement of the distance is done randomly in order to make it more like a 
real scattered residential. 
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Fig. 1: Two restoration schemes are proposed and be activated according to the types of failure in FTTH-PON 

a) Linear Protection (b) Migrate Protection. 
 
From the Figure 5 shows the pattern of the total power produced by the system. There shape of the pattern 

is more like a saw tooth. The signals increased tremendously after the amplifier. It starts decreased again as the 
signal travel further. The signals are able to reach the last node without having bigger lost. At the last node the 
total power received by the ONU was -42.0779dBm and -42.1387dBm for 1550nm and 1490nm respectively. 

The signal power and the noise power for 1490nm signal have generated the positive values of OSNR. This 
is because the signal power is bigger compared to the noise power. The OSNR generated has values more than 
50dB. It shows that this signal is a good signal even though it has been amplified twice along the way to reach 
node 32, the last node. 

 
New Assignation Of Coupling Percentage: 

 
Set 1: 

 
The new set of percentage assigned to the coupler.  Roughly, the percentage set was between 10 to 20 

percent. This is because to make sure the signal passed to the next node is sufficient. The last node was set 100 
percent same as previous. The last 4 nodes, its percentage was increased gradually until 40 % as depicted in 
Figure 7. 
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Fig. 2: Block diagram of ring based FTTH Network which used two amplifiers after Node 6 and Node 16. 
 

 
Fig. 3: The percentage of coupling assigned. 
 

 
 

Fig. 4: The distance used in the simulation . 
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Fig. 5: Total power received at every node with two amplifiers applied. 
 

 
 

Fig. 6: Signal power Vs Noise power and OSNR for 1490nm with 2 amplifier added to the simulation system. 
 

 
 

Fig. 7: New percentage of coupling set for the system. 
 

 
 

Fig. 8: Total Power of the signal generated with new percent of coupling. 
 
From the Figure 8 the total power has shown a saw tooth pattern. With a combination of coupling 

percentage and the amplifier used the signal has been boosted extremely. This can be seen from the node 6 and 
node 7. The signal started to decrease after few nodes and it continuously reducing until the next SOA.  For 
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second SOA, the signal has also been boosted but the value of amplifying is less compared to the first one. This 
is because the percentage of the node 14 and node 15 were set a bit higher. Therefore, more signals will pass to 
the subscriber of node 14 and node 15. The signal pass for the next is lesser compared to the percentage set for 
the first node and second node. These two nodes were set for 10 and 15 percent accordingly. 

 

 
 
Fig. 9: Differences between total power of total power and noise power together with OSNR (1490 nm). 

 
The 1490nm signal has bigger OSNR values of differences between the total power and noise power.  The 

differences between these two powers are in the range of 52.4038dB to 75.6775dB. The differences of the 
values are shown in the Figure 9. Based on this new coupling percentage has achieved the last node which is 
Node 32. 

 
Set 2: 

 
In this simulation set, the percentage of node 6 has been increased to 50%.  Other nodes percentage was 

remained as it was before. The percentage of coupling is adjusted as depicted in Figure 10 
 

 
 
Fig. 10: Second set of power percentage. 

 
By using second set of coupling percentage, the total power received by the ONUs increased. The last node 

has received total power below -40dBm. Both signals have almost the same value for each node. Started from 
the node 21 the total power has dropped linearly and finally reached -38.1799dBm for 1490nm. 

From the Figure 12 the difference between total power and noise power of 1490nm signal is big. Both noise 
and total power have same pattern of graph. The OSNR generated is positive due to the difference between both 
noise and total power is bigger. The OSNR values are more than 40dB. The achievable node with this coupling 
percentage is 32, end of this network design. 
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Fig. 11: Total power received by the ONUs. 

 

 
 
Fig. 12: The difference between total power and noise power of 1490nm signal and the OSNR. 

 
Conclucion And Discussion: 

 
As a conclusion, design protection for applications in scattered placements has been developed and analysis 

carried out by simulation. The design consists of an optical node as an additional element that is used to come 
out with the protection scheme in order to repair the three levels of failure in fiber line by means of migration of 
network topology. The motivation of the study is to observe the impact of installation of in-line amplifier to the 
network performance by observing the final achievable node. In this paper  we adjust the coupling  percentage 
to enable the signal be sent to the last node (Node 32). Three coupling percentage has introduced and the 
simulation result shows there is a bit improvement of maximum distance when the percentage of coupling is 
altered. 
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