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ABSTRACT 
 

Fiber-to-the-Home (FTTH) is an emerging access network technology for delivering high speed broadband 
to the customers by utilizing Passive Optical Network (PON) infrastructure. It is capable to provide a point to 
point (P2P) or point-to-multipoint (P2MP) architecture with cost effective implementation as compared to the 
legacy copper networking solution. Apparently this technology could be considered as a conducive platform for 
providing various types of services and applications since the bandwidth dependant medium is no longer an 
issue. In order to ensure network survivability and reliability, a study on the network protection and restoration 
issues and methods has been conducted. In this paper, a proposal focusing on the implementation of FTTH 
distribution side protection and restoration scheme is made. The solution will be utilizing the defined protection 
and restoration scheme together with a developed distribution and customer side module. Conceptually, on the 
distribution side, an Access Control System (ACS) module will be installed and connected to the last stage of 
optical splitter in that segment; functioning as the main controller for the solution. On the customer side, a 
Customer Access Protection Unit (CAPU) will be placed just before the Optical Network Unit (ONU). Together 
they will provide the desired protection and restoration solution for the FTTH-PON network.  These modules 
are transparent to the FTTH system and will not interfere with the operation as well as communication process. 
With that in mind, this paper will provide an analysis on the splitting ratio and its effect to the modules, and the 
entire FTTH system in general. Ultimately, the proposed method and results will be presented and discussed in 
the following sections with the idea of providing the first of its kind of protection and restoration solution in the 
actual FTTH environment.  
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Introduction 

 
In present time, the Fiber-to-the-Home (FTTH) is one of the favourite access technologies to be deployed 

for delivering a high speed broadband service. Based on the Passive Optical Network (PON) technology, it 
could be extended to a longer distance with high bandwidth as compared to the conventional copper network. 

Two standards have been defined for this matter, namely Ethernet Passive Optical Network (EPON) by 
IEEE (802.3ah) and Gigabit Passive Optical Network (GPON) by ITU-T (G.984). Regardless of the name, the 
major components for both technologies would be the same; consisting of an Optical Line Terminal (OLT) that 
is located in the Central Office (CO), the optical network with the optical power splitter and finally, the Optical 
Network Unit (ONU) as the Customer Premises Equipment (CPE) (Glen Kramer, 2005).  

Typically, both standards are utilizing similar method for communication purpose, that is Time Division 
Multiplexing or simply known as TDM. However there are also other significant differences in terms of the line 
rate, frame size and overhead, among others, which will not be addressed here (Björn Skubic, 2009).  Three 
wavelengths have been defined for its operation, namely, 1550nm for video broadcasting, 1490 nm for 
downstream data and 1310 nm for upstream data (David Baily, 2003).  
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The entire networking from the CO to the users’ premises is using a Single Mode Fiber (SMF) cable. For 
distribution purposes, an optical power splitter is used. Normally, the split ratio could start from 2 to maximum 
of 64 depending on the geographical topology and number of users. As the name implies, the entire network is 
passive in nature and this could increase the flexibility and scalability for implementation purpose.  

 

 
 

Fig. 1: FTTH architechture concept. 
 
Along with the deployment around the world, researchers are also taking an effort to study on the 

survivability of FTTH PON network through protection and restoration process. For instance, the method on 
direct ONU communication and dual tree architecture (Zhen, W., 2010), surveillance and protection mechanism 
(Aswir Premadi, B.N.M.S.A.R., 2009) and protection strategy study on cascaded PON (Pan, C., 2010). 

Getting back to this discussion, this paper will elaborate another unique method for protection and 
restoration mechanism, focusing on the distribution network segment. Two modules will be introduced in the 
following section to meet the objective. This solution not only provides a dedicated protection link to each user, 
but also able to assign the available neighbouring protection link for sharing should the working and dedicated 
protection link have failed. 

As the distribution segment is highly dependant to the splitting ratio, further analysis will be conducted for 
this matter and discussed accordingly with respect to the proposed solution. 

 
Apparatus and Method: 

 
As mentioned in the previous section, the PON distribution is done by using an optical splitter. The function 

of this component is to distribute the optical signal from the CO to the subscribers. Typically the minimum 
splitting ratio is 2 and could reach up to 64. On the other hand, as the number of split is increased, the power of 
the received signal to each subscribes will be decreased. This could be represented by the mathematical formula 
of 10 log (N), where N is the number of splits (Lam, C.F., 2007). Typically, each multiple of 2 splits, the output 
power will be decreased by 3 dB. 

In FTTH, for downstream transmission, each splitter output port would carry the similar broadcasted signal 
from the OLT. Looking from the optical domain, the downstream 1490nm wavelength signal is being 
transmitted continuously to each user. Consequently the ONU will perform appropriate MAC filtering to 
retrieve its dedicated signal or data. However, in the upstream transmission, Time Division Multiplexing (TDM) 
method is used and the time slots are controlled by the OLT. 

With these properties, a protection and restoration scheme within the distribution network has been derived 
with two major components; known as the Access Control System (ACS) and the Customer Access Protection 
Unit (CAPU). 
 
Access Control System (ACS): 

 
ACS is the main controller module that is integrated with the optical splitter at the last stage of the 

distribution segment. The conceptual block diagram for ACS is shown in Figure 2. It consists of optical splitter 
and optical switch for protection link selection. 

The splitter input is connected to the feeder cable from the OLT and the output ports are connected to 
optical switches, which dedicated for a single user. The output from each optical switch will be used as a 
working and protection link respectively. In addition to that, there is also another set of optical splitter for 
distribution link monitoring purpose. It will be used together with the OTDR and monitoring software in the CO 
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through the Ethernet link. A Wavelength Selective Coupler (WSC) is used for combining the monitoring, 
protection and live network links. 

Finally, a microcontroller is used to control the protection and restoration operation with CAPU module 
through Ethernet communication (Mohammad Syuhaimi Ab-Rahman, A.P., 2009). 

 

 
 

Fig. 2: ACS internal architecture. 
 

Customer Access Protection Unit (CAPU): 
 
CAPU is installed at user premise as a terminating module for the links from the ACS and connected to the 

ONU on the other end.  
It consists of a set of optical switches similar to ACS’s. A 2X1 and 2X2 optical switch is interconnected as 

in Figure 3 in order for the desired protection and restoration scheme to be realized. 
The main function of CAPU is to detect link failure and sent the information to ACS for protection and 

restoration scheme activation. Failure detection is accomplished by tapping 3% of the downstream signal prior 
reaching the ONU (Mohammad Syuhaimi Ab-Rahman, 2009). 

If the optical signal is loss due to the fiber break for example, the CAPU will send a special coding to the 
ACS through the fixed or wireless Ethernet link.  Upon receiving the signal ACS will activate the protection and 
restoration scheme through the same Ethernet link.  

The conceptual relationship between ACS and CAPU is represented in the block diagram as shown in 
Figure 4.  
 

 
 
Fig. 3: CAPU block diagram. 
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Fig. 4: Implementation concept. 

 
Together with these modules, a scheme has been defined starting from the last stage of the distribution 

segment to the customer’s premise. The main idea is to provide network survivability by using the protection or 
shared protection link in the PON distribution network segment.   

The main component for this scheme is the optical switches that are located in the ACS and CAPU. Each 
user will has a pair of switch, consisting of 1x2 and 2x2 type. These switches will be used for changing the link 
from working to protection link or shared protection link and vice versa, according to the failure condition. Each 
output port form the optical splitter will be connected to the 1x2 switch in the ACS module.  

To increase the reliability, both switches pair in the ACS and CAPU will be interconnected with the 
neighbouring CAPU. Hence it will not disturb the assignment of the optical splitter output port.  

In relation to the switch and link arrangement, the controlling will be done by a microcontroller located in 
the ACS module. 

As shown in Figure 5 below, there are five scenarios that will be handled by this scheme. As in (a), in a 
normal working condition, the communication to and from the OLT and ONU will pass through a 1x2 optical 
switch from the distribution optical splitter to the CAPU in the user premise using the working line.  

Then, if the working line is failed or broken, the link will be changed to the Protection line, as in (b).  
If both working and protection link is faulty, the switches in the ACS and CAPU will be configured to 

switch to the available neighbour’s protection link, as shown in (c). 
Next, if User 2 is also having a problem in the working line, he will have the ability to utilize his protection 

line.  Hence the protection line from User 1 will be changed to the second neighbour’s protection line, as in (d). 
Finally, (e) shows if User 1 and 2 working and protection link failed, both users traffic will be diverted to 

the user’s 4 and 3 protection link respectively. 
In short this scheme will provide an alternative route should the working and protection link for each user is 

failed (Aziz, S.A.C., 2009; Siti Asma Che Aziz, M.S.A.R., 2009). 
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Fig. 5: Protection and restoration scheme. 
 
Results and Discussion 

 
Based from the described architecture and scheme, a simulation exercise has been executed using 

‘OptiSystem’ simulation software. Similar configuration and components parameter have been defined in the 
simulation design with the nearest parameter value as compared to the actual scenario. In addition, the PON 
length is also being configured to 20km, as the maximum standard range for FTTH system. 
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From the perspective of FTTH PON architecture, it could be seen that the number of splitting is an 
important parameter in the distribution segment because it will define the number of user for each OLT’s PON 
interface. Hence, in relation to this protection and restoration solution, it is of the same importance to analyze 
the performance related to it. 

The objective of this experiment is to analyze the dynamic range of the receive signal with respect to the 
number of distribution optical network split and failure order level. With these results, it could be anticipated the 
practical condition level that could be utilized in implementing this solution in the actual FTTH system. 

The result in Figure 6 shows the dynamic range reading for different number of splitting and the network 
condition starting from normal condition to the fourth failure order, i.e. both User 1 and 2 are experiencing 
working and protection link failure.  

The values are recorded for each condition together with the number of split, represented by the x-axis,   
while the dynamic range of the received power is represented by the y-axis. 

In this result, the normal condition would be the reference value for this discussion. As can be seen in 
Figure 6, as the number of splitting is increase, the dynamic range is also increased. For example, the lowest 
dynamic range is achieved in normal condition using 1X8 splitter with 25.8 dB and the highest in this condition 
is 42.75 dB by using 1x16 splitter. One of the major reason for this drastic difference is the loss introduces by 
the splitter itself, as stated earlier. This pattern is similar for other conditions with a higher dynamic range value. 
The highest value recorded for the Failure Order 4 using 1x16 splitter with 53.36 dB.  

As described in the previous section, this solution will also provide an alternative route for protection and 
restoration purpose by sharing the neighbouring protection link.  

 

 
Fig. 6: Dynamic range for all condition. 

 
Figure 7 shows the variance or penalty caused by engaging with each failure order with respect to the 

normal condition. Looking at the pattern, the penalty is increased by approximately 2 dB moving from failure 
order 1 to 4.  

Within the same condition, the variation is minimal for each splitting dimension. This means that although 
the failure order condition is increased, the penalty level for each splitting dimension in the same condition only 
varies in a small value.  

Hence, as the failure condition increases, the dynamic range and penalty will also increase due to different 
links, more components and connectors or adaptors that the signal has to travel through. 

 

 
 
Fig. 7: Penalty on failure order condition with reference to the normal condition. 
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In any optical communication network, power budget is one of the major criteria to consider prior field 
implementation. For this purpose, two standards will be referred for comparison purpose that corresponds to 
GPON and EPON power budget, which are ITU-T G982 and IEEE 802.3ah standard respectively (Lam, C.F., 
2007). 

Table 1 shows the defined power budget and number of split for each standard. Applying this value to the 
graph in Figure 6 will yield the result in Figure 8.  

 
Table 1: PON power budget summary. 

Type and Protocol Splits Power Budget 
GPON 64 split  20 dB (Class A) 

 25 dB (Class B) 
 28 dB (Class B+) 
 30 dB (Class C) 

EPON 32 split  26 dB (PX 20), also considering B+ equivalent 

 
It could be deduced that in normal condition only 1X8 splitter has a dynamic range value below than Class 

B+, C and PX20. Other splitting ratios in this condition are having a value more than the defined power budget. 
Similarly, in Failure order 1, 1X8 splitter is having a value less than Class C and a marginal level with Class B+.  

However, moving towards Failure order 2, 3 and 4, all of the measured dynamic range values are exceeding 
the standard power budget value.  

 

 
 
Fig. 8: Comparison with the standard FTTH-PON power budget. 

 
Conclusion: 

 
A protection and restoration solution and scheme has been explained in this paper. The proposed solution 

could provide survivability to FTTH-PON system with the availability of protection and sharing mechanism.  
Based from the simulation exercise, the dynamic range of the solution has been recorded and analyzed. A 

comparison with the standard FTTH power budget has been presented. From here it shows feasibility as well as 
limitation for deployment.  

Meanwhile, the solution could also be optimized and enhanced with appropriate components and links 
interconnection. Moving forward, this result could be used a reference for the solution deployment with respect 
to the splitting ratio in the FTTH-PON distribution network. 
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