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ABSTRACT

Feeder and Distribution area in FTTH-PON is very significant to be protected to ensure the services
continuously send to the premises. Any failure occurs in the distribution point only affecting the certain area
but failures in feeder area will disrupt the services to all number of users. Previously we have proposed the
survivability scheme in the distribution area using OXADM and in this paper we extend the feature to the
feeder area. The result shows the measured output power at the receiver end is similar to all condition; normal,
linear protection and multiplex protection for all four operational wavelengths.
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Introduction

The wavelength range used in modern optical systems is around 1550 nm (near infrared). In this
wavelength region, powers greater than 21.3 dBm emanating from a fiber end are considered to be intrinsically
hazardous to the eye. High power levels in optical communications systems are typically associated with the
output of optical amplifiers such as erbium doped fiber amplifiers (EDFAs) or Raman fiber amplifiers (Hinton,
2006). The unprotected human eye is extremely sensitive to laser radiation and can be permanently damaged
from direct or reflected beams. 

The site of ocular damage for any given laser depends upon its output wavelength. According to Bader
and Lui (Bader, 1996) laser light in the visible and near infrared spectrum (400 nm - 1400 nm) can cause
damage to the retina resulting in scotoma (blind spot in the fovea). This wave band is also known as the
retinal hazard region. 

Meanwhile, laser light in the ultraviolet (290 nm - 400 nm) or far infrared (1400 nm - 1600 nm) spectrum
can cause damage to the cornea and/or to the lens. The extent of ocular damage is determined by the laser
irradiance, exposure duration, and beam size. 

Fault tolerance is also an important issue in PONs. There are two categories of network failures in an
EPON, one is a link failure and the other is a node failure. In the link failure case, the failure of the feeder
fiber will halt the whole PON system, but a failure of a branch will halt just one ONU. In the node failure
case, the failures of OLT or splitter will cause the whole PON system to be on fault. 

Therefore, the OLT, feeder fiber and splitter are the most critical components in the PON system. In order
to protect PONs against these serious failures, many researchers proposed dedicated protection architectures
(Ab-Rahman, 2009a). 

However, they are not cost-effective, as they require many redundant components. Sharing bandwidth to
protect the neighboring PONs is an alternative way to reduce the cost of protection (Hwang, 2009). In order
to provide the quality service to the user, the customer access network must also have these two features:
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Safety: 

According to the cases reported to the Federal Communication Commission (FCC), more than one-third
of service disruptions are due to fiber cable problems (Bader, 1996). These kinds of problems usually take
longer time to resolve compared to the transmission equipment failure. Therefore fault tolerance is also an
important issue in PONs. There are two categories of network failures in an EPON, one is a link failure and
the other is a node failure. In the link failure case, the failure of the feeder fiber will halt the whole PON
system, but a failure of a branch will halt just one ONU. In the node failure case, the failures of OLT or
splitter will cause the whole PON system to be on fault (P'ng, 2004). Therefore, the OLT, feeder fiber and
splitter are the most critical components in the PON system. In order to protect PONs against these serious
failures, many researchers proposed dedicated protection architectures. However, they are not cost-effective,
as they require many redundant components. Sharing bandwidth to protect the neighboring PONs is an
alternative way to reduce the cost of protection and reduce the risk. But in our point of view, fast failure
detection and smart restoration scheme is the key element to cater this problem. Centralized monitoring system
increase the efficiency of the system by advancing the system operation and maintenance (O&M) (Ab-Rahman,
2008a; Ab-Rahman, 2008b; Ab-Rahman, 2009b; Ab-Rahman, 2009c). The system can also offer the historical
database of network status for future reference. 

Survivability: 

Survivability is related to bypassing or diverting the traffic to the protection line (stand by) in the event
of failure. The feature is very important to ensure the signal send to the customer continuously in the event
of failures (Ab-Rahman, 2009a; P'ng, 2004). Two types of protection scheme can be proposed by means of
1+1 protection and 1:1 protection. 1+1 protection involves two active lines and the signal is sent to the user
on both lines. The switch installed near to customer edge take in charge to identify the fault and divert the
connection to the second line to ensure the traffic flows continuously. The breakdown causes by line cut will
still expose to the user and can cause disastrous if the laser is used for signal transmission in the context of
safety. Instead of increase the survivability, 1:1 protection scheme offer also the traffic management.  In the
case of failure, the fault is sensed and the traffic will be diverting to the protection line to ensure no traffic
will flow in the first line. The traffic will be diverting back to the original line after the fault has been
restored. The second solution is safety but in term of cost it may be quite higher as compared to the previous.
The 1:1 protection can be applied in optical, wireless or hybrid based network which according to the
geographical and infrastructure used.

This paper discussed on the protection mechanism in feeder area to complete the full protection solution
of OXADM offered to. The protection mechanism of distribution area has already been reported in our
previous publication. Two types of protection scheme are proposed; linear protection and multiplex protection
for dual line communication will be reported in this discussion.

Restoration Mechanism:

Due to lack of active devices in FTTH network, the function of ONUs are passively and don’t provide
any sensor related to fault or breakdown. To overcome the incomplete in conventional FTTH technology,
access control system (ACS) is introduced to control the survivability in FTTH access network. ACS is used
to monitor the status of the working and restoration fibers. The unique monitoring system architecture requires
a single switch element and coupler connection between the ACS and both transmission paths. Before
activating a suitable protection scheme, ACS will recognize the types of failure and send the activation signal
to the related OXADM switches according to the activated protection mechanisms (Ab-Rahman, 2010;
Ab-Rahman, 2006). The architecture of ACS consists of two major parts, monitoring signal section and
activation section. The function of ACS is the same as the optical performance monitor (OPM) which is
applied in both ring and mesh metropolitan network. Normally, ACS is integrated in a single system, which
also includes splitter and first OXADM of each access line. Tapping 3% of the downstream and upstream
signal by using coupler can recognize the status of feeder section and drop section. If breakdown occurs in
feeder section, ACS will send a signal to activate the dedicated protection scheme. But if the breakdown is
the detected in drop section, ACS will recognize the related access line by the 3% tapped signal that is
connected to every access line (Ab-Rahman, 2006). The activation signal is then sent to active the dedicated
protection scheme. But if fault is still not restored, the shared protection scheme will be activated. The
monitoring signal section is responsible for sensing fault and its location whereas generation of activation of
signal is sent by activation section in ACS.
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Table 1 describes the possible condition in the monitoring system captured from tapped signal and diagnosis
of the fault. The couplers will tap 3% of the downstream and upstream signal in turn, and sending it to ACS
for interpretation. The condition of the tapped signal will represent the status of feeder section and drop
section.

Fig. 1: Survivable architecture for customer access network FTTH which used ACS to perform bidirectional
monitoring and protection scheme activation.

Table 1: Possible status of tapping signal A and B and related fault diagnoses (Ab-Rahman, 2010; Ab-Rahman, 2006).
A B Diagnosis
O O Both feeder and drop region are in good condition
X O Fault occurs in feeder region, No fault in drop region
O X No fault in feeder region, Fault occurs in drop region
X X Both feeder and drop 
O – Signal Detected
X – No Signal Detected

If a fault occurs in the feeder area is identified, the ACS then will enable the second OXADM and the
OLT will activate the first OXADM to turn on linear protective mechanisms for the feeder area. The signal
will be sent to distribution area via the protection line. If damage is identified in the distribution area, the ACS
will detect and identify the ONU problem by tapping 1% of each line that connects the optical splitter and
the ONU. Once a ONU problem is identified,, ACS will send an activation signal type-1 to switch the first
and second OXADM switch and readily to monitor the status of the current data flow. At this time the linear
protection mechanism is activated to repair the troubled line. If 1% tapping did not provide any repair, the
ACS will send a signal activation of type-2 (for both enable OXADM) to switch the shared protection
mechanisms. Figure 2 shows the flow chart of the user access the network restoration process of the feeder
and distribution. Tapping process for monitoring network status in feeder area is the first carried out to show
the importance in these parts. Besides, this part is easily monitored due to the small number of lines.

In our proposed solution, the linear protection scheme (1:1) is dedicated for single fiber used for traffic
but if the both fiber used (1:1) the multiplex protection scheme will be activated.
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Fig. 2: Flowchart of protection mechanism for feeder and distribution area.

Result and discussion

Two restoration mechanisms can be used in the FTTH network for feeder area coverage which are linear
and multiplex protection. The characteristic represented by output power and BER performance profile for
Linear protection and Multiplex protection are shown in Figure 3 and Figure 5 respectively.

Linear Protection:

Figure 3 shows the relationship between the output power and the loss for operation of linear protection
activation in the feeder area in 2.5 GHz FTTH network. The decrement occurred at 1 dBm of 1 dB Increase
in the value of loss. At zero attenuation, the loss of the initial state is -4.28 dB. Pass through and protection
operations give the similar loss values. Sensitivity at -18 dBm at data transmission rate  2.5 GHz to give the
maximum loss (which is allowed) is 14 dB. If the photodetector sensitivity is enhanced to -25 dBm, the
dynamic range value is 20.72 dB based on the equation in Figure 3.
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Fig. 3: Output power versus loss for linear protection operation at Feeder area in 2.5 GHz FTTH.

Figure 4 shows BER profile of 1:1 linear protection in feeder area of FTTH-PON. The allowable loss for
distance of 20 km is 14 dB at input signal 0 dBm.

Fig. 4: BER power versus loss for Pass through and Linear protection operation at Feeder area in 2.5 Ghz.

Fig. 5: Output power versus loss for Multiplex protection operation at Feeder area in 2.5 GHz FTTH.
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Multiplex Protection:

Figure 5 shows a linear relationship between output power and loss for multiplex protection scheme in
feeder area 2.5 Gbps FTTH network. The relationship is inversely proportional with decrement rate of 1
dBm/dB is the initial value for the loss of this operation is -4.25 dB. With a sensitivity of -18 dB will provide
a maximum loss for this system is 14 dB. These values are matching with the results obtained in Figure 3.
This shows the output power profile with respect to loss is the same for all three routes; pass through, linear
protection and  multiplex protection. If the sensitivity of photodetector is increased to -25 dBm leads to
maximum loss up to 20 dB. BER performance for the system is shown in Figure 6.

Fig. 6: BER versus loss for Multiplex protection operation at Feeder area in 2.5 GHz FTTH.
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