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ABSTRACT

Developed Country is based on the successful connectivity to a reliable telecommunication network and our
Malaysia is progressively towards this stage. However, there are areas within the country with low Internet
penetration rates, such as those in remote areas with challenging geography terrain. This project aims to address
this shortcoming by providing seamless broadband access across the country. Customer access network refer to
last mile network system in a communication environment either based on optical, copper or wireless technology.
This study will recommend a new network architecture that could be used for high speed broadband access,
which is focused on the infrastructure and geographical condition in Malaysia. To ensure that the network
platform is capable of carrying high speed data, optical fiber is used as the main network and shall be integrated
together with other technology such as wireless communication at the consumer end. The proposed network is
also equipped with survivability features to ensure the data delivered to the customers continuously. With
survivability feature, the breakdown/damage that occurs in a communication line will be easily monitored and
restored. To ensure delivery of high-quality signal, the system is built using POF technology and be Integrated
with small communication technologies adopting Visible Light Communication and other wireless technologies
which can make communication within the home user more efficient and flexible. With the existence of this
platform, various applications can be developed to users with the high quality and can reduce the danger risk to
users. At the end of this project, one communication network solution with SIX EXCELLENCE FEATURES
(high capacity, efficient, safety, survivability, efficiency and economical) is proposed.

Key words: FTTH, six excellence features, proposal.

Introduction

Under the National Key Economics Area (NKEA), Malaysian government has introduced the
Communications Content and Infrastructure (CCI) sector. CCI aims at driving continued high growth in
communications and enabling the paradigm shift from infrastructure to applications and content. CCI sectors
spans a wide ecosystem, from content generation to networks, services and devices.

However, there are some of the areas within the country with low Internet penetration rates, such as those
found in remote areas with challenging terrain. This project aims to address this shortcoming by providing
seamless broadband access across the country. This is outlined in Entry Point Project (EPP) Number 8 in CCI
sector, whereby the focus is to extend broadband reach, especially in suburban and rural locations.

Customer access network refer to last mile network system in a communications either based on optical,
copper or wireless technology (Cisco. 2007; Effenberger, 2009). Every technology has advantages and limitations
which these factors closely related to the geographical and infrastructure topology of the premises area. This
study will be recommending the new network features and architecture that could be used for high speed
broadband access, which is focused on the infrastructure and geographical location in Malaysia. The scope will
be covered in this study is urban and rural area and the proposed communication network will be extended to
reach user’s appliances.
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To ensure the network platform capable of carrying high speed data, optical fiber is used as a main network
and shall be integrated together with other technology such as wireless and satellite communication at the
consumer end to ensure the high broadband speed can reach the consumer. Earth's terrains such as high ground,
valleys and hills will be considered to determine whether the network uses a centralized or scattered topology.

The proposed network must also equip with survivability features to ensure the data delivered to the
customers continuously. With survivability feature, the breakdown/damage that occurs in a communication line
will be easily monitored and restored. For certain regions, other technology such as wireless is used as a
protection system. This system will also ensure the safety of users caused by the leakage of optical signals that
can cause blindness in users.

To ensure delivery of high-quality signal, the system is built using POF technology. Integration with small
communication technologies like optical wireless, Ultra Wide Band (UWB) antenna, Cooperative Network, Radio
Over Fiber (RoF) and others will make communication within the home user more efficient and flexible. LED
usage and WDM technology in POF communication enable signal delivered in high capacity (GHz) and safe to
users. With the existence of this platform, various applications can be developed to users with the high quality
and can reduce the danger risk to users. 

At the end, one communication network solution with six excellence features (flexibly high capacity,
reliability, safety, survivability, efficient and economical) is proposed.

Drawback Analysis of Current Architecture of Ftth:

The PON is commonly deployed as it can offer a cost-efficient and scalable solution to provide huge-capacity
optical access (Kim, 2003; Prat, 2007). Since the PON can accommodate a large number of subscribers, when
any fault occurs in FTTH, the network will without any function behind the break point. Any service outage due
to a fiber break can be translated into tremendous financial loss in business for the network service providers
(Ab-Rahman, 2009a; 2009b, Chan, 1999).

Meanwhile, the laser (optical source) is highly explored at the transmission end when an optical line broken.
Even thought low power laser with just few miliwatts, but it still can cause the retina eye burning and permanent
damage in seconds or even less time (This will be happen when the optical fiber cable is broken and exposed
to human skin) (Ab-Rahman, 2008a). Lack of survivability in the safety issues is one of main factors that FTTH
is still not been deployed in certain developing countries. According to the cases reported to the Federal
Communication Commission (FCC), more than one-third of service disruptions are due to fiber cable problems.
These kinds of problems usually take longer time to resolve compared to the transmission equipment failure
(Bakar, 2007).

Fig. 1: Segmentation of FTTH network into two parts; Feeder and Distribution Region. The study showed every
part had its own limitation and drawbacks.
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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 neighbouring PONs is
an alternative way to reduce the cost of protection (Hwang, 2009).

New Proposal of Ftth Network:

ICTs can be used to directly influence the productivity, cost effectiveness and competitiveness in industries,
which is the advantage developing countries can build their economies upon. Catching up on developed
economies in terms of application of technology and resulting economic benefits had never been that easier. On
the other hand, the results for not being able to adopt ICTs can also be disastrous. Similar to the ICT without
adopt any precaution can also inviting disastrous. . For instance, the optical communication uses laser for the data
modulation which operated in invisible range (above 700 nm) which send to the customer premises can cause
the retina eye burning and permanent damage in seconds or even less time (This will be happen when the optical
fiber cable is broken and exposed to human skin). Lack of survivability in the safety issues is one of main factors
that Fiber-to-the Home (FTTH) is still not been deployed in certain developing countries. Therefore in new era
of telecommunication, risk reduction is played a significant role in implementing the latest technology towards
the customer edge. With this spirit, we highlight in this project the SIX EXCELLENCE FEATURES that will
be embedded into the customer access network to ensure the signal send to customer continuously and
effectively. The risk can also be reduced by introducing survivability features to the network besides considering
a very inexpensive solution that can be deployed across geographical and infrastructure-aware topology in
Malaysia.

High Capacity: 

To ensure broadband availability to all users, a high capacity network is desired in a future customer access
network. This is outlined in the NKEA policy, under the plan for Broadband For All (BBFA). High capacity
network can be achieved by using the fiber infrastructure (Cisco. 2007; Conniq, 2009). The fiber network
becomes the backbone in order to provide a high capacity ICT infrastructure. This will benefit the developed
area, especially those in urban area. However, in certain part of the country where the number of population is
very small, the use of fiber network becomes a big challenge as it is cost inefficient to implement. This motivates
the adaptation of a flexible network.

Flexibility:

Flexibility is one of the key components towards realizing a larger scale network. Flexibility in a future
customer access network can be achieved in two different approaches. First aim is to introduce a flexible network
to increase the Internet penetration rate by extending the broadband network to suburban and rural locations. The
main idea behind a flexible network is to form a cooperative communication between the connected devices. This
is known as cooperative communication. Cooperative communication aims to exploit the antenna diversity to
extend the network scale. Other than that, a flexible network can be a network, which contains different types
of network technologies in an ensemble computing environment. This is known as a heterogeneous network. The
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idea of heterogeneous network is further extended to include fiber communication (FTTH) to complement the
existing wireless technologies. This is beneficial in a critical application in NKEA, for example, the e-
Government application where all the confidential data is stored in the network. In the challenging geographical
area where the fixed and wireless network implementation is not possible, the use of satellite communication can
be considered. In such area, economical impact becomes the limiting factor in order to extend the network reach.
Another strategy in a flexible network is to promote a flexible form of communication network, focusing on a
small world network (SWN). Other than relying on the conventional wireless technology, a SWN can be achieved
by using the optical wireless. Optical wireless uses the visible light source to form a communication path. Other
than that, a low cost antenna, utilizing the Ultra Wideband (UWB) spectrum is expected to improve the capacity
while offering flexibility between small-range and long-range communication.

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 (W.T. 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; 2009c; Bakar, 2007; Hasan, 2009).
The system can also offer the historical database of network status for future reference.

Fig. 2: The six features offer to the customer access network to satisfy the communication technology needs
today

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; W.T. 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.
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Efficient:

Modern data access control models, developed for interactions across different domains and Internet, allow
one to specify and enforce access control policies, that is, policies regulating accesses to the protected data. An
access control system (ACS) must often guard access to resources that are distributed across a network and
governed by policy that is created by multiple entities. In the environment of optical and wireless
communications, the efficient and automated control by ACS is appreciated in order to have easy maintenance
and protect the users’ data (Ab-Rahman, 2008c; Aswir, 2010). ACS is a functional tool for monitoring, testing,
and analyzing as well as activates the protection switch in the restoration process for optical and wireless network
system (Aswir, 2010). ACS is the core of proposed design. It located at the middle of the network system for
controlling the devices/components in feeder region and drop region.

Economical:

Mobile communication as a data transmission means can save the labor and the cost of setting networks, and
improve accuracy. It is more suitable for the remote countryside and wide monitoring rang where laying the
wired networks turns out to be rather difficult. Meanwhile, to ensure the platform that used capable of carrying
high capacity data, optical fiber is used as a main network and shall be integrated together with other technology
economically. In small world communication, POF-WDM platform, Wifi, and Wimax will be integrated to serve
the user a reliable broadband network. Fast establishment of the communication system between and within the
small world networks could be deployed from this integrated network.

Conclusion:

Through this proposal a high speed communication platform to the user access network can be developed.
Apart from providing the broadband technology to the premises it is also safe to use after embedding the
survivable feature in which the traffic will be diverted to the other lines to avoid any leakages when breakdown
(cable cut) occurs on the lines. With the adoption of communication technologies such as wireless, copper and
RF has made the solution flexibly and can be used on any area in Malaysia, such as area of mountainous, flat
land, hills and valleys or with different infrastructure topology such as ordered placement and scattered
placement. With this platform many applications of the latest technology in information, broadcasting,
entertainment, medical, telemetics and video surveillance solution can be sent directly, effectively and with high
quality to the customers.
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