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ABSTRACT

Fiber to the home (FTTH) network security has become a very important topic for an FTTH network.
Fault protection became important issues in order to present an efficient FTTH network and simultaneously
and provide continuous services to the end user without being interrupted by any failure in fiber lines. The
failure at optical lines will give two negative impacts. First, the fiber cut will cause optical leakage that is able
to damage our eyes. Second, an interruption will occur during the distribution of multimedia service to
customers for a long period of time. In the traditional method, when there is a breakdown in FTTH lines, the
engineer must go to the failure location to check the optical cable using an optical time-domain reflect meter
(OTDR). The disadvantage of this conventional method is that the engineer must leave the Central Office to
inject a laser from customer location. It will cause inconvenience, service disruption and waste valuable time
for both parties. In this paper, we developed, implemented and tested a wireless sensor network (WSN) based
on technology XBee-PRO to monitor and control the optical signal distribution in FTTH network. We have
built optical sensor integrated with wireless to determine the condition of optical line. This system includes
the optical passive components, optical switch, microcontroller, and wireless module. The sensor only involves
4.21 dB insertion losses. One sensor has been put in every line and can communicate each others to ensure
the operation of network. One receiver is located in Central Office (CO) to allow engineer to monitor and
control all optical lines. 

Key words: Wireless optical sensor, Wireless sensor network, Optical sensor network, FTTH monitoring, FTTH
network protection

Introduction

FTTH-PON architectures are optical communication systems designed to carry communication signals via
optical fiber cable from optical line terminal (OLT) placed at central office (CO) to multiple end users. The
communication signals are guided through a sharing fiber (feeder fiber) to the end users by connecting and
splitting components (i.e., optical splitter), traveling up to, and in some cases, exceeding 20 km. At the end
users, the optical signal is converted back to electrical signal by customer premise equipment, such as optical
network unit (ONU) (Koonen,2006).

The ability of FTTH-PON to deliver triple-play services (voice, video and internet) to the subscribers has
been proven technically and commercially in Malaysia (Tan, 2009). FTTH-PON is a point-to-multipoint (P2MP)
optical network, where the term ‘passive’ means that it employs only passive optical components in the
transmission path from source to destination (Radzi, 2009), which yields lower maintenance costs and fewer
potential points of failure (Khairi, 2009). It has no active elements in the  eld, thus power and heat issues can
be eliminated (Khairi, 2009). The architecture of PON consists of an optical line terminal (OLT) residing in
CO connected to multiple optical network units (ONUs) near subscribers’ premise. All ONUs share a passive
branching device located near the service neighborhood (i.e.,optical splitter/coupler) that not requiring any
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power, to split optical signals from one  ber into multiple  bers or combine in reverse mode (Radzi, 2009).
With the P2MP architecture, it could minimize the  ber required in the network. Consequently, the architecture
is easily scalable and the carrier can increase the capital investment as it grows its revenues (Khairi, 2009).
Since this kind of architecture can accommodate a large number of subscribers, when any fault occurs at one
point in an optical fiber line, the access network will, without any function, be behind the break point. It leads
to affect the whole services transmission. The upstream signal from multiple ONUs at different customer
residential locations to OLT at CO or the downstream signal from OLT to multiple ONUs after the break point
will become unreachable if the fault occurs in the feeder region (Chan, 1999). However, if the fault occurs
in an individual subscriber’s infrastructure such as distribution fiber, since the signals from OLT are
successfully shared among other subscribers’ ONUs via a passive optical splitter, thus only one subscriber’s
service is affected (Lee, 2006). Any service outage due to a fiber break can be translated into tremendous
financial loss in business for the network service providers (Prat, 2008).

Most studies of protection switching are concentrating on the switching in the ONU itself. Some are
focusing at protection switching in conjunction with local area network (LAN) emulation (Rahman, et.al.,2009a)
; whereby an automatic protection switching mechanism against distribution fiber break in PONs is carried out
at the customer premises (ONU) by monitoring the distribution fiber using the traffic that is transported among
the customers in PON. Here, the Wireless modules are used to monitor the state of distribution fiber and
switching to the protected path is performed at each ONU independently and the protection scheme enables
the protection of services to each ONU can be carried out on customer’s demand and does not affect the
operation of other ONUs.

Protection against equipment and cable failures in the access networks is crucial to ensure continuous
services to the end users in particular in case of live fiber services. However, although protection of access
networks is required to ensure survivability, few studies on protection mechanisms have been achieved. The
most commonly deployed protection architectures are 1:1 and 1+1 (Han, 2007). 

In 1+1 architecture as shown in figure 1 , data are transmitted in both working and protection paths where
the destination picks up the better quality signal. To prevent data loss, the source node should delay
transmitting data on the protection path for a certain period of time, depending on difference in propagation
delays between the working and protection paths, plus the fault detection time. Figure 2 indicated the 1:1
protection scheme. High-priority traffic is transmitted on the primary path, whereas the best effort traffic is
diffused on the backup path. In case the primary path breaks, the high-priority traffic is transferred to the
backup path. Furthermore, during normal operation, the optical signal will directly go through to the working
line (Rahman et.al., 2009b). In this paper, we proposed to use the second case of 1+1 protection scheme since
this kind is easy to implement and low cost solution.

We propose a novel system for the access monitoring and control the distribution of optical signal that
uses ZigBee sensor network. The objective of this research is to develop a prototype system with a wireless
module and automatic restoration providing one of the practical ZigBee network applications. Implementation
of the prototype shows the proposed system can be a good practical solution of an access monitoring and
control system in FTTH network.

Fig. 1: The 1+1 protection scheme which applied new proposed device MADS.
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Fig. 2: The 1:1 protection scheme which applied new proposed device MADS.

Methods and Configuration

A. Optical Sensor:

Optical sensor consists of passive optical components, Optical to RF converter (O-RF), Demodulator, video
signal detector, microcontroller ATTiny2313, Optical switch 2x1 and RF transmitter. It can monitor all optical
lines in real-time with fairly good accuracy, make routing automatically when the main line is failed and block
the signal of damaged optical line from causing injury to human eye. Figure 3 shows the block diagram of
optical sensor.

Fig. 3: Block Diagram of sensor in WOSN.

Figure 4 shows the architecture of the passive optical components used to split the optical signal according
to their wavelength and ratio. To build that system, we use Single mode WDM coupler 1310/1480/1550nm
and Single mode fused coupler 90:10 1550nm. WDM functions in splitting optical signals according to their
respective wavelength with 1310nm for data, 1480nm for voice signal and 1550nm for video signal. After these
signals have been separated, output 1480nm will pass through WDM demultiplexer while 1550nm signal will
pass through fused couple. WDM coupler has a very low loss, high quality and is small in size. 

Fig. 4: Passive Optical Systems.
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Optical coupler is used to split 1550nm signal in accordance to specific ratio. There are coupler with ratio
of 95:5, 90:10 and 50:50. It is important to select the right coupler. For coupler with splitting ratio of 50:50,
only 50% of the signal will be fed back into the trunk line. This implies that the resent signal power will be
weakened and causing limited distance of transmission. The coupler with splitting ratio of 90:10 is chosen,
based on the matched characteristics of the coupler to the system. From the coupler, 10% of video signal will
be measured by Optical to RF converter. This 10% signal will be directly fed into optical to RF converter and
video demodulator for further process. 

Optical sensor uses optical converter to transform the optical signal into RF (Radio frequency) signal. It
combines a low-noise, impedance-matched broadband photodiode and RF amplification. It receives optical
analog and/or digital signals for a range of video broadcast options, and delivers the corresponding RF
electrical output. This converter provides an ideal solution economical delivery of analog signals or a
combination of analog and digital channels, including (High Definition Television) HDTV broadcast, over a
single-mode fiber to the user’s premises in fiber-to-the-home (FTTH) applications. It can be used in both 1310
nm and 1550 nm optical networks being useful at different points of a given network. 

We need video signal supplied as input of max7461 module for further process. Thus a converter that
translates RF signal into video signal or demodulator is needed since output signals from CATV receiver are
in RF form. The output of demodulator will be used as input of Max7461. MAX7461 module is a device used
to convert video signal to 1-bit signal. The output of MAX7461 module will be processed by microcontroller
and will be transferred to central office over wireless. The MAX7461 can detect NTSC, PAL, and SECAM
standart-definition television (SDVT) systems. The device accepts an AC-coupled composite (CVBS), luma (Y),
or any other video signal with sync and outputs a logic-level signal. The device operates from a single +5V
supply.

The optical sensor uses optical switch 2x1 to route and block automatically the failure line. This sensor
is able to detect the failure line less than 3 second and make restoration automatically less than 10 second.
It only involves 4.21 dB insertion losses of main line and 4.31 dB of protection line. This sensor uses
microcontroller to process data from MAX7461 module and send it to central office over wireless. The type
of microcontroller used is ATtiny2313. ATtiny is the name for the Atmel microcontroller (MCU) family,
consisting of a microprocessor, I/O ports, timer(s) and other internal, integrated hardware. The main advantages
of using the ATtiny2313 are low external part count, a wide range of chip sizes, nice choice of compilers
(assembly, C, BASIC, etc.), good wealth of example/tutorial source code and easy programming. 

Figure 5 shows the block diagram of receiver. All monitoring data from sensor will be received by
receiver and send it to computer. We use serial communication protocol to transmit data from RF receiver to
computer. Receiver is able to display the video signal from all sensors. It is function to determine the quality
of the video. LCD 16x2 is used to display which line is failed. We can control manually all sensors using
keypad 4x4 and make restoration whether manually or automatically. 

Fig. 5: Block Diagram of Receiver.
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b. Wireless Sensor Network:

To perform Wireless Sensor Network (WSN) in Optical signal monitoring, we use zigbee solutions. ZigBee
is a wireless networking standard, aimed at remote control and sensor applications which are sui for operation
in harsh radio environments and in isolated locations. It builds on IEEE standard 802.15.4 which defines the
physical and MAC layers. 

The IEEE 802.15.4 protocol presents some potentially interesting features for supporting large-scale
computing applications. The IEEE 802.15.4 protocol, adopted as a communication standard for Low-Rate
Wireless Local Personal Area Networks (LR-WPANs) (Callaway, 2002). Even though it was not specifically
designed for WSNs, this protocol provides enough flexibility for fitting different requirements of WSN
applications by adequately tuning its parameters. In fact, low rate, low-power consumption and low-cost
wireless networking are the key features of the IEEE 802.15.4 protocol, which typically fit the requirements
of WSNs.  

As shown in Figure 6, there are three different network topologies that are supported by Zigbee, namely
the star, mesh and cluster tree or hybrid networks. Each has its own advantages and can be used to advantage
in different situations. The star network is commonly used, having the advantage of simplicity. As the name
suggests it is formed in a star configuration with outlying nodes communicating with a central node. Mesh or
peer-to-peer networks enable high degrees of reliability. They consist of a variety of nodes placed as needed,
and nodes within range being able to communicate with each other to form a mesh. Messages may be routed
across the network using the different stations as relays. There is usually a choice of routes that can be used
and this makes the network very robust. If interference is present on one section of a network, then another
can be used instead (Meshnetics, 2009).

Fig. 6: Zigbee network topologies (Meshnetics, 2009).

Many ZigBee hardware solutions employ 2.4GHz frequency band. ZigBee's packet has a maximum size
of 128 bytes including protocol overhead with effective room for a maximum of 104 bytes of data. ZigBee
uses 2 kinds of addressing, 64 bit IEEE address and a 16 bit short address. In this research, we use XBee-PRO
module. XBee-PRO RF Modules were engineered to meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks. The modules require minimal power and provide
reliable delivery of data between devices. The modules operate within the ISM 2.4 GHz frequency band and
are pin-for-pin compatible with each other.

Figure 7 shows the configuration of zigbee network in FTTH. Each optical splitter consists of 6 sensors
and one sensor will be used as coordinator. Coordinator is capable to scan all sensors in its group and make
communication with another group or central office. Two classes of devices are employed, one XBee and the
other XBee-Pro. The XBee has the maximum indoor/urban range of 30 m and Outdoor Range of 100 m,
operating at 2.4 GHz frequency with data rate of 250 Kbps. XBee-Pro has the same specifications except that
its indoor/urban range is 100 m and outdoor line-of-sight range is up to 1.6 km. This design employed a mesh
network configuration. We use Xbee-Pro as coordinator and receiver in Central Office while others using
XBee.

System Implementations:

We implemented a prototype system for FTTH access monitoring and control based on ZigBee network
protocol. Although there are many wireless solutions, ZigBee protocol was used in this system because of its
economic and low power consumption properties. As shown in figure 8, implemented ZigBee module in optical
sensor  are  composed  of  a  microcontroller unit, ZigBee chip, optical switch, Optic to RF converter and
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Fig. 7: Zigbee Network Configuration in FTTH.

Demodulator. ZigBee could establish 2-way communication, and enabled a storing function of the access
history. It also satisfied the wireless communication standard specifications, and adapted to any network
monitoring systems due to powerful extension characteristics

Fig. 8: Zigbee module in Optical sensor.

The developed prototype of Wireless optical sensor network is implemented in Spectech Lab at Universiti
Kebangsaan Malaysia (UKM) (see figure 9). This network test composed by 27 km  ber, the length of feeder
ber is 20 km, the  ber link in drop region between the optical splitter and each ONU is about 7 km. From this
testing, it is established that the system is capable to measure the condition of optical line by displaying it on
computer. The engineer can know and verify the FTTH line which is failure. Wireless optical sensor unit
provide automatic switching that will be controlled by central office. This survivable device will focus on the
protection scheme at the drop region. In the case of any breakdown in the working line, the protection
mechanism will use the protection line or neighbor line to provide the alternative path for the working traffic.
Figure 10 shows the optical connection in wireless optical sensor.



406J. Appl. Sci. Res., 7(4): 400-408, 2011

Fig. 9: Testing in Spectech Lab.

Fig. 10: Connection in optical sensor.

To display the data monitoring on computer, we use visual basic. Visual Basic is an ideal programming
language for developing sophisticated professional applications for Microsoft Windows. It makes use of
Graphical User Interface for creating robust and powerful applications. The Graphical User Interface as the
name suggests, uses illustrations for text, which enable users to interact with an application. This feature makes
it easier to comprehend things in a quicker and easier way. Figure 11 shows the Graphical User Interface
(GUI) in VB that is used by engineer to monitor the optical signal in optical network. 

(A)
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(B)

Fig. 11: Graphical User Interface of Wireless optical sensor network for FTTH application.

Conclusion:

Locating a fiber fault within FTTH access network becomes more and more important due to the
increasing demand for reliable service delivery. Wireless optical sensor network can help any network service
providers and field engineers to monitor the status and detect the failure location in tree-based structured FTTH
access network downwardly. It is a cost-effective way to detect the failure location within FTTH access
network, improve the service reliability and reduce the restoration time and maintenance cost. This wireless
optical sensor network has some features such as low cost device, real time monitoring, automatic restoration,
capable to block the signal of damaged optical line from causing injury to human eye, detection time less than
3 second and 10 second for restoration, and applicable for both protection scheme 1 + 1 and 1 : 1. 
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