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ABSTRACT

Passive optical network (PON) is formed based on three components; OLT, Optical Splitter and
ONU. However to increase efficiency, the additional components should be included. This study
introduces to the ACS as improvements security features of users access the network, FTTH-PON. This
study examined the effects of ACS entry into the PON-FTTH network via a digital characterization.
Some of the parameters studied such as maximum Q factor, BER, Jitter and output power. The results
showed that ACS may be included in a FTTH network that has split 4 to 8 units of the ONU. This
is due to the insertion of this ACS of 12.7 dB is measured which is including optical Splitter.
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Introduction

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) (Bader, 1996). 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. Many researchers come with different proposal to cater this
problem (Chan, 1999; Hwang, 2009).

ACS is a functional tool for monitoring, testing, and analyzing as well as activates the protection
switch in the restoration process for FTTH network system. 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 (Ab-Rahman, 2009a). It becomes an intelligent control centre that used as an
intermediate medium for CFDS, SANTAD, and SRC to control the monitoring and protection system
in the access network (Ab-Rahman, 2009a; Ab-Rahman, 2008a). The system architecture of ACS is
structured into five major parts, including microcontroller system, 1x8 optical switch, Failure
Troubleshooting System (FTS), Multi Access Detection System (MADS), and Smart Restoration Scheme
(SRS). 
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In the proposed system design, the optical network system (TDM-PON) is collaterally together with
conventional asymmetric digital subscriber line (ADSL) network as illustrated in Figure 1. The
TDM-PON used fibre to carry information signal, meanwhile the ADSL used metallic wire to carry
control signal. The ADSL used as the access control network to activate the installed devices/elements
in the network system. Besides, if the optical network is goes down, ADSL will be used for high
priority signal communications.

FTS is focusing on path routing for monitoring the network's status and detecting the failure; while
MADS is a monitoring system that use to detect any occurrence of fault in the drop region as
depicted in Figure 2. Here, the ACS will receive the signal from the CFDS to identify the operation
made; either routing the OTDR's signal to specific line for detection scheme; or still continuing
monitoring scheme performed by MADS. The detection scheme through FTS offered two operation
mode; automatic and manual controlled. Automatic control routes the OTDR's signal periodically line
by line. Meanwhile, the manual will used the code send by the operator to route the signal to specific
line. Any damage traced by SANTAD would be referred with MADS before restoration scheme grew
(Ab-Rahman, 2008a; Ab-Rahman, 2008b; Ab-Rahman, 2009b; Ab-Rahman, 2009c).

ACS controls the status of any optical switch device that connected to it and transmits its status
to the PIC18F97J60 microcontroller. Its then arranges the information in the form of a packet and
transmits it over the LAN using embedded Ethernet system. ACS is equipped with state-of-the art fibre
fault identification equipment to detecting the cause of any failure (Ab-Rahman, 2008c). 

In the proposed system architecture, the status of feeder region and drop region can be recognized
easily by just using an optical coupler to tap out 3% of the upstream and downstream signals. If any
breakdown occurs in the feeder region, ACS will send a signal to activate the dedicated protection
scheme; while breakdown is detected in the drop region, ACS will recognize the faulty line from every
connected line by using the 3% tapped signals before sending the activation signal to active the SRS.
The shared protection scheme will be activated in case both methods cannot restore the fibre fault in
a short period. 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 (Ab-Rahman, 2008c; Hasan,
2009).

Simulation Study on Acs in Ftth Network:

ACS simulations are performed to ensure that ACS was developed to be applied in the real system
and review the performance of the proposed mechanisms for access control and protection to FTTH
network using OptiSystem.
From the platform is shown Figure 3, this simulation model using four sources, each having a different
wavelength of 1310 nm, 1490nm, 1550nm and 1625nm. Transmission via single mode fiber (SMF) is
divided into two parts, 10 km in the area of feed and 10 km on the distribution area. To upstream
transmission wavelength of 1310 nm are transmitted from the ONU and OLT will be received at.
While the downstream signal from OLT to ONU, the wavelength of 1490 nm, 1550nm and 1625nm
will be multiplexed at the feeder and the wavelength of the 1625 nm is divorced from  triple-play
(1310 nm, 1490 nm and 1550 nm), then all four wavelengths will be combined before entering the
ONU, the sensitivity of the receiver for this test was -35 dBm. Specifications for components used
in the simulation is shown in Table 1.

Each ONU is connected to the output of the two-line optical Splitter, working line and the
protection line through two optical switches; 1x2 and 2x2 optical switches. Signals pass through optical
splitter will enter to both switches and distribution area is placed after this point.

The results of the FTTH network simulation is based on maximum Q factor which is measured
on the superior value of 6. Eye diagram analysis describes the parametric information about signals
derived from the physical effects of the system. It is stating a logical problem. Bit error rate is the
ratio of the number of bits received incorrectly by the receiver. Measurement of Jitter are based on
measurements between two points is the cross point of the eye diagram. Through the eye diagram as
shown in Figure 4 is the difference between point A and point B is taken as the value of a Jitter
eye diagram

Table 2 shows some parameters obtained from the simulation, in which the Q factor was more
than the ideal value, the BER and Jitter also showed little minor errors that occur at each ONU. For
normal conditions, the eye diagram obtained with a large eye opening, and the Jitter is small. Jitter
is a large value would indicate the damage is also increasing.
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Based on Figure 5 to Figure 7, where the normal state, a good eye diagram was obtained with
a large eye opening, eye diagrams of a wavelength of 1500 nm can be seen more clearly than the
wavelength of 1490 and 1310. This occurs because the wavelength of 1550 the FTTH network systems
have a attenuation of 0.20 dB / km compared with a wavelength of 1490 nm has the downsizing 0.25
dB / km and 1310 nm of 0.35 dB / km.

In an analysis of the eye diagram, eye diagram height refers to the distance between the base
until the top of the eye and is measured in volts. The value of the minimum altitude permitted eye
diagram is inversely proportional to the sensitivity of photodetector. High sensitivity of photodetector
able to translate data on low-altitude of the height of eye diagram while low sensitivity of
photodetector requires a high-altitude diagram points to assess the data.

The maximum Q factor pointing to the quality of the resulting eye diagram to be analyzed. Fixed
value and equal to all the value of sensitivity to various data transmission rates. The value of the
maximum Q factor of 6 in the latest communication systems to obtain a BER equal to 1x10-9. While
the area of the eye refers to the distance between the level of bit 0 and bit 1 and the distance
between the intersection of the embedded derivative, the right and left. The parameters used in the
mask technique for assessing the quality of the received signal. The area is important to differentiate
the bit and bit empty and a bit derivative of the first and the second bit. More eye area, the higher
the quality of the received data and facilitate the process of sampling signals.

Based on Figure 8, the eye diagram of the wavelength of 1625 nm is still clearly visible, although
not as good as the wavelength of 1310 nm. But this is not a problem because the wavelength of
1625 nm in the actual application is not used for signal transmission service but is only used to route
signals from the OTDR monitoring only.

To view the output from each ONU to four the number of users and is 20 km, as indicated by
Table 3. We found that the highest output power no more than the value previously determined
sensitivity of -35 dBm. The output power for different four wavelength at respective ONU is measured
and depected in Figure 9.

Fig. 1: The integration of FTTH-PON and ADSL network.

Fig. 2: ACS plays an important unit for monitoring and redundancy mechanism in FTTH network.
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Fig. 3: Simulation model of FTTH customer access network.

Fig. 4: Jitter measurement from eye diagram.

Fig. 5: Eye diagram at wavelength 1550 nm.

Fig. 6: Eye diagram at wavelength 1490 nm.
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Fig. 7: Eye diagram at wavelength 1310 nm.

Fig. 8: Eye diagram at wavelength 1625 nm.

Fig. 9: The output power for different four wavelength at respective ONU.
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Table 1: Specification of components used to build ACS.
Device Insertion Loss based on Product Theory (dB) 
1 x 8 Optical Splitter 8.0 dB
1 x 8 Optical Switch 2.0 dB
1 x 2 dan 2 x 2 Optical Switch 1.2 dB
Demultiplexer 0.5 dB
Circulator 1.0 dB

Table 2: Parameters output of Optisystem simulation.
ONU Panjang gelombang

------------------------------------------------------------------------------------------------------------------------------------------
1310 nm 1490 nm 1550 nm

1 Max Q 31.9467 27.9727 88.1603
Factor
BER 0 0 0
Jitter 0.0396635 0.0387322 0.0181791

2 Max Q 98.889 99.7797 221.021
Factor
BER 0 0 0
Jitter 0.0119841 0.0084623 0.0069012

3 Max Q 57.7137 58.4328 135.703
Factor
BER 0 0 0
Jitter 0.0183286 0.0176236 0.00736653

4 Max Q 87.558 76.513 190.759
Factor
BER 0 0 0
Jitter 0.0113941 0.0142426 0.0059831

Table 3: Output power measured at respective ONU.
Penerima Ukuran OPM (dBm)

------------------------------------------------------------------------------------------------------------------------------------------------------
1310 nm 1490 nm 1550 nm 1625 nm

ONU 1 -28.446 -28.573 -28.338 -14.740
ONU 2 -24.623 -24.651 -24.517 -14.597
ONU 3 -27.408 -27.337 -27.638 -14.741
ONU 4 -25.981 -25.908 -25.841 -14.563

Conclusion:

The basic design of the development of ACS and FTTH network based on simulations conducted
on the sensitivity of -35 dBm, the performance of each of the wavelengths used, possible quality factor
Q is obtained with high value and low value of the Jitter and BER values close to 0. It can be
shown that this system was built to be used in real applications on FTTH networks.
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