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ABSTRACT

OXADMs have shown wide application in optical communication system today. The input signals can then
be re-routed to any port of output or/and perform an accumulation function which multiplex all signals onto one
path and then exit to any interest output port. This features are differentiated OXADM with many existing
device today. In this paper we highlight the effect on transmission rate to the value of total insertion loss in
OXADM point to point network. The insertion loss of OXADM device in optical network is varied by the
change of transmission rate but the value is very small. Theoretically, due to the thermal noise value, the
increase of transmission rate will decrease the sensitivity of receiver used. As a result, the total network loss
is also increased. We also prove the received power is although the same but the BER values are varied at
different transmission rate due to the change of receiver sensitivity. As the conclusion, the thermal noise value
is significant to determine the receiver sensitivity. The increase of transmission rate will decrease the sensitivity
at the same value of thermal noise. Under the same condition, the increment of data transmission rate will
increase slightly the total loss of OXADM device. Therefore the power budget of the network also decreased.
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Introduction

Optical cross add drop multiplexer (OXADM) is a newly invented device in optical networks. It is designed
with a combined concept of optical cross connect (OXC) and optical add drop multiplexer (OADM) which is
potentially used to increase efficiency and flexibility of optical network particularly in metropolitan ring and
mesh configuration (Tzanakaki, 2003; Mutafungwa, 2000; Eldada, 2000). OXADM has also widened its
application to fiber to the home (FTTH) and network security system (Rahman, 2006). The main function of
OXADM is to reconfigure the optical channel path while implementing add and drop function simultaneously.
The designed 4-channel OXADM device has maximum operational loss of 0.6 dB for each channel when device
components are in ideal condition. The maximum insertion loss when considering the component loss at every
channel is 6 dB ( Rahman, 2008). 

In the transmission using SMF-28 fiber, with the transmitter power of 0 dBm and sensitivity –22.8 dBm
at a point-to-point configuration with safety margin, the required transmission is 71 km with OXADM. The
method of this study involves the building of two OXADMs and modeling them analytical (Rahman, 2006).
OXADM is also developed to increase the survivability, efficiency and reliability in metro network. It can
operate with self-healing and capability in wavelength management. Hybrid restoration technique with OXADM
enables the linear, ring and multiplex protection mechanism to be integrated in single optical network, and it
will be activated according to the degree and types of failure (Rahman, 2006; Rahman, 2008;). Degradation is
expected at about 2 dB in output power with respect to normal condition in ring protection activation. The test
was carried out at 2.5 Gbps with BER 1x10-10 for linear protection while BER 1x10-19 (to west) and 1x10-13 (to
east) were used for ring protection. OXADM can also be used as optical switch for FTTH access network
security particularly in the drop region (Rahman., 2008). 
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Two mechanisms have been proposed (linear and shared protection) that are activated according to the types
of failure and controlled by ACS (Rahman, 2006; Rahman, 2008;). This is the novel report of such restoration
architecture. With changing the optical switch configuration, OXADM can also function as single optical devices
such as multiplexer, demultiplexer, OXC, OADM, wavelength selective coupler (WSC) and wavelength
roundabout (WRB) (Rahman, 2008). With such the excellent features, the OXADM is expected to be unique,
universal and with a high reliability that is used to overcome the various functions in WDM communication
network today.

Device Loss Versus Data Transmission Rate:

The purpose of this measure is to obtain the actual insertion loss of OXADM device at three different
transmission rates. Three selected data transmission rate of 622 Mbps, 2.5 Gbps and 10 Gbps. OXADM
insertion loss values and set at 25 dB range is equivalent to the provision of power to the appointment of BER
= 1x10-9 can be shown. Figure 1 and Figure 3 shows the effects of attenuation (insertion loss) to the BER
performance of four wavelengths operation on different data transmission rates. Figure 1 provides an indicator
of BER = 10-9 is at the 24 dB attenuation. Figure 2 and Figure 3, the indicator value at BER = 10-9 at
attenuation of 25 dB and 27 dB respectively. BER performance of the OXADM device increased by decreasing
the rate of data transmission. This is because fixing the value of receiver’s thermal noise increases the sensitivity
of the photodetector (Rahman, 2009; Rahman, 2006; Rahman, 2008). It can be concluded that this OXADM
can work well at all data transmission rate in an optical network. At the low transmission rate, the insertion loss
is also reduced. Thus, the budget power will increase linearly.

OXADM is an optical device which is similar to other existing optical devices, such as directional coupler,
multiplexer, demultiplexer, OADM, splitter and others. So it can be placed in any system at any speed of data
transmission. Studies have shown OXADM device is a transparent device to any data transmission speed.

From the analysis in Figure 1 and Figure 3 shows the insertion loss of the OXADM network changed with
the change of data transmission rate. However, by observation to graph profile has shown the rate of change
is too small with gradient of 0302 dB / Gbps. It is clearly shown in Figure 4. The increase in data transmission
rates increase the value of the insertion loss of OXADM, but and the changes are small and can be ignored.

Output Power and Ber Versus Data Transmission Rate:

The increase in data transmission rate have no significant impact on the output power at each node, but it
gives the effect of reducing the BER performance. Profile of the output power and BER performance of the
distance data transmission in the metropolitan ring network shown in Figure 5 and Figure 6 respectively. The
difference of BER performance could be shown by gain value of Ax and Ay which are measured at the first node.
The difference in BER performance due to the decreasing in photodetector’s sensitivity due to the value of
thermal noise fixed at one point. The decrement in Output power after 350 km due to the not compensation of
losses with the amplifiers’ gain used and unrelated to the value of our interested paremeters. 

Fig. 1: Effects of device Loss on the BER performance for data transmission rate 622 Mbps (OC-12) for two
wavelengths operation.
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Fig. 2: Effects of Device Loss on the BER performance for data transmission rate 2.5 Gbps (OC-48) for four
wavelengths operation

Fig. 3: Effects of Device Loss on the BER performance for data transmission rate 10 Gbps (OC-192) for four
wavelengths operation.

Fig. 4: Insertion loss rate of change in OXADM device with respect to the transmission rate.
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Fig. 5: Output power profile at three diffrent transmission rate in OXADM ring network.

Fig. 6: BER performance at three diffrent transmission rate in OXADM ring network.

Conclusion:

We have introduced a new switching device which utilizes the combined concepts of optical add and drop
multiplexing and optical cross connect operation through the development of an optical cross add and drop
multiplexer (OXADM).

In this paper we successfully showed the effect on transmission rate to the value of total insertion loss in
OXADM point to point network. The insertion loss of OXADM device in optical network is varied by the
change of transmission rate but the value is very small. In fact, due to the same thermal noise value used, the
increase of transmission rate will decrease the sensitivity of receiver used. As a result, the total power allocation
(power budget) is also increased. We also prove the received power is although the same but the BER values
are varied at different transmission rate due to the change of receiver sensitivity. As the conclusion, the thermal
noise value is significant to determine the receiver sensitivity. The increase of transmission rate will decrease
the sensitivity at the same value of thermal noise (Rahman, 2009; Rahman, 2008). Under the same condition,
the increment of data transmission rate will increase the total loss of OXADM network. Therefore the power
budget of the network also decreased (Palais, 2005).
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