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ABSTRACT

The paper described our recent approach towards advanced of optical restoration device by introducing
the new Optical Add and Drop Multiplexer (OADM). It is designed by improving the drawbacks appear in
the previous devices with some excellence features added. We have reported earlier on OXADM that is used
to provide survivability through restoration against failure such as cable cut, power decreased and not
functioning EDFA by means of linear protection, multiplex protection and ring protection (also called ‘U’ turn
protection). The paper will only focused on BER characteristic of OXADM operational scheme by simulation
and experimental approach. The OXADM operational scheme includes pass through, path switch, accumulation,
‘U’ turn mechanism, add drop and others will be discussed in this study. Finally we compared the values of
BER for each operation on OXADM by simulation study.
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Introduction

The increase in capacity beyond than 10 Gbps of data transmission has been limiting the use of coaxial
cable as a medium for data transmission. In this case, fiber-optic technology has become an option to meet
the demand for broadband transmission. With the implementation of WDM in optical fiber technology has
become a medium of transmission without the limit and offers many advantages including high capacity, high
speed, long distance data transmission capabilities and the quality of the received signal is better. The
information transmitted in the optical domain is transferred through the line point to point SONET equipment
/ SDH to form a ring and mesh networks topology.

In this network the needs of devices to implement add and drop function and path routing are performed
by OADM and OXC devices respectively. Both devices have large applications in the optical world and have
a similar basic structure, but both have different characteristics Tzanakaki, et al., (2003). OADM control signals
of different wavelengths at each base, while the OXC will operate the same wavelengths (Mutafungwa, 2000;
Eldada & J.v. Nunen, 2000; Rahman and Shaari 2004). As a result, the devices are used at different locations
with different functions. Device manufacturers conspired set used OADM in the ring network while OXC was
used in the mesh network. However, the evolution of communication in the world today has directed two
features of these devices be integrated together to form a hybrid device. Topology migration and network
security issues in the ring network have inspired the existence of a device that can perform all the functions
addresses by OADM and OXC called OXADM Rahman et al., (2008). OXADM is the first in its class that
combines the features of OADM and OXC devices. With the embedding of new features such as multiplexing
and ‘U’ turn routing have extended the function and are not challenging by any existing devices yet. Moreover,
all OXADM signal processing carried out in the optical domain.
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OXADMs – THE GENERATION 2 of OADM, are elements that provide capability to add and drop
function and cross-connecting traffic in the network similar to the previous OADM and OXC Tzanakaki et al.,
(2003). The device has minimum two input and two output ports which be connected to the optical trunks.
OXADM consists of three main subsystems; a wavelength selective demultiplexer, a switching subsystem and
a wavelength multiplexer. The accumulation feature and internally ’u turn mechanism’ in OXADM have
differentiated the device with other existing and upgraded version devices such as OADM, OXC, OXN,
ROADM and TRN (Mutafungwa 2000; Eldada and Nunen, 2000). Other function of OXADM includes pass
through, path switch, drop, add and cross connecting. The test done under ideal condition using Optisystem
simulator indicates that the operational loss is less than 0.052 dB. The loss for every single operation, crosstalk
and return loss of OXADM is shown in Table 1 Rahman, (2008). Under this condition, the maximum length
that can be achieved by OXADM with the presence of losses is 94 km without regeneration. But the distance
decreases to 71 km when considering the actual device loss (Rahman et al., 2007; Rahman et al., 2006).

OXADM is a major issue in this study because its presence is to improve some weaknesses in the existing
devices for metropolitan ring network and FTTH customers access network. Topology migration is a major
issue for OXADM solution. The application of OXADM has been expanded to FTTH customer access network
as redundancy switch to increase efficiency and safety in the network, especially in the drop region Rahman
et al., (2006). Protection schemes offered by OXADM in FTTH solutions are the first reported so far. In
addition OXADM can perform multifunction devices and encoder in OCDMA network. Some of our
publication has highlighted the OXADM as the flexible node for ring to mesh migration Rahman et al., (2006).
The analytical analysis of device has shown the maximum cascaded of OXADM is half of capability of OXC
(Rahman et al., 2009; Rahman et al., 2009; Rahman et al., 2009). But with the evolvement of optical switches
technology will improve the number.

Table 1: The operational insertion loss of OXADM in ideal and real condition.
Parameter Value Unit

----------------------------------------------------------------------------------------------
Insertion loss Operation Ideal Actual  
 Pass Through 0.051 6 dB

Add 0.037 4 dB
Drop 0.037 3 dB
Single Path Exchange 0.051 6 dB
Double Path Exchange 0.051 6 dB
Linear Protection 0.051 6 dB
Multiplex Protection 0.051 6 dB
Ring Protection (To East) NA 10 dB
Ring Protection (To West) NA 12 dB

Crosstalk >60 dB 
Return Loss >40 dB 
Operating Temperature -20 to +70 0C
Storage Temperature  -40 to +85 0C
operational insertion loss of OXADM in ideal and real condition.

Fig. 1: The operational of OXADM a) Pass through (b) Cross-connecting (c) Add drop (e) Accumulation (f)
'U' turn 

BER versus Insertion Loss & Maximum Distance Determination:

Figure 2 shows the relationship between the span (distance between two nodes) and the BER performance
of the point-to-point networks at different attenuation. Attenuation profile in this study will represent the total
loss is generated in the optical communication system. The value of the maximum distance to 10 dB
attenuation is 55 km, 15 dB is 35 km, 17 dB is 30 km and 20 dB is 15 km. Linear equations formed to give
the gradient, m = -3.9151 shows each increase of 1 dB of attenuation to reduce the data transmission distance
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of -3.9151 km. It can be concluded here an increase in the dissipation will reduce the distance data
transmission. The achievable distance in the range of point to point OXADM is given by equation (1). Since
the actual OXADM insertion loss is 6 dB allows a maximum range achieved in the range of point to point
is 71 km without any generation.

Achievable distance in point-to-point network is given by equation (1)

L = P - lOXADM   (1)
α
L = Achievable distance, km
P = Budget power, dB (ideal condition) 
lOXADM = Insertion loss OXADM, dB (product theory)
α = Fiber attenuation constant, dB/km

Ideal condition is the maximum achievament of OXADM optical network in which insertion loss of device
is neglected (ILOXADM = 0 dB).

Theory product is the actual value of OXADM insertion loss based on configuration components loss
calculation.

Fig. 2: Achievable distance (span) at different attenuation/loss values (10 dB hingga 20 dB) in OXADM
point-to-point network at 2.5 Gbps transmission rate.

The result from Figure 2 is plotted to determine the relationship between the achievable distance to the
attenuation values. Thus we can define the maximum span can be achieved by each operation of OXADM.
Figure 3 shows the graph for distance versus attenuation and Table 2 calculate the maximum distance for each
operation.

Table 2: Achievable distance of OXADM with respect to its operational scheme. The range is from 55 km to 83 km. The actual insertion
loss is counted at pass through operation in which the achievable distance is 71 km.

Operation Actual Loss (dB) Achievable Distance (km)
Pass Through 6 71
Add 4 78
Drop 3 83
Single Path Exchange 6 71
Double Path Exchange 6 71
Linear Protection 6 71
Multiplex Protection 6 71
Ring Protection (To East) 10 55

Simulation Study on OXADM Operational Scheme:
Restoration Scheme:

OXADM introduced two types of restoration mechanism to be implemented in OXADM ring/mesh network
by means of linear/multiplex protection and ring protection Rahman and Shaari, (2006). To achieve this task,
OXADM perform several operation such as path switch for linear protection, accumulation for multiplex
protection dan ”u’ turn mechanism for ring protection.
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Fig. 4: The achievable distance at different attenuation for point-to-point network at receiver sensitivity -28.4
dBm (1550 nm pada OC-48).

Fig. 5: Achievable distance of OXADM with respect to its operational scheme. The distance is calculated
withou considering the regeneration.

Pass Through, Path Switch, Accumulation:

OXADM performs some function to enable the linear protection (also known as dedicated protection)
scheme can be activated in ring and mesh network. In path switching, restoration of traffic is handled by the
source node and the destination node. Linear protection normally activates when one of transmission line
breakdown. When a link failure occurs within the ring, the signal will be switch to the alternative route as
illustrated in Figure 6. The restoration is significant for ensuring signal flows continuously. The accumulation
feature will support the shared protection to be performed in case of two different set of wavelengths going
to east and west links (Rahman and Shaari, 2007; Rahman. 2008; Rahman and Shaari, 2006). Figure 6 depicted
the activation of dedication protection when failure occurs between Node 2 and Node 3. The affected node
will switch the signals to protection route. The switching performed within the optical layer will be able to
achieve high-speed restoration against the failure/degradation of cables, fibers, and optical amplifiers. It is
important to avoid huge losses of data and great influence upon a large number of users over a wide area.
Based on the BER analysis on first three OXADM operations (pass through, path switch and accumulation)
in Figure 7, the output power and BER values have shown the same value. The same value of device losses
is very important to achieve the same performance during working and restoration condition.
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‘U’ Turn Mechanism:

OXADM performs the ‘U’ turn mechanism to provide a ring protection scheme to implement shared
protection. The ring protection is activated when either both fiber or node breakdowns. In the event of a failure
condition, the OXADM adjacent to the failure loop back the affected signal on the protection route of the ring
(Figure 6). The ‘U turn’ mechanism is applied in OMS-SPRing (BLSR) (Rahman and Shaari, 2007; Rahman
and Shaari, 2006).

OXADM implements the shared protection by using internal route that is activated by E switches. The
mechanism is different compare to other devices such as OADM that use their drop function and re-inject the
signal to add port to perform ‘U turn’ protection but the node based on OXC architecture cannot perform this
mechanism. Thus it is not suitable to be applied in ring topology network.

Fig. 6: Dedicated protection mechanism in metro ring network. When a link failure occurs within the ring, the
affected is switched over to the protection path.

      Figure 8 depicts a comparison of the BER performance of 10 nodes with 70 km span, between bypass
and linear protection conditions. Few changes in BER performance are observed, which show no degradation
in the BER. The degradation of output power and BER after node 5 is due to the uncompensated difference
between the losses and amplifiers gain. Figure 9 shows a comparison of the BER performance of the OXADM
nodes, between bypass state and ring protection state. Apparently, there is an output power difference of 2 dB
between the activation of ring protection and normal condition. The network has undergone performance test
at 2.5 Gbps (OC-48) with BER less than 10-9. The minimum BER can be achieved by increasing the
amplification. The gain for pre-amplifier and post-amplifier are 7 dB and 23 dB respectively with the first pre-
amplifier gain is 3 dB to ensure the power will increase gradually by the end of the node. The increase of
output power will be slower than the degradation of BER.

Fig. 8: Ring protection mechanism in metro ring network. When a cable/node failure occurs within the ring,
the node adjacent to the failure loop back the affected signal on the protection route of the ring.
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Fig. 9: The BER performance at five nodes with the activation of shared protection at node 3.

     The experimental data is also collected to study the BER performance of multiplex and ring protection
of point-to-point configuration as shown in Figure 5 and 6 respectively. Here, the output power in measured
by varying the input power at different length of fiber. The sensitivity of the detection is about –35dBm with
BER is less than 1x10-9 at 0 dBm input power.

Based on the BER analysis on next OXADM operation (‘U’ turn mechanism), the output power and BER
value has slightly different with the pass through operation.

Drop and Add Function:

Additional power refers to power of new entry signal is added to the pass through signal during the
operation add and drop implemented. This additional signal must have the same power level with pass through
signal to facilitate the translation process and signal amplification. The ideal value of new entry for operation
add/drop optical has been shown in Figure 10 which is around -22 dBm. This can be achieved by overlapping
the profiles of these two operations as shown in Figure 3 which shows the power of optical signals to all
carriers at the same level and be able to send to more remote destinations through EDFA amplifier device
support Rahman and Shaarani, (2009).

A recovery of the BER profile inclusion of new traffic on the pass through signal is shown in Figure 10
above. An ideal new injected signal has a major impact on the pass through signals in which non ideal can
cause difficulty in data translation process due to the different power level of optical carriers. For example,
the value of output power and BER performance of optical carriers at the fifth node is shown in Table 3
below. The homogeneous of value of the new input signal power level and another carrier will provide a BER
performance equivalent to one another Rahman and Shaarani, (2009).

Table 3: Output power and BER of foir wavelengths after pass through the fifth node.
Measurement Node 1510 nm (G) 1530 nm (G) 1550 nm (G) 1570 nm (G)
Output Power 5 -25.048689 -24.977648 -25.093498 -25.029144
BER 5 1.19E-11 1.40E-09 9.20E-10 4.57E-09

Stability in the BER performance profile through the gain profile is important because the power input
to the signal can only be determined accurately by synchronizing the signals. To that end, the amplifier gain
profile is important to obtain the constant power level as shown in Figure 6.9.

Compatibility of the power of pass through and from the addition of new signals  is very important to
enable the gain of the amplifier is set for the next nodes. Incompatibility in both the output power will affect
the BER performance for the next nodes. If the profile of BER performance should be improved and restored
therefore the gain of preamplifier or post amplifier should be increased and the increase will occur in both the
output power (pass through signals and new addition signals).

Figure 10 shows that the node is capable of operating OXADM add / drop optical well in the performance
of the transmitted signal depending on the value of the new input signal where the two power levels this
should be streamlined to ensure efficiency in the process of sending data. However, in actual applications,
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tunable attenuator will be included in the architecture of the nodes to adjust the level of the carrier's power
through the optical nodes.

Fig. 10:BER Profile for pass through and add and drop signal The add and drop operation occurs at fifth node.

Ideal Amplifier Gain:

The gain of the amplifier plays an important role in ensuring that the emitter signals are transmitted to
the destination, and translated. In a large network of optical parametric, normally used value of the gain should
equal or exceed the load line to ensure that the received power at each node is greater than the photodetector
sensitivity and produce a better BER performance as shown in equation (2).

APre amplifier Gain + APost Amplifier Gain  $ LFiber + LDevice                               (2)

where
APre amplifier Gain= Pre amplifier Gain
APost Amplifier Gain = Post Amplifier Gain
LFiber = Fiber Loss
LDevice = Device Insertion Loss

Fig. 11: Addition 1 dB to the gain value has given the significant effect to the BER performance for each
node. Recovery of BER value ensure the distance can be extended.
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Effects of different amplifier gain profile that matches with the load line and load line + 1 dB of output
power at each node. Compensation line load through the same gain of the amplifier to produce a profile that
is constant while the gain of the amplifier is greater than the load lines result in an increase in power output
at each node with a rate of 1 dB per unit nodes. The increase in the value of this product will restore BER
performance of each node as shown in Figure 11.

It should be noted that the profile of the BER is decreased exponentially, while the power profile is also
linear. The increase in the authorized carrier does not improve BER performance, but can be restored by
slowing the rate of decline and this has been demonstrated in Figure 11. Thus the minimum gain required in
a ring network is true, as given in equation (2).

Conclusion:

Security applications have been proposed with the simulation and experimental results as feasibility
approach. The OXADM provides survivability through restoration against failure by means of dedicated and
shared protection that can be applied in CWDM ring metropolitan network. The BER characteristics were
measured at 1 Gbps and no degradation was observed in linear protection and 2 dB degradation for shared
protection, as confirmed by a comparison of the simulation results with those obtained from systems without
restoration mechanisms (bypass).

Based on the BER analysis on first three OXADM operation (pass through, path switch and accumulation),
the output power and BER value has the same value. This can be observed at the BER values at the critical
point of the OXADM operations in Table 4. Based on the BER analysis also on next OXADM operation (‘U’
turn mechanism), the output power and BER value has slightly different with the pass through operation.

Table 4: The BER values at the critical point is similar to all operation of OXADM.
Operation BER Range at critical point
Pass Through 10-8 – 10-13

Path Switch 10-8 – 10-13

Cross Connecting 10-8 – 10-13

Drop and Add 10-13 – 10-20

‘U’ Turn Mechanism 10-8 – 10-14
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