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ABSTRACT 
 
 A lossless, low-crosstalk and multifunction optical switch is most desirable for large-scale photonic 
network. To realize such a switch, we have introduced the new architecture of optical switch that embedded 
many functions on single device. The asymmetrical architecture of OXADM consists of 3 parts; selective port, 
add/drop operation, and path routing. Selective port permits only the interest wavelength pass through and acts 
as a filter. While add and drop function can be implemented in second part of OXADM architecture. The 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 will be done by the third part. In this paper, we 
demonstrate experimentally the OSNR measurement on OXADM device under three conditions; pass through, 
linear protection and ring operation. Two 2x2 OXADM device have been developed and testing under point to 
point configuration. The results show no significant change can be observed for OSNR measurement for three 
distances (0 km, 15.2 km and 50.4 km) which the values are acceptable (> 20dB). It is due to the sufficient 
magnitude of received power and no error on bit occurs during the transmission (less than 10-9). 
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Introduction 
 
 The OXADMs are new optical switching devices which have an asymmetrical architecture and can perform 
bi-directional functions similar to existing devices such as OADMs and OXCs (Eldada & Nunen 2000; 
Tzanakaki et al. 2003). The OXADM are located in the nodes, which have more than two switching directions 
in ring networks (Ab-Rahman & Shaari 2007). The function of OXADM is to flexibility switch the wavelengths 
among the different input and output ports. 'Accumulation' is the most interesting feature and differentiates the 
OXADM from other previous devices such as ROADMs, TRNs, OADMs, OXNs and OXCs (Ab-Rahman & 
Ibrahim 2008; Mutafungwa 2000). OXADM is also known as optical cross add and drop multiplexing which is 
one of the optical device use in recent development of the optical fiber world. OXADM provide capability to 
add and drop function and cross connecting traffic in the network which is the characteristic of OADM and 
OXC. Basically, OXADM consists of three main subsystems which are a wavelength selective demultiplexer, a 
switching subsystem and a wavelength multiplexer. OXADM is a newly invented device that can function as a 
node in both ring and mesh topology. Each OXADM is expected to handle at least two distinct wavelength 
channel each with granularities of 2.5 Gbps or higher. The signals can then be re-routed to any output port 
or/and an accumulation function can be performed which multiplexes all signals onto one path and then exit 
from any output port of interest.  
 The OXADM node focuses on providing functionally such as transport, multiplexing, routing, supervision, 
termination and survivability in the optical layer with ring and mesh topologies (Ab-Rahman et al. 20080. There 
are eight ports for add and drop functions, which are controlled by four lines of MEMs switch. The other four 
lines of MEMs switches are used to control the wavelength routing function between two different paths (see 
Figure 1a). The functions of OXADM include node termination, drop and add, routing, multiplexing and also 
providing mechanism of restoration for point-to-point, ring and mesh metropolitan and also customer access 
network in FTTH (Ab-Rahman et al. 2006a; Ab-Rahman et al. 2006b; Ab-Rahman & Shaari 2006; Ab-Rahman 
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2009). With the setting of the MEMs optical switch configuration, the device can be programmed to function as 
another optical devices such as multiplexer, demultiplexer, coupler, WSC, OADM, WRB an etc for the single 
application (Ab-Rahman & Wahab 2008). In ring architecture, OXADM perform as a node and the function is 
similar to the parallel connection add drop multiplexer (ADM) in which the drop port of one ADM is connected 
to Add port and vice versa. The architecture is depicted in Figure 1b and 1c. 
 The designed 4-channels OXADM device is expected to have maximum operational loss of 0.06 dB for 
each channel when device components are in ideal condition. The maximum insertion loss when considering the 
component loss at every channel is less than 6 dB. 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. 
 

 
 
Fig. 1: The block diagram of OXADM (a). OXADM is similar to the two ADM connected in parallel, which the 

drop port connected to add port and vice versa. This enable the cross-connecting (b) and U turn 
mechanism (c) can be implemented. 

 
 In this paper, we demonstrate experimentally the OSNR measurement on OXADM device under three 
conditions; pass through, linear protection and ring operation. Two 2x2 OXADM device have been developed 
and testing under point to point configuration. The results show no significant change can be observed for 
OSNR measurement for three distances (0 km, 15.2 km and 50.4 km) which the values are acceptable (> 20dB). 
It is due to the sufficient magnitude of received power and no error on bit occurs during the transmission (less 
than 10-9). 
 
Experimental Set Up: 
 
 The two OXADM devices are characterized by using two tunable light sources and two optical spectrum 
analyzer using point-to-point configuration. The experimental set up block diagram and photography are shown 
in Figure 2 and Figure 3 respectively. The designed 4-channel OXADM device is expected to have 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. 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 [5]. 
 The testing is also carried out for every function of OXADM. The function includes bypass, add and drop, 
path exchange and also functional combined. The operating wavelength is 1510 nm and the results shows the 
OSNR value for this function is 20 dB (bypass), 32.9 dB (drop), 28,95 dB (add), path exchange (20 dB), add & 
path exchange (30 dB). Each measurement result is indicated in Figure 10 to Figure 13. The multiplexed input 
signal is also applied and the result shown in Figure 14 and Figure 16. For bypass and path exchange function, 
the OSNR values are bigger than 20 dB. This can be concluded that the level of signal is 20 dB higher than 
noise level. The 20 dB indicates the safety value for the signal to noise ratio. 

 
Fig. 2: Experimental set up block diagram. 
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Fig. 3: Analog and Digital Tests are performed to prove the concept of pass through, linear and ring protection. 

OSA, PRBS, DCA are used to achieve the objectives. 
 
Pass Through: 
 
 Figure 2 to Figure 4 shows the relationship between OSNR and received power for the operation of pass 
through on the transmission distance of 0 km, 15.2 km and 50.5 km respectively. There were no changes in the 
value of OSNR in the transmission distance of 0 km and 15.2 km due to the power received is large and free 
from damage bits (BER too small) by reading OSNR 24 dB to 26 dB, while an increase of 1:42 dB/dBm at the 
OSNR for transmission distance of 50.4 km (Figure 4). 
 

 
 
Fig. 4: OSNR versus received power for pass through operation at transmission distance 0 km. 
 
Linear Protection: 
 
 Figure 5to Figure 7 shows the relationship between OSNR and received power for the operation of 1:1 
linear protection at the transmission distance 0 km, 15.2 km and 50.5 km respectively. There were no changes in 
the value of OSNR in the transmission distance of 0 km and 15.2 km due to the power received is large and free 
from damage bits (BER too small) by reading OSNR 24 dB to 26 dB. The results match the results obtained for 
the operation of the direct path (Figure 2 and Figure 3). An increase of 1.98 dB/dBm at the OSNR of the 
received power to increase the transmission distance of 50.4 km (Figure 7), with the deviation of 0:56 dB for the 
operation of the direct path. But the deviation is negligible. 
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Fig. 5: OSNR versus received power for pass through operation at transmission distance 15.2 km. 
 

 
Fig. 6: OSNR versus received power for pass through operation at transmission distance 50.4 km. 
 

 
Fig. 7: OSNR versus received power for 1:1 linear protection operation at transmission distance 0 km. 
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Fig. 8: OSNR versus received power for 1:1 linear protection operation at transmission distance 15.2 km. 

 
Fig. 9: OSNR versus received power for 1:1 linear protection operation at transmission distance 50.4 km. 
 

 
Fig. 10: OSNR versus received power for ring protection operation at transmission distance 0 km. 
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Fig. 11: OSNR versus received power for 1:1 linear protection operation at transmission distance15.2 km. 
 
Ring Protection: 
 
 Figure 8 and Figure 9 shows the relationship between OSNR and received power for the operation of a ring 
of protection on the transmission distance of 0 km, 15.2 km and 50.5 km respectively. There were no changes in 
the value of OSNR in the transmission distance of 0 km because of the power received is large and free from 
damage bits (BER too small) with a reading of 27.5 dB OSNR up to 28.5 dB, while an increase of 0:39 dB/dBm 
at OSNR value of 4.15 for distance delivery km (Figure 9). OSNR for 50.4 km transmission distance cannot be 
measured due to the power received is too small. Rollover involves a ring of protection signaling pathways that 
result in increased transmission distance two times (the actual distance = 100.8 km). It can be compensated by 
the inclusion of optical amplifiers. 
 
Conclusion: 
 
 OXADM survivability architecture which has been introduced previously is a solution to the lack of 
efficiency of existing devices that carry the ring protection and linear protection mechanisms by using drop and 
re-added techniques (Eldada & Nunen 2000). In addition to the requirements of the external switching circuit for 
restoration operations can be eliminated. OXADM provides three mechanisms of protection on one device for 
both the network topology; ring and mesh through the ring, linear and multiplexing protection. Automatic 
switching has made it more flexible than the existing and limited OADM and OXC devices. OXADM 
survivability scheme is developed for the refurbishment of damage based on the level and type of damage done 
to avoid quarantine process as practiced in the previous survivability system. OXADM has introduced a flexibly 
and intelligent protection mechanisms by classifying all possible types of damage and repair processes involved. 
Order elasticity OXADM position in operating bidirectional data movement shown by simulation where the 
OXADM nodes are organized in the face to face s in forming a ring network. Characterization has been carry 
out by simulations and tested in hardware for the recovered condition (safety mechanism is activated) as proof 
of the truth of theories have been proposed.  
 Hardware characterization of both protection mechanisms and pass through operation has been shown by 
measuring OSNR. Two 2x2 OXADM device have been developed and testing under point to point 
configuration. The results show no significant change can be observed for OSNR measurement for three 
distances (0 km, 15.2 km and 50.4 km) which the values are acceptable (> 20dB). It is due to the sufficient 
magnitude of received power and no error on bit occurs during the transmission (less than 10-9). Gradient 
analysis for three OXADM operational at three different distances shows no significant in OSNR value with the 
respect of received power for the pass through and linear protection except in Ring protection. This is due to the 
doubling the distance when the ring protection is activated. 
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Fig. 10: Gradient analysis for three OXADM operational at three different distance. 
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