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ABSTRACT 
 
 We have introduced the new architecture of optical switch that embedded many functions on single device. 
With the use of MEMs technology has minimized the effect of crosstalk and return loss. 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. Characterization of modulated signals at OC-48 and the 
transmission distance of 50.4 km give the maximum Q factor of more than 7 and BER of less than 1x10-15 for 
1:1 linear protection. While protection ring gives the maximum Q factor of more than 11 and BER of less than 
1x10-31 at a distance of 15.2 km transmission. Conclusions from characterization of these tools proved OXADM 
survivable node provides better performance for digital signal transmission and redundancy mechanisms. 
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Introduction 
 
 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, M.S. and M.F. 
Ibrahim, 2008; Ab-Rahman, M.S. and H.F.A. Wahab, 2008; Ab-Rahman, M.S. and S. Shaari, 2006; Ab-
Rahman, M.S. and S. Shaari, 2007; Ab-Rahman, M.S., A.A. Ehsan, 2006; Ab-Rahman, M.S., 2006; Ab-
Rahman, M.S., T.S. Ling, 2009; Ab-Rahman, M.S., A.A.A. Rahni, 2008; Ab-Rahman, M.S., S. Sulaiman, 2008; 
Ab-Rahman, M.S., 2009; Ab-Rahman, M.S., 2008; Ab-Rahman, M.S., M.S.Z. Zan, 2008). 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, M.S. and S. Shaari, 2006; Ab-Rahman, M.S. and S. Shaari, 2007; Ab-Rahman, M.S., A.A. 
Ehsan, 2006; Ab-Rahman, M.S., 2006; Ab-Rahman, M.S., T.S. Ling, 2009; Ab-Rahman, M.S., M.S.Z. Zan, 
2008). 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. 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 (Ab-Rahman, M.S. and H.F.A. Wahab, 2008). The architecture is depicted in Figure 1b and 1c. The 
concept of two OADM connected has been explained in Eldada, L. and J.V. Nunen, (2000) in which the 
function is extended tremendously especially in providing survivability in optical ring network. 
 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 
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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 (Ab-Rahman, M.S. and H.F.A. Wahab, 2008). 
 This paper we highlighted the Q factor measurement for different OXADM function in point-point network; 
pass through, linear 1:1 and ring protection. 
 

 
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. 

 
Maximum Q Factor Measurement: 
 
i. Pass Through: 
 
 Figure 2 shows the values of Maximum Q factor with respect to the input power under pass through 
operation. No significant change is observed on Q factor values at transmission distance 0 km and 15.2 km in 
which the values range from 8 to 10. The linear increment with rate of 0.89/dBm is observed for transmission 
distance 50.4 km. Maximum Q factor is equal to 6 when the input power at -2 dBm and bigger. The highest 
maximum Q factor at this distance is 11 when injected signal at 5 dBm. 
 

 
 
Fig. 2: Q factor versus input power for pass through operation in point-to-point OXADM network. 
 
ii. 1:1 Linear Protection: 
 
 Figure 3 shows the values of Maximum Q factor with respect to the input power under pass through 
operation. No significant change is observed on Q factor values at transmission distance 0 km and 15.2 km in 
which the values range from 8 to 10. The linear increment with rate of 1,017/dBm is observed for transmission 
distance 50.4 km. Maximum Q factor is equal to 6 when the input power at -2 dBm and bigger. The highest 
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maximum Q factor at this distance is 10 when injected signal at 5 dBm. We observed the similar profile from 
Figure 2 and Figure 3 indicates there is no significant change on the Maximum Q factor under pass through and 
linear protection at 0 km and 15.2 km. The change occurs at 50.4 km due to the distance is doubling when ring 
protection activated. 
 

 
 
Fig. 3: Q factor versus input power for linear protection 1:1 operation in point-to-point OXADM network. 
 
iii. Ring Protection: 
 
 Figure 5.78 shows the values of the maximum Q factor of the input power for the operation of a ring of 
protection. No significant changes occurred in the maximum Q factor for the transmission distance of 0 km, 
whose value is between the range of 12 to 13. Dramatically increase the rate of 1:52 / dBm applies to 50.4 km 
transmission distance up to -2 dBm input power and then increased slowly with the rate of 0:13 / dBm. The 
value of the maximum Q factor of 6.8 is the power input> -5 dBm. The maximum Q factor of the maximum 
value at a distance of 15.2 km is 12. 
 

 
 

Fig. 4: Q factor versus input power for ring protection operation in point-to-point OXADM network. 
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Discussion: 
 
 Characterization of both hardware security mechanisms and operating OXADM pass through has been 
shown by analysis of continuous signals and digital signal analysis. Insertion loss for restoration mechanisms 
OXADM is 6 dB (pass through and protection of the linear 1:1) and 10 dB (protection ring) and measured 
OSNR are respectively 54 dB and 49 dB. Characterization of modulated signals at OC-48 and the transmission 
distance of 50.4 km to give the maximum Q factor of more than 7 and BER of less than 1x10-15 for 1:1 linear 
protection. Protection ring gives the maximum Q factor of more than 11 and BER of less than 1x10-31 at a 
distance of 15.2 km transmission. Conclusions from characterization of these tools proved OXADM survivable 
node provides better performance for digital signal transmission and redundancy mechanisms. 
 Overall this chapter achieves its objectives in designing a device that combines the three security schemes 
(linear protection, multiplex protection and ring protection) and provide flexible protection mechanisms, smart 
and efficient in the ring and FTTH networks. The study in this chapter has achieved the second and third 
objectives, and resolve problems and issues facing the third. 
 
Acknowledgement 
 
 This project is supported by Ministry of Science, Technology and Innovation (MOSTI) of the Government 
of Malaysia, through the National Science Fund (NSF) 01-01-02-SF0493, and Fundamental Research Grant 
(FRGS) UKM-RRR1-02-FRGS0001-2007 from Ministry of High Education (MOHE). 
 
References 
 
Ab-Rahman, M.S. and M.F. Ibrahim, 2008. OXADMs: comparison with the existing device, 2nd Asia 

International Conference on Modelling and Simulation 2008 (AMS08), Kuala Lumpur, Malaysia, pp: 283-
290. 

Ab-Rahman, M.S. and H.F.A. Wahab, 2008. Development of optical multifunctional switch, The 2nd 
International Conference on Communications and Electronics (HUT_ICCE 2008), Vietnam, pp: 454-460. 

Ab-Rahman, M.S. and S. Shaari, 2006. OXADM restoration scheme: approach to optical ring network 
protection, IEEE International Conference on Networks, pp: 371-376. 

Ab-Rahman, M.S. and S. Shaari, 2007. Survivable Mesh Upgraded Ring in Metropolitan Network, Journal of 
Optical Communication, 28(3): 206-211. 

Ab-Rahman, M.S., A.A. Ehsan and S. Shaari, 2006. Mesh upgraded ring in metropolitan network using 
OXADM, 5th International Conference on Optical Communications and Networks & the 2nd International 
Symposium on Advances and Trends in Fiber, (ICOCN/ATFO 2006), China, pp: 225-227. 

Ab-Rahman, M.S., A.A. Ehsan and S. Shaari, 2006. Survivability in FTTH PON access network using optical 
cross add and drop multiplexer switch, Journal of Optical Communication, 27(5): 263-269. 

Ab-Rahman, M.S., T.S. Ling, A.T.S. Ee, L. Zaharah and F. Jaafar, 2009. OSNR Analysis on Optical Cross and 
Drop Multiplexer (OXADM) in Ring Metropolitan (CWDM) Network: An Analytical Approach. Journal of 
Optical Communication, JOC (German), 30(4): 195-199.  

Ab-Rahman, M.S., A.A.A. Rahni, M.D. Zan, K. Jumari, S. Shaari and M.F. Ibrahim, 2008. OXADMs: the next 
generation of optical switching devices, 5th International Conference on Wireless and Optical 
Communication Network (WOCN 2008), Surabaya, Indonesia (in CD). 

Ab-Rahman, M.S., S. Sulaiman, K. Mat and N.B. Chuan, 2008. The Hybrid Protection Scheme in Hybrid 
OADM/OXC/MUX, Australian Journal of Basic and Applied Sciences, 2(4): 968-976. 

Ab-Rahman, M.S., 2009. The proposal of OXADM application in FTTH network, Journal of Optical 
Communication, 30(2): 99-103. 

Ab-Rahman, M.S., 2008. The OSNR Study on Optical Cross Add and Drop Multiplexer (OXADM): with 
Limitation Highlight. The Fourth Advanced International Conference on Telecommunications, pp: 413-419. 

Ab-Rahman, M.S., M.S.Z. Zan, M.T.M. Yusof, 2008.OXADM Asymetrical Optical Device: Extending the 
Application to FTTH System. International Journal of Computer and Information Science and Engineering, 
68-73.  

Eldada, L. and J.V. Nunen, 2000. Architecture and performance requirements of optical metro ring nodes in 
implementing optical add/drop and protection functions, Telephotonics Review. 


