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Abstract: In this paper, an optical cross add and drop multiplexer (OXADM) is presented as a new 
optical device that is highly promising for the application in CWDM metro area networks. 
Conceptually, OXADM is the hybrid of optical add/drop multiplexing (OADM) and optical cross 
connect (OXC) between two transmission lines so that wavelength routing operation can be executed. 
The device is particularly designed having superior features in favor of advancing network efficiency, 
flexibility and reliability. The incorporation of MEMS optical switches in OXADM is to ensure that the 
device is reconfigurable. In application, it is possible to fix OXADM in point-to-point, ring or mesh 
network to provide multi-functions in optical domain such as routing, supervision, transport, 
multiplexing and restoration of client digital signals. In principle, the wavelengths on each optical trunk 
can be switched to each other while executing add and drop functions concurrently. In terms of 
performance, we have analyzed the comparison between OXADM and other conventional technologies 
such as OXC, TRN and OXN. In our previous report, OXADMs can operate with the maximum length 
of 71 km at insertion loss 6 dB without regeneration. Besides, it can run performance test at 2.5 Gbps 
(OC-48) with BER less than 10-9. This paper highlights the effect of the wavelength size on the each 
node performance while the restoration scheme is activated by means of Transparency Test (TT). The 
TT is important in observing whether the OXADM switch can function in various range of wavelength 
in optical communication. In this case, four CWDM wavelengths are injected into OXADM and the 
profile of output power of each node is compared. The result reveals that OXADM has capability to 
execute the reliable transparent switching in optical network. 
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INTRODUCTION 

 
 Generally speaking, OXADMs are the element that provides capability to add/drop and cross-connect 
traffic in the network similar to OADMs and OXCs (Tzanakaki, et al., 2003). In principle, an OXADM is 
composed of three main subsystems; wavelength selective demultiplexer, switching subsystem and wavelength 
multiplexer. The device is designed having four lines of MEMs-optical switches for controlling set of add/drop 
ports. On the other hand, the other four lines of MEMs-optical switches are assigned to execute wavelength 
routing function between two different paths (see Figure 1a). 
 Predominantly, OXADMs is capable to perform multiple tasks including the execution of drop and add 
functions, optical node termination, wavelength routing, multiplexing and restoration scheme for point-to-point, 
ring or mesh metropolitan as well as customer access network in FTTH. By mean of a particular configuration 
of MEMS optical switch, the device can be programmed to be assigned as a multiplexer, demultiplexer, coupler, 
wavelength converter, OADM, wavelength roundabout (WRB) and etc. 
 An asymmetrical architecture of OXADM can be extracted to three individual blocks; selective port 
(wavelength selective demultiplexer), add/drop operation (switching), and path routing (wavelength 
multiplexer) as depicted in Figure 1b. The first element, selective port is designed to pass only a desired 
wavelength channels while filtering out the radiation of other wavelengths. By mean of add/drop function block, 
the second element in OXADM, one or more new wavelength channels can be added to or dropped from an 
existing multi-wavelength signal. The signals can then be re-routed to any output port or/and execute an 
accumulation task that multiplex all signals onto single path and then directed out to any output port, this task is 
assigned to the third element. Apparently, ‘accumulation’ is the most critical function which cannot be 
implemented by the traditional add/drop multiplexing technologies, e.g. ROADM, OADM and OXC. With these 
features, the OXADM node concentrates on providing functionally such as transport, multiplexing, routing, 
supervision, terminating and survivability in optical layer with ring and mesh topologies (M.S.A. Rahman, et 
al., 2006). 
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Fig. 1: The architecture of Optical Cross Add and Drop Multiplexing (OXADM); (a) Block Diagram and (b) 
Signal Direction Flow.  

 
 This paper focuses mainly on transparency test since it is implemented to determine transparency 
characteristic of the tested device when controlling each wavelength channels that pass through it. In order to 
accomplish the test, the tested device needs to execute the simulation of wavelength range varied by function. In 
this paper, transparency test is implemented to study the OXADM transparency in ring network when the linear 
and ring protection is switched by the network security system. The  experimetal set up of Transparancy Test 
(TT) is shown in Figure 2. The Tunable Laser Source (TLS) is modulated by PRBS and the signal is send to the 
N+1 connected OXADMs. The last OXADM is connected to Digital Communication Analyser (DCA) to 
measure the output power and BER. The TLS is varied by wide range of wavelength but in this case for the 
Coarse wavelength Division Multiplexing (CWDM) application, four wavelength which are 1510 nm, 1530 nm, 
1550 nm, and 1570 nm have chosen. The characteristic of each wavelength upon the restoration scheme (linear 
and ring protection) activated is observed and compared. 

 

 
 
Fig. 2: The experimental Setup for Transparency Test on Restoration Scheme of OXADM Network. 

 
The Constraints Of Conventional Devices: 
 In optical telecommunication, both of OADM and OXC known as the most common devices deployed for 
optical termination. A practical OADM is embedded symmetrically between two substations whereas OXC is 
installed in a network which demands for switching wavelength amongst optical mesh network. In principle, an 
OADM drop a specific wavelength that is equivalent to a single application to the optical node, while a different 
signal with corresponding wavelength is added and directed to output fiber. In this case, cross-connecting is the 
most critical task which can be assigned to OADM. In contrast to OADM, OXC is capable of cross-connecting 
signal to particular outlet. Nevertheless, OXC is certainly afflicted with some disadvantage which the protection 
scheme cannot be implemented. As result, OXADM is developed to cater the drawbacks raised by both of 
OADM and OXC through which the hybrid concept of OADM and OXC is encouraged uniquely in the 
realization of novel OXADM. 
 
Optical Add & Drop Device (OADM): 
 
The single input/output port limits the application: 
 In this section, we will discuss on the limitation for OADM that commonly used to execute the switching 
task. For many years, the OADM architecture has indeed inspired the innovation of many new generations such 
as TRNs, ROADMs and others. According to some sources, the OADM is reported have been used as optical 
nodes in ring networks whether the switching is implemented in wavelength or data layer (Kayaoka, et al., 
2004). Since the OADM architecture only consists of single input and output port, the device has limited the 
working line application (Figure 3). None of protection lines have minimized the restoration function in the 
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network application. In consequence, in the case of failure, the only alternative is executing the drop and 
segmentation. In response to the limitation, an intensive study has been undertaken by researchers in order to 
overcome the constraints and to enhance the performance of OADM whereby the device architecture is 
reconstructed demonstrating excellent features. For instance, Tunable Ring Node (TRN) is the enhancement 
version of OADM (Eldada & Nunen, 2000). In this case two OXADMs are connected in parallel and the drop 
port has connected to add port of the other device. To perform linear and drop protection, the switch is 
connected in between. 
 

 
 
Fig. 3: Diagram of a simple signal flow in OADM architecture. 
 
Optical Cross Connect (OXC): 
No accumulation function: 
 Despite the fact that OXCs is capable of executing particular configuration command in ring-to-mesh 
topology without a restructuring process, the device has low-security feature. Since the architecture of OXCs 
can be expanded especially in case of ring-to-mesh topology transformation without the need for new optical 
nodes, OXCs need to be equipped with a security system considering both situations (Tsushima et al., 1998). 
Security system is the priority target for an accumulation operation. This is to avoid failure on the output line 
while multiplexing all data inputs. There is a possibility that damage occur on either line resulting in 
transmission shut-down if both transmission lines are in use. In this case, the data cannot be sent from the 
second input to any output terminal. As shown in Figure 4, the damage on the second outlet resulting in failure 
when directing optical data from second input since the data is blocked. Thus, the implementation of OXC has 
to be complemented with high-security feature. For instance, Tunable Ring Node (TRN) is realized with 
advanced security and flexibility features (Mutafungwa, 2000). 
 

 
 

Fig. 4: The Signal Flow Diagram in OXC; (a) Cross-Connecting, (b) Accumulation and (c) ‘U’ Turn 
Mechanism that cannot be implemented by the OXC. 
 
Ring protection cannot be done: 
 Obviously, the optical data cannot be delivered through any ports if the damage occurs either in both optical 
lines or at a nearby node in ring network. In essence, ring protection is required security feature that is 
commonly used in OMS-SPRing architecture. Through the ring protection, incident radiation of signal passes 
through the first fiber inlet, then directed to another input port in U-turn direction allowing the implementation 
of segmentation process on the damaged area. However, the protection is not adapted in OXC architecture as 
security feature. In case of optical ring network using OXC node, if the damage is present in two or all lines as 
well as the nodes, a node alongside spoilt area will acts as a terminal node and all signals will be dropped or 
directed to a new path which involves a large segmentation area and includes undamaged nodes. This situation 
bears flaws in fiber optic communication that is said to be indestructible and able to fix all possibilities of 
damage. Figure 5 shows a segmentation process of quarantine of the damage area in a ring network using OXC 
nodes (Tzanakaki, 2000). 

 
The Application of OXADM: Point-To- Point: 
 In optical telecommunication, Wavelength division multiplexing (WDM) is the most promising technologies 
for transport network with high capacity. WDM has initially been deployed in point-to-point transmission to offer 
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bandwidth relief on congested fiber. Directing a multiplexed multitude of wavelengths on a single link permits 
sharing of network devices such as amplifiers thus the cost can be scaled down. WDM is used today in virtually 
all network topologies, including metropolitan area (metro) rings (Mutafungwa, 2000). Wavelength division 
multiplexing (WDM) allows the point-to-point data transmission system handles over 100 WDM channels and 
Tb/s magnitude throughput data streams. In the near future, fiber optic communication will be in real use since 
WDM technology has been recommended in networking, flexible routing and survivability. In such an optical 
network, a flexible switching device is an important element to support high quality and reliable multi-media 
services (Rahman, et al., 2006). In order to provide flexibility in optical networks, OXADMs is demonstrated as 
the next generation of OADMs and OXCs. The device is designed having the value added features thus placing it 
in any point in point-to-point architecture is possible. OXADMs are proposed in three different applications to 
support the point-to-point carrier distribution function (Figure 5): 
 1. Single carrier splitter switch – The OXADMs is assigned as a wavelength splitter which a single 
wavelength is diverted from the main transmission line while the other wavelengths channel are merged 
producing a multiplexed signal towards their destinations. The device is fixed at the interchange points. (Figure 
5a) 
 2. Carrier combiner switch – Both optical signals from two main transmission lines will be merged through 
an OXADM, and then sent to their destinations onto a single line of fiber (Figure 5b). 
 3. Carrier exchange switch – In order to increase the flexibility and reliability of the optical network, 
OXADM functions to cross-connect both signals from two transmission lines (Figure 5c). 
 

 
 

Fig. 5: Three applications using OXADMs are proposed to support the point to point carrier distribution 
function (a) Single carrier splitting switch (b) Carrier combiner switch (c) Carrier exchange switch. 

  
 Other than executing switching operations, the OXADM can also implement both add/drop and routing 
functions similar to OADMs and OXCs. By mean of additional ‘accumulation’ feature, the application of 
OXADMs has been extended so that the restoration task can be effectively executed. Figure 6 indicates the BER 
performance versus length for four different attenuations of OXADMs in point to point transmission network. 
The execution of OXADMs at the attenuation of 10 dB can exceed the maximum length of 55 km. On the other 
hand, the maximum length of 30 km and 25 km can be exceeded at attenuation of 15 dB and 17 dB, 
respectively. The maximum length of the transmission line is limited to 10 km in case the attenuation is higher 
than 20 dB. In theory, the insertion loss of OXADM is ~6 dB which means that the maximum length of data 
transmission in point-to-point network can exceed 70 km (without amplification). Figure 7 indicates the BER 



performanc
value of re
OC-12 is 2
conclude th
rate. 
 

 
Fig. 6: B

pe
 

Fig. 7: BER
sin

 
The Applic
 The ar
The OXAD
transport, m
is also com
types of re
characteris
Predomina
application
event of li
node break
signal onto
illustrated 
 

ce versus inser
estricted inserti
24 dB whereas
hat the increas

BER versus T
erformance of 

R versus Insert
ngle OXADMs

cation of OXA
rchitecture of a
DM nodes pro
multiplexing an
mpatible with 
estoration sche
stic of failure.
antly, linear pr
n (Nuzman, et a
nk failure in r

kdowns. In the 
o the protectio
in Figure 9 (Nu

Aust. 

rtion loss in re
ion loss can be
s for OC-48 an
se of restricted 

Transmission L
single OXADM

tion Loss for th
. 

ADM: Ring Me
a ring metropo
ovide a large v
nd restoration 
all functions a

emes can be em
 There are tw

rotection activa
al., 2003). As i
ring network. O
event of a failu

on route of the
uzman, et al., 2

J. Basic & Appl

elation to three
e defined relati
nd OC-192 is 
insertion loss 

Length for fo
Ms. 

hree different v

etropolitan Net
olitan network 
variety of func
of client digita
and restoration
mployed using

wo types of re
ated when one
illustrated in F
On the other h
ure condition, 
e ring. The ‘U
2003). 

l. Sci., 5(10): 165

e different valu
ively to transm
bounded at 25
in point-to-poi

our different 

 
value of bit rate

tworks: 
consisting of e

ctionalities in o
al signals. The 
n mechanisms 
g OXADM no
estoration sche
e of transmissio
Figure 8, the sig
hand, ring prot
the OXADM a

U turn’ mechan

5-173, 2011 

ues of bit rates 
mission rate. Th
5 dB and 27 d
int data link is 

attenuations. 

es. The graph ch

eight OXADM
optical domain
position of OX
which will be

ode which will
emes; linear p
on line breakd
gnal is switche
ection is activ
adjacent to the 
nism is applied

for OXADMs
he maximum i

dB, respectively
the result of th

The graph ch

haracterizes th

M nodes is depic
n such as routi
XADM nodes 
e discussed fu
l be activated 
rotection and 

down in OCh-D
ed to the alterna
ated when eith
failure loops b

d in OMS-SPR

s. The maximu
insertion loss f
y. Thus, we ca
he increasing b

 

haracterizes th

 

e reliability of 

cted in Figure 
ing, supervisio
in ring topolog

urther later. Tw
relatively to th
ring protectio

DPRing (UPSR
ative route in th
her both fiber 
back the affecte
Ring (BLSR) 

um 
for 
an 
bit 

he  

8. 
on, 
gy 
wo 
he 

on. 
R) 
he 
or 
ed 
as 



Fig. 8: De
Rin

 

Fig. 9: Rin
Rin
Rin

Transpare
 As sho
has been im
output for 
has been ex
This is due
line). Rout
 Theore
will produc
overlappin
can conclu
executing 
recovered b
 

Fig. 10: Ov
de
km

edicated Protec
ng, the Affecte

ng Protection M
ng, the Node a
n. 

ency Test on Li
own in Figure 
mplemented b
both operation
xecuted. On th
e to the inclusi
te exchange is a
etically, for the
ce similar BER

ng of BER prof
ude that OXA
two different 
by increasing t

verlapping pro
evice has trans
m at 2.5 Gbps 

Aust. 

ction Mechani
ed is switched o

Mechanisms in
adjacent to the 

inear Protectio
10, the simila
y the OXADM

ns proves that n
he other hand, t
on of optical a
an essential op
e BER measure

R profile with 1
file for both di

ADM is transp
types of opera
the gain of amp

ofiles of power 
parency while 
data transmiss

J. Basic & Appl

sms in a Metr
over to the Pro

n a Metro Rin
Failure loops 

on Scheme: 
ar values of po
M node; pass th
no degradation
the breakdown

amplifier whos
peration that im
ement, the exe
12.4 dB power
irections. This
parent device 
ations. In case
plifier. 

output for Pas
both operation
ion rates. 

l. Sci., 5(10): 165

ro Ring Netwo
otection Path. 

ng Network. W
back the Affe

 

wer output hav
hrough and pa

n of signal pow
n power has oc
e gain is lower

mplemented by 
ecution of direc
r dissipation. A
 proves the the
since the dev

e of long haul 

ss through and 
ns are carried o

5-173, 2011 

ork. When a L

When a Cable/N
ected Signal on

ve been obtain
ath exchange. O
wer occur when
ccurred between
r than the total
OXADM in m

ct access and si
As shown in Fig

eoretical consi
vice has ident
data transmiss

Route Exchang
out. The distanc

 
Link Failure oc

 
Node Failure o
nto the Protecti

ned as two diff
Overlapping p
n the route exc
n the fifth and 
l of generated d

mesh network. 
ignal path exch
gure 11, the gra
ideration above
tical BER per
sion, the BER

ge operation pr
ce between two

ccurs within th

occurs within th
ion Route of th

ferent operation
profiles of pow
change operatio

the tenth node
dissipation (loa

hange operation
aph indicates th
e. Therefore, w
rformance whi

R profiles can b

roves that the 
o nodes is 70 

he 

he 
he 

ns 
wer 
on 
es. 
ad 

ns 
he 
we 
ile 
be 



Fig. 11: O
t

Transpare
 Predom
the BER p
the differe
values betw
output pow
displaceme
Figure 13)
problem w
transmissio
 

Fig. 12: Th
G

 
Discussion
 CWDM
DWDM im
bandwidth 
individual 
designers; 
economica
 The st
device mo
debut in its

Overlapping pr
transparency w

ency Test on Ri
minantly, the w
erformance. T

ent sensitivities
ween each of th
wer level of ea
ent occurs and
. In conclusion

which affects t
on gives a sma

he effect of wa
GHz data transm

n: 
M is an optica
mplementation

applications 
channel wave
using the lase

al cost model. 
tructure of CW
del which is p
s application si

Aust. 

rofiles of BER
while both oper

ing Protection
wavelength siz
his because th
s of photograp
he operating w
ach wavelengt

d there is no s
n, while the rin
he conveyed d

all impact on po

avelength size o
mission rate. Th

al transmission
, CWDM is ch
compared to 

elength in actu
ers having loo

WDM transmiss
presented as op
ince it has capa

J. Basic & Appl

R profile for D
rations are carri

n Scheme: 
zes give a sma

he size of the w
phs. The sensi

wavelength, as 
ths after the ri
ignificant imp
ng protection m
data. Thus, we
ower output an

on output powe
he distance bet

n mechanism t
haracterized by
DWDM techn

ual fiber is co
oser tolerances

sion system can
ptical cross ad
ability to trans

l. Sci., 5(10): 165

 
Direct Path and
ied out since si

 

all impact on th
wavelength noi
itivity values o
shown in Figu
ing protection 

pact on BER p
mechanism is a
e can conclud
nd performance

 
er level at each
tween two nod

that is coopera
y wider chann
nology. Since 
onsiderably fur
s on spectral w

n be more flex
d and drop mu
fer and exchan

5-173, 2011 

d Route Chan
imilar BER per

he power outp
se impact on t
of photosensit

ure 12. It is obs
mechanism is

performance of
activated, the w
e that the wav
e of BER. 

h node with the
des that is 70 km

ative with Met
nel spacing sin

the separation
rther apart, thi
width and ther

xible and effici
ultiplexer (OX
nge the operatin

 

ge proves that
rformance are 

put whereas a m
the terms and d
tivity gives the
served that a sh
s activated. H
f the transmiss
wavelength siz
velengths usin

 

e amplification
m apart. 

tro DWDM. In
nce they need 
n in frequency
is leaves an o
rmal drift thus

ent by mean o
XADM). OXAD

ng wavelength

t the device h
produced. 

major impact o
directly provid
e different BE
hift occur on th
owever, a sma
sion system (s
ze is not a maj
g same windo

n of 23 dB at 2.

n contrast to th
to serve small
y between eac

option to syste
s resulting in a

f a novel optic
DM will make
h with each oth

has 

on 
des 
ER 
he 
all 
ee 
or 

ow 

.5 

he 
ler 
ch 

em 
an 

cal 
e a 
her 



on two ma
complexity
operating w
same opera
 

Fig. 13: T
G

 
 This p
wavelength
simulation 
OXADM t
system. It 
network. B
the device 

 
Conclusion
 Throu
add and dr
realized w
recommen
the device
capability 
protection 
transparenc
The result 
As a conclu
 

 
 This p
Environme
Top-Down
 

 
 Eldada
Implement
 Kayao
multiplexe

Mutaf
Opt., pp: 6

ain optical tru
y of the netwo
wavelengths ca
ating carrier to

he effect of w
GHz. The transm

paper focuses m
h channels that
of wavelength

transparency in
is revealed tha

Besides, the res
can operate wi

n: 
ugh the concept
rop multiplexin

which is name
ded for two ap

e has been de
of offering hig
can be imple

cy test on OXA
reveals that O
usion, OXADM

project is supp
ent, Malaysia G
n Project fund r

a, L., J.V. Nun
ting Optical Ad
oka, N., N. Wa
er based in opti
fungwa, E., 200
63-69. 

Aust. 

unks. The capa
ork. Thus, the
an also be redu
 carry new info

wavelength size
mission distanc

mainly on tran
t pass through 
h range varied 
n ring network
at OXADM ha
sult shows that
ith all size of w

tual design of 
ng (OADM) an
ed as optical 
pplications wit
esigned partic
gh survivabilit

emented in CW
ADM in order

OXADM has ca
M is a transpar

ported by Min
Government, t
respectively. 

nen, 2000. Arch
dd/Drop and Pr
da, F. Kubota, 
cal code label 
00. An Improv

J. Basic & Appl

ability of wave
e cost of insta
uced because of
ormation data.

e on the BER p
ce is 70 km (be

nsparency test s
it. In order to 
by function. I

k when the line
as performed th
t the OXADM 
wavelengths. 

a hybrid optic
nd optical cros

cross add an
th the simulatio
cularly for CW
ty through rest
WDM metropo
r to observe the
apability to exe
rent and wavele

ACKNO

nistry of High
through the Fu

REFE

hitecture and P
rotection Func
K. Kitayama, 
header process

ved Wavelength

l. Sci., 5(10): 165

elength transfe
allation and ma
f the cross-con

 
performance on
etween two nod

since it determ
accomplish th

In this study, tr
ear and ring pr
he reliable and
is a transparen

al mechanisms
ss connect (OX
nd drop mult
on results as fe
WDM metropo
toration agains
olitan network
e effect on the
ecute the reliab
ength independ

WLEDGMENT

her Education 
undamental Re

ERENCES 

Performance R
ctions. Telepho

2004. 40 Gbps
sing. J. of Lig. 
h-Selective All

5-173, 2011 

er between tw
aintenance can

nnection betwe

n each node w
des). 

mines device tra
he test, the test
ransparency te
rotection is sw
d transparent s
nt and wavelen

s that combine
XC), an optica
tiplexer (OXA
easibility appro
olitan applicat
st the failure w

ks having ring 
e wavelength s
ble transparent
dent device sim

and Ministry 
esearch Grant 

Requirements of
tonics Review
s packet-select
Tech., 22(11):

l Fiber Cross-C

wo fiber trunks
n be reduced. 
en two fiber co

 

with 23 dB amp

ansparency in 
ed device need

est is implemen
itched by the n
ignal switchin

ngth independe

e the implemen
al device has b
ADM). The d
oach. With mu
tion. The new
whereby a ded

topology. We
ize to the devi
t switching in 

milar to OXC a

of Science, T
Scheme (FRG

f Optical Metr
 2000. 
ive Photonic a
: 2377-2385 
Connect Node. 

s can reduce th
The number 

ores and reuse 

plification at 2

controlling eac
ds to execute th
nted to study th
network securi

ng in optical rin
ent device. Thu

ntation of optic
een successful

device has bee
ultiple function
w OXADM h
dicated or share
e performed th
ice performanc
optical networ

and OADM. 

Technology an
GS) and Nation

ro Ring Nodes 

dd/drop 

IEEE J. of Ap

he 
of 
of 

2.5 

ch 
he 
he 
ity 
ng 
us, 

cal 
lly 
en 
ns, 
has 
ed 
he 
ce. 
rk. 

nd 
nal 

in 

pp. 



Aust. J. Basic & Appl. Sci., 5(10): 165-173, 2011 

173 

Nuzman, C., K. Kumaran, N. Nithil, I. Saniee, 2003. Effects of modularity and connectivity on OADM 
deployment in ring networks. Optical Fiber  Communication and Exhibition (OFC’03), pp: 360-361. 

Rahman, M.S.A., A.A. Ehsan, S. Shaari, 2006. Mesh upgraded ring in metropolitan network using 
OXADM. Proceeding of the 5th International Conference on Optical Communications and Networks & the 2nd 
International Symposium on Advances and Trends in Fiber Optics and Applications (ICOCN/ATFO 2006), 
China,  pp: 225-227. 
 Rahman, M.S.A., H. Husin, A.A. Ehsan, S. Shaari, 2006. Analytical Modeling of Optical Cross Addand 
Drop Multiplexing Switch. Proceeding 2006 IEEE International Conference On Semiconductor Electronic, 
2006. Pub. IEEE Malaysia Section, pp: 290-293.  

Rahman, M.S.A., H. Husin, A.A. Ehsan, S. Shaari, 2006. OXADM Multiplex Protection Scheme for 
Bidirectional Path Switched Ring. Proceeding 2006 IEEE International Conference On Semiconductor 
Electronics, 2006. IEEE Malaysia Section, pp: 203-206. 

Rahman, M.S.A., S. Shaari, 2006. OXADM restoration scheme: Approach to optical ring network 
protection. 2006 IEEE International Conference on Networks (ICON 2006), Singapore, 2006. pp: 371-376. 

Tsushima, H., S. Hanatani, T. Kanetake, J.A. Fee, S.A. Liu, 1998. Optical cross-connect system for 
survivable optical layer networks. Hitachi Review, 47(2): 85-90.  

Tzanakaki, A., I. Zacharopoulus, I. Tomkos, 2003. Optical Add/Drop Multiplexers and Optical Cross-
Connects for Wavelength Routed Network, International Conference on Transparent Optical Networks (ICTON 
2003),  pp: 41-46. 


