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Remote Provisioning of a Reconfigurable
WDM Multichannel Add/Drop Multiplexer

R. Gaudino,Member, IEEEand Daniel J. BlumenthaBenior Member, IEEE

Abstract—Remote provisioning of a nonblocking reconfig- Fig. 1, is a part of the MOSAIC network demonstrator, whose
urable multichannel wavelength-division-multiplexed add-drop architecture was described in [3]. Multichannel optical bypass
multiplexer (ADM) is experimentally demonstrated. The ADM g add/drop functions are realized using a novel dilated

add/drop multiplexer supports many features required by the . . . . ..
ITU opttiJ;aI chaFr)mel Iayerpi%cluding Iié]/htpath routing, signaI)::on- acoustooptic tunable filter (AOTF) configuration [4]. Digitally

ditioning and network/channel monitoring. Specifically, the node transparent drop-and-continue with wavelength translation and
supports multichannel optical bypass and add/drop functions as 2R regeneration is supported using an optoelectronic-optic
well as optoelectronic 2R regeneration and channel drop-and- (OEQ) crossbar switch. The OEO switch consists of a multi-
continue with wavelength translation. Provisioning of a slave wavelength laser transmitter [5], a WDM receiver and analog

node from a remote master node is achieved via a subcarrier lectroni b itch with diaital thresholdi ithout
encoded control channel. The control channel can set the full €/€CIONIC crossbar switch with digital thresholding withou

state of the ADM and demonstration of switching between two Clock recovery, providing digital transparency up to 2.5 Gb/s.
states is reported. A reconfiguration time of the order of 10 Wavelength translation and 2R regeneration provide signal-
ps and BER below 107 are shown in both configurations. reconditioning capabilities, channel blocking resolution and
This p_erformance meets th_e requirements of next-generation digital multicasting capabilities.

reconfigurable/restorable optical networks.

Index Terms—Optical add—drop multiplexers, optical subcar- II. ADM A RCHITECTURE
rier multiplexing, optical transport network, optical network )
monitoring, optical protection switching, optical transport net- The OADM consists of four subsystems as shown in
works, wavelength-division multiplexing. Fig. 1: a WDM optical crossconnect (OXC), an optoelec-

tronic—optical crossconnect (OEOXC), wavelength division
multiplexers/demultiplexers and a node control processor. The
. INTRODUCTION OXC utilizes a novel % 2 dilated switch [4] based on22
ECONFIGURABLE multichannel optical add-dropAOTF.
multiplexers (OADM'’s) are a critical subsystem for A unique feature of this architecture is the use of subcarrier
wavelength-division-multiplexed (WDM) fiber transportmultiplexing for remote provisioning and channel monitor-
networks. OADM’s must perform basic functions thatnd. Each network wavelength; is encoded with a unique
support the optical network layer [1], [2] including lightpathsubcarrier frequency; that carries a 10-Mb/s digital con-
routing and setup, network and channel monitoring, remo#®! data stream for channel identification, node control and
provisioning and signaling, protection switching, signaghannel equalization. The coupling between wavelength
conditioning, channel equalization and some degree of digi&fld subcarrier frequencg allows us to identify and monitor
transparency. optical channels by simply photodetecting the WDM signal
In this letter, we present the experimental demonstration \wfthout requiring any optical filtering. The use of subcarrier
control, remote provisioning, and reconfiguration features offaultiplexing to support distributed network functions enables
nonblocking WDM add—drop node that employs a combinatidhe use of low cost electronics to interact with only that portion
of digitally transparent multichannel optical and optoelectronif electrical bandwidth needed for control and monitoring [3].
switching capabilities. This node architecture can be used to
implement protection switching and survivability strategies in lll. ADM R ECONFIGURATION DEMONSTRATION

WDM networks due to its flexibility in the treatment of the Remote node provisioning of the node was demonstrated
input signals. An input optical signal can be optically bypassqging the setup shown in Fig. 1. A programmable control data
to the output port, Wavelen.gth translated on the same pcgéquence was transmitted at 10 Mb/s on a 3.5-GHz subcarrier
dropped or sent to other optical networks. The node, showndQ.,qed signal, using a directly modulated laser acting as a
source master node and connected to the remote ADM by 25
Manuscript received January 11, 1999; revised March 31, 1999 km of fiber. This setup simulates a real configuration where a
R. Gaudino is with the Dipartiménto di‘ Elettronica, Politeénico di Torino,Central master control node sends reconfiguration requests to
10129 Turin, Italy. slave network nodes.

Engineering, Optical Communications and Photonic Networks Laborator « " e .
University of California, Santa Barbara, CA 93106 USA. Node “States specified by two different control data séiﬁ_ (
Publisher Item Identifier S 1041-1135(99)05918-2. and C5) that were generated by the master node. An input

1041-1135/99$10.001 1999 IEEE



GAUDINO et al. REMOTE PROVISIONING OF A RECONFIGURABLE WDM MULTICHANNEL ADD/DROP MULTIPLEXER 1061

Local lzmp Port Local Add Port

OEOXC

Threshold Array Receiver Array

4x4
Analog
Electronic

Crossbar
Switch
] e 354 —

Mo o Ag A Ag ks kg A3 Ay by
10 Wavelength Array Transmitter

441

L A A

[

From other . " To other
optical networks _;Node Control‘_ optical networks
l o Processor [ —&
Yy l vy T—IE
Ao Ay Ay Ay Ao hs Ay Ry Ag Ay Ay Ay A3 Ay As Ag Ag Ag
8x1 DWDM or combiner 1x8 DWDM
multichannel Multichanne) Imultichannel
Network scm data Digital/RF scm power Network
recovery Interfac detecti
Add Port e 5 Drop Port
o)
‘ < > P 22
DFB laser pyr o150 A())(TF - A())(TF 1x2 3~
SME Network OXC Network
Input Output
10 Mpbs

ASK 3.5 GHz SC

1.2 Gbps PRBS
Baseband

Fig. 1. MOSAIC node architecture.

QEOXC

frequency frr.in and frr,1 to set wavelengthy, and Xy in

the cross-state for Node State 1, afigh i, and frr 2 to set
wavelengths);, and XA, in the cross-state for Node State 2.
The reconfiguration time for the AOTF and its driver was
of the order of 10us, corresponding to the time required to
the AOTF to reach steady state operation after a change in
driving RF signals.

Qe M In addition to reconfiguration of the AOTF, it is necessary
Node Node to set the OEOXC to send the incoming signal to one of

o State 1 o State 2 two different outputs corresponding 8, and A, of the
Data Set C1 Data Set €2 multiwavelength laser array. The OEOXC showed extremely
@ (b) fast reconfiguration time, since the discrete monolithic GaAs

Fig. 2. Graphical representation of (a) Node State 1 and (b) Node Stateswvitches used for the OEOXC board had switching time
T_hin lines show physical connections while thick lines show signal path gy the order of tens of nanoseconds. The resulting global
different wavelengths. ] . . .
reconfiguration speed was thus limited by the AOTF section,
resulting in a reconfiguration time of the order of 48.
1.2 Gb/s baseband signal &g, generated at the master node The experimental results are shown in Fig. 3; the upper
was dropped at the slave node. The received optical sigtralces and lower traces are for node states 1 and 2, respectively.
was optoelectronically converted to for State 1 (data set The total optical spectrum at the ADM output port (without
) or to A\, for State 2 (data se€;). The two different optical filtering) shows the channel state change and the
configurations are shown schematically in Fig. 2. These stagssociated control signal. Eye diagrams of the ADM output
were chosen since they require the reconfiguration of both thert outputs are shown to the right for each configuration,
optical (AOTF) and electrical (OEOXC) sections. illustrating remote multichannel control. The eye diagrams
The node control processor (see Fig. 1) continuously mowere measured without an optical filter to demonstrate rejec-
itors the incoming subcarrier control signal and, after receition of unwanted channels at the OADM network output. The
ing the control data se€; or Cs, sets the OEO Crossbarmeasured bit-error rate (BER) for the 1.2-Gb/s pseudorandom
Switch and reconfigures the AOTF switches via a multichannequence (pattern lengtA'2-1) was better than 1@ in each
digital/RF interface. The interface generates RF signals siate.
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Fig. 3. Remote reconfiguration of multichannel ADM node. Upper traces are for State 1 and lower traces for State 2. (a) Optical spectrum at the ADM
output port and (b) measured eye diagram at optical output port.
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IV. DISCUSSION AND CONCLUSION different ways including routing the dropped wavelengths to

We have demonstrated real time remote provisioning 8fNer networks.
a reconfigurable multichannel OADM with channel monitor-
ing. Reconfiguration times on the order of 48-promise to
support the requirements of future reconfigurable transport
networks. We have demonstrated the switching of a singlg] A. Saleh, “Transparent optical network for the next generation infor-

input wavelength to two different output wavelengths through g*;;ieor”TiﬂfEfiStfuctufe," inProc. OFC'95 San Diego, CA, Feb. 1995,
provisioning of a multichannel optical add—drop switch andy; r.'Ramaswami and K. N. Sivaraja@ptical Network San Mateo,

an OEO drop-and-continue subsystem with wavelength con- CA: Morgan-Kaufman, 1997.
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