OMMS5.pdf

Asynchronous Sampling for Optical Performance Monitoring

Sarah D. Dods, Trevor B. Anderson, Ken Clarke, Masudazzaman Bakaul, and Adam Kowalczyk

National ICT Australia, Victorian Research Laboratory, Building 193, The University of Melbourne, VIC 3010, Australia
sarah. dods@nicta.com an

Abstract: We present two novel performance monitoring techniques for optically switched
networks, based on asynchronous multi-tap sampling. We show that multiple simultaneous
impairments can be separated and quantified by a single monitor.
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1. Introduction

The transparency of optical networls is increasing, due to the ever-increasing global demand for bandwidth, and the
ongoing development and maturation of the underlying optical communications technology [1, 2]. Distance
transparency is increasing, in that data can now be transmitted optically over thousands of kilometers between
regeneration points. Path transparency 1s increasing, in that the optical transmission paths may pass through many
network elements, including optical filters, optical switches and optical amplifiers. Bit rate transparency is
increasing, in that a single fiber may now transport multiple DWDM channels at different data rates. Format
transparency 1s increasing, in that the drive to improve system performance over long distances has spawned a
plethora of new formats based on both phase and amplitude modulation. The multiple bit rate channels that may be
transported in a single fiber may also have different formats [3]. Protocol transparency is also increasing, in that
Sonet/SDH has now been joined by Ethemet standards, and other protocols are continuing to emerge (e.g. [4]). This
combination of factors means that there will be limited points within transmission systems where electronic access
to the underlying data is available to monitor the health of each channel.

The current deployment of the first reconfigurable optical add-drop multiplexers (ROADMs) 15 also bringing to
an end the concept of an optical transmission system as a simple data pipe [5]. The introduction of optical switching
to the physical layer changes the nature of optical links from closed systems, with fixed transmitters, paths, and
recelvers, to open systems, where many different combmations of transmitter, path and receiver are possible.
Designing optical networks to guarantee satisfactory operation for all possible routes within an open system is likely
to add unsustainable costs. To overcome this problem, the additional flexibility and network utilization offered by
ROADMs will be offset by increased complexity m network operation and management. Feedback and
measurements of the optical network characteristics will become much more important as the evolution toward
automated, mtelligent networks continues, necessitating the development of a new suite of optical performance
monitoring techniques [6].

In this paper, we review the development of several new ROADM-compatible optical performance monitoring
techniques, and show how they can add value to network operation and management.

2. Optical Signal to Noise Ratio (OSNR) Monitor

Amplified spontaneous emission (ASE) from optical amplifiers 1s perhaps the most ubiquitous of optical
mmpairments. Unlike distortions such as polarization mode dispersion and chromatic dispersion, ASE adds true
noise to the signal, and there 1s currently no method of removing or compensating for its presence [5]. The
requirements for an OSNR monitor are low cost, immunity to other impairments, and increasingly, compatibility
with ROADMs. Traditional methods fail on this last point, as they are based on estimating the ASE from the optical
power at frequencies between the wavelength channels. The optical filters within ROADMs remove this
background power, and optical switching can make ASE levels in neighboring chamnels discontinuous [7]. A
number of new techniques have been proposed to directly measure the OSNR within the channel, based on methods
mcluding polarization effects [8], RF spectral content [9, 10], and asynchronous histograms [11].

The OSNR monitor we have developed is based on polarization effects, but measures signal-spontaneous beat
noise, rather than the spontaneous-spontaneous beat noise in [8]. A diagram of the technique is shown in Figure 1.
The channel to be monitored has a well defined polarization state, and 1s divided by a polarization beam splitter
(PBS) according to its alignment with the polarization axes. The ASE is unpolarized and so divides evenly between
the two paths. Low bandwidth detectors receive the two PBS outputs, and digital signal processing is used to
remove the signal component, leaving the signal spontaneous beat noise. The digital signal processing defines all
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