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Abstract 

 

Next generation optical networks will evolve from static to dynamically reconfigurable architectures to meet the increasing 

bandwidth and service requirements. When considering signal quality in static networks, it is sufficient to monitor a single 

channel in a WDM system, since all channels travel through the same fixed path degrading the signal quality uniformly due to 

link mismatch. However, in dynamic networks, each channel will traverse a unique path through the network thus the channels 

arriving at the monitoring point will, in general, exhibit different quality signals. Therefore, in a dynamic network it is necessary 

to monitor all channels individually to quantify the degradation, without the requirement of knowing the data path history. Thus 

optical performance monitoring (OPM) is essential in building a reliable, high-capacity, and service-differentiation enabled all 

optical network. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Optical Networks are emerging as a promising technology for very high data rates, flexible switching and broadband application 

support. Specifically, they provide transparency capabilities and new features allowing routing and switching of traffic without 

any regression or modification of signals within the network. It is expected that the next-generation optical networks will be able 

to support various emerging broadband applications as well as emulate many kinds of legacy services over the same 

infrastructure, with minimal engineering investment. Two main factors have emerged to satisfy this new demand, the first factor 

has been to increase the data channel bit-rate. With the explosive growth in demand for capacity in optical networks, high bit-rate 

fiber and transmission of data through it, has recently become an important part of communications. Optical networks are now 

based on different channels like 2.5Gbit/s and 10Gbit/s. 40Gbit/s channels have started to be implemented in new products, 

while 100Gbit/s and even 160Gbit/s bit-rates are still being tested in various laboratories .The second factor has been the use of 

wavelength division multiplexing (WDM) which has dramatically increased the network capacity. This technology allows the 

transport of hundreds of gigabits of data on a single fiber for distances over thousands of kilometer‟s, without the need of optical-

to-electrical-to-optical conversion. 

As higher bit-rates and WDM technologies have evolved, the network bottleneck has moved from the optical-transport to the 

routing layer, as conventional electronic routers are not been capable of finding a cost-effective alternate to the increase in 

demand of bandwidth. To cope with this, highly flexible and dynamic networks were envisioned a few years ago to provide 

virtually unlimited bandwidth with dynamic reconfiguration which is supported not only in the electrical layer, but it also support 

the optical layer. 

II. TYPES OF OPTICAL NETWORKS 

Performance monitoring and impairment mitigation are essential features in static and dynamic networks. In a static network, the 

wavelength allocation is performed off-line and optical switches and wavelength routers, as well as transmitters and receivers, 

are configured accordingly. When considering signal quality in static networks, it is sufficient to monitor a 

single channel in a WDM system, since all channels travel through the same fixed path degrading the signal 

quality uniformly due to link mismatch. However, in dynamic networks, each channel will traverse a unique 

path through the network thus the channels arriving at the monitoring point will, in general, exhibit different 

quality signals. Therefore, in a dynamic network it is necessary to monitor all channels individually to quantify 

the degradation, without the requirement of knowing the data path history. 
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III. NEED FOR OPM 

There are different definitions of OPM. Some related to the measurements of a single performance parameter, such as that of the 

bit-error-rate (BER), the Q-factor or the optical signal-to-noise ratio (OSNR).Moreover, OPM takes the broad definition of 

physical layer monitoring for the purpose of determining the health of the signal in the optical domain. Current performance 

monitoring, based on digital signals, relies on synchronous digital hierarchy/synchronous optical networking (SDH/SONET) line 

terminal elements to determine the BER or loss of signal from power measurements. Other degradations that may affect the 

signal-to-noise ratio (SNR) are calculated in advance by measuring the characteristics of the optical components. However, these 

simple monitoring techniques are inadequate in the case of dynamic networks. Traditionally, the primary application of 

performance monitoring was to certify service level agreements between the network operators and their clients. In a dynamic 

network, the desired applications have evolved to signal diagnosis for impairment compensation and fault management. An OPM 

device, deployed at each link, would allow for the physical layer fault management by identifying discontinuities in parameters 

such as OSNR; whereas the diagnosis of impairments such as chromatic dispersion (CD) and polarization mode dispersion 

(PMD) would provide a mechanism to trigger alarms or provide feedback for active dispersion compensation. Future dynamic 

networks will require dynamic compensators that are controlled using feedback from a performance monitoring system. 

IV. CRITERIA FOR OPM 

For OPM to be an enabling technology of dynamic networks a number of criteria should be met: 

There should be maximum coverage of impairments. BER can be seen as the ultimate parameter to describe the optical signal 

quality and can readily be obtained at the termination point of each channel where error localization can be achieved by 

implementing BER measurement at each node. However, this represents a very costly solution since it requires optical-to 

electrical (OE) conversion in each monitor. Moreover, in order to achieve functionalities like individual impairment monitoring, 

their diagnosis and compensation, fault localization, various OPM should be able to be monitored quality affecting factors 

simultaneously and independently. These impairments typically include OSNR, Q factor and BER. Other impairments such as 

dispersion, crosstalk, jitter and non-linear effects can also be monitored, however, monitoring these impairments is outside the 

scope of my work. 

The second criterion of the monitoring technique is its ability to monitor various channels simultaneously with the minimum 

duplication of optical and electrical components, as this will reduce the OPM cost per channel. 

There should be sufficient range and accuracy in OPM. A number of factors increase the impairment sensitivity of the optical 

link in WDM systems, these factors may include the bit-rate and the number of channels. Dynamic reconfiguration may add 

further sensitivity degradation by requiring the need to manage requests for transparent transmission of arbitrary distances. This 

has put new constraints on the OPM measurement range and accuracy which are dictated by the network architecture. 

V. PARAMETERS THAT NEED TO BE MONITORED 

All-optical network would imply almost infinitely many combinations of signals types in the optical fiber. Therefore, it is a very 

comprehensive task to perform optical signal quality monitoring on every thinkable signal that might be switched into a 

particular transmission path at any given time. Returning to the matter of what capabilities an optical performance monitor 

technology should possess, number of parameters can be assumed as basic requirements. 

The BER is the parameter that needs to be monitored in optical communication. Bit error rate is defined as the rate at which 

the errors occur in any transmission system. This can be further defined translated into the number of errors that occur in a string 

of a stated number of bits. If the medium between the transmitter and receiver is good and the SNR (signal to noise ratio)  is 

high, then there will be less bit error possibly insignificant and there will be no noticeable effect on the overall system, But if the 

noise from the system can be detected, then there will be chance of  bit error rate that need to be considered. The reason for the 

degradation of a data channel and the corresponding BER is noise and changes to the propagation path (where radio signal paths 

are used). 

Another important parameter that need to be monitored is OSNR. Noise in optical systems, comes from three different 

sources. The first being the transmitter noise, which arises from the intensity fluctuations of the semiconductor laser. The second 

source of noise is the receiver noise, which arises from its output electric current fluctuations, and is due to thermal and shot 

noise. The last source of noise, which is the optical amplifier noise, and it can be characterized by the OSNR (optical-signal to 

noise ratio) which is the dominant noise in different WDM networks. Optical amplifiers capable of simultaneously amplifying 

multiple signal wavelengths were the technological advance that allowed the development of DWDM systems. Optical 

amplifiers are used at the end of each fiber span to boost the power of the DWDM signal, to compensate for the fiber loss. 

Unfortunately, optical amplification is not possible without the generation of amplified spontaneous emission (ASE), and the 

noise resulting from this ASE constitutes a severe impairment that limits the span length of such systems. Each optical amplifier 

contributes to ASE, and these contributions add cumulatively along the fiber link. This accumulated ASE gives rise to signal-

spontaneous beat noise at the receiver, which is the fundamental limit in an optically amplified transmission system. This signal-

spontaneous noise can be characterized in terms of the optical-signal to noise ratio (OSNR), defined as the ratio of the signal 
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channel power to the power of the ASE in a specified optical bandwidth, usually equal to 0.1nm for 10Gbit/s systems and 0.5nm 

for 40Gbit/s systems.  

Q-factor is the other important parameter to monitor. The Q-factor is obtained by adjusting the decision threshold voltage of 

the monitor receiver away from the optimum level so that errors are recorded. Once an error rate is generated, changes to that 

rate can be monitored and small degradations become visible. The Q-factor, a function of the OSNR, provides a qualitative 

description of the receiver performance. The Q-factor suggests the minimum signal-to-noise ratio (SNR) required to obtain a 

specific BER for a given signal. OSNR is measured in decibels. The higher the bit rate, the higher the OSNR ratio required.  

VI. PREVIOUS EFFORTS 

The optical layer monitoring technique has long been used in light wave systems for detecting the fiber and component failures 

and provisioning of feedback signals for adaptive compensators. Recently, due to the prevalence of ROADMs, this technique has 

also been used widely for monitoring the signal‟s quality (such as channel power and wavelength) in modern WDM networks. In 

fact, the optical performance monitoring technique is now considered as a key technical enabler for the migration toward the 

next-generation agile all-optical network. At present, the commercially available optical performance monitors (OPMs) are 

mostly a miniaturized version of optical spectrum analyzer made of either a tunable bandpass filter or a diffraction grating. Thus, 

these OPMs can monitor the optical power and wavelength of each WDM channel, and estimate the optical signal-to-noise ratio 

(OSNR) by linearly interpolating the ASE level aside of the signal. However, it has been pointed out in many literatures that the 

OSNR estimated by this method can be quite erroneous in the dynamically reconfigurable WDM network where each channel 

may traverse through different routes and different number of optical amplifiers. To overcome this problem (by monitoring the 

„true‟ OSNR by measuring „in-band‟ noises), various techniques have been proposed based on the receiver noise analysis, 

polarization-nulling of optical signal, and electrical amplitude sampling, etc. [2]-[5]. There are some other optical performance 

monitoring techniques proposed for monitoring various parameters in dynamic WDM networks. For example, to evaluate the 

signal‟s quality, there have been some attempts to utilize the receivers for monitoring BER or FEC corrected bits [6]-[7]. 

However, although these techniques can provide accurate information on the signal‟s quality (such as Q-factors), they are usually 

not transparent to the bit rates and modulation formats, and it is difficult to identify the root causes of the degradations since the 

measured results only reflect the accumulated effects of various impairments. Another monitoring technique utilizes pilot tones 

(i.e., small, sinusoidal components added to WDM signals) [8]-[11]. For example, it has been reported that pilot tone can be used 

to monitor various optical parameters of WDM signals such as channel power, wavelength, and OSNR, etc. The pilot-tone based 

techniques can monitor these parameters without using the expensive de-multiplexing filters (such as tunable optical filter and 

diffraction grating. Thus, this technique can be extremely cost-effective. In addition, it is well suited for the use in dynamic 

WDM networks, since the pilot tones are bound to follow their corresponding optical signals wherever in the network [8]. Thus, 

the optical path of each WDM signal can be monitored simply by tracking its tone frequency [8], [11]. However, the 

performance of this technique can be significantly impaired by the cross gain modulation of EDFA and stimulated Raman effects 

[8]. There are also various monitoring techniques proposed for chromatic and polarization-mode dispersions by using pilot tones, 

RF-spectrum analysis, clock amplitude measurement, eye pattern analysis, and DOP analysis, etc. [12]-[15]. As described above, 

numerous OPM techniques have been proposed for monitoring various parameters in dynamic WDM networks. However, it 

would be practically impossible to monitor every parameter at every point in the network. To solve this problem, several 

techniques have been proposed to simultaneously monitor multiple parameters [16]-[18]. In particular, the technique based on 

asynchronous sampling together with pattern recognition appears to be interesting [16]. In addition, there have been some efforts 

to monitor the link performance by measuring only the parameters prone to be changed such as ASE noise and MPI crosstalk 

[18]-[19]. 

VII. CONCLUSION 

Dynamically reconfigurable networks introduce greater complexity that may demand new forms of physical layer functionalities,  

such as real-time impairment monitoring and compensation (i.e. monitoring and compensation performed on the network 

switching Timescales). This has created the need for sophisticated optical performance monitoring  

(OPM) to track the quality of the optical signal throughout the network. On the other hand it will be a great challenge in OPM 

to maintain the right balance between monitoring coverage, sensitivity, and cost. 
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