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Abstract—Optical performance monitoring is an important 
function for high capacity optical transmission system. In 
this paper, we summarize some of the recent work we have 
carried out in this area. In particular, PMD independent 
OSNR monitoring, OSNR monitoring using half symbol 
delay for SNR monitoring of RZ-DQPSK signal and signed 
residue dispersion monitoring of CSRZ-DQPSK signal 
using delay tap sampling and asymmetry ratio are 
presented.  

I. INTRODUCTION 
To meet the ever increasing demand for broad 

bandwidth services, future optical networks will have 
higher data rates, higher spectral efficiency and more 
flexibility in lightpath assignment. This means 
transmission system parameters for the links in the 
networks need to be controlled to be within a much tighter 
range in order to ensure proper operation of the networks. 
Optical performance monitoring(OPM) functions are 
essential for monitoring these parameters in order that 
dynamic impairment compensation, efficient resource 
allocation and impairment aware routing can be carried 
out to ensure the proper operation of the networks. Among 
the system parameters to be monitored include signal 
wavelength, optical signal to noise ratio (OSNR), 
chromatic dispersion (CD), polarization mode dispersion 
(PMD) and nonlinearity. Substantial amount of work has 
been carried out in the area[1-5]. However, there are still 
many challenges need to be overcome. 

In this paper, we review progress that has been made in 
the area in recent years in particular on OSNR and CD 
monitoring for various modulation formats. We will 
present research results we have obtained for PMD 
independent OSNR monitoring using polarization 
diversity scheme as well as the use of delay-tap sampling 
technique for OSNR and CD monitoring of on-off 
keying(OOK), differential phase shift keying (DPSK) and 
differential quadrature phase shift keying (DQPSK) 
systems.   

II. OPTICAL PERFORMANCE MONITORING TECHNIQUES 
There are a number of desirable features for an OPM 

system. They include fast response time, data rate and 
modulation format independent, multichannel operation 
and multi-impairment monitoring and low cost. To meet 
these requirements, a number of techniques have been 
proposed. In general, most of the monitoring techniques 

relies on the extraction the characteristics of the detected 
analog optical waveform. This can be carried out in either  

Figure 1: Polarization diversity based OSNR monitoring  
time domain or spectral domain. Commonly used time 
domain techniques include synchronous and asynchronous 
sampled histograms, delay tap sampling schemes and 
linear optical sampling schemes.[2, 6-8]    Spectral 
domain techniques can operate either in optical domain or 
RF electrical domain. These include polarization nulling, 
Polarization analysis, RF pilot tone and RF clock tone 
based schemes [5,9,10]. The selection of a particular 
monitoring technique often depends on the tradeoff among 
complexity, accuracy and dynamic range. 

A: Optical signal to noise ratio monitoring 
OSNR is an important parameter deciding the 

performance of an optical communication system. Linear 
interpolation of out of band amplified spontaneous 
emission (ASE) noise has been used for OSNR estimation. 
However, reduction of DWDM channel spacing for better 
spectral efficiency as well as the incorporation of optical 
reconfigurable add/drop multiplexer (ROADM) has 
significantly reduced the accuracy of the scheme. A 
number of inband OSNR monitoring schemes have been 
proposed to solve this problem. These include polarization 
nulling scheme, pilot tone based scheme, optical delay 
interferometer based scheme, low frequency beat noise 
measurement scheme, uncorrelated beat noise 
measurement scheme, self heterodyne detection based 
scheme and polarization diversity scheme.  Among them, 
polarization diversity scheme offers the advantage of 
simplicity as well as the potential to be PMD insensitive 
[11,12]. The scheme is shown in Figure 1. In the scheme, 
the signal to be monitored is separated into two 
polarization paths using a polarization beam splitter (PBS) 
followed by a signal processing unit to calculate OSNR. 
We have carried out detailed analysis on OSNR 
monitoring using polarization diversity and DSP with a 
polarization scrambler (PS) at the receiver [13]. In  
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Fig.2: OSNR monitoring for 40Gb/s NRZ signal 
 
absence of PMD, we have shown that OSNR can be 
calculated analytically from the first- and second-order 
statistics of the photo-detector outputs. With first-order 
PMD in OOK, BPSK and/or DPSK systems, we derived 
conditions for DGD, electrical filter bandwidth, input 
signal polarization and PSP such that OSNR monitoring is 
least sensitive to the effect of PMD. The result showed 
that, when the relative orientation of the signal 
polarization, principal state of polarization(PSP) of the 
fibre and axis of the PBS satisfy a given set of conditions, 
the accuracy of PMD monitoring is decided by the product 
of the optical receiver bandwidth and the DGD value. In 
addition, two specific conditions such that OSNR 
monitoring is truly insensitive to first-order PMD were 
given and a corresponding simplified experimental setup 
was proposed. The theoretical predictions were verified 
through simulations.  

We have derived a set of equations for OSNR 
estimation using the scheme without the need to tune the 
polarization controller. We investigated the proposed 
technique for 40 Gb/s NRZ-OOK and RZ-DQPSK 
systems without PMD and polarization control through 
simulations. The average power of the received signal was 
0 dBm and the PS scrambled the received signal 
polarization so that power splitting ratios from 0 to 0.5 
were covered. For each PS configuration, 4096 samples of 

( )xI t  and ( )yI t  were used to obtain their first- and 
second-order moments. The bandwidth of the optical 
band-pass and the electrical low-pass filters was 80 GHz 
and 1.25 GHz respectively. Figure 2 showed the 
monitored OSNR (measured in 0.1 nm bandwidth). For 
various values of r, a monitoring range of 9 dB to 39 dB 
can be obtained with less than 1 dB error for both 
modulation formats. 

With first-order PMD, we developed conditions for the 
input signal polarization and the PSP of the fiber such that 
the proposed technique is insensitive to PMD if the 
product of DGD and electrical low-pass filter bandwidth 
of the optical detector is sufficiently small. Through 
simulations, we have shown that a monitoring error better 
than 0.5 dB can be realized for a 12.5 ps DGD when an 
electrical filter bandwidth of 312.5 MHz is used.  

Furthermore, we derived conditions for first-order 
PMD independent OSNR monitoring. Based on the 
analysis we proposed a corresponding simple 
experimental setup based on a PS and balanced detector 
to achieve true PMD independent OSNR monitoring as 
shown in Figure 3. Simulation results showed that a 
monitoring error of less than 0.5 dB can be realized 

regardless of the DGD value and electrical bandwidth 
used. 
Another effective scheme for OSNR monitoring is delay 
tap sampling. The scheme employs a tap delay line to 
sample the time domain optical signal twice during one 
sampling process. Various system parameters can be 
obtained by analyzing the scatter plots obtained using the 
sampled data pair. Different delay values between the two 
samples can be used. We have recently proposed and 
experimentally demonstrate half-symbol delay-tap 
sampling which enables calibration-free as well as 
calibration-based OSNR monitoring with extended range 
[14]. We observe that half-symbol delay-tap plot exploits 
the fact that the number of occurrences of sample pairs 
along any radial direction from the origin form a uni-
modal distribution as compared to typical bi-modal 
distributions obtained using other delay values. 
Therefore, if the statistical parameters of a specific 
location on signal pulse are required they can easily be 
obtained from the uni-modal distribution of samples 
present at a distinct location on the half- 

 
 
 
 
 
 
 

 
 
Fig 4: OSNR monitoring using half symbol delay 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 5: True vs. estimated OSNR and corresponding estimation 
errors for 38 Gbps RZ-DQPSK system using calibration-free 
OSNR monitoring with τ = Ts/2. 
 
symbol delay-tap plot. In addition, for calibration-based 
OSNR monitoring techniques, the uni-modal feature 
avoids the need for separation of distributions of two 
modes which is difficult at low OSNR values. Therefore, 
half-symbol delay-tap plots allow extension of OSNR 
monitoring range.  The experimental setup for the 
demonstration of proposed OSNR monitoring technique 
is shown in Fig. 4. A 38 Gbps RZ-DQPSK signal with 
50% duty cycle and power of -1.4 dBm is transmitted 
over a short single mode fiber (SMF). An Erbium- doped 
fiber amplifier (EDFA) is used to add ASE noise to the 
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signal and a variable optical attenuator 

(VOA) is used to change OSNR in the range of 0 to 45 
dB. A 3-dB coupler is used to tap 50% of the signal and  
ASE noise into an OSA for reference measurements. The 
remaining 50% of signal and ASE noise is sent to the 
OSNR monitoring module. After O/E conversion, the 
electrical signal is split into two parts and a variable delay 
is introduced in one path so as to set the delay value to 
half of symbol period. Two channels of an oscilloscope 
are used to asynchronously sample and store 20,000 
sample pairs which are then processed for calibration-free 
as well as calibration-based OSNR monitoring. The 
experimental results of calibration-free OSNR monitoring 
are shown in Fig. 5. It is evident from the figure that 
OSNR estimates are quite accurate and the estimation 
error remains less than ±1 dB in the OSNR range of 
11−23 dB. The upper OSNR monitoring limit is 
determined by the receiver noise.  

 
B: Dispersion Monitoring of DQPSK signals 

Another parameter that determines the performance 
of an optical communication system performance is 
dispersion. The tolerance of an optical communication 
system to dispersion is inverse proportional to the square 
of the data rate. As a result, for high speed optical 
communication system, it is very important that 
dispersion can be monitored accurately such that dynamic 
compensation can be carried out. One commonly used 
modulation scheme for high speed optical transmission 
system such as 100Gb/s systems is DQPSK modulation 
format. We have shown recently that the symmetry of the 
eye diagram of the received signal will be affected by the 
amount of dispersion. This asymmetry can be estimated 
through delay-tap sampling scatter plot. The scheme not 
only allow the value but also the sign of the residue 
dispersion be measured. The scheme has been used for 
dispersion monitoring of a 100Gb/s DQPSK system[15].   

 

 

(a)                        (b)  (c) 
Fig.6 Measured waveforms of demodulated CS-RZ 
DQPSK signals (a) -31ps/nm; (b) 0ps/nm (c) 31ps/nm 

Fig.6 illustrates the measured waveforms of the 
demodulated I channel 100Gbit/s CS-RZ DQPSK signals 

with different amount of residual CD (-31ps/nm, 0ps/nm 
or 31ps/nm). We can see that the waveforms of 

demodulated CS-RZ DQPSK signal are nearly symmetric 
against the peak position when there is no residual CD. 
But the waveform will become asymmetrical and 
shoulders will appear at the rising edges or falling edges 
with the increase of residual CD. The position of the 
shoulders depends on the sign of the residual CD. 
Negative residual CD will induce shoulders at the falling 
edges of pulses while positive residual CD will induce 
shoulders at the rising edges of pulses. The degree of 
asymmetry is determined by amount of residual CD. 

The delay-tap diagram for the received signal with 
different amount of dispersion is shown in Fig 7.  

 
(a) 0ps/nm 

         
      (b) -16ps/nm                           (c) 16ps/nm 
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     (d) -24ps/nm                           (e) 24ps/nm 
Fig.7 Simulated delay-tap plots with different residual 
CD 

The simulated delay tap plots of CS-RZ DQPSK 
signal for back-to-back (BTB), ±16ps/nm and ±24ps/nm 
residual CD are shown in Fig.7 (a), (b), (c), (d) and (e) 
respectively. The asymmetry can be seen clearly from the 
result. An asymmetry ratio was defined. Using this ratio 
the residue dispersion can be measured. Fig. 8 shows the 
asymmetric ratio of delay-tap plots for different amount 
of residual CD.  The obtained ratio varies from 0.8 to 1.2 
as the amount of residual CD changes from -32ps/nm to 
32ps/nm.  
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Fig 3: PMD independent OSNR monitoring 
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Fig.8 Simulated asymmetric ratio of delay-tap plots 

  

III. CONCLUSIONS 
Optical performance monitoring is very important for 

high speed optical transmission systems. Polarization 
diversity and delay-tap sampling can be used effectively 
for OSNR and dispersion monitoring of these system. The 
recent development in polarization division multiplexing 
and coherent detection technique will have significant 
impact on the performance monitoring techniques and 
much further work still need to be carried out to address 
these challenges.  
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