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 Abstract  —  An in-band optical signal-to-noise-ratio 
(OSNR) monitor using  an optical interferometer is proposed 
and demonstrated. The proposed scheme separates the 
uncorrelated beat noise by using low-bandwidth balanced 
photodetectors  and digital  signal processing. 

I. INTRODUCTION 

 Optical signal-to-noise ratio (OSNR) monitoring for 
WDM channels is becoming more and more important 
with the approach of modern dynamic and reconfigurable 
WDM networks, where each WDM channel may traverse 
different routes, add-drop filters, and optical amplifiers 
[1]. Conventionally, OSNR for any WDM channel has 
been estimated by linear interpolation of the asynchronous 
spontaneous emission (ASE) noise measured between 
WDM channels. This interpolation based out-of-band 
approaches is however insufficient, as the accumulated 
noise level could be quite different from channel to 
channel. Therefore, to measure the actual  OSNR, in-band 
monitoring techniques are essential [2]. 

 
Recently, a number of in-band OSNR monitoring 

techniques have been proposed. A number of polarization 
based techniques have been proposed [3], [4]. Most of 
these techniques are unfortunately susceptible to 
polarization mode dispersion (PMD) and require 
polarization control [1]. Beat noise measurement based 
techniques were proposed in [5], [6]. In particular, [6] uses 
expensive AWG-based tunable optical band pass filters 
(BPFs) and high frequency opto-electronic and radio 
frequency (RF) devices in order to recover different 
samples of the optical signals, for photodetection and RF 
subtraction purposes. In this paper we propose a novel in-
band OSNR monitor based on an optical interferometer. 
Unlike the proposal in [6], this technique exploits the 
benefits of lower-cost and lower-bandwidth 
optoelectronics and digital signal processing (DSP).  

 
II. PROPOSED IN-BAND OSNR MONITOR 

Fig. 1(a) depicts the configuration of the proposed in-
band OSNR monitor. It consists of an optical 
interferometer with a variable optical delay line, ∆T in 
either of the two arms, where ∆T is greater than or equal 
to the inverse of data-bandwidth (BW) of the signal (∆T ≥ 
1/BW). The optical interferometer splits the channel of 
interest into two symmetrically filtered outputs. The 
symmetry of the set-up ensures that the signal components 
in the two output arms are identical. In contrast,  the non-
overlapping components of the ASE noise are 
uncorrelated. Typical simulation [7] optical spectra at the 

input outputs of an optical interferometer can be seen from 
Fig. 1(b). The underlying principles that govern the 
functionality of the proposed monitor are that, the sampled 
signals in the output arms are correlated whereas the 
spectrally separated ASE noise is uncorrelated. This means 
that after photodetection by balanced photodetectors 
(PDs), the nonoverlapping ASE noise generates 
uncorrelated signal-spontaneous beat noise, while the 
overlapping ASE noise generates correlated beat noise. 
Therefore, if the detected signals are subtracted from each 
other, the signal components and the correlated beat noise 
generated by the overlapped ASE noise will be removed, 
leaving only the uncorrelated beat noise in the subtracted 
spectrum. Now, by comparing the total electrical signal 
with the uncorrelated beat noise, the OSNR of the desired 
channel can be determined. As this method simply 
compares the detected signal with the measured 
uncorrelated beat noise, and as no data recovery is 
necessary, the benefits of low-bandwidth PDs and low-
speed DSP for signal manipulation can be easily exploited 
here.  
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Fig 1:  In-band OSNR measurement using an optical 
interferometer, low-cost optoelectronics and DSP devices: 
(a): the proposed monitor, and (b): typical optical spectra at 
the input-outputs of the interferometer.  
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III. EXPERIMENTAL DEMONSTRATION 

Fig. 2 shows the experimental setup used to 
demonstrate the proposed in-band OSNR monitor.  A 
non-return-to-zero (NRZ) signal was generated from a 
1550 nm DFB laser using a Mach-Zehnder modulator, 
and a 231-1 pseudo random bit sequence (PRBS) at 10 
Gb/s bit rate.  An erbium-doped fibre amplifier (EDFA) 
was used to overcome the modulator losses. ASE was 
separately generated from a pair of EDFAs, separated by 
a thin-film optical filter. The noise power was adjusted 
via an attenuator, which was then coupled into the signal 
via a 50:50 coupler. The combined signal and noise was 
then transmitted through a polarization controller (PC) 
and a variable optical attenuator to a 90:10 coupler that 
splits the signal and noise into two paths.  The 10% power 
arm was connected to an optical spectrum analyzer (OSA) 
to provide an out-of-band independent measure of OSNR.  
The 90% power in the other arm was set to -10 dBm and 
delivered to the proposed monitor.  The monitor consisted 
of an optical interferometer with 100 picosecond delay 
line, a pair of 1 GHz balanced PDs and an 8 bit analog-to-

digital converter (ADC) at 1 Gs/s sampling rate, as 
described in Section II. Fig. 3(a) shows the RF spectral 
density of the signal and the uncorrelated beat noise. The 
noise spectrum is integrated over the bandwidth to give an 
electrical measurement of the in-band noise for the desired 
WDM channel. In a practical implementation a low-cost 
monitor photodiode would replace the OSA at the 10% tap 
to give a measure of the signal plus noise which, combined 
with our noise measurement, would give a measure of the 
in band OSNR. Fig. 3(b) shows the uncorrelated beat noise 
integrated over 400 MHz versus OSNR measured by the 
OSA. The measured increase of the uncorrelated beat 
noise with respect to the increase in ASE noise proves the 
principle of the proposed monitor. The curve’s asymptote 
at high OSNRs can be attributed to the increasing effects 
of thermal noise from the balanced receivers. 

IV. CONCLUSION 

We have proposed and demonstrated a novel technique 
for measuring in-band OSNR using uncorrelated beat 
noise. A combination of optical, electrical and numerical 

techniques was applied to cancel the signal, allowing 
direct measurement of the desired noise. This method uses 
a passive optical interferometer, low-bandwidth balanced 
receivers, and has the potential for low-cost 
implementation.  
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Fig 3:  Experimental results: (a): RF spectral densities of the
signal and the subtracted uncorrelated beating noise, (b):
uncorrelated noise vs. out-of-band OSNR from OSA 
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Fig 2:  Experimental setup for the demonstration of the
proposed in-band OSNR monitor  
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