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Low-Cost PMD-Insensitive and Dispersion Tolerant
In-Band OSNR Monitor Based on Uncorrelated

Beat Noise Measurement
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Abstract—A polarization-mode-dispersion-insensitive and dis-
persion tolerant in-band optical signal-to-noise-ratio monitor
based on uncorrelated beat noise measurement is proposed and
demonstrated. The proposed technique uses an optical delay line
interferometer in recovering symmetrical signal samples and
exploits the benefits of low-speed balanced receivers and digital
signal processing in measuring the uncorrelated beat noise.

Index Terms—Balanced photodetector (PD), chromatic dis-
persion, correlated beat noise, delay line interferometer (DLI),
in-band optical signal-to-noise ratio (OSNR), polarization-mode
dispersion (PMD), uncorrelated beat noise.

I. INTRODUCTION

OPTICAL signal-to-noise ratio (OSNR) monitoring for
wavelength-division-multiplexed (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]. Traditionally, OSNR for any
WDM channel has been estimated by linear interpolation of
the amplified spontaneous emission (ASE) noise measured
between WDM channels. This interpolation-based out-of-band
approaches are, however, insufficient, as they largely rely on
the continuity as well as the flatness of the noise floors between
the channels, which could be quite different within the channel
band. Therefore, to measure the actual OSNR, in-band mon-
itoring techniques are essential [2]. There have been several
in-band OSNR monitoring methods. A well-established method
is based on polarization-diversity [3], [4], which assumes that
the modulated optical signal is perfectly polarized whereas
the wideband ASE noise is completely unpolarized. These
techniques are, however, susceptible to polarization-mode dis-
persion (PMD) and may require additional devices to minimize
the differences in the principle state of polarizations. Beat noise
measurement-based techniques have been proposed [5], [6]. In
particular, [6] uses expensive arrayed-waveguide-grating-based
tunable optical bandpass filters and high-speed optoelectronic
and radio-frequency (RF) devices in order to recover different
samples of the signal for photodetection and RF subtraction.
Also, the performance of this technique relies on the symmetry
of the recovered samples, which is difficult to achieve with
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Fig. 1. In-band OSNR measurement using an optical DLI, low-speed optoelec-
tronics, and DSP. (a) Proposed monitor, and (b) schematic of the optical spectra
at the input and outputs of the DLI.

separate filters due to manufacturing tolerances. Moreover,
due to fiber chromatic dispersion, the desired symmetry of
the recovered samples reduces significantly with transmission
over fiber. Recently, a 1-bit optical delay line interferometer
(DLI) with tunable passband was used to recover symmetrical
samples in order to measure the OSNR by using uncorrelated
beat noise [7]. This letter extends the previous investigation
by characterizing the effects of PMD and fiber chromatic
dispersion on the proposed monitor. It shows that, although as
expected the proposed technique is independent of PMD, it is
sensitive to fiber chromatic dispersion, and the effects of fiber
chromatic dispersion can be discarded by a suitable selection
of the receivers’ bandwidths (BWs). In fact, the proposed
monitor is tolerant to fiber chromatic dispersion with low-speed
optoelectronics and digital signal processing (DSP), which
as an additional advantage, reduces the cost of the system
significantly.

II. PROPOSED IN-BAND OSNR MONITOR

Fig. 1(a) depicts the configuration of the proposed monitor.
It consists of a DLI with an optical delay, , a pair of
balanced photodetectors (PDs), and a simple DSP circuit. The
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Fig. 2. Experimental setup for the demonstration of the proposed in-band
OSNR monitor.

should be less than or equal to the inverse of data BW
of the signal ( BW) for comfortable tuning and
adjustment. The DLI recovers two samples of the signal from
the channel of interest at its two outputs. The symmetry of the
setup ensures that the recovered signal samples are identical,
although asymmetries due to fiber chromatic dispersion are still
present. Fig. 1(b) shows the schematic of the optical spectra
at the input and outputs of the DLI. The recovered samples
are comprised of symmetrical signal components, spectrally
identical overlapped ASE noise, and spectrally separated
nonoverlapped ASE noise. The underlying principles that
govern the functionality of the proposed monitor are that the
symmetrical signal components and the spectrally identical
overlapped ASE noise of the recovered samples are correlated,
whereas the spectrally separated nonoverlapped ASE noise
is uncorrelated. This means that, after photodetection by bal-
anced PDs, the spectrally separated nonoverlapped ASE noise
generates uncorrelated signal-spontaneous beat noise, while
the spectrally identical overlapped ASE noise generates corre-
lated signal-spontaneous beat noise. Therefore, if the detected
signals are subtracted from each other, the signal components
and the correlated beat noise will be removed, leaving only the
uncorrelated beat noise in the subtracted spectrum. Now, by
comparing the total detected signal with the uncorrelated beat
noise, the OSNR of the desired channel can be determined.

III. EXPERIMENTAL DEMONSTRATION

Fig. 2 shows the experimental setup. A nonreturn-to-zero
(NRZ) signal was generated from a 1550-nm distributed
feedback laser using a Mach–Zehnder modulator, and a

pseudorandom bit sequence at 10-Gb/s bit rate. An
erbium-doped fiber 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 transported over a 30-ps PMD emulator, 100-km
single-mode fiber (SMF), an optical filter, 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 indepen-
dent measure of OSNR. The 90% power in the other arm was set
to 10 dBm and delivered to a dual optical port 10-Gb/s digital
communication analyzer [(DCA) Agilent-86109A, unfiltered

Fig. 3. Experimental results for the uncorrelated beat noise versus OSA OSNR
at (a) various PMD, and (b) various fiber dispersion with the back-to-back mea-
surement as a reference.

optical BW 30 GHz] through a 100-ps optical DLI, as shown
in Fig. 2. The inputs to the DCA were controlled to match the
detected signal samples, so that the uncorrelated beat noise
after their subtraction is minimized. The uncorrelated noise was
then measured for various out-of-band OSA OSNR (8–29 dB)
at various PMD and chromatic dispersion in the link, with the
back-to-back measurement (no PMD and no dispersion) as a
reference. Fig. 3(a) shows the measured uncorrelated beat noise
versus OSA OSNR for “30-ps PMD” and “no PMD” in the link.
As expected, the proposed technique is insensitive to PMD.
Fig. 3(b) shows the measured uncorrelated beat noise versus
OSA OSNR for “100-km SMF” and “no fiber” in the link.
Unlike the PMD, the technique is sensitive to the chromatic
dispersion.

IV. SIMULATION MODEL

Light absorbed by a PD generates a current proportional to
the square of the optical electric field. In the absence of dis-
persion, squaring the optical signal reconstructs the original in-
tensity modulating signal without distortion. With dispersion,
the amplitude and phase of the recovered modulation will vary
with modulating frequency and the type and the depth of modu-
lation. Harmonics of the modulating signal will also be present.
However, at lower frequencies of the modulating signal, these
variations in amplitude and phase are very small and harmonics
are also usually absent. Therefore, the proposed monitor has the
potential to overcome the adverse effects of dispersion by se-
lecting suitable low-frequency receivers, as it simply compares
the detected signal with the uncorrelated beat noise, where no
data recovery is necessary.

In order to quantify the dispersion-tolerant receiver BWs,
also to validate the insensitiveness to PMD again, a simula-
tion, shown in Fig. 4(a), was developed using VPITransmis-
sionMaker [8]. It consists of a 10-Gb/s NRZ link with variable
OSNR, PMD, and SMF modules as shown in the figure. The
10-Gb/s signal was transported over these modules to the pro-
posed monitoring module, which consists of a balanced receiver
with variable BWs 1.5 GHz, 1 GHz, and 500 MHz, and a DSP
module. The OSNR of the link was varied from 12 to 28 dB to
plot them against uncorrelated beat noise. The respective plots
are shown in Fig. 4(b)–(d). The figures show that the proposed
monitor is sensitive to chromatic dispersion while the receiver
BW is 1 GHz or more. To validate the PMD effect again, similar
plots, shown in Fig. 4(e), were derived for various PMD in the
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Fig. 4. (a) Simulation model, (b)-(d) uncorrelated noise versus OSA OSNR for
various chromatic dispersion with various receiver BWs, and (e) uncorrelated
noise versus OSA OSNR for various PMD.

Fig. 5. Simulated RF spectra of uncorrelated beat noise with various chromatic
dispersions.

link. As before, simulation also confirms its insensitiveness to
PMD.

To further investigate the chromatic dispersion insensitivity,
we used simulations to study the changes in the RF uncorre-
lated noise spectrum for a 10-Gb/s NRZ signal with an OSNR
of 12.8 dB. Fig. 5 shows the resulting spectra for different
fiber spans between 0 and 100 km. The figure shows that
chromatic dispersion strongly affects the RF noise power in
the gigahertz range, but its effects become greatly reduced at
lower frequencies. Therefore, the requirement for dispersion
insensitivity places an upper limit on the receiver BW, which
is 1 GHz, where the fluctuations in noise power is approxi-
mately 0.5 dB.

V. PROTOTYPE DEVELOPMENT

Based on the experimental as well as the simulation inves-
tigations, a preliminary prototype is developed with a 100-ps
optical DLI, a pair of 1-GHz matched receivers, and an 8-bit
analog-to-digital converter at 500-Ms/s sampling rate. Fig. 6(a)

Fig. 6. Experimental results: (a) RF spectral densities of the signal and the
subtracted uncorrelated beating noise; (b) uncorrelated noise versus out-of-band
OSNR from OSA.

shows the RF spectral density of the signal and the uncorrelated
beat noise. The noise spectrum is integrated over the receiver
BW of 400 MHz to give an electrical measurement of the uncor-
related beat noise. Fig. 6(b) shows the uncorrelated beat noise
versus OSNR measured by the OSA. The increase in the noise
power with respect to the increase in ASE proves the principle
of the proposed monitor. The curve’s asymptote at high OSNRs
can be attributed to the increasing effects of thermal noise of the
receivers and the residual signal power, both of which need to be
maintained for better accuracy of the monitor. Now, comparing
the amount of uncorrelated noise with the total detected power
(can be measured with a low-cost photodiode) gives a measure
of the total signal-to-noise ratio (SNR). Electrical contributions
to the SNR can be calibrated out using either analytic or fitted
parameters.

VI. CONCLUSION

A novel technique for measuring in-band OSNR using un-
correlated beat noise is proposed. A combination of optical,
electrical, and numerical techniques was applied to cancel the
signal, allowing direct measurement of the noise. This tech-
nique is insensitive to PMD. Chromatic dispersion dependency
is avoided by suitable selection of low BW receivers. Also, this
method uses a passive DLI and low-speed balanced receivers,
therefore, suitable for low-cost implementation.
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