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Chromatic Dispersion Monitoring Based on Variance
of Received Optical Power

Linghao Cheng, Zhaohui Li, Chao Lu, Alan Pak Tao Lau, H. Y. Tam, and P. K. A. Wai

Abstract—For lightwave transmission systems employing ad-
vanced modulation formats such as phase-shift keying (PSK) and
quadrature-amplitude modulation (QAM), chromatic dispersion
monitoring based on average variance of optical power has been
demonstrated. Theoretical analyses are verified by simulations,
and experiment results show that the variance of optical power
at the receiver is a simple and effective statistical parameter to
monitor the residual chromatic dispersion of a transmission link.

Index Terms—Advanced modulation formats, chromatic disper-
sion (CD), optical performance monitoring (OPM), optical power
variance.

I. INTRODUCTION

W ITH the rapid growth in demand for capacity, conven-
tional transmission techniques based on on-off-keying

(OOK) are now facing great difficulties to satisfy such demand
due to their low spectral efficiency. Therefore, advanced mod-
ulation formats with higher spectral-efficiency have become
increasingly important. Various advanced modulation formats,
such as M-ary phase shift keying (MPSK) and quadrature am-
plitude modulation (QAM), have been widely and intensively
explored [1]. As fiber chromatic dispersion (CD) is an important
transmission impairment, online and in-serviceCDmonitoring is
indispensable in current long-haul high-speed dense wavelength
division multiplexing (DWDM) optical networks. Although CD
monitoring through digital signal processing (DSP) [2] can be
adopted in systems with coherent reception, monitoring based
on optical techniques is still attractive, allowing CD monitoring
in a transparent environment and permitting monitoring at
optical nodes without coherent reception. Various optical CD
monitoring techniques have been proposed, such as those based
on radio frequency (RF) pilot tone or clock tone [3], [4], delay
tap sampling [5] and nonlinear effects [6].
One class of CD monitoring techniques is based on some

measurements of the waveform distortion due to CD. Such
measurements can be performed in time domain, such as those
based on sampling amplitude histogram technique [7], or in
frequency domain, such as those based on RF spectral analysis
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Fig. 1. Proposed CD monitoring scheme based on received variance of optical
power. (a) Analog implementation; (b) digital implementation. PD: Photodetec-
tion. ADC: Analog-to-digital converter.

[8]. Without any modification to the transmitter and the re-
ceiver, these methods have proven their effectiveness when CD
is the dominant source for the waveform distortion. However,
currently proposed measurements of the waveform distortion
still require somewhat complicated system configurations or
computation such as sampling circuits or spectral computation.
In this letter, we propose a novel CD monitoring scheme,

which simply calculates the variance of the received optical
power to measure the waveform distortion due to CD. Theo-
retical analyses are first presented, which are then verified by
simulation and experiment results.We show that the method can
potentially enable large monitoring range if the working region
is properly selected [9].

II. THEORETICAL ANALYSES
The proposed scheme is shown in Fig. 1. In lightwave trans-

mission systems employing advanced modulation formats such
as PSK andQAM, the ratio between the received average optical
power and the RF power is shown to be an effective parameter
for CD monitoring. Generally, for such systems, the transmitted
waveform can be expressed as

(1)

where is the nth transmitted information symbol, is
the transmitted pulse with its shape distorted by CD along fiber
length and is the symbol period. Therefore, the received
optical power can be written as

(2)

where denotes complex conjugate. The power of the RF signal
after photo-detection is shown to be
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(3)

The time averages of (2) and (3) are more relevant in practice.
Therefore, the averaged optical power can be written as

(4)

where denotes expectation. The average of the second term
in (2) is zero as typical signal constellation has zero mean and is
independent of each other. Similarly, with (3), the time averaged
RF signal power is written as

(5)

With uncorrelated to when , (5) simplifies to

(6)

where stands for variance. The first term of (6) stands for a
measurement of the intersymbol interference (ISI), which may
be caused by filtering or CD. When the ISI is not negligible, (6)
can be approximated by

(7)

The summation in (6) is approximated to the integration in (7).
Equation (7) can be further simplified as

(8)

When ISI is negligible, such as cases in return-zero (RZ) format
with little CD, (6) can be approximated by

(9)

We then define the optical power variance normalized to the
average optical power as the following

(10)

Therefore, with (4)–(10), the normalized optical power variance
along the fiber length is

(11)

where . The and are for cases
with ISI negligible and not negligible, respectively. If CD is the
only source of waveform distortion, with , (11) is
simplified to

(12)

because the average optical power remains constant with CD.
A lot of practically used pulses can be approximated by

Gaussian pulse, which makes (12) ready for analytical evalua-
tion. A chirped Gaussian pulse is described by

(13)

where is the pulse amplitude, is a chirp parameter and
is the half-pulse-width (at -intensity point). Then for disper-
sive transmission, the pulse can be written as [10]

(14)

where is the fiber CD parameter and
. With (13) and (14), (12) can

be analytically evaluated as

(15)

where is the well-known dispersion length.
If the transmitted pulse shape is known, (6) and hence (10) can

be evaluated analytically or numerically, giving an accurate pre-
diction of the optical power variance evolutionwith CD for prac-
tical monitoring. Equation (15) shows that the dispersion length
is critical,whichdetermines themonitoring rangeandsensitivity.
Thedispersionmonitoring range and sensitivity arehence related
to the data rate. Higher data rate results in smaller monitoring
range but higher sensitivity. The pulse width also plays an im-
portant role. A minimal point of the optical power variance is
generally expected according to (15). For NRZ signals, this min-
imal point normally occurs at CD where the optical power of
NRZ signals generally remains constant over time. For RZ sig-
nals, a large optical power variance is presented atCD due to
pulse carving. The carved pulses are broadened andflattened due
to CD, leading to decreasing optical power variancewith CD.As
the CD value further increases, the ISI becomes significant, re-
sulting in increasing optical power variance with CD. Therefore,
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Fig. 2. Calculated received optical power variance for 25.6-Gb/s QPSK signal
with Gaussian pulse shape for various dispersion values and different duty cy-
cles.

Fig. 3. Measured received optical power variance for 10.709-Gb/s NRZ- and
RZ-BPSK signals with Gaussian approximation for comparison.

a minimal point at CD exists for RZ signal after which the
optical power variance increases with CD.
Other factors, such as optical noise and differential group

delay (DGD), can also lead to optical power fluctuation and
make the CD measurement based on the proposed approach
inaccurate. In such cases, joint measurement of CD, optical
signal-to-noise ratio (OSNR) and DGD would be more favor-
able and produce more accurate measurement results.

III. SIMULATION AND EXPERIMENT ANALYSES
The proposed method has first been verified through simula-

tions as shown in Fig. 2. 25.6-Gb/s QPSK signals with Gaussian
pulses having several duty cycles are assumed. The full width
at half maximum (FWHM) was used as the pulse width for
Gaussian pulses. Optical noise is not included in the simula-
tions so that the optical power variance is solely due to CD.
Approximations based on (15) have also been calculated and
shown as the dotted lines for comparison. Generally the approx-
imations agree with the numerical simulation results very well,
especially for dispersion values greater than 680-ps/nm. For dis-
persion value of about 340-ps/nm and duty cycle less than 1, the
conditions for the approximations used in (7) and (9) are not sat-
isfied, thus leading to the errors. Fig. 2 also shows that for dis-
persion values greater than 680-ps/nm, the optical power vari-
ance monotonically increases with dispersion values, which can
extend to very large dispersion values. Therefore, this method
can potentially have quite large CD measurement range, which
can be utilized through dispersion bias [9].
As Gaussian pulse shape is not common in practice, some

experiments on 10.709 Gb/s NRZ- and RZ-BPSK signals with

50% duty cycle are performed. The received waveforms were
measured by an oscilloscope (Agilent 86100A) with a detection
bandwidth of 50 GHz and a resolution of 5 ps. The received
optical signal-to-noise ratio (OSNR) was maintained above
30 dB. The curves based on approximations by Gaussian pulses
without chirp were also calculated. For the approximation of
the NRZ signal, Gaussian pulses with duty cycle of 1 were used.
However, the best duty cycle of Gaussian approximation for the
RZ signal was found to be a slightly smaller value of 4/9. As
illustrated in Fig. 3, the measured experimental results and the
calculations based on Gaussian approximation exhibit the same
behavior. However, as expected, Fig. 3 also shows that fairly
large errors are presented due to the Gaussian approximation
for dispersion values smaller than 850-ps/nm because for small
CD values, the pulse shape cannot be well approximated by
Gaussian pulse shape. In this region, the measurement is highly
pulse-shape dependent, which may be sensitive to other factors
such as filtering, making CD monitoring unreliable. On the
other hand, Fig. 3 shows that for dispersion values greater than
850-ps/nm, the calculated results match the measured results
very well for both NRZ and RZ cases. Even though the practical
pulse shape is not Gaussian shape, the Gaussian approximation
works very well in this region. Therefore, this is a more reliable
working region for dispersion monitoring.

IV. CONCLUSION
A simple and novel method for dispersion monitoring based

on the measurement of the variance of received optical power
has been proposed. Its effectiveness has been theoretically ana-
lyzed and verified by simulations and experiments.
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