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In this paper we present an electronic domain solution for chromatic dispersion (CD) monitoring 
algorithm based on the estimated time domain channel in electronic domain using channel estimation 
methods. The proposed scheme utilizes kurtosis as a CD measurement, directly computed from 
the estimated inter-symbol-interference (ISI) channel due to the CD distortion. Hence, the proposed 
scheme exhibits robust performance under OSNR variation, in contrast to the existing electronic 
domain approach based on minimum mean squared error (MMSE) fractionally-spaced equalizer taps 
[1]. The simulation results verify the CD monitoring ability of the proposed scheme.
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I. INTRODUCTION

During the past decade, optical communication system 
has realized the rapid growth of data traffic in the 
network backbone. The capacity increases are contributed 
by dense wavelength division multiplexing (DWDM) 
with large channel counts. Optical performance monitor-
ing (OPM) is essential for managing such high capacity 
optical transmission and switching systems [2]. One of 
important parameters to estimate is chromatic dispersion 
(CD), which is a significant factor degrading the perfor-
mance of optical communication systems [3]. Recently, 
electronic domain processing approaches have gained 
considerable research interest to overcome CD and other 
distortions such as polarization mode dispersion (PMD) 
[4]. Mature equalization techniques in modern wireless 
digital communication systems, such as decision feedback 
equalizers (DFEs) and maximum likelihood sequence esti-
mation (MLSE) equalizers [5, 6] have been successfully 
applied for mitigation of CD and PMD distortion. In-

spired by this electronic domain processing, there has 
been an attempt to monitor CD in electronic domain 
[1], unlike other conventional approaches [7, 8]. In [1] 
authors considered CD monitor scheme based on mini-
mum mean squared error (MMSE) fractionally-spaced 
(FS) equalizer taps. However, the MMSE FS equalizer 
taps varies as OSNR changes to deal with noise enhance-
ment [8]. Thus, the proposed monitoring method in [1] 
reportedly suffers from about 10% uncertainty when 
OSNR changes 10dB from 30dB. Furthermore, MMSE 
FS equalizer taps do not directly correspond to the 
severity of inter-symbol-interface (ISI) channel caused 
by CD, nor the inverse of channel taps [9]. Hence, the 
MMSE FS equalizer taps are not the suitable candidate 
for CD estimation.

In this paper we use kurtosis [10] to estimate the 
severity of CD directly from the estimate of ISI channel 
using baud samples. This approach improves the robust-
ness of CD monitor algorithm in the presence of low 
OSNR and reduces the computational complexity. Since 
the channel estimation is required by MLSE equalizers 
and most DFEs for initialization [11,12], this monitoring 
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FIG. 1. Fiber communication system using NRZ-OOK

method is a good fit with MLSE equalizers and DFEs 
for CD and PMD mitigation.

The organization of this paper is as follows. In Section 
II, we discuss the proposed CD monitoring methods. 
We describe the relation between CD and ISI and develop 
a mean to measure ISI for CD monitoring. The perfor-
mance of the CD monitoring algorithm is confirmed in 
Section III. Conclusions follow in Section IV.

II. PROPOSED CD MONITORING METHOD 
USING ISI

A. Chromatic dispersion and ISI
Consider a typical non-return-to-zero on-off-keyed 

(NRZ-OOK) optical communication model in Figure 1.
The bit sequence  with bit rate T is pulse shaped 

by a rectangular pulse and transmitted over an optical 
fiber after laser modulation. We assume a lossless linear 
fiber with CD distortion. The CD distortion in optical 
fibers causes generally a non-linear distortion to the 
transmitted wave forms. However, it is often approxi-
mated by a first order distortion model in the optical 
field domain. The effect of CD can be modeled as a 
linear filtering process given by

    ⊗ (1)

where ,  , and   are transmitted, received 

signals, and the fiber impulse response in optical field 
domain, respectively, and ⊗ denotes convolution. In the 
frequency domain, the transfer function describing fiber 
CD is given by the following [5]

  
ㆍ (2)

where L denotes the fiber length,  the wavelength, D 
the dispersion parameter at , and c does speed of 
light. As the CD parameter increases, the impulse re-
sponse   spreads widely and consequently introduces 

severer inter-symbol-interference (ISI) in the baseband 
as we will describe in detail shortly. Hence, the severity 
of ISI can be used as the measure of CD.

The received optical signals suffered from CD distortion 
are demodulated to electronic signal by a square-law 
detector. Contrast to the wireless communication sys-

tems, this process is nonlinear. Hence, the linear convo-
lution relation in optical field domain is not preserved 
in the baseband. Nonetheless, The linear component 
(or the first order approximation) of this nonlinear pro-
cessing is still written as a convolution and has signifi-
cant contribution to the overall distortion [13]. Let 
 denote the impulse response in baseband induced 
by  which also includes effect of filtering in optical 

and electronic domains. Then the received analog 
signal  in electronic domain can be written as the 
following [13]

  
∞

∞

   (3)

where  denotes the originally transmitted bit sequence, 

 denotes the noise term, and the non-linear terms 
appears due to the square-law detector. Assuming opti-
mal sampling timing phase, let  and  be the sampled 

discrete time signal from  and  with respect to 
the timing period , respectively, i.e.,

  

  
(4)

Then, we have an end-to-end discrete time domain 
baseband communication model between the received 
samples and transmitted bits in the following form 

  ⊗ (5)

where  comprises of the sampled noise term and non- 

inear term and ⊗ denotes discrete time convolution. Here 
 can be viewed as a discrete time impulse response 

characterizing the optical channel corrupted by CD. In 
the ideal optical communication scenario,  satisfies 

Nyquist criterion [14], i.e.,

     ≠
 (6)

and becomes a pure delay. However, in the presence 
of CD, the impulse response violates Nyquist criterion 
and causes inter-symbol-interference (ISI) [14]. The 
severity of the ISI increases as the CD parameter in 
(2). To measure ISI it is critical to estimate , since 

the ISI distortion is given by
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FIG. 2. Decision-directed channel estimation block

  ⊗  
∞

∞

 

  
≠

∞

 

(7)

where we assumed the 0 delay without loss of generality. 
The  term corresponds to the attenuation and non-zero 

≠ terms contribute to ISI. As done in wireless 

digital communication system, we model the  as a 
finite impulse response (FIR) filter. The vector h = 
[h1,h2,…,]is called length Nh-ISI channel model. Esti-

mating h = [h1,h2,…,] from the received samples rk 

is a problem of ISI channel estimation [14,15]. We will 
apply a classical channel estimation method called adap-
tive least mean square (LMS) algorithm to estimate h 
= [h1,h2,…,]. Once the ISI channel is estimated, to 

measure the severity of ISI channel we propose to use 
the kurtosis of the estimated channel, which roughly 
measures the “peakednness” of the channel vector [10]. 

 


















 (8)

Apparently, in the absence of ISI, K(h) becomes 1, 
and in the worst case when hk=1 for all k, K(h) reduces 
to 1/Nh, where Nh denotes the length of ISI channel.

B. Channel estimation 
We use an adaptive approach to estimate FIR ISI 

channel h due to CD distortion. Figure 2 illustrate a 
channel estimation block driven by the decision-directed 
least mean square (LMS) algorithm [15].

Let  denote a vector of length Nh to estimate the 
FIR channel (called channel estimator). To generate 
error, one can use the originally transmitted signals 

(for example, training sequences), or decisions  from 

 with respect to a decision threshold 

       
 (9)

Based on this information we reconstruct the estimated 

received signal using :

 


 


 

The error function is generated by 

 
 (10)

where Δ is the delay. Assuming Δ = 0 (in practice Δ 
is set to half of the channel estimator length, N/2), the 
mean squared error (MSE) is 


   

 




 



 
 



 (11)

Further assuming 
 , i.e., no decision error or using 

training sequence, mean squared error (MSE) can be 
written as 


  ‖‖ (12)

Hence, the by minimizing MSE we can extract the 
estimation of the linear component. 

  (13)

The adaptive solution achieving MMSE channel 
estimation is given by 







 (14)

where μ is a step size and  denotes the estimator 
vector at k –th iteration [14]. 

Notice that this minimum mean squared error (MMSE) 
channel estimation is invariant under SNR change in 
contrast to the fractionally spaced (FS)-MMSE equalizer 
driven in [1,9], The FS-MMSE is biased to minimize 
noise enhancement due to inversion of the ISI-channel 
[14, 15], and consequently corresponds to a less severe 
channel in a low SNR environment. Therefore, severity 
of ISI measured by a FS-MMSE equalizer is biased in 
a low SNR as reported in [1].

III. SIMULATION RESULTS

In this paper, we simulate optical transmission 
systems impaired by CD to verify the CD monitoring 
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(a) Eye pattern and ISI estimation for CD=0 ps/nm under 30dB OSNR

(b) Eye pattern and ISI estimation for CD=1000 ps/nm under 30dB OSNR

(c) Eye pattern and ISI estimation for CD=2000 ps/nm under 30 dB OSNR

FIG. 3. Eye pattern and ISI estimation for various CD parameters
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FIG. 4. CD monitoring performance of proposed algorithm 
under different OSNR

scheme. The transmitter consists of 10 Gb/s NRZ-OOK 
modulation. A CD emulator generates first order CD 
distortion. The distorted signal is added with amplified 
spontaneous emission (ASE) noise. Using square-law 
detection, electrical signal is obtained from the optical 
signal. We have used a 5th order Bessel low pass filter 
with 7 GHz bandwidth after the conversion. The received 
signal is then fed to the channel estimation block consisted 
of length 7 channel estimator using least mean square 
(LMS) algorithm to minimize the MSE. After a few 
iterations of the LMS algorithm, the estimated channel 
coefficients are used to calculate the kurtosis. The 
correlation between the kurtosis of estimated channel 
and the CD parameter imposed to the optical system 
is studied by varying the CD parameter value.  

The following Figure 3 (a), (b), (c) show the eye- 
pattern of 0ps/nm, 1000ps/nm, and 2000ps/nm in 
30dB optical signal-to-noise ratio (OSNR) and ISI 
estimation using the length 7 channel estimation. The 
tap coefficients are baud spaced and main cursor is 
normalized to 1.

Notice that as CD parameter increases the severity 
of ISI increases, which indicated by growth of the coef-
ficients values adjacent to the main tap. At CD = 0 
ps/nm the estimator is close to a delta function and 
vanishingly small ISI is observed. As CD increases to 
1000 ps/nm, two adjacent taps increase to about 0.1 
and above 0.2 at CD=2000 ps/nm. 

Figure 4 plots the kurtosis of the ISI estimator com-
puted by (5), as the measurement of CD, for various 
OSNR and CD. The figure clearly shows that the 
kurtosis based CD measurement utilizing direct esti-
mation of ISI channel does not vary as OSNR change, 
in contrast to the 10% uncertainty reported in [1] when 
FS-MMSE equalizer coefficients are used to measure 
CD. Indeed, the CD measurement based on the proposed 

algorithm exhibits consistent performance under various 
OSNR.

IV. DISCUSSION AND CONCLUSION

In this paper, we have proposed a new electronic 
domain chromatic dispersion monitoring technique 
using channel estimation. The ISI due to CD is directly 
estimated from baud samples and measured using 
kurtosis of the ISI channel. This method has removed 
the uncertainty of the CD measurement based on the 
MMSE-FS equalizers under severe OSNR reported in 
[1]. The successful chromatic dispersion monitoring 
results have been demonstrated by simulation in a chro-
matic dispersion range of 1000~2000 ps/nm.
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