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On Models of Clipping Distortion
for Lightwave CATV Systems
Keang-Po Ho and Joseph M. Kahn, Member, IEEE

Abstruct-We prove that the effective transfer function model
by Frigo and the traditional series model used to analyze clipping
distortion in lightwave CATV systems are identical.

I. INTRODUCTION

function is given by a power series [17, pp. 314-3231

where the coefficients b, are given by

C

LIPPING distortion induces a fundamental limit to the
capacity of lightwave CATV systems [l], [2]. There are
various models [1]-[14] in the literature to analyze clipping
distortion. The traditional series model [7], [lo], 1141 and
effective transfer function model [8], [9], [ll], [12] have been
shown to predict the system performance accurately. In this
paper, we prove that these two models are identical, so that
they should provide the same results. We will first review both
models and then prove that they are identical.

where g(

e)

denotes the nonlinear transfer function, and

H , ( I ~ ) = ( - l ) n e z 2 / 2 g ( e - z 2 / 2 ) is the nth-order Hermite
polynomial. In the present case, R;,(T) is the autocorrelation
function of (l), which is given by
.

1

N

Rin(T) = -I$ ~ C O S ( 2 ? r f i 7 ) .
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11. SERIESMODEL
For an N-channel CATV system, the multiplexed input
signal to the laser can be written as
N

i(t)= I ,

CCOS(27rfit

(4)

i=l

In the series (2), the second term represents the undistorted signal, and all higher-order terms represent composite intermodulation products. The power of the nth-order intermodulation
at frequency I/ is

+ #&

i=l

where I, = mIb is the modulation current of each subcarrier where D,?’ is the number of intermodulation products of
channel, I b is the bias current minus the threshold current of
[Cf=i=l(e-32rfnT e ~ 2 r f - ~ ) lfalling
n
at frequency v. w e can
the semiconductor laser, m is the modulation index, and fi
show that [12]
and 4%are the frequency and initial phase of each carrier.
N
N
For a large number of channels, by the central limit theorem,
it can be shown that the input signal can be approximated
by a Gaussian random process with zero mean and variance
o2 = NI,/2. In this paper, we always ignore the bias current
The series model has been used to analyze clipping disof the laser and assume that the clipping nonlinearity operates tortion in lightwave CATV systems [7], [15] and in discrete
on the modulation current i(t) directly.
multitone systems [IO]. The technique is very general and can
The method to analyze a Gaussian random process passing be applied to any nonlinear multicarrier system.
through a nonlinear function was studied in [15]-[17]. For
a Gaussian input random process with input autocorrelation
TRANSFER FUNCTION MODEL
111. EFFECTIVE
function R;,(T)and variance 0 2 ,after passage through a memThe effective transfer function model was first proposed by
oryless nonlinear transfer function, the output autocorrelation
Frigo [8], [9], [ l l ] and later proved by Mazo [12] rigorously.
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Comparing the intermodulation powers given by expressions
( 5 ) and (9), using the relation x(“) = bn/gn, it is obvious that
the effective transfer function model and the series expansion
(71 model are identical.

the noise. For a nonlinear transfer function g(.), the effective
transfer function is [12]
f ( a >= E x M a

+2)))

where 2 is the Gaussian random process. Even if g ( + )is not a
smooth function, f ( a ) will be a smooth function. Ignoring the
bias current, the output f ( i ( t ) )can be expanded as a Taylor
series

V. CONCLUSION

We have proved that in the analysis of clipping distortion in
lightwave CATV systems, the effective transfer model and the
k=O
series model are identical. Because we make no assumption
regarding
the form of the nonlinearity, both models can be
where x(”)= f ( ” ) ( O ) / n !In
. [8], [9], [ll], the effective transfer function f ( a ) is first evaluated and is then expanded to find applied to multicarrier systems with any kind of nonlinear
~ ( “ 1 . Each nth-order intermodulation term has an amplitude distortion.
of x(”)( I m / 2 ) ” , so that the nth-order intermodulation power
at frequency U is
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We would like to prove that the series model and effective
transfer function model are identical. To do so, we will find
the relation between x(”) and b,, and show that they are
equivalent.
The effective transfer function can be evaluated as

f ( a ) = Ex(g(a +.)I

Using the generating function of Hermite polynomials [17,
pp. 66-69], [18, 8.9571

and exchanging the order of summation and integration, we
have

(12)
Comparing (8) and (1 1) term by term, the coefficients x(”)are

or

A. A. M. Saleh, “Fundamental limit on number of channels in
subcarrier-multiplexed lightwave CATV system,” Electron. Lett., vol.
25, pp. 776-777, 1989.
T. E. Darcie, “Subcarrier multiDlexing for lightwave networks and
video distribution systems,” IEEE J. ielect. A;eas Commun., vol. 8 ,
pp. 1240-1248, 1990.
K. Alameh and R. A. Minasian, “Optimum optical modulation index of laser transmitters in SCM systems,” Electron. Lett., vol. 26,
pp. 1273-1275, 1990.
J. H. Angenent, “Simple model for calculation of distortion in an optical
analopue subcarrier multiulexed CATV system.” Electron. Lett.. vol. 26.
pp. 26492050, 1990.
K. Alameh and R. A. Minasian, “Ultimate limits of subcarrier multiplexed lightwave transmission,” Electron. Lett., vol. 27, pp. 1260-1262,
1991.
1. E. M a o , “Asymptotic distortion spectrum of clipped, dc-biased,
Gaussian noise,” IEEE Trans. Commun., vol. 8 , pp. 1339-1344, 1992.
Q. Shi, R. S. Burroughs, and S. Lewis, “An altemative model for
laser clipping-induced nonlinear distortion for analog lightwave CATV
system,” IEEE Photon. Technol. Lett., vol. 4, pp. 784-787, 1992.
N.J. Frigo and G. E. Bodeep, “Clipping distortion in AM-VSB CATV
subcarrier multiplexed lightwave systems,” IEEE Photon. Technol. Lett.,
vol. 4, pp. 781-784, 1992.
N. J. Frigo, M. R. Phillips, and G. E. Bodeep, “Clipping distortion in
lightwave CATV systems: Models, simulations, and measurements,” J.
Lightwave Technol., vol. 11, pp. 138-146, 1993.
R. Gross and D. Veeneman, “Clipping distoaion in DMT ADSL
systems,” Electron. Len., vol. 29, pp. 2080-2081, 1993.
N.J. Frigo, “A model of intermodulation distortion in nonlinear multicarrier systems,” IEEE Trans. Commun., vol. 42, pp. 1216-1222, 1994.
J. E. Mazo and N.J. Frigo, “On a method for calculating the strength of
intermodulation distortion and products,” IEEE Trans. Commun., vol.
42, pp. 1475-1477, 1994.
A. J. mal,“Laser intensity modulation as a clipped Gaussian process,”
IEEE Trans. Commun., vol. 43, pp. 490494, 1995.
A. J. Rainal, “Distortion spectrum of laser intensity modulation,” IEEE
Trans. Commun., vol. 43, pp. 16441652, 1995.
S. 0. Rice, “Mathematical analysis of random noise,” Bell Syst. Tech.
1,vol. 23, pp. 283-332, 1944: vol. 24,pp. 46-157, 1945.
W. B. Davenport Jr. and W. L. Root, An Introduction to the Theory of
Random Signals and Noise. New York McGraw Hill, 1958.
J. B. Thomas, An Introduction to Statistical Communication Theory.
New York Wiley, 1969.
I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series and
Products, Enlarged Ed. San Diego, CA: Academic, 1979.
I

