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Introduction 
 

The co-transmission of AM-VSB and M-QAM 
signals in the HFC/CATV networks involves some 
unfavorable effects of the AМ-VSB channels on the M-
QAM channels (Fig. 1), or the so-called cross-effects [1–
3]. They find expression in worsening C/N, i.e. a great 
BER and getting nonlinear products (composite 
distortions: CSO; CTB) as a result of the laser “clipping”, 
the Rayleigh backscattering and reflection noises. 

In the majority of cases composite distortions are 
treated as noises because their unfavorable effect involves 
a BER increase. 

Further on the article treats the factors causing the rise 
of composite distortions and the methods of their reduction 
and limitation. The BER has been defined by means of a 
mathematical analysis, on account of the arising CTB and 
CSO in the receiving-transmitting link, by means of 
Weibull and Rayleigh (Gaussian) distribution for several 
AM-VSB signals modulation indexes. The results of the 
analysis are presented in a graphic mode. 

Factors causing the 2nd and 3rd order composite 
distortions 
 

Many disturbing factors decreasing the quality of the 
digital channels are proved to be present within the HFC 
systems, whereas some of them are linked to the topology 
of the network, and others to the means of mixing the AM-
VSB and M-QAM signals and parameters of the optical 
devices – optical receivers, optical transmitters and optical 
amplifiers. 

One of the most important problems in contemporary 
HFC networks is maintaining a high level of electric 
parameters of the transmitted signals with respect to CSO 
and CTB. 

The solution of this problem is connected to 
determining the causes and factors for the rise of 
composite distortions, and their nature as well. On the 
other hand, choosing an appropriate mathematical method 
giving a description of the composite distortions is of great 
importance to the correctness and the complexity of 
defining the above-mentioned parameters. 
 

 
Fig. 1. Schematic diagram of a hybrid AM-VSB/M-QAM subcarrier multiplexed system 
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Each HFC network trunk line is composed of optical 
fibers and branches of coaxial cables. It is necessary to 
consider the interferences in each of the two network 
fields: the coaxial and the optical. 

As there are numerous publications on CSO and CTB 
in coaxial networks, I am going to point out only the basic 
factors having effect on them - thermal noise brought in by 
the network; nonlinear distortions caused by the active 
devices; reflections and noise caused by other technical 
equipment. 

Apart from thermal noise and nonlinear distortions, 
some laser “clipping” impulsive noises are being brought 
into the optical field [2, 3]. The impulsive noise inherent of 
the multiplexed signals by a frequency division causes 
reduction of the laser diode’s output power Po(t) close to 
the zero, and its input driving current is lower than the 
current Ib determining its working point Fig.2. So with 
analog signals amplitudes surpassing the value (Ib - Ith) the 
signal is being limited which leads to the rise of nonlinear 
products causing an increase of the bit-error rate (BER). 

The optical modulation index per AM-VSB channel is 
given by 

)I-(II/=m thbAM ,                (1) 

where Ib – the laser bias; Ith – the laser threshold current; 
the total RMS modulation index is  

2/Nmμ AMAM= .               (2) 

In a multichannel system whit NAM > 10, the probabi-
lity distribution for the amplitude of I(t) can be accurately 
modeled as a Gaussian random process with variance  
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and rectangular power spectral density. 

BER performances analysis 

In order to provide a set image quality we have to 
define the bit - error rate of the digital channel (M-QAM 
signal) in connection to the composite distortions. For the 
BER to be calculated we need to know the function (pdf) 
describing the probability density of the distortions. The 
permissible levels of distortion can be defined by means of 
the method of BER analysis taking into consideration this 
function. 

The Weibull distribution [4] has been used here in 
order to examine the composite distortions’ statistical 
features: 
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where “”– the “skewness” setting the form of the 
distribution; “” – a “scale factor’ determining the 
amplitude. 

Weibull distribution with skewness of 2 has the same 
form as the Rayleigh distribution, which is the Gaussian 
random process amplitude distribution. Therefore the 
Weibull distribution can be applied to all kinds of 
composite distortions, whether their behavior is suddenly 
changing or not, by means of selection of skewness level’s 
appropriate values.  

At  = 2 and  = (22)1/2, expression (4) changes to 
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which are actually a Rayleigh distribution [4] and its 
probability distortion function looks like 
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where jyxz   and 2  – the summary power of the 

Gaussian and the impulsive noises, i.e. 222
ig   . 

With СТВ and CSO present, arisen as a result of a 
Gaussian noise and a “clipping” noise (impulsive noise), 
the BER is calculated below by means of solving the 
probability density function (pdf) regarding the phase and 
the quadrature component of the Rayleigh distribution 
variable quantity z. 
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where  – a clipping index (impulsive index); 1; MK  – 

a ratio depending on the M-ary quadrature amplitude 
modulation and the Gray’s code (see Table 1), [5].  

Replacing )y,x(P  with expression (6), we get  
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The D area of the pdf function integration is between  
-, +  and half of the minimum distance dmin between 
two adjacent states at the QAM modulation. From [5] 
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 ,          (9) Fig. 2. Threshold clipping induced distortion of  SCM 

where mq  – the optical modulation index for M-QAM 
signal; F  – the receiving-transmitting link efficiency; М – 
multiplicity of QAM modulation; Т – symbol time of the 
M-QAM signal; BT /1 ; B is the bandwidth of the 
channel. 
Table 1. Values of KM at quadrature amplitude modulation 

 

 

M 16 32 64 128 256 
KM 0,375 0,329 0,292 0,26 0,234 
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We put 22ux  , 22vy   and replace in (8).  
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After making the necessary cancellations, turning to 
polar co-ordinates and changing limits, its final look is 
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where Г(•) – Gamma function [4]. 
BER’s graphic dependency on the C/N variation in 

cases of Gaussian noise and impulsive noise from  
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is shown in Fig.3 with %7AMm  and five values of the 

M, causing the rise of CSO and СТВ as a result of the 
“clipping” in laser diode. The BER and C/N values in 
Fig.3 are in a scale of logarithms. After comparing the 
BER values, for a different M, is watched determinate 
dependence, lying on the next outcomes: 

 By increasing M= 2n , where n = 4, 5, 6, 7 and 8, for 
the BER value to be kept the same (for example 1,E-11, 
i.e. 1.10-11) is necessary to be increased C/N from 24 dB 
(for M=16) to 36 dB (for M=256); 

 To be kept BER as a constant at increasing n with 1 
is necessary C/N to grow up with 3 dB.  

The parameters of the optical link in Fig.1 are: 
M=16/32/64/128/256; fH = 47 MHz; fK = 470 MHz; 

F = 0,69mA; RIN = -150dB/Hz; in = 24.10-12 HzA / ; 
NAM = 42 and B = 8 MHz. 

 

 
Fig. 3. BER of Gaussian and “clipping” noise at mAM=7% and 
five values of M 

 
The influence of AM-VSB signals, respectively of the 

“clipping” noise, onto the BER at changing of 
%200AMm  (for five values of M) is shown on the next 

graphics. For all of them the C/N value is 24 dB. On Fig.4 
are given the BER performances for the up pointed 
parameters of the optical link in accordance with 
expression (12). The %7AMm  values do not cause an 

alternation in BER when the multiplicity of QAM 
modulation is the same. At  %7AMm  BER 

performances aggravates sharply. For example for M = 16 
BER increases from 1.10-12 ( %2AMm ) to 1.10-5 

( %20AMm ). 

 

 
Fig. 4. BER = func(mAM) under the common influence of the 
composite distortions from Gaussian and “clipping” noise  
 

(12) expresses the dependency of the probability error 
function on the composite distortions, but without 
rendering an account on the independent effect of each one 
of them (CSO и CTB). The probability distortion 
functions, result of the nonlinearity of the laser diode and 
trunk line amplifiers, can be defined by means of Weibull 
distribution. 

The probability function of the composite second 
order (CSO) distortions can be estimated with the 
following expression: 
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The probability function of the composite triple beat 
(СТВ) is estimated by the expression:  

γ])
1M

C/N
(2[K

2

1
eP 4

3

M expCTB 


 )Γ(
3

4
.    (14) 

BER graphic dependencies on the AMm variation for 

(13) and (14) are shown in Fig.5 and Fig.6 separately for 
CSO and CTB with the above mentioned optical link 
parameters and C/N.  

Conclusion  
 

Composite distortions in the HFC systems have an 
unfavorable effect on the BER values, whereas with low 
modulation indexes (mAM < 7 %) of АМ-VSB signals pre-
vailing is the Gaussian noise. In cases when mAM increases 
to 7 % and more, the laser diode enters a deeper “clipping” 
regime (Fig.2), which leads to a significant increase of the 
second and third order composite distortions.  

For mAM > 8 %, in order to have a normally 
functioning HFC/CATV system, C/N must be greater than 
30 dB. This could be achieved by increasing the optical 
modulation index for QAM signals mq  0,52 %. 

Analyzing Fig.5 and Fig.6 we come to the following 
conclusions: 

 

 41



 CSO worsen BER lesser than the Gaussian noise 
and СТВ, whereas the last ones are of most essential 
importance; 

 

 Examining the composite distortions we have to pay 
greater attention to the СТВ levels, rather than Gaussian 
noise and CSO levels; 

 In order to have a normally functioning HFC 
system there must be a high carrier-to-noise ratio (C/N), 
when the modulation index of the analog signals mAM is 
growing, and so do the composite distortions respectively. 
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