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Abstract Distribution-matching type algorithms based on a set of symbols generated in random order provide a
limited performance under biased impulsive noise since the performance criterion for the algorithms has no
variables for biased signal. For the immunity against biased impulsive noise, we propose, in this paper, a
modified performance criterion and derived related blind algorithms based on augmented filter structures and the
distribution-matching method using a set of random symbols. From the simulation results, the proposed
algorithm based on the proposed criterion yielded superior convergence performance undisturbed by the strong
biased impulsive noise
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1. Introduction problems, the distribution matching criteria have been
introduced. One is to minimize the distance between the
Multipath fading and additive noise distort communication ~ distribution of error signal and Dirac-delta function [6],

channels so that they induce intersymbol interference (ISI) and another is to minimize the distance between the

and system instability that make communication systems
unreliable [1]. In underwater communications [2], indoor
communications [3], optical fiber communications and
in-vehicle signal transmission [4] and digital TV systems
[5], biased impulsive noise occurs causing equalizer
algorithms to fail to cancel ISI properly.

Recently, to deal with ISI and impulsive noise

distribution and the distribution of a set of generated
symbols in random order at the receiver [7].

Given a modulation scheme, a set of random symbols
can be generated at the receiver to have the same
distribution as the transmitted symbol points have. Based
on the random symbols, blind equalizer algorithms have

been developed matching the probability density function
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of outputs and the distribution function of the random
symbols generated according to the modulation schemes.
The Gaussian kernel of the algorithm is intrinsically
insensitive to impulse-infected outputs and forcing to
move output samples toward corresponding symbol
points, the method has produced significant performance
enhancement in impulsive noise environments.

However, the method provides a limited performance
under biased impulsive noise since the performance
criterion has no variables for biased signal. We have also
observed in this work that the algorithm performed poor
in that situation.

In order for the method using a set of random symbols
to have the immunity against biased impulsive noise, we
propose a modified performance criterion and related
blind algorithms based on the method using a set of

random symbols.

2. Distribution—matching Method using
a Set of Random Symbols

The performance criterion based on distribution-matching

approach using the source distribution f5(5) on the axis

of a source variable s and the equalizer output

distribution Jfy(») is defined in [7] as
Cost = [ £ ()P =2[ f(B 1 (B)dp )

The distribution-matching criterion employs kernel

density estimation method to estimate distribution

functions [8]. Given a set of N samples {sl,sz,...,sw} , the
kernel density estimation method busing a zero-mean
Gaussian kernel with standard deviation O puts a
Gaussian kernel Go(5—5:) on each of the data points 5; .

Then the N Gaussian kernels are summed as in (2).

1Y
.JE(S):N;GJ(S—SI») @

With this kernel density estimation method (2), the

distribution-matching criterion can be written as

1 N N 1 N N
COS[:F;;GGJE()]/_y;)_zﬁgg(;gﬁ(s/_yl) (3)

In blind equalization, the source symbols are not

known to the receiver, but if we can generate the same

shape of fs($) at the receiver without knowing the
training symbols, we can utilize the cost function (2) in

blind equalization. For instance, if M symbol points
i i iy S,=2i-1-M

equally likely with a probability /M are 9 =4 R
. N

where i=12,...M | we can generate A/[ symbols of s,

N/
as CRCE M symbols  of S, as
{Sw/M+1=“'Af/M+27“"S21\//M} 5 and so on. Then the whole

generated symbol set {58205y} in which the generated

symbols have now the same distribution as the original
source distribution J/s(5) is used in the Gaussian kernel
G,5(5; =¥ of the cost function (3).

With the set of symbols {Swszv-wsw}generated in
random order according to the source distribution and the
system input vector X =[x X oo X T , the weight
update equation at symbol time k can be obtained as

below by minimizing the cost function (3) with respect to

the system weight W =[Wp,Wpow, 1"

1 k N
W =W, +ul 2 2 z Z(Sjiyi).Gg\/E(Sjiyr’).X!
N°o™ i i, =1
1 k k
> ;=9)-G 5(r; =) (X, -X))]
W ZZ e @

For convenience, this algorithm (4) will be referred to
in this paper as distribution - matching algorithm (DMA)
[7].

It is noticeable that Gaussian kernel of the upper term
in (4) makes the update equation insensitive to the large
differences between desired symbol points and outputs
caused by impulsive noise, but it does not contain any
variables. This indicates that when the noise is biased and
impulsive, its immunity against such noise may not be
acquired. For this reason, we propose a modified cost

function for blind equalization in the following section.

3. Modified Cost Function for Blind
Equalization
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Under biased impulsive noise, the system may produce
shifted output due to the lack of compensation ability for
the biased signal. In this situation it can be difficult for
the adaptive system to match the output distribution to the
source distribution. Upon this assumption and for the
purpose of a better match between the two distributions,
we propose to shift the source distribution /5(5) on the
axis of a source variable s by the amount of 7 as
fs(s=7) | and insert the shifted source distribution into

the cost function (3) as
Cost = [ [{(B=0dB-2[ fy(B-7)1, (D) )

With the generated symbol set {sl,sz,...,sl\,}’ the

distribution /s(5=7) forced to be shifted by 7 can be

_fs.(s—r);%gGg(s—r—s,.)

©)
Then,
) 1 N N
[ £ (ﬁ—r)d/f=ﬁ§;cﬂﬁ(y/ -3 o
1 N N
ffs(ﬂ—f)fy(ﬂ)dﬂ—F;;Gﬂﬁ(s,ﬂ—yf) ®

With (7) and (8), the modified cost function to be

minimized becomes

N N

| XX | LX
Cost=—3> 2.6 5(y;=y)=2-—5).2.G 5(s;+7-y)
NZZ e NZZ e ©)

4. Proposed Blind Algorithm based on
the Modified Cost Function and
System Augmentation

In the distribution /s(S=7) | the generated symbol set
{s,,sz,...,sN} is shifted in the positive direction by the

amount of 7 . For the convenience’s sake, we define

S biased QS

S biasea =5; T T (10)

Then the modified cost function can be expressed as

Cost =

1 L | L&
222650007255 2 2.6, 5 5 = )
Nz I:]; 2\ NH;/Z:]: 2 \7 ) biased (11)

where Yi is a function &() of weight and input as

v, =g(W.X) , where the system g(W".X,) could be
any type of filter structures.
When we employ a tapped delay line (TDL) structure

. . T
with system weights W =[Wo: W w4 and system

input Xi:[xi’xifl""’xifLH]T, the system output Vi at

symbol time i becomes ¥ =W'X,  If we add another

weight element W, to W and a constant —c to X; for
system augmentation, we obtain the output of the

T
augmented system Yiag = WaeXiwe with the augmented

W, =[wy, W, Wy, w, T

weight and input vector aug and

X e =X X s =] respectively. The augmented
weight vector Wae has an  additional weight element

W, -¢—>7 compared to the original weight vector W .

This  weight vector expansion implies system
. -w —w7 )

augmentation. Then  Viag = WoeXiwe =WX —w ¢

=Yimwpec and we  have Ji=Viag t W€ and

S biased ~ Vi =5 Viawg TT—W, €

We can observe that after inserting ¥jtiwsed into the

modified cost function (11) and by the minimization of it,

the Gaussian kernel C,yz(Ssie =Y) discards excessive

argument values from impulsive noise, and the bias 7 can

be controllable as W,¢—>7 based on the augmented
filter structure. This analysis indicates that the modified
cost function on appropriate filter structures has the
immunity to biased impulsive noise as well as the ability

of canceling ISI.

Assuming that W.'¢=7 after convergence, Ssised

becomes
S biased ~ Vi =S; = Viaug (12)

With the relationship V=Y =Vjae = Viag and (12),
the gradient of the

0Cost(W,,e)/ OW,e  at the sample time & is calculated

modified cost function

from
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[0G,ﬁ(y/.m,g = Yiaw) 00 g = Vi)
00V g = Viug) oW,

20,58, = Yiaug) 05, = 1)
6(sj - yi.m) oW

aug

]

1 k k
Y 2LG 50 Vi) e~ Vi) Ko =X )

BEYEING)
20°N i=k-N+1 j=k-N+1

=26, 5055 = Y10 = Vi) X ] (13)

Then Wag can be updated by the steepest descent

method with (13), the random-order symbol set

{~"1=~"z7~-=~"w}, and a convergence parameter A as

W,

ot = Wisag = #-0COSH (W, )| OW,,, (14)
For convenience, the proposed algorithm summarized
as (13) and (14) will be referred to in this paper as biased

DMA.

5. Simulation Results and Discussion

The biased impulsive noise model in this paper is
composed of the background Gaussian noise, the impulse

noise and additional constant DC noise. The background

noise is white Gaussian with variance 9cv . The impulse

. . . . . 2
noise is also white Gaussian with variance O , the
average number of impulses per information symbol

duration € occurring according to a Poisson process. Then

the PDF expression of the impulsive noise "l

(background Gaussian noise + impulse noise) is
S 1) == expr e
B O-GJV\/E 26%y
5 -n,’

+ = = exp[ 3 5
J2m(02y +03) 206y +0i)” [7][9]. On the other

hand, the biased impulsive noise 7 by the amount of

bias 4 can have the following distribution function.

—c . —(n—-A4)*

. 1
f (ﬂ) - O_GN\/g Xp[ 20_(2;‘\/ ]
£ —(n—-A)*
+ - - exp[ (2 )2
2r(6l +0l) 205 +on) (15)

In this section the performance of DMA in (4) and the

proposed algorithm is experimented for multipath

channels contaminated with biased impulsive noise
defined by (15). The transmitted symbol points are
{£3.41} two channel

equi-probable. The following

models are adopted as in [1].

H,(2)=0.26+0.93z" +0.262 (16)

H,(z)=0.304+0.903z" +0.304z (17)

The bias A=1 is added at 6000 symbol time after all
algorithms have converged for the assessment of the
potential usefulness of the proposed algorithm. We can
observe in Fig. 1 that the biased impulsive noise has
excessively strong impulses frequently (some impulses
reach over 20 volts) and an abrupt shift of its mean value

in the mean time.

o m e [’w “H

T T T T
0 2000 4000 6000 8000 10000
Number of symbols

Volt
®
L

[Fig. 1] Biased impulsive noise.

MSE performance for H,(z) (CH1) and #,(z) (CH2)

is shown in Fig. 2.

T T T T T

1, —C— DMA (CH1)
o, —O— Biased DMA (CH1)
ofx —A— DMA (CH2) H
K —v— Biased DMA (CH2)
5
o
Z -10
w
(%]
= -154
204
254
T T T T T
0 2000 4000 6000 8000 10000
Iterations (number of samples)
[Fig. 2] MSE performance for the channel #,(z) (CH1)

and H,(2) (CH2) with biased impulsive noise.
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We employ a tapped delay line structure with L =11

weights. The constant ¢ in the augmented input vector
Xiag is set to 2. Data-block size is set to be N=20.
The kernel size 0O and step-size for the algorithms are

and 0.007,

parameters are selected in the case that the algorithms

commonly 0.5 respectively. All these
have the lowest steady state MSE values.

In Fig. 2, in the transient stage, both algorithms yield
the same convergence speed but from the symbol time
6000 when the biased impulsive noise is beginning to be
added to the channel, DMA shows abrupt MSE increase
of over 10 dB and no decrease of MSE after that. This
indicates that DMA has very limited performance of ISI
cancelation. On the other hand, the proposed algorithm
shows the same abrupt MSE increase but instantly
converges in less than 1000 symbols and stays at about
-20 dB of steady state MSE. This implies that the
proposed algorithm copes immediately with the biased

impulsive noise. Similar results are also observed for a

severer channel ,(2) .
The performance can be examined more apparently in
the error distribution comparison in Fig. 3. The error

distributions for the proposed algorithm in both cases of

H\(z) and H,(2) form a highly concentrated shape
centered at zero. However, the ones of DMA are widely
spread as the bias impulsive noise is added. This
phenomenon can be interpreted that DMA has its well
tuned weights for ISI cancellation be readjusted to cancel
the bias of the biased impulsive noise, and in that process,

DMA loses both functions of ISI cancellation and bias

compensation.
—0O— DMA (CH1)
0.0125 —O— Biased DMA (CH1)
—A— DMA (CH2)
—v— Biased DMA (CH2)
= 0.0100 4
‘@
2
[0}
3
2 0.0075 4
£
[
8
T 0.0050 4
0.0025
0.0000 . . . 3
-0.4 -0.2 0.0 0.2 0.4

System error

[Fig. 3] Error distribution in the environment with biased
impulsive noise.

6. Conclusion

Distribution-matching type blind algorithms based on a
set of symbols generated in random order at the receiver
have produced superior performance in the environments
of impulsive noise. But under biased impulsive noise the
methods provide inferior performance since the performance
criterion for the algorithms has no variables for biased
signal. In order for the distribution-matching method
using a set of random-order symbols to have the
immunity against biased impulsive noise, we have
proposed a modified criterion that employs a shifted
source distribution function and matches the output
distribution by using a set of pseudo-source symbols at
the receiver. Based on the proposed criterion, a new blind
algorithm has been derived on an augmented filter
of blind

algorithm based on the

structure. From the simulation results

equalization, the proposed
proposed criterion yielded superior performance coping
with the strong biased impulsive noise. These results lead
us to conclude that the proposed method can be
effectively used in blind equalizers in the environments

with severe ISI and strong biased impulsive noise.
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