19929 E VIZTYYY U 2YRB =RYM 1Y is)2)

An Inpulse Noise-Robust Wiener Filter
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ABSTRACT

in this paper we propose the impuise
noise-robust Wiener filter based on a combination
of Wiener and modified trimmed mean{MIM) filters,
The robust Wiener filter uses the trimming
operation of the MIM filter to replace the
outliers with the median within the window and the
new set of samples which can be considered as the
random process with sawe aean are inputted into
the foilowing Wiener filter.
¥%e show that the robust FRiener filter
effective

is
in frequency selective filtering of
nonstatiopary signals «hile preserving signal
edges with the rejection of impulse noise.

I. Introduction
Linear FIR (filters, producing outputs
which are linear combinations of input
sequences, have been widely used in order to

retain desired signal frequencies while reducing
additive Gaussian noise components, In
if the first and order
statistics of the signal and noise are available a
priori under the stationary assumption, then
the minipus wean square {(MMSE)
estimatior (Fiener filter) can be designed to do
optimal restoration of the signal corrupted
by Gaussian noise, For many in
which this FIR filier
is the signal with nonstationary pean
providing the abrupt changes (i.e,.edges} in data
and the noise has a probability density function

particular, second

error

applications
is employed, however, it
levels

(PDF} with fast decaying tails. In these
situations, the conventional Fiener filter
introduces blurring of edges and cannot

EUppress impulse noise components.
To alleviate the problems associated with

linear FIR filters in filtering nonstationary
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signals containing impulse noise components,
sany nonlinear filters producing outputs based on
the order statistics of the input sequence have
been proposed. Probably the most widely used
ones among them are filters based on the median
operation, The median filter generally preserves
edges and sonotonic trends while suppressing
ispulse noise components quite well [1],

Despite of the siople iwplementation and good
edge preservation of pedian filtering, median
filter often fails to pravide sufficient
spoothing of noninpulse noise components. To
overcome this limitation, the L-filters, based
on linear combination of ordered input
sequenc are introduced (2.3.4}, L-filters vwhich
called Order Statistic Filter
and the median filter which the
of the GSF the
rank-order information of the sequence
and do not depend on temporal
among the data, As a result
the signal to be filtered
constant corrupted
Gaussian noise and spectral
the input signal
therefore desirable filtering
signal with sharp edge and corrupted by Gaussian
and impuse noise to the characteristics
of linear FIR and nonlinear vhich
process both temporal and rank order information
of the data {5].

are also

{OSF),
special

is
case use only
input

correlation
in L-filtering,
is assumed to be
by additive
characteristics of
It is

piecewise

cannot be retained,
in correlated
combine
L-filters

In this paper we propose the impulse
noise-robust diener filter based on a
combination of Wiener and Modified 1irimmed
mean (MIM) filters. Here the MTM filter first
deternines the sample median mk inside its
windov and then choose an irterval [m:-q.mk+q)
using some preselected constant q. Within the
window, data samples outside this range
{i,e..outliers) are discarded and the average

value of the
output 3],

rest of the data is used as the



The proposed robust Wiener filter uses the
operation of the MM filter to replace
with the wedian the
window and the new set of samples is inputted to
the Wiener filter 1o result the output. ln this
way, frequency filtering the
rejection of impulse noise is achieved.

trioming

the outliers within

selective with

I1. The Robust Kiener Filter

Let us consider the problem of estimating the
signal {Si} from the observation (Xi} described by
Xi= S5 + Ni, where the signal! (S;} is assumed to
be a random process with nonstationary mean but
stationary covariance, and {Nj) is assumed to be a
zero rean independently and
distributed (i.i.d.) random noise
uncorrelated with (S},

jdentically
which s

In addition, we assume that the covariance of
{Si} and the variance of {Ni} are known. The
output Yy of a conventional Wiener [ilter of
window size 2N+]1 at index k is given by
2Ne1
L A

izt

Yk = (1)

shece {A;}
the orthogonality principle [8], which is

is weighting coefficients satis{ying

201
E{ [Sk-( T A;X5)) xiv =0
FES|

(2)

2N+
This solution is nat robust to impluse noise and

for i=1,.----

exhibit blurring due to nonstationary wean of the
signal,
ln an L-filter, the output Yk is given by

Wl
Y = Z Bikii

i=l

(3}
where Xkij) is the jth smallest sample among the
2\+] samples inside the window centered at Kk,
and where {Bj) is a set of weighting coeffici-
2N
ents with } Bj =1
izl
The trimming operation of the MM filter which
is the special case of an L-filter has been used
in & MDM-MMSE filter where several weights of the
Fiener filter are computed and stored in a table
for each canonical set of the trimmed input
sequence [6]. For the practical use, the MTM-MMSE
{ilter is modified into the robust Wiener filter
shere one set of weights is only computed under
the covariance model with the same mean,
Combining the definition {1) and triemming
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Fig. 1. Block diagram of a robust Wiener filter,

operation of the MIM filter, the output Yx of a
robust Wiener filter is defined as

¥ R
Ye = 2 AN (4)

i=1
where weighs {4;} are the solution of {2) and {.\'El
is the input sequence whose outliers are replaced
by the median ax %ithin the window,

As shown in Fig.1, the robust ¥iener filter
first finds the sample wedian m; inside its window
and choose an interval ([sk-q4. wk+qQ} using some
preselected constant q. The outliers wshich are
located outside the interval are replaced with the
median @x and the nex set {(X8;} of an input
sequence is inputted ta the Riener filter. Here,
in the window due to the
existence of an edge or impluse noise, Under the
assupption that the edge height is
sufficiently targe and q is properly chosen, the
{XR;} can be considered as the random
process ¥ith the same mean. Therefore the ¥iener

the oautliers appear

nex set

filtering for the new set of the input sequence
impulse noise while retaining the
spectral content of the signai.

By selecting the parameter q sufficiently
large, the robust filter reduces
conventional Wiener filter and a very small value

can suppress

Riener to a
for q makes the robust ¥iener filter behave as a
pedian filter,

To get good performance in frequency
filtering «ith ismpuise
suppression, the value of q can be picked in the
range [20,H-25], where H is the minioum hight of
edges to be preserved and ¢ is the noise standard
deviation, for H approximately equal
than 40. The edge retention and
suppression of the robust
illustrated in Fig, 2.

selective noise

to a large
ippulse noise

Yiener filter is

111, Simlated Performance

In this section xe examine the performance
characteristics of the robust Wiener filter and
pmake comparisons with the conventional Wiener
filter and the median filter. To generate the

correlated signal. i,i.d. random variables with a



4 ; Median of {apul sequence

. 1 :localion of windaw center

Afler replacement of

Ioput sequence oulliers with median

Fig. 2, Results of trimming and replacement with
sedian with 2N+1=5, (a) shen median is se-
lected in the lower side of the edge, (b)
vhen median is selected in the higher side
of the edge, (c¢) when impulse noise compo-
nent exists #ithin the window,

Gaussian density function of =zero mean and
standard deviation 4 were passed through the
ideal low-pass filter with cuteff frequency =/2,

The resulted signal is a realization of a zero

wean wide-sense statiormary random process and
the noise free input signal was obtained by
adding piecewise constant values to the

wide-sense statiopary random process as shown in
Fig. 3{a). Fig. 3(b) shows
corrupted by additive zero mean white Gaussian

the noisy signal

noise of variance 4 and tvo impulses,

The results of fiitering the noisy signal by
the median, and the
robust Fiener filter, respectively, are shown in
Fig, 3(c)-(e). A window size 2N+1=11 was used for
all filters and g=10 was used for the robust
Siener Tfilter since the sum of the standard
deviation of the and noise
approximately five and the minimum edge height
is twenty. It is seen that the conventional
Biener filter smears the edges and fails to
suppress the ippulse noise sufficiently whiie the
spectral contents of the signal are retained. On
the other hand,
the edges ard suppresses
frequency selective filtering capability
lost, The robust Wiensr filter shows the best
performance in preserving the edges and the
desired freguencies while suppressing the white

the conventional Wiener,

signal is

the median filtering preserves
impulse noise while

is

Gaussian and ispulse noise.
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Fig. 3. Simulation results with 2N+1=11.

(a} Noise free signal, (b} Noisy signal,
{c) OQutput of the median filter,
(d) Output of the Viener filter,
{e) Dutput of the robust Wiener filier.



IV, Conclusions

¥e have considered the robust ¥iener filter
which combines the characteristics of linear FIR
and nonlinear L-filters in order to process both
temporal and rank order information of the data.
The trimwing operation of the MIM filter was
enployed as the
into

the preprocessor to convert
nonstationary mean of the input seguence
the stationary one,

[t was observed that the robust Wiener filter
is effective in frequency selective filtering of
nonstationary with the

iopulse noise,

signals rejection of
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