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Abstract. This paper shows the performance results to apply the analysis wave-
let with the order statistics in the task of the suppression of impulsive noise in

color images. The proposed filtering scheme in defined as two filters in the
wavelet domain to conform the structure of a general filter that can be modified

in some headings, the first filter is based on redundancy of approaches, the sec-

ond one is the wavelet domain iterative center weighted median algorithm.
With the structure of the proposed filter different implementations for the esti-
mation of the noisy sample are alrcady carried out using different order statis-
tics algorithms that by their good performance can be beneficial in image proc-
essing applications.

1 Introduction

Many different classes of filters have been proposed for removing noise from im-

ages [1, 2]. They are classified into several categories depending on specific applicа-
tions. The order statistics filters are designed to suppress noise of different nature.
they can remove impulsive noise and guarantee detail preservation [1, 2]. By other
hand, the filters based in the wavelet domain provide a better performance in terms of

noise suppression in comparison with different filters in the spice domain [3, 4].
In this paper we proposed a filter that works in the wavelet domain and to use dif-

ferent order statistics algorithms in its filtering scheme.
The proposed filter is conformed by two filters that carry out the impulsive noise

suppression in the wavelet domain. The first filter based on redundancy of ap-
proaches [5] smoothes the LF of the noisy image by means of double convolution

operation (first of decomposition and after reconstruction) between the wavelet coef-

ficients and the samples of the corrupted image, the second one is based wavelet

domain iterative center weighted median filter [6] that provides an analysis of the
histograms of the wavelet coefficients of several pairs of images (original and cor-
rupted) through different scales and carries out an improved estimation of the vari-
ance field of the noisy wavelet coefficients of the image and with aid of the estimator

of the minimum mean square error finally obtains the filtered wavelet coefficients of
the approaches and details of the image.
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The structure of the proposed filter is designed so that it can be modified in the
sections of the first and second detection of the noisy sample in addition to the esti-

mation algorithm, all contained in the wavelet domain iterative center weighted me-
dian filter [6] to increase its robustness and to improve its performance in the task of
the impulsive noise suppression. We introduce in the proposed filter the algorithms of
the SD-ROM, Tri-state Median, Adaptive Center Weighed Median, Multi-stage Me-
dian, FIR Median Hybrid, and MM-KNN Filters [7-11], and adapt them to work in

the wavelet domain into the two detection blocks proposed in this paper.

2 Wavelet Domain Order Statistics Filtering Scheme

The structure of the proposed filter is constituted by two filters, the filter based on
redundancy of approaches [5] and the wavelet domain iterative center weighted me-

dian (ICWMF) filter [6] as it is shown in the Fig. 1. For each color component of the
noisy image is necessary to apply all the steps contained by this structure. This tech-

nique apply up to 5 scaling levels for the details and only I scaling level for the ap-
proaches, it obeys to the differences that can be found between them and their impor-

tance at the moment of the image reconstruction. Other operations are indicated to
make clearer the wavelet analysis that it is carried out in this paper. We modify this
structure in the block of the ICWMF. For that reason, the expressions used by the

ICWMF to calculate the improved estimation of the variance field of the noisy wave-

let coefficients will be required to indicate when and where different proposed filter-

ing algorithms will take place into it to improve the performance of the proposed
filter.

The first stage ofthe ICWMF [6] that detects if a sample contains noise or not is:

(k)=

(1)

med (0(j))

if 12

if 2 <
(1)

where is the variance field estimated previously, k is central sample in the filter

window, j is one of the N sample contained into the window, A is the standard

deviation of the preliminary estimate of the signal coefficients variances (k) in

each scale and is the discriminating threshold defined as [6]:

2

Σ. 2

where s is the scale used in the wavelet analysis and 2 is the weighting function.

(2)
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Fig. 1. Block diagram of the proposed filtering scheme ofthe Wavelet Domain Order Statistics Filter.

2.1 Wavelet Domain Signal Dependent Rank-Ordered Mean Filter

Consider a 3X3 filter window size with a central sample (m)=(k) where
m=[m,m] is the location of the sample in the image, and a vector p(m) which con-

tains the neighbor pixels of (m) into the window [1],
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p(m)=[q(m)4(m) 4(m)p,(m), 4(m),&(m)4(m), 4(m)]
Am)=[(m-1,m, -1),0(m-1,m)0(m-1,m +1)

(3)

(m,m-1) (m,m +1),

(m +1,m,-1),(m +1,m)0(m +1,m +1)]

The samples of the previous vector can be ordered to obtain the next vector [1]:

v(m) = [v,(m),v₂(m),...v (m)] (4)

where v,(m)v,(m),.(m) are the rank ordered elements of (m) that satisfy the
condition v(msv,(ms..Su(mm.

Then, the Rank Ordered Mean is defined as follows [1],

rom(m)= ve(m)+v, (m)
2

and the vector that contains the rank ordered differences rod(m) is [1]:

rod(m)=[rod,(m), rod;(m),rod,(m),rod,(m)]

(5)

(6)

where rod, (m)= v,(m)-(m) for d(n) S rom(m) and i=1...4.
(m)- (3) for (n)> romm)

Finally, the SD-ROM algorithm detects to 6 (m) as a noisy sample if any of the

following conditions is true [1]:

rod, (m)>U, (7)

where i=1....,4, U,U,U, y U are threshold, U<U<U,<U, and U, =8, U₂=20

U,=4Q U=50[1].

2.2 Wavelet Domain Tri-State Median Filter

The Tri-State Median (TSM) Filter joints the Median Filter to the Center Weighted
Median (CWM) Filter into a noise detector that decides if a sample is corrupted or

not. The TSM Filter algorithm is defined as [7]:

Uzd,

8TM = OCwM d₂ SU<d

OAed U <d2
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