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ABSTRACT

We present in this paper a novel and efficient tech-
nique for the restoration of color images which are
highly corrupted with impulse noise. This is a detection-
estimation based approach in which outliers are first
detected using a Teager-like operator followed by a
locally adaptive threshold. Center pixels whose “en-
ergy” exceeds some threshold are replaced with the lo-
cal marginal median. Simulation results show the su-
perior performance of the proposed filtering algorithm
compared to the renowned vector median (VM [1])
and generalized vector directional filter (GVDF [3]),
which are commonly used for color image restoration
in the literature. Monte Carlo simulations show the
edge preservation and impulse noise attenuation capa-
bilities of the proposed technique. The efficiency of the
algorithm stems from its simple arithmetic operations
compared with more demanding ones, e.g. computa-
tion of distances and angles in the case of VMF and
GVDF, respectively.

1. INTRODUCTION

Order statistics and polynomial based techniques fig-
ure among the most successful approaches used in the
literature for the restoration of color images corrupted
by impulsive type noise. The vector median [1] has
proved to be particularly useful in preserving edges and
removing impulses from color images. However, when
images are highly corrupted with impulse noise, VMF
may cause distortion leading to poor visual image qual-
ity. An alternative scheme to process highly corrupted
images is to first detect impulses and replace them at
the output with the local mean, excluding of course
the outlier. The success of the latter approach depends
heavily on the underlying detection mechanism and in
any case will be very limited by the averaging operation
used in the second stage.

The proposed approach is an attempt to cure the
deficiencies of the latter approach. In the detection
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part of this detection-estimation techunique, the local
“energy” of each pixel is evaluated and compared to a
locally adaptive threshold. Outliers, which are those
pixels whose “energy” exceeds the threshold, are re-
placed with the median value inside the filter window.
This “energy” is a Teager-like measure, hence the name
“energy”, which is commonly used in speech process-
ing, and it is an enhanced version of the quadratic oper-
ator used by Mitra et. al. [2]. The;median operation is
selected in the estimation phase for its edge preserving
property. In the following sections, we describe the al-
gorithm, highlight some of its important characteristics
and assess its performance with natural color images.

2. PROPOSED ALGORITHM

Denote by X(m,n) the pixel value at location (m,n).
Since the proposed scheme is a’ component-wise tech-
nique, X (m,n) denotes one component of the three-
valued pixel of a color image at location (m,n). First,
apply the Teager-like quadratic operator at location
(m,n) to determine the “energy” 'of that pixel.

E(m,n) = maz(E1(m,n), Eo(m, n)) (1)
where:
By(m,n) = [2 % (X(m, n) — )’ )
—(‘X(m - lan) - u) * (X(m + ]-)n) - ”)
—(X(m,n = 1) = p) » (X(myn + 1) = p)},
Ba(m,n) = (2% (X(m,n) - )’ 3)

—(X(m—-1Ln—1)—p)*x(X(m+1Ln+1)—p)
—(X(m—i—l,n—1)—/1)*(X(m—1,n+1)—,u)],

and p is the local mean of the pixels inside the process-
ing window. |



This operator is an enhanced version of the one used
in [2}:

E(m,n)

2% X(m,n)®> — X(m—1,n)* X(m+1,n)
~X(m,n—1)x X(m,n+1) (4)

which produces different values for impulses with the
same magnitude located in different backgrounds.

This “energy” is then compared against a locally
computed threshold:

N
Th = % xS En, (5)
n=1
where E, is the “energy” of the n’th pixel in the sur-
rounding neighborhood Ng containing N pixels, and «
is a constant determined empirically (here alpha is 1.9).
Those pixels whose “energy” exceeds Th, are replaced
at the output by the median of the pixels inside the
filter window. Otherwise, the pixel value is retained.
In order to successfully treat negative impulses, the
proposed technique is applied a second time to the com-
plemented output of the first filtering operation.

2.1. Advantages of the proposed filter

Among the most important properties of the proposed
filter, we note that the adaptive thresholding Eq.(5)
leads to a better detection of the impulses. Further-
more, the modified “energy” operator output does not
depend on the background. For illustration, let the
“energy” of an impulse of magnitude 100 in two dif-
ferent backgrounds be computed using the quadratic
operator Eq.(4) introduced in [2] and the modified op-
erator Eq.(1-3).

100 | 100 | 100 50 1 50 | 50
Wiy 100 | 200 | 100 Wo] 50 1 150 | 50
100 | 100 | 100 50 | 50 | 50

The “energies” Ew, = 6x10* and Ew, = 4x10% are
obtained using Eq.(4), while Ew, = Ew, = 1.556 x 10*
is obtained using the modified operator.

Furthermore, note that only one parameter needs to be
set in order to determine the behavior of the filter; and
only the “corrupted” pixels are filtered, which reduces
the required processing time and preserves better the
original image details. Finally, a small filter window ig
used to save computation.

3. SIMULATION RESULTS

To test the performance of this approach in filtering out
salt and pepper noise (i.e. positive and negative im-
pulses) from natural color images, color image ”Lena”
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is corrupted with 6% salt and pepper noise in each
channel (i.e. a total of 18% impulse noise in the im-
age). The noisy image is then filtered with several
nonlinear filters and the new filter. The results are
shown in Table 1. The new filter performs remark-
ably better than all the other filters for all three ob-
jective criteria (NMSE and MAE are the normalized
mean squared and mean absolute errors, and MCRE is
the mean chromaticity error) used. Some images are
shown in Figure 2 for visual comparison (gray level im-
ages are shown due to the color printing restriction in
these proceeding).

Next, to further assess the edge preservation and
noise attenuation capabilities of the new filter, Monte
Carlo simulations are run using 1000 filtering opera-
tions on an ideal multispectral (3-channel) edge cor-
rupted with 20% salt and pepper noise in each chan-
nel. The average responses of the marginal median,
the vector median and the new filter are displayed in
Figure 3. A much smoother response in constant areas
and a sharper edge are obtained with the new filter.

4. CONCLUSION

A new technique for the restoration of highly corrupted
color images with impulse noise was introduced in this
paper. This approach combines the enhanced “energy”
operator with adaptive thresholding for impulse detec-
tion. The median is used for the estimation of the
corrupted pixels.

The experimental results have demonstrated the ef-
ficiency of the proposed filter. This filter outperforms
all the other filters such as the marginal median (MM),
the vector median (VM), the generalized vector di-
rectional filter (GVDF), the directional-distance filter
(DDF) [4] and the fuzzy vector directional filter (FVDF)
[6]; in removing impulses and preserving image details
and color chromaticity. Moreover, the processing time
is reduced comsiderably by only processing the “cor-
rupted” pixels and avoiding expensive operations such
as computing distances and angles.
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Figure 1: Block Diagram of the proposed filter.
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Figure 2: (a) Noisy image corrupted with 18% salt&pepper, (b) output of the marginal median filter, (c) output
of the vector median filter, and (d) output of the proposed new filter.
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Figure 3: (a) One channel of the 3-component noisy edge, (b) average response of the marginal median filter, (c)
average response of the vector median filter, (d) average response of the new filter.
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