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Abstract— This paper describes a new class of non-
linear filters called the Generalized Directional Dis-
tance Rational Hybrid Filters (GDDRHF) for multi-
spectral image processing. The application at hand
is color image filtering problems. The GDDRHF fil-
ter is a two-stage filter, which exploits the features
of a new directional distance filter, where the tempo-
ral information related to the central sample is ex-
pressed by their weight, and those of the rational
operator. This weight is incorporated to a sum of
vector distances and vector angles, so that general-
ized directional distance rational hybrid filters will
provide larger design possibility than standard vec-
tor directional distance rational hybrid filters VD-
DRHF. Thus, the VDDRHF is a special case of the
GDDRHF. The GDDRHEF includes other special cases
such as the vector median rational hybrid filters (VM-
RHF), the vector directional distance rational hybrid
filters (VDDRHF'), the center weighted vector me-
dian rational hybrid filters (CWVMRHF), and the
center weighted directional distance rational hybrid
filters (CWDDRHF).

Experimental results show that the new GDDRHF
outperforms a number of widely known nonlinear fil-
ters for multi-spectral image processing with respect
to all criteria used.

1. INTRODUCTION

In the recent years, a number of sophisticated
multichannel filters have been developed to date
for image filtering [2, 7]. The common feature
of vector filters lies in the use of the inherent
correlation between color channels and thus, the
multichannel images such as standard color im-
ages and satellite images are processed according
to natural image features. Since the vector ap-
proach process an input signal as a set of vectors,
in general, there is passed no color artifact or a
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new vector sample to a filter output. To this end,
vector processing of multichannel images is more
appropriate compared to traditional approaches
that use instead component-wise operators [6]

For instance, the vector median filter (VMF)
[1] minimizes the distance in the vector space be-
tween the image vectors as an appropriate error
criteria. It inherently utilizes the correlation of
the channels and keeps the desirable properties
of the scalar median; the zero impulse response,
and the preservation of the signal edges. A sec-
ond class of filters, called vector directional fil-
ters (VDF) [9], uses the angle between the image
vectors as an ordering criterion. The VDF’s are
optimal directional estimators and consequently
are very effective in preserving the chromaticity
of the image vectors. A drawback of VDF lies
in the fact they do not consider the magnitude
of the image vectors, separating in this way the
processing of vector data into directional process-
ing and magnitude processing. A third class of
filters uses rational functions in its input/output
relation, and hence the name “vector rational fil-
ters” (VRF) [4]. There are several advantages to
the use of this function. Similarly to a polyno-
mial function, a rational function is a universal
approximator (it can approximate any contin-
uous function arbitrarily well); however, it can
achieve a desired level of accuracy with a lower
complexity, and possesses better extrapolation
capabilities.

In this paper, a novel nonlinear vector fil-
ter class is proposed: the generalized directional

distance-rational hybrid filters (GDDRHFs). Three

generalized vector directional distance sub-filters
acting on form the GDDRHF different shapes of



the filter window, and one vector rational oper-
ation. GDDRHFs are very useful in color (and
generally multichannel) image processing, since
they inherit the properties of their ancestors.
They constitute very accurate estimators in long-
and short-tailed noise distributions and, at the
same time, preserve the chromaticity of the color
image. Moreover, they act in small window and
require little number of operations, resulting in
simple and fast filter structures.

2. DISTANCE FUNCTIONS

The magnitude distance is used to possess noise
attenuation in contrast to the angular distance,
which possesses chromaticity retention. There-
fore, it is very important to express a distance
measure combining these two distances [3], which
is more appropriate for the concept of human vi-
sual system.

Since, in general, the weight vector for vector
distances cannot be the same as in the case of
vector angles, the influence of vector distances
or vector angles can be emphasized.

Let x1,x9,...,zx be an input set determined
by a filter window and N represents a window
size. Let us assume that wq,w,,...,wy and
Uy, Us, ..., uy defined by

_J N—=2¢+2 forj=(N+1)/2
Wi=31 otherwise

and

| N=20+2 forj=(N+1)/2
Y= otherwise
represent a set of nonnegative integer weights so
that each weight w; and u;, for j = 1,2,..., N,
is associated with the input sample z;. Clearly,
only the central weight wy11)/2 associated with
the central sample z(y;1)/2 can be alternated,
whereas other weights associated with the neigh-
booring samples are retained to be equal to one.
Note that the parameters ¢ = 1,2, ..., (N +1)/2
and [l = 1,2, ..., (N+1)/2 are smoothing parame-
ters. Then, it is possible to express the weighted
magnitude distance d; associated with the input

sample x;,
N

d; =Y wjllx; —x;|| ;i=1,2,...,N. (1)
j=1

and the weighted angle distance «a; associated
with the input sample z;

N
alzzujﬂ(xz,x]) ,221,2,,N (2)
j=1

where ||.|| is an appropriate vector norm and
f(x;,x;) denotes the angle between the vectors
x;, X; and 0 < 0(x;,x;) < 7.

Now, it is possible to define the combined
weighted distance v; as follows

vi=d.oy? ;i=1,2,...,N. (3)

N N 1-
= [l =] [ wdax)] " @)
7=1 Jj=1
i=1,2,...,N.

The output of the generalized directional dis-
tance subfilter in the first stage of the filter struc-
ture can be expressed as

where, () is the ordered vector valued sample
associated with minimal weighted angle distance
Y1y according to,

1

Yay <ve2) < - <y (6)

i.e. a sample that minimizes the sum of weighted
vector magnitudes and simultaneously the sum
of weighted vector angles, represents an output
of the generalized directional distance subfilter.

The power parameter p controls the impor-
tance of the angle criterion versus the distance
criterion in the overall filter process. Then, the
GDDF can provide the robust noise suppres-
sion capability rather than the signal-details and
color chromaticity preservation.

We have adopted a constant operational value
p = 0.25 as explained in [3]. This represents
a compromise between the different values im-
plied by the different noise models. Moreover,
since the performance measures remain practi-
cally unchanged for a range of p values, which
includes the value p = 0.25, this is “safe” value
independent of the noise distribution [3].



3. GENERALIZED DIRECTIONAL
DISTANCE-RATIONAL HYBRID
FILTERS (GDDRHF)

The new filters are a two-stage type hybrid fil-
ters. They combine in the first stage the L,-
norm criteria and angular distance criteria to
produce three output vectors with respect to the
shape models. In the second stage a vector ra-
tional operation acts on the above three output
vectors to produce the final output vector.

Let x : Z' — Z™, represent a multichannel
signal and let W € Z' be a window of finite size n
(filter length). [ represents the signal dimensions
and m represents the number of signal channels.
x; are m-dimensional (m > 2) vectors in the

vector space defined by the m signal channels.
The GDDRHF is defined as follows:

Definition 3.1 The output vector y(x;) of the
GDDRHF, is the result of a vector rational func-
tion taking into account three input sub-functions
which form an input functions set {@,, Py, 5},

Z?:l Bi®;(x:)
Q(XZ) = QZ(XZ') + h+ kD[Ql(Xz);QQJ,(Xz)] (7)

where, D[.] is a function of scalar output which
plays an important role in rational function as
an edge sensing term, 8 = [B1, B2, B3] character-
izes the constant vector coefficient of the input
sub-functions. In this approach, we have chosen
a very simple prototype filter coefficients which
satisfies the condition: > B; = 0. In our
study, B =[1,-2,1]". h and k are some positive
constants. The parameter k is used to control the
amount of the nonlinear effect.

The sub-filters &, and ®; are chosen so that
an acceptable compromise between noise reduc-

tion, edge and chromaticity preservation is achieved.

It is easy to observe that this GDDRHF differs
from a linear low-pass filter mainly for the scal-
ing, which is introduced on the @, and ®; terms.
Indeed, such terms are divided by a factor pro-
portional to the output of an edge-sensing term
characterized by the function D[®,, ®;]. The be-
havior of the proposed GDDRHF structure for
different positive values of parameter k is,
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Figure 1: Structure of the GDDRHF filters.

1. £ ~ 0, the form of the filter is given as
a linear lowpass combination of the three
nonlinear sub-functions,

y(xi) = 1@ (x) +ea®y (%) +e3P5(xi). (8)

where, the coefficients c¢;, ¢y, and c¢3 are
some constants.

2. k — oo, the output of the filter is identi-
cal to the central sub-filter output and the
vector rational function has no effect,

Q(Xz) = Dy(x;). (9)

3. For intermediate values of k, the D[®,, @]

term perceives the presence of a detail and

accordingly reduces the smoothing effect of
the operator.

The proposed structures of the GDDRHF are
shown in Fig. 1. The edge sensor is written by,

D@y, ] = [(I12: — 251) (0@, 25))"] (10)

Depending on the value of the parameter p, the
edge sensor is based on the magnitude difference
between the vectors for p = 0 and for p = 1, the
angles between the directions of the color vec-
tors are used as edge sensitivity measure. The
goal is to sustain the sharpness of the filtered im-
age by preserving the transitions detected in the
color space, where transitions are represented by
the angles between the color vectors. At a fixed
luminance, small angles between color vectors
denote “color” homogeneous regions; whereas,
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Figure 2: (a) and (b) are parts of the Original noise free and the contaminated color Lenna image with additive
(4% in each channel) impulsive noise, respectively. Images (c)-(f) are the results using DDF, VMF, VMRHF, and

GDDRHEF, respectively.

large angles indicate edges. For intermediate
value of p (0 < p < 1) both criteria (distance
and angle) are used, and in turn they contribute
to the filtering process.

The generalized directional distance-rational
hybrid filters (GDDRHFs) are promising detail
preserving filtering structures since it was shown
that every subfilter is able to preserve signal de-
tails within its subwindow [3]. GDDRHFs can
preserve details within the vertical, horizontal
and the two diagonal directions in one opera-
tion.

It is clear that the proposed filter represents
a generalization of the vector median rational
hybrid filter, center weighted vector median ra-
tional hybrid filter, vector directional distance
rational hybrid filter, center weighted directional

distance rational hybrid filter. All above-mentioned

filter classes can be expressed through the set-
ting of the smoothing parameters ¢, [, and the
power parameter p.

4. EXPERIMENTAL RESULTS

GDDRHEF have been evaluated, and their perfor-
mance has been compared against those of some
widely known vector nonlinear filters: the vec-
tor median filter (VMF), the distance directional
filter (DDF) [3], and the vector median-rational
hybrid filters (VMRHF) [5], using RGB color im-
ages.

The noise attenuation properties of the dif-
ferent filters are examined by utilizing the color
Lena image (256x256). The test image has been
contaminated using various noise source models
in order to assess the performance of the filters
under different scenarios; Gaussian noise, Impul-
sive noise, and Mixed Gaussian-impulsive noise.
For quantitative comparison of the performance
of the different filters, we used the mean absolute
error (M AFE), the mean square error (MSE),
and the normalized color difference (NCD). In
general, M AF is a mirror of the signal details
preservation, M SFE evaluates the noise suppres-
sion well, and the NCD is used to quantify the



perceptual error between images in the percep-
tually uniform L*a*b* color space which is known
as a space where equal color differences result in
equal distances [8].

A sample processing results are presented in
table 1 for quantitative comparison and in Figs.
2(a)-2(f) for qualitative one. From table 1, it can
be seen that the proposed method achieves the
significant improvement in comparison with the
VMF, DDF, and the VMRHF. Fig.2(a) shows a
part (128x128) of original color Lenna image and
Fig.2(b) shows the corrupted version of Fig.2(a)
with additive (4% in each channel) impulsive
noise. Fig.2(c)-2(f) presents the results using the
VMEF, the DDF, the VMRHF and the GDDRHF
respectively. A comparison of the images clearly
favors the proposed GDDRHF over its counter-
parts (VMF, DDF, VMRHF). The proposed
GDDRHEF can effectively remove impulses, smooth
out nominal noise and keep edges, details and
color uniformity unchanged as we can see from
the related shown images.

5. CONCLUSIONS

This paper introduced a new class of nonlinear
filters for multichannel image restoration. The
GDDRHEF filters are two-stage filters. They ex-
hibit very desirable filtering properties and uti-
lize in an effective way the performance of the
vector rational function filters and the features of
the generalized directional distance filters. This
balance has been achieved by the independent
tuning of the smoothing parameters for vector
distances and vector angles. Thus, it is possi-
ble to control their influence on the filter esti-
mate. GDDRHF's represent the generalization
of many filter classes such as the VMRHF [5], the
CWVMRHEF, the VDDRHF,... As seen from the
attached images, GDDRHFs have achieved the
three main objectives: noise attenuation, chro-
maticity retention and, edges and details preser-
vation.
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