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RESUME

Un 2-D algorithme numerique de filtra-
tién, realise a 1 aide de la 2-D transforma-
tion discrete de Walsh, est presente dans le
travail. L algorithme resulte de 1 applica-
ticn seqguentielle 4 une 1-D filtration aux
lignes et colonnes de la matrice des donnees
d entree. L emploi de cet algorithme de fil=
tration dans le processus de restauration
des images est montre. Dans ce but une me-
thode de synthese du filtre de restauration
dans le domaine de ¥Walsh est proposee. Cn
suppose, gue l'image est contamine avec un
bruit additiv stationnaire, non-correle avec
l'image original. Pour ces suppositions les
matrices de filtration, gui determinent les
proprietes du filtre numerique de restaura-
tion optimal (dans le domaine de Walsh) sont
calculees, Le critere d'optimalisation est
exprime par le valeur minimal de 1 erreur
carre moyen du processus de restauration.
Un exemple de restauration de l'image, a
1'aide de la 2-D transformation de Walsh,
est donne,

1, INTRODUCTION

One of the first steps in image proces-—
sing particularly in image restoration, is
the noise filtering to improve the signal
to noise ratio., This can be accomplished by
smoothing the discrete noise corrupted sig-
nal with an appropriate linear restoration
filter. Usually we are interested in such
filtering algorithms, which require as less

SUMMARY

The 2-D digital filtering algorithm,
which is realized by the use of 2-D discre-
te Walsh transform is described. The algo-
rithm is a sequential application of 1-=D
filtering to the rows and columns of the
input data matrix. The use of this filte-
ring algorithm for an image restoration is
presented. The method of synthesis of the
Walsh domain restoration filter is propo-
sed. It 1s assumed, that the image is blur-
red by additive stationary noise, The noise
is uncorrelated with the original image.
For these assumptions, the filter matrices
characterizing the properties of the opti-
mal digital Walsh domain restoration filter
are calculated. The optimization c¢riterion
is the minimal value of the mean-square-
error of the restoration process. An exam-
ple of the image restoration by the use of
the 2-D discrete Vialsh transform is shown.

time as possible. The restoration filters
are mainly bhased on the discrete Fourier
series-transform technique [5]. The image
restoration can be alsc achieved by filte-—
ring the noise by the use of the two-dimen-—
sional (2-D) discrete Walsh transform. The
2-D discrete Walsh transform can be.compu—
ted much .faster than the 2-D discrete Fou-
rier transform. The restoration algorithm
described im the paper [4] reguires for its
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realization oaly 4N210g2N real additions/

subtractions and 2N2 real multiplications
samples). In this
in the Walsh do-

main for a smeared image with additive sta-

(N2 denotes the number of
paper a restoration model

2, THY RESTORATION ALGCRITHM

The block diagram of the image restora-
tion algorithm in Walsh domain is shown in

Fig.1.
Tne corresponding formules can be written
as
U= 6] B Y d Gy E ()

where QZ and gl are the filter matrices
for the rows and
image dasta matrix, V is the N XN noisy ima-

ge data matrix, U is the N x N restored ima-

columns of the inpubt noisy

ge matrix, W denctes the W zN Walsh trans-

tionary noise is presented. lioreover the re-
sults of the digital image restoration are
shown. An image field contained 32 x %2
points,

wihich .are the values of the discrete VWalsh

functions in sequency ordering, ﬂ—q is the
inverse matrix. "
In this paper the filter matrices g; and
gg,which express the properties of the
Walsh domain restoration filter,are assumed

to have a diagonal and constant form.

Tnerefore some image restoration error is to
be expected. If the 2D segquency (Walsh)
spectrum of the blurred image is known, the
above mentioned error can be minimized [5].

form matrix with elements "+1" and "-1" ,
v Yw Yy , 7 1%
w w -] -
T wIw [ 46, ()G wlt)w
NxN NxN
input output
data data
martrix matrix
Fig.1. The block diagram of the Valsh domain restoration filter
3., THe ReSTURATION FILTER
T 3 s : 5 N1 W N v2 . W 2
In the case of additive noise, the most ‘z: {Gl(J’j’E[ W(l’j>][Gk(i’i}] ¥
accepted restoration tecnnique is general i=0
wiener filtering, which minimizes the nmean ..Gi(i,i)g[vw(i,j)uw(i,j)]} = 0
square difference between the original and (2)
restored images. Cur restoration model uses N’q{ W, . ]2 - .. W,. .
G {J»3)| ™ ® V2(1 G, (i,i) +
toe 2D Valsh dowmain filter which is defined ;gé [ 19 ] [ w2 d ] k( ’

by the following equations.

653, B[v,(5,0 40,0]} = o
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where Gw(j,j) and Gw(i,i) are the unknown
values of the N xN diagonal filter matrices

GY and gﬁ, respectively.

E [V2(1,3)] is the Walsh power density
spectrum of the smeared imags.

E denotes the expectation operator.
E[Vw(i,j) Uw(i,j)] is the Walsh cross-power
density spectrum.

The above system of equations can be
solved by the use of the iteration method.
Equations (2) result from the following
condition

N-1 N-1
:{ zz [ u(k,1)- u(k, 1)] = min  (3)

k~O 1=0

where u(k,1) and a(k,l) are samples of the
original and restored images, respectively.
According to the Parseval's theofem,condi—
tion (3) can be expressed in the following
form

N~1 N-1 R 2
{Z Z (0,1, - v (3,3] }: min  (4)

i=0 j=0

where Uw(i,j) and Lg(i,j) are the Walsh
power spectra of the original and restored
images.

Taking into account, that

0y(s3) = G1(323) V,(1,3) Gy(i,1)  (5)
we have

N-1 N~1 w w
E{go go[c’l(a"j) V (1,5) Gy(1,8) -

. 2 2 .
- QW(I’J)J = min (6)

where Vw(i,j) is the Walsh power spectrum
of the smeared image with additive noise,
Differentiating (6) with respect to Gl(g,a)
and Gk(l i) we have

2
W(i,a)]g

N—=1 N~1
aE{Z PRCERMACRICRIE
i=0 ,']"

367(5,3)
N=1 2

- Z { ey(a0) B[V n][efe,n] -

- E[Vw(i,j) Uw(ivj)]Gz(i’i)} (7)

N-1 N-1 2
aE{go jgo[c‘x‘?{(a',a')vw(i,a'mi(i,i)— Y(1,3)] }

W
96 (1,1)

=

-1

2[[(3‘;(3',3‘)}2 £[vE(3,9)]6l(1,1) -

- 61(3:3) B[Vy(3,3) uw<i,a'>]} (8)

0

ca.
]

For a minimum, these derivatives must be
zero for each value of i and j; hence the
best choice of G1(§,3) and G,(1,1) is given
by Egs.{2}.

4. RESULLS

Some computer-simulation results are
shown in Figs. 2a, 2b, Zc.

An image of a nameral ,5" (see [3]) was
sampled to 32 x 32 points. . Each point in the
numperal was given a value 7, while each
point outside the numeral was given a value

O. 1In the images shown in Figs. 2a, 2b, 2c,

each point was quantized to 16 levels (0-15),
the levels 10~15 being represented by the
letters A-F.
Fig.2a was blurred by\Ehe additive noise
(Fig.2b). The noise was independent of the
original signal. Its standard deviation was
equal 0,25 and the mean value 4,

The Walsh filtering method was applied to

The original image, shown in

tais blurred image. The result after 10 ite-
rations is shown in Fig.2¢c. It must be noted

that even at this relatively low signal-to-
noise ratio, the result of applying the
Walsh filtering method is quite good.
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Fig. 2 a;j OUriginal image,
from Fig. b} using the Walsh filtering method.

5. CONCLUSION

Many restoring methods have been pro-
posed in the literature [3].

filter which is fast and easy to implement.
This restoration filter is based on the 2-<D
Discrete Walsh transform and cbeys a mini-
mum mean-square-error quality criterion.
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b) Image with additive noise,
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