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ABSTRACT

This paper presents an elegant solution to the
impulse noise cancellation problem for images.
The approach taken here is based on the the-
ory of error-correcting {BCH) codes. Impulses
are considered as “errors”. The process is in
two steps: First, find the error locations in the
image; then, correct the error values.

A first pass is made on the lines of the image,
a second pass is then performed on the columns.
Next the same procedure is repeated. In most
cases, impulse noise is completely removed after
a few iterations are performed.

1. STATEMENT OF THE PROBLEM
This paper presents an elegant solution to the im-
pulse noise cancellation problem for images. This
problem can be formulated as follows.

Figure 1. Initial image: 128 x 128 portion of LENA
256 x 256.

We are given an original image such as the one
of fig. 1. In our example, the gray level resolu-
tion is 8 hits, ie., the pixel amplitude range is
[0-.-255]. Fig. 2 shows the image corrupted by
5% impulse noise ~ a pixel is damaged with proba-
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bility = 0.05. The damaged pixel value was taken
randomly in the range [0---255]; since it some-
times looks bright in dark regions of the image,
and sometimes dark in bright regions, the visual
aspect of this type of noise is that of “salt and
pepper”. The problem addressed here is to remove
salt and pepper, using the important side informa-
tion that most of the spectral content of the initial
image is confined into low frequency components.

Figure 2. Salt and pepper on LENA (5% impulse
noise}.

2. SOME CLASSICAL SOLUTIONS

Some of the usual techniques for combatting im-
pulse noise are illustrated in figs. 3-5. Linear low-
pass filtering (fig. 3) can remove “out-of-band”
noise components, but “in-band” noise is still
present, resulting in visible distortion. This sug-
gests that the process of removing impulse noise
should be non-linear.

A classical method, similar to clipping in the
amplitude domain, consists of applying a (non-
linear) median filter to the lines (or the columns)
of the image. In fig. 4, each output pixel is the
median valve of the 3 neighbor pixels in the cor-



responding corrupted line. [Here the image was
processed line by line, in accordance to all algo-
rithms described in this paper. In practice a 3 x 3
2-D median filter is used.] The process is fast, but
many original pixel values are affected, and the
resulting distortion is still important.

Figure 3. Reconstructed image: low-pass filtered.

Figure 4. Reconstructed image: median filtered (line
by line, 3 taps).

Another interesting approach is to apply a mod-
ified version of block truncation coding (BT'C) [1].
Each 4 x 4 block in the image is quantized into
a two-level signal: the threshold is taken as the
median value of the block, and the two quantized
values are the upper and lower median of the cor-
responding input pixel values. Therefore, unless
the block is highly corrupted, impulse noise is re-
moved from it. Note that BTC also perforins data
compression—as it was first designed for; in fig. 5,
blocking effects are visible,

Figure 5. Reconstructed image: BTC coded (4 x 4
blocks).

3. CHARACTERISTICS OF THE
APPROACH TAKEN HERE

The approach faken in this paper is based on the
theory of error-correcting codes. Impulses are con-
sidered as “errors”. ‘The process is in two steps:
First, find the error locations in the image; then,
correct the error values.

Our approach differs from the ones mentionned
above in several respects:

e Because of the two-step (localisation + cor-
rection) procedure, only those pixels classified
as damaged by the algorithm will be affected.
Therefore, provided all errors can be suitably
corrected, the reconstructed image will prac-
tically not be distorted at all.

¢ Out-of-band components of the impulse noise
are used as a signature to locate impulses to
be removed. Once impulses are located, both
in-band and out-of-band components can be
subtracted out.

¢ A procedure that applies on local regions is
more likely to fail when a local region is highly
corrupted {burst errors). Here the process is
global: typically it can be applied to entire
lines of the image. Failure results only when
the total number of impulses in one line is too
large. This, for suitable choice of parameters
in the algorithm, is a fairly improbable event.

We note that the recent method proposed by
Mitra and Yu [2] adopts the same “localization
+ correction” strategy. They use the output of a
quadratic filter (or some other more sophisticated
method) to detect impulses, and then estimate the



true value of the corrupted pixel by means of a lo-
cal mean operator. Even when each step is linear,
their combination yields a highly nonlinear pro-
cedure, just like the method proposed here. Their
method seems fast and satisfactory for the first two
points listed above, but not for the third (failure
in case of burst errors).

4. ORIGIN AND INITIAL
DESCRIPTION

We shall describe our method in the framework of
BCH codes, whose definition and properties can be
investigated using the discrete Fourier transform
(DFT). Blahut gives an excellent tutorial review
of such “BCH techniques” in [5].

The original theory of BCH and related codes
was developped in the sixties for channel coding
problems and takes place in the algebraic frame-
work of finite fields. Later in the early eighties,
Wolf [3] and Marshall [4] mentionned that these
techniques can be applied to impulse noise can-
cellation, when properly revisited in the field of
real or complex numbers. Wolf gave an exam-
ple of a single-impulse correction. More generally,
the classical BCH decoding procedure, as reviewed
in [5], can correct multiple errors in a 11 signal.

A short description of the BCH algorithm is
as follows. The original signal zg,z1, -, 2N
of length N has DFT X, = 3}, oWk k=
0,--+,N — 1, where W = exp(2jn/N). We as-
sume, for the moment, that at least 2f consec-
utive DFT" components of x are equal to zero,
e.g., the high-frequency components: X = 0 for
ke A= {N/2—¢t,---,N/2,--- ,N/2 +t} (when
N is even). The corrupted signal is y. We define
the error signal to be ¢; = 3 — x;. The number
of errors v is the number of indexes ¢ such that
e; 7 0. It is assumed that v < #: at most ¢ errors
oceur, and the algorithm will be able to locate and
correct them.

Rewrite equation y = x + ¢ in the frequency do-
main: Yi = X + Fp. Since Xy is zero for k € A,
we compute “out-of-band” components of the jm-
pulse noise Yy = Ey, k € A (usually referred to as
the “syndrome”). These are used as a “signature”
of the impulses to be removed.

First error locations are found by computing the
error-locator polynomial A(z) = [1,,20(1-W'z™)
of degree ¥ < t. It turns out [5] that the coefli-
cients of A(z) can be found by solving a Toeplitz
system made out of the ¥, = Ei, & € A. This
system is of the same form as the Yule-Walker
cquations of order ¢, and can be solved using var-

ious well-known algorithms. The error locations
are then found by searching those locations ¢ for
which A(W?) vanishes. In practice we test for
|A(W*)] < € to take computational noise into ac-
count.

Finally error values e; # (0 are determined such
that Ej is equal to the high-frequency components
Yr computed for k € A. This gives a system of 2¢
linear equations to be solved for the < ¢ values
e; # 0. Several algorithms are described in [5].
The reconstructed signal is then &; = 3 —e;. If
v > t, the algorithmn fails, but failure can be de-
tected {e.g. the errors values found are not real
but complex).

5. IMPROVED ALGORITHM AND
SIMULATIONS

The BCH algorithm strongly relies upon the as-
sumption that at least 2¢ consecutive DE'T' com-
ponents of the original signal (to be recovered) are
equal to zere, In practice, these components will
not be exactly equal to zero. Unfortunately, the
BCH algorithm soon breaks down in this case and
has to be modified.

Let us now see how the modified algorithm
works when applied to the *salt and pepper’ prob-
lem. The input signal is a Hne (or a column) of
the image, of length N. In the initial algorithm, a
large value of ¢ is chosen (about N/4) but we re-
quire correction of only v errors where v is much
smaller than ¢ Only the best candidates i for
which A(W?) ~ 0 are retained as possible error
locations. The error values are then determined
such that 4 [Ex — Yi|? is minimized by a least
square method applied to an over-determined sys-
tem of equations.

In practice, the algorithm attributes a small
value to ¢; when { does not, in fact, correspond
to an impulse. Hence such false alarms can be
avoided. Sometimes a few impulses are not de-
tected as such, but the other ones are generally
corrected.

Failure results when too many errors are present
or when the initial high-frequency spectral compo-
nents are not negligible. Our modified algorithm
often fails or does not correct all errors even when
the percentage of impulse noise in the image is
relatively small (about 3%).

However, a very simple loop procedure can be
used to achieve our goal: A first pass is made
on the lines of the image, a second pass is then
performed on the columns. Next the same pro-
cedure is repeated. Fven when only a few im-



Figure 6. Iterative denoising of LENA (Fig. 2) using
the spectral algorithm: (a) after decoding lines, then
(b) columns then (c) lines again.

pulses are suitably corrected in the beginning of
the algorithm, such correction greatly reduces the
task of the following step, which is performed in
the other direction in the image. The next step
will in turn be able to correct more errors, and so
on. Fig. 6 shows simulation results for 5% impulse
noise: three iterations (lines/columns/lines) were
actually needed in this case.

6. CONCILUSION

In this paper, we have described a nonlinear “local-
ization & correction” procedure for removing im-
pulse noise from images, where lines and columns
are processed sequentially. The theory is based on
error-correcting BCH codes defined over the field
of real numbers. It is interesting to realize how
apparently independent areas (coding theory and
image processing) can merge in this situation.

Classical methods for impulse noise cancellation
rely on the assumption that pixels are highly cor-
related in local regions of the image. Our approach
is original in that the assumption under which im-
pulse noise can be removed is a “global” one (ze-
ros in the spectrum of entire lines or columns). As
a perspective, we may envision that this kind of
global approach can be successfully applied for the
recovery of entire “blocks” in an image, in which
blocks are initially missing, e.g. due to transmis-
sion errors.
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