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A New Impulse Detector for Switching
Median Filters
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Abstract—A new impulse noise detection technique for Il. IMPULSE DETECTION
switching median filters is presented, which is based on the

minimum absolute value of four convolutions obtained using | he impulse detection is usually based on the following two
one-dimensional Laplacian operators. Extensive simulations assumptions: 1) a noise-free image consists of locally smoothly
show that the proposed filter provides better performance than varying areas separated by edges and 2) a noise pixel takes a
many ?fche ?XiStingl SY}/itCTing mt_edilan fut]ers with C%mfﬁ?rame gray value substantially larger or smaller than those of its neigh-
Computonl SoTPIt. an parulr he poposed BT 15 bors Lets,, andys, represent the pixe values at posin)
in the corrupted and restored images, respectively. The standard
Index Terms—mpulse detection, median filter. median filter outputs the median value of the samples in the
(2N +1) x (2N + 1) window centered at;;, i.e.,

|. INTRODUCTION .
mi; = median {37i—N,j—N7 ey Ly 7wi+N,j+N} . (1)
large number of algorithms have been proposed to
remove impulse noise while preserving image detail$0 judge whether;; is an impulse, the median-based impulse
Among them, the median filter and its modifications [1] aréletector [3] measurds;; —m;;| and compares it with a prede-
used widely because of their effective noise suppression &#8ed thresholdl’y

pability. However, most of the median filters are implemented s = { 1, |zi; —mij] > Ty

uniformly across the image and thus tend to modify both noise 0, |z —mi| <Th (2)
’ 1] 1) = .

and noise-free pixels. Consequently, the effective removal of
impulse is often accomplished at the expense of blurred ang = 1 means;; is a corrupted pixel; otherwisg;; is noise-
distorted features. Recently, the use of a switching schemeftige. The output of the SM filter is obtained by

impulse removal has attracted more attention because it can

avoid the damage of good pixels by employing an impulse de- Yij = ij - mij + (1= aij) - 24 ®3)
tector to determine which pixels should be filtered [3]-{7]. The Itis well known that the median filter cannot distinguish thin
switching median (SM) filters [3]-[5] have been shown 10 bfos from impulses. Accordingly, the median-based impulse
simple and yet more effective than uniformly applied methoqaetector will interpret thin lines as impulses and lead to the re-

in which a median and/_or a weighted median (WM)_ﬂIter ¥noval of thin lines from images. We propose a simple impulse
usually used to detect impulses. However, the med'an'ba%%qector to overcome this problem next

detector fails to distinguish thin lines from impulses. Accord- The input image is first convolved with a set of convolu-

ingly, the thin lines are interpreted as impulses apd rem,OVEdtién kernels. Here, four one-dimensional Laplacian operators as

rank-ordered mean (ROM)-based and a SOﬁfSW'tChmg 'mpUIgﬁown in Fig. 1 are used, each of which is sensitive to edges

o_Ietector were shown to_wqr_k well _under r_ugh NOISE COMMURS 3 different orientation. Then, the minimum absolute value of

tion but at the cost of significantly increasing computatmnzﬁ1ese four convolutions (denotedsas) is used for impulse de-

complexity [6], [7]. In this letter, we propose a simple impms?ection which can be represented as

detector for the SM filters that exhibits better impulse detection ’

ability than other detectors. In particular, it can successfully rij = min {|z;; ® K,|: p=1t04} (4)

preserve thin lines and other detail features. Both the simulation

results and computational complexity analysis show that théere K, is the pth kernel, and® denotes a convolution

proposed method is better than many of the existing switchifgeration.

schemes. The value ofr;; detects impulses due to the following
reasons.
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Fig. 1. Four 5¢5 convolution kernels. . . .
9 window sizes. We have tested ten images and only the MSE of

. the image “Bridge” and “Boat,” and the average MSE of ten
very small (close to zero) although the other three mighif, qe5 are shown in Fig. 3 due to the letter length limitation.
be large. o ) The noise ratio ranges from 5%—40%. It is seen that the perfor-

From the above analysis;; is large whene;; is corrupted by mance of our algorithm (the lowest three curves) is better than
noise, and-;; is small whenz;; is noise-free whether or not it the other filters when the noise ratio is larger than about 6.25%.
is a flat-region, edge, or thin-line pixel. So, we can compg/e on the other hand, the WM-based SM filter gives the lowest
with a thresholdl” to determine whether a pixel is corruptederror when the noise percentage is smaller than 6.25%. This is
1.e., because there are almost no noise blotches presentin such a low
1 r:>T noise percentage. It can be also seen that a smaller MSE can be
1) . . . . .. . .
Qi = {07 riy <T. (5) obtained if the window size is increased in our method. Finally,
we can see that SM filters normally have better performance
Obviously, the threshold affects the performance of impulsethan nonswitching filters. It is worth noting that the same con-
detection. It is not easy to derive an optimal threshold througlusions can be obtained from every image we tested, although
analytical formulation. But we can determine a reasonalfeeir results are not shown due to the page limitation.

threshold using computer simulations. Fig. 4 shows the subjective visual qualities of the filtered im-
ages using various filters for the image “Bridge” as an exmaple.
[1l. SIMULATION RESULTS Fig. 4(a) and (b) shows the noise-free image and noisy image

. . . corrupted with 10% impulse noise, respectively. It can be seen
Computer simulations are carried out to assess the perfgr- "—. . L :
. . . rom Fig. 4(c) that the simple median filter suppresses the im-
mance of the proposed impulse detector using a variety of tes . ,
images. Mean square error (MSE) is used to give a quantitat oul ses butintroduces a blur effect. The median-based and ROM-
ges. quare f 9 q ased switching filters provide better results, but they remove
evaluation on the filtering results.

) . some image details, especially thin lines. On the other hand,
We first study the effects GF on the performance of impulse he WM-based and tristate median filters can preserve image

detection. Fig. 2 shows the MSE values obtained by varying the, _. . L .
tails, but many impulses remain in the image, as seen from

threshold using the testimage “Bridge” that is corrupted by 20 . . : :
noise. It is seen that the MSE performance can be improve't?' 4(f) and (g). Fig. 4(h) is the result of using a 2LM+ filter,

. . I'which some thin lines are persevered, but in which a blur ef-
using our proposed methoq, andthe ?“e‘T“’.’"" MSE is not so fectis introduced. Fig. 4(i) shows the restored images using our
significant for our method in comparison with other detectors.ro osed method with a5 window size. It is seen that the
Similar results are obtained after we test other images and n el '

levels. prop_ose_d filter can remove most of the noise pixels while pre-
Next, the performance of the proposed filer is compared wiﬁ$rvmg image detail very well.

other switching (median-based [3], WM-based [3], tristate [5],

and ROM-based [6]) and nonswitching (median, 2LM+ [2])

filters. The 2LM+ filter is selected because of its proven ca- We perform a short analysis of the computational efficiency

pability of preserving thin lines. The thresholds for the menf the filters mentioned in Section Ill. In the following analysis,

dian-based, WM-based, and tristate impulse detectors are #@ window size of the median filter is assumed tabe N.

40, and 20 (used in [3] and [5]), and that for our detector is 116. The simple median filter requiresV2LogN compare/swap

The window size for the median filter is<3, and the weights operations in an optimal situation using a Quicksort algorithm.

for the WM-based detector is [1,3,1; 3,5,3; 1,3,1]. The windoim the worst case, the number of operations is proportional to

sizes for the first and second levels of the 2LM+ filter asesb N*.

and 3x 3, respectively. In order to test the effects of window size The 2LM+ filter [2] uses two levels of median filters. The first

on MSE, we also simulated our method using77and %9 level has two templates in which each &6 — 1 pixels to sort.

IV. COMPUTATIONAL COMPLEXITY
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The median-based SM filter [3] uses two median filtering op-
erations (one for impulse detection and the other for noise re-
moval) and one threshold comparison. So, it requires at least
4N?LogN + 1 compare/swap operations. However, if we con-
sider the fact that the median filtering operation is applied only
to noisy pixels, the number of operations can be significantly
reduced a$l + p)2N2?LogN + 1, wherep is the noise ratio and
is normally smaller than 0.4.

The complexity of WM-based, ROM-based, and tristate SM
filters is not analyzed here because they require many more
sorting operations than the median-based SM filters.

The proposed impulse detector uses four convolutions, one
minimum of four values, and a threshold comparison. By using
our templates, the four convolutions can be simplified to four
multiplications andi(M — 1) subtractions, wher@/ x M is
the detector window size. Since the four multiplications are
identical (four times the central pixel value), the number of
multiplications required can be reduced to be one, and this mul-
tiplication is equivalent to three additions (or two shifts). Thus,
the total number of operations in the proposed SM filter with
noise ratio ofp is

4(M — 1) + 3 additions or subtractions
and

p x 2N2LogN + 4 comparg¢swap

The above analysis gives the number of operations required for
one image pixel, and itis straightforward to obtain the total com-
putational cost simply by multiplying by the image size. For
better comparison, the window sizes specified in Section Ill and
40% noise are substituted to the above analysis, and we can ob-
tain the following number of operations:

Simple Median 18.0g3 compare/swap;

2LM+ 36 Log3 + 3 compare/swap;
Median-based SM 25DRog3 + 1 compare/swap;
Proposed SM 7.20g3 + 4 compare/swap, 19 addi-

tions or subtractions.
It is seen that the number of compare/swap operations in the
proposed filter is much smaller than other filters. Although
some additions or subtractions are required, they are faster
than compare/swap operations. This is because an addition or
a subtraction is just an operation, while a comparison must be
implemented by at least two operations in assembly language:
a subtraction followed by a conditional jump operation, and
if swap is needed, three additional assignment operations
are required. Accordingly, the proposed filter has the lowest
computational complexity.

V. CONCLUSION

We have proposed an improved impulse detector that can
effectively separate noise and noise-free pixels. In particular,
it prevents the removal of fine details such as thin lines from

ability. Both the simulation and computational complexity
analysis show that the proposed method is better than many of

The second level needs to find the median of three pixels. Thittlse existing SM filters such as the median-based, WM-based,
the total number of compare/swap operations in an optimal SROM-based, and tristate SM filters. The MSE curves in Fig. 3

uation is2(2N — 1)Log(2N — 1) + 3.

show that MSE increases significantly when the noise becomes
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Fig. 4. Restoration results of different filters. (a) Noise-free image “Bridge.” (b) Corrupted image with 10% noise. (c) Median filter. (d) Medd&M filter.
(e) ROM-based switching filter. (f) WM-based SM filter. (g) Tristate median filter. (h) 2LM+ filter. (i) Proposed SM filter with&@indow.

heavy (after approximately 30%) for every filtering algorithm [2]
considered here.

It is supposed to be useful if we add more kernels to detect”
lines in directions other than horizontal, vertical, and two diago- [4]
nals. However, the ranges of the convolutions obtained using the
kernels for these directions may be different from that obtained;s
using the four proposed kernels, since they may have different
number of pixels. Accordingly, normalization may be needed.
In the future, various adaptive and iterative techniques can béﬁ]
considered to incorporate in our scheme to further improve the
performance. 7]
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