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Abstract—A new median-based filter, progressive switching median _. o . )
(PSM) filter, is proposed to restore images corrupted by salt-pepper Fig. 1. A general framework of switching scheme-based image filters.
impulse noise. The algorithm is developed by the following two main ) . .
points: 1) switching scheme—an impulse detection algorithm is used free image should be locally smoothly varying, and is separated by
before filtering, thus only a proportion of all the pixels will be filtered  edges [4]. The noise considered by our algorithm is only salt—pepper
and 2) progressive methods—both the impulse detection and the noise impulsive noise which means: 1) only a proportion of all the image

filtering procedures are progressively applied through several iterations. . . - e .
Simulation results demonstrate that the proposed algorithm is better than pixels are corrupted while other pixels are noise-free and 2) a noise

traditional median-based filters and is particularly effective for the cases PiXel takes either a very large value as a positive impulse or a very

where the images are very highly corrupted. small value as a negative impulse. In this paper, we use noise ratio
Index Terms—mage enhancement, impulse detection, median filter, RO< R S 1) .to repr.esent how much an Image 1S cor.rupted. For
nonlinear filter. example, if an image is corrupted By = 30% impulse noise, then
15% of the pixels in the image are corrupted by positive impulses
I. INTRODUCTION and 15% of the pixels by negative impulses.

Images are often corrupted by impulse noise due to errors generate§WO image sequences are generated during the impulse detec-
in noisy sensors or communication channels. It is important ﬂpn/ogroce%re. The f('LS)t is a sequence of gray Sca(|oe) Images,
eliminate noise in the images before some subsequent process{r{g",g boAwi 't - {27}, - -}, where the initial imagéd ;| is
such as edge detection, image segmentation and object recogniiBf.noisy image to be detected;” denotes the pixel value at position
For this purpose, many approaches have been proposed [1]. Inite (i1. i) in the initial noisy image and"’ represents the pixel
past two decades, median-based filters have attracted much atteride at positiori in the image after the:th iteration. The second
because of their simplicity and their capability of preserving image a binary flag image sequendel,f*'}, {f("}, -+, {f}, -+,
edges [1]-[4]. Nevertheless, because the typical median filters arere the binary value‘,.(”) is used to indicate whether the pixel
implemented uniformly across the image, they tend to modify bottas been detected as an impulse, ifé’.”,) = 0 means the pixef
noise pixels and undisturbed good pixels. To avoid the damagei®fgood andfi(”) = 1 means it has been found to be an impulse.

good pixels, the switching scheme is introduced by some recenBlgfore the first iteration, we assume that all the image pixels are
published works [3]-[7], where impulse detection algorithms argood, i.e.,f}o) = 0.

employed before filtering and the detection results are used to controjn the nth iteration(n = 1, 2, - - -), for each pixel;z,i:"_‘) we first
whether a pixel should be modified. Fig. 1 shows a general framewgid the median value of the samples iifa x Wp (Wp is an odd
for such kinds of algorithms which proved to be more effectivgyteger not smaller than 3) window centered about it. If we Qe

than uniformly applied methods when the noise pixels are sparsgyrepresent the set of the pixels withi% x W window centered
distributed in the image. However, when the images are very highdyout 1

corrupted, a large number of impulse pixels may connect into noisey, . . . . . . .
blotches. In such cases, many impulses are difficult to detect, th?l)]S = U =000l -(W=-D/2<h i+ (W=1)/2,

impossible to be eliminated. In addition, the error will propagate ip—(W-010/2<j <+ (W-1)/2} (1)
around their neighborhood regions. then we have
In this paper, we present a new median-based switching filter, m!" = 1\'16(1{1’5"_1)|j eqlry, (2)

called progressive switching median (PSM) filter, where both the im- (n—1) (n—1) ] ] ]
pulse detector and the noise filter are applied progressively in iteratil/e difference betweem ;™ " andx;" * provides us with a simple
manners. The noise pixels processed in the current iteration are udi§@surement to detect impulses

to help the process of the other pixels in the subsequent iterations. A f.(") _ fi(n—l)’ if Mn_l) _ 7n1('n—l)| <Th @)
main advantage of such a method is that some impulse pixels located ¢ 1. else

in the middle of large noise blotches can also be properly detected gfitkre Ty, is a predefined threshold value. Once a pixisl detected
filtered. Therefore, better restoration results are expected, especiglyan impulse, the value af™ is subsequently modified

for the cases where the images are highly corrupted.

200 — {7"'5”71)-/ if fi(n) #* ffnil) (4)
Il. PSM FLTER ‘ ATV ) = ),
A. Impulse Detection Suppose the impulse detection procedure is stopped after the

r : ; ’ (Np) (Np)
Similar to other impulse detection algorithms, our impulse detectg[)uth |t(ejrabt|on, tlher.‘(ﬁ‘r’ﬁ? O.UtpUt ;n]a;ges{w-i . ) ?lnd{f‘ | } _aLe
is developed by grior information on natural images, i.e., a noise-o tained, but only f; . }is usefu orour noise 'teT'”g algorithm.

It should be mentioned that the impulse detection measurement
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B. Noise Filtering

Like the impulse detection procedure, the noise filtering
procedure also generates a gray scale image sequence,
{0 ) - w™Y, -}, and a binary flag image
sequence {{g!”}, {¢{"}, -, {4}, -}, In the gray scale

800

600

m
image sequence, we still us;é-o) to denote the pixel value at < 400
positionz in the noisy image to be filtered and U.&,,%l) to represent
the pixel value at positios in the image after thesth iteration. In 200

a binary flag image{g{™}, the valueg™ = 0 means the pixel is

good andgg") = 1 means it is an impulse that should be filtered.
A difference between the impulse detection and noise-filtering
procedures is that the initial flag imaggf;o)} of the noise-filtering 5
procedure is not a blank image, but the impulse detection result
{fi(f\"D)}, i.e.,gED) = fi(ND)'

In the neth iteration(n = 1, 2, - --), for each pixel_ygnfl), we also
first find its median valuen'"~" of a Wy x Wr (W is an odd
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Fig. 2. The effects ofV';, with respect to MSE, wherd’ = 3, Npp = 3,
and Tp = 50.

integer and not smaller than 3) window centered about it. However, 600
unlike that in the impulse detection procedure, the median value here
is selected from only good pixels Wit,djlj(-n_]) = 0 in the window. 500 1
Let M denote the number of all the pixels wi)" "’ = 0 in the 400 |
Wr x Wr window. If M is odd, then m
, 122) L

mE"—U = l\led{y](vn_wggn_]) =0,j€ Q}@F}. 5) > 300
If M is even but not 0, then 200 1
m{" Y = (Med, {y}" Vlgi" Y =0, €T} 100 |

FMedr{y" V"V =0,5€ Q" /2 (6) I

whereMed;, andMedr denote the left and the right median values, 0 10 20 30 40 50 60 70 80
respectively. That isMed;, is the (A /2)th largest value andled To

is the (A /24 1)th largest value of the sorted data. The valugfﬁf
is modified only when the pixel is an impulse andV is greater
than 0:

Fig. 3. The effects ofl;, with respect to MSE. For R = 10%} ;. = 3,
Wp = 3,andNp = 3; for R = 30%,Wp = 3, Wp =5, andNp = 3;
( for R =50%,Wr =3, Wp = 5, andNp = 3.

(n) m, Do g577'_1) =1,;M>0.

Y, :{
Y

@)

. l(n—l) else. 1200 : l
. . . " .. . . —+— Median
Once an impulse pixel is modified, it is considered as a good pixel 1000 | | = lterative Median
in the subsequent iterations —o—CWM
—— Switch I
q(n) . g,?”*” if ygn) = y5n71) ®) 800 | | —&—lterative Switch 1
g9, = e (n) _ (n=1) —o—PSM
0 if y,”" =m; . @
The procedure stops after thé-th iteration when all of the impulse § 600
pixels have been modified, i.e.,
N 400
>t =0. ©)
. . ' (Ng) . . 200
Then we obtain the imagéy, ©’} which is our restored output
image. 0 N . . s . .
Il. | MPLEMENTATION AND SIMULATION 0 0 20 3 40 50 60 70
R (%)

In our experiments, the original test images are corrupted with

fixed valued salt—pepper impulses, where the corrupted pixels tdkg. 4. A comparison of different median-based filters for the restoration of

on the values of either 0 or 255 with equal probability. Mean squafrrupted image “bridge” under a large range of impulse noise ratio.

iesrrg;ﬁ(rl:/;E;sls used to evaluate the restoration performance. M%wEat almost all the best restoration results are obtained Whenr= 3

1 L,
MSE = Z (w; — ;) (10)

where N is the total number of pixels in the image; andv; are

the pixel values at position in the original and the test images,

respectively.

and Np = 3. In addition, these two parameters are not sensitive to
noise rate and image type. Therefore, we simply set bth and

Np to be 3. The other two parametefd;, andTp, are sensitive

to how much the image is corrupted. From Fig. 2, we can observe
that, for image “Bridge,”"W;, = 3 is more suitable for low noise
ratio andWWp = 5 is better for high noise ratio, with a cross point at

To implement the PSM algorithm, four parameters must be praboutR = 30%. The experiments on some other images give similar

determined. They are the filtering window sit&, the impulse

conclusion except that the cross point may be a little bit lower or

detection window sizdV,, the impulse detection iteration numberhigher such ask = 25% or R = 35%. The influence ofl is

Np and the impulse detection threshd@. Our experiments show

investigated in Fig. 3. It appears that the bEst is decreasing with
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Fig. 5. Restoration results of different median-based filters. (a) Corrupted image “peppers” with 50% salt—pepper noise. (b) Median fik&rwittd&v
size. (c) lterative median filter with 83 window size and 8 iterations. (d) CWM filter with x 5 window size and a center weight of 3. (e) Switch

I median filter with 3«3 window size. (f) Iterative switch | median filter withxX3 window size and 8 iterations, where the noise detection threshold
is 40. (g) The PSM filter. (h) Original image of “peppers.”

the increase oRR. To determingV andTp, we first make a rough the iterative switch | median filter (iteratively apply the switch |
estimation on the noise ratio, which again uses the impulse detectioadian filter). The experiments are carried out on severak512,
measurement of Sun and Neuvo’s switch | scheme [4]. Initially, we bits/pixel gray scale images. We provide the MSE performance
set in Fig. 4 where the original test image “bridge” is corrupted with
N, =0 (11) different impulse noise ratios ranging from 5% to 70%. The MSE
curves demonstrate that our PSM algorithm is better than other
where N, is the number of impulses that have been detected. Feledian-based methods, especially when noise ratios are high. In Fig.
each pixels;, we find the median value of the samples in the33 5, we show the restoration results of different filtering methods for test

window centered about it image “peppers” highly corrupted with 50% impulse noise. Both the
m; = Med{z;|j € ) }. (12) simple 3x3 median filter and the switch | median filter can preserve
The difference betweem, and z; is used to make a decision onimage details but many noise pixels are remained in the image. The
whether it is an impulse CWM filter performs better than simple median filter, but it still
it |mi—ai| <Ti, then Ni+1— N, 13) influences good pixels and misses many impulse pixels. The iterative

h he threshold, i i . . median filter removes most of the impulses, but many good pixels are
where the threshold is predefined as 40 in our experiments. Afteralso modified, resulting in blurring of the image. Since the iterative

all _the _p'er? 'r:' the_ Image have been scanned once, we give &hitch 1 filter does not modify good pixels in the image, it maintains
estimation of the noise ratio as image details better than the iterative median filter, but many noise

R = Nr/N (14)  plotches still remained in the image. Dramatic restoration results are
where V is the total number of pixels in the image. ThB, and  obtained by our PSM filter. It can remove almost all of the noise
T, are defined according t& pixels while preserve image details very well.

- 3 if R<Tr
W, = ’ = 15
P {5, it B> Tr (19) .
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