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ABUSTRACT

We propose a2 oovel  data-dependent  median
tiltering method in order to restore images which
are corrupted by 10~ 50% probability impulsive
naise, Even it the image which is corrupted by high
probabilicy impulsive noise, e degree of impualsive
nose 15 not uniform at cach local window. Thus,
the suitable window |ength 1s changed at cach the
processed point. And if the processed point is not
corrupted by impulsive noise, input signal should be
nal filtered in order 10 preserve signal derails. From
these points of view, the proposed filter combines
median filiers with multi-windows (1x1 window is
included) for preserving the signal details and
renrving inpulsive noise perfectly,

1. INTRODUCTION

hMedian filter is wseful for image restoring that
corrupted by impulsive noise. A lot of improvement
wethods abowt median filter are published [11,[2].
Haowegver, these methods can't usetul for images that
corrupted by high-probability tmpulsive noise.

The impulsive noise is added independently for
cach pixel of images. The image that 15 corrupted
b high prabability impulsive noise, the degree of

impulsive noise is not uniform at each local window.

Thus, the suitable windew lenglh is changed al each
processed poinl. And if the processed point is not
corrupted by impulsive noise, no filtering is best,
since filtering destrovs the signal details.

From these points of vicw, we propose a novel
dna-dependent median filtering method in order 10
reslore  imuges  which ure  corrupted by high
prafahility (e, 10~30%) impilsive noise. The
multi-windows median filter which s combines fore
median filiers with different window  length, is

proposcd. In order ta prescerve the signal detadls and
remove impulsive noise perfectly, anly pixel which
corrupted by impulsive noise, is filtered by multi-
windows median filter in the proposed method.

2. THE ALGORITHM
2.1 The definition of input images

In this papee, an inpur image P(ij) is carrupied hy
high probability impulsive noise and is given by

Pu(i,} : prob. 1-p-p;
P(i,j = hy prole py (1)
hy prob p.

where Py(ij) is an original image and h, is high
signal value {e.g., h=255), correspond to white
impulse noise, by is low signal valoe (e g h, =07 |
correspond to black impulse noise. py and p are the
probability of by impulsive noise and h, impulsive
noise, respectively. And we assume gy + o > 10%.

Z.2 Estimation of the number of impulsive noise

Let the P{i,j) is the center pixel of the M *X M
(N=M") window. Py is the k-th smallest data in
the window (i.e., P (i) )=Pylij)= - S Pplid)
il-‘{m(i,j)}. Impulsive noise exists around max. data
and min. data in the window. Thus, we can cstimate
the number of impulsive noise in the window, hy
using the difference information as follows:

I:x?u'.hnl:i!.i} = P[h-'r[[rj} - P[.\' x]{ll} [2]
]:I:‘Iliu'.illl::.:i.',]-:I = Ij(l-r:\r)(i:vj.:l - :"::I[Il{.i'r.i.}I I:':‘}
(x=1,2,- "X v=12-""Y]

We can pedicl the oumber of white and hlack



impulsive in the window by using 1 (i) and
(1), respectively. For example, if one white
impulsive noise is exist in the window only
[ i) shows large wvalue, and if two white
npulsive noises are eaist, I (1L]) shows small
value and lmmu{iﬂ'j shows large value. In order to
cstimate the number of white and black impulsive
noise in the window, we introduce two sets of fuzzy
rules RMI{x) and RM2(y} (see Table 13
respectively. Fuzzy sets "Small” and “Large” in the
BM L) and RM2{v) defined as Fig, 1{a).

Table I Fuzey rules of estimation the
numher nf impalsive nvise

IRM1(x)
[1r ['_'j,,,_,xm_j} is Small and
L0 s Small aned

i o kA

RM2( Y] :
IF 10000 1s Small and

FE 030 is Small and
Py is Small and [
|"I':;;-,.Ili'i~_i} is Large

mln[injl] 15 Smsll and
Ii}i.’:'.;n[’i,j_] is Large

The number of impulsive noise in the window is
csiimated by the following fuzzy rules constructed
by KM L{x} and KM2{v}.

EMILiL}and RM2{1) then
{{1,1} impulsive noises in the window}

RMI(1)and RM2(2) then
11,2} impulsive noises in the window}

RM1(X)andRM2(Y} then
{(X.Y) impulsive noises in the window }

clse RMI{1) then
{110} impulsive noise in the window |

BEMI{X) then
{0X. 0y impuolsive nolses in the window }

EMZ{1) then
{{0, 1) impulsive noise in the window }

RMZ(Y) then
ALYy impulsive noises in the window |

alue

{ (LY impulsive neise o the window }

where {x,v)=(thc number of white impulsive noise,
the: numher of hlack impulsive noise). The degree
of activation of the IF-THEN rules and Else rules
are tepresented e {14 and ealenlated by the
method of [3]. 1. 4.} means the degree of the
cxistenee ot (X,v) impulsive nowse it the window,
The number of impulse noise in the window {i.c.,

- . . - r T o

L R A L I A

s g Mt

W= o Li gk

{4)

]m[:li.}'](j:'j]rlm[:li.ﬂ](j1j)=Inlfﬂ.]-fl(j!j)rl|n[l|.'ZF.I(i!.D are gi"-"C['I s
follows:

lln[u.}'](irj }= oL m[x.]r]{.i'-j} ) l:_'\"'i'l"'l}

Frpe{i 3= £ o3 (%}

Do i1 )= £ (107 (y)

L3 0= 28 o130 0 (5]
L(iy ) means the ratie of the number of impulsive
nmaise in the windosw.

2.3 Data-dependent median filtering with
multi-windows

The proposed method selects o suitable window
length at each processed point according to the
number of impulsive noise in the window. And if
the processed point is not corrupted by impulsive
noise, no fltering is best, in order to preserve signal
deotails. In order to judge whether the processed
point corrupted by impulsive noise or nol, the
proposed method uses the information H{i,j} which
is piven hy

H(i.i) = [Pij)-med (i) (6)

where P{1j) is processed point and med(ij) is the
median vulue in the 727 local windew. If H{i) s
the large value, the possibility of the processed
point corrupted by impulsive noise s high. The
proposed method s constoucled by Tugey rules as
follows:

If H(i,j) is Small then Y(ij) is P(i,j)
clse Y(i,j) is Med(i,j)

where ¥(ij) is the output of the proposed method
and Med{i.) is the ootput of the muld-windows
median filter which is explained later {sec Eq.(8)).
The grade of the fuzzy set “Small” (see Fig.1 (1)) of
the mtormation H{ij} is represented by T {i,j} The
output of the proposed method is caleulated as

V(D = PAICD LD+ Med(ij) =< {1-8 0D} ()

The mulli-windows  median filler  comhbines
several median filters with different window length,

Tt i marter of coaoree that F woncd o laaetl 7o Taaos



high, however, the performance of the preserving
detatls of image 15 low.  Thus, we wse multi-
windowing method in order 1o achieve high
performance of the noise attenuation and  the
preserving  details of image at same tme. The
proposed  multi-windows median filter use fore
window length filters that 3 point cross window, 3
3 window, 13 point window, and 5 X 3
window(see Fig2) The tuzzy rules of the mulli-
windows median filter are defined by:

100,00 is Small (5) then
Med{i.j} is Medg{i,j)
1 1,50 15 Medium Small {M5) then
Medii,iy is Medye(ij)
1 1,41) is Mediaum Large (ML) then
Med(i.j}is Medy (i)
Ir1.0i,j)is  Large (L} then
Med{i,j}is Med| {i))

Where L) s the ratioc of the number of
impulsive noise in  the window (Fg.{d), and
Med, (1)) 15 the output of median filter with § pints
cross window, Medyg(ij), Medy (i,)), Med (1)) are
the vutput of median filter with 323, 13 points and
3708 windows, respectively. The grade of the fuzzy
scts (57, MY, “ML", and “L"} are represented

& 4.7, & . Thus, the output of the multi-windows
median filter is:

Med (i) 6, + Med, (i1 B + Medy (3,10 6y, 1 Mad (i, j1-&

Mul{igi=
St By tEy TG

(8)
o oEnall Large | Emall 5 ME ML L
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: .'.. 3 X E -I'I .II-I I| . I|
I". T .'I i
{ k YA
i, A, FAES (1] [ -_=:'_.5 0w 4 r 1
I'_"',lfl.J:l L5l Leiti 1
laa i
() Fuzzy sels . (b} Fuzzy sels {c] Fuzzy sels
for £ vand 15400 for Hil.jt far Lall ¥
Fig T By sels
(a) {b) (e) {d}

Fig.2 Fore fier windows
[a)s points window
(b3 5 3 window

3. EXPERMENTAL RESULTS
3.1 Tuning of fuzzy sets

The proposed method is constructed by three sets of
fuzey rules. We would like 1o vptimize three sets of
rules, Furst, We determine the parameters {4 A;)
shown in Fig 1. A, and A; have alrcady discossed
in [4]. According to the results of [4], we determine
A A =(13,30),

From Fig. 1, memhership functions of L{1{) and
H{i.i} arc defined by paramcters (¢, 3,7, d ) and
(B|.B,} respectively. We determine the optimal
membership  function  experimentally by using
image “Lenna™  We  evaluate  the  filtering
performance by the MSE{Mean Square Error). We
assume the value of impulsive noise as hy=23%
hy=0in Eq.(1)

The  adeyuate  nembership  functions  are
determuned by comparing (o the method of the
optimal  window  length median filtering.,  The
performance of both (p=p;=3%) and (p, =p.=I3%)
for vanous (&, 3,7 .8 ) are shown in Fig.3(a)-~
{d}, and for various (B, B,} are shown in Fig.3(e){f).
White region of each figure (o Fig.3 shows uplimal
region for (@, 3,7 ,.8) or (B,,B;). From these
[igures, we  dewrmine  the  parameter  as
(BLBA=(15200 (@, 3, v, §)=(0.0,0.1,0.305
which are adequate for hoth (p=p,=3%) and
{pi=p,=25%). Thus, the proposed filter with these
pardmelers  can  restore  the images which  are
corrupted by 10 ~50% probability impulsive noise.
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3.2 The performance of multi-windows median filter

We discuss the performance of multi-windows
median  filter. The multi-windows median filter
which constructed by four median filters with
different window length, can restore images that
corrupied by high probability impulsive noise {p=
pa=5GL 2560 Figure 4 shows the results of fore
maddian filters with single window and the proposed
meihod, We use “Lenna™ in this simulation. Here,
the output of the “proposed method 17 means
Mad{ig} given by Eq.(8). Furthermere, the cutput of
the “proposed method 27 is Y{i,j} defined by Eq.(7).
From Figd, tore median tilters with single window
are nof adaptive for various probability of impulsive
noise. The “proposed method 17 is superior 1o
median filter with optimal window length. The
“proposed method 17 shows a gond performance,
sinee the “proposed method 17 combines four
median  filtlers  with  different  window length
adequately.

W owould like w analyee the mechanism ol
mulli-windows median filler with fixed parameters,
Figure § shows the ratio of cach window is utilized
lor fillering. We can see that multi-windows median
filter wses toecther fore window agree with the
degres of impulsive nojse in the window,
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The “proposed method 27 is better than the
“proposed method 17 for all condition of impulse
noise. In the case of the “proposed method 27, if the
processed point 15 judged to be not eorrupted by
impulse noise, the output is same as the input {ic.,
Y{Lb=P{Li=Pyi,01). Thus, the “proposed method
2" by @ gowd propenty ol details preserving, The
proposed method is useful for restoration images
which are corrupted by high probability impulsive
noise,

3.3 Compare with another methods

Computer simulations have been carried out o
compare the performance of the proposed method
defined by Eq.(7), with the method of “the optimal
repeating operation of 323 median filter™. *Boat”,
“Lighthouse™ and “Building™ are also used in the
simulations. The parameters of the membership
funcrions of the propased methad are ser according
o the results of 3.1,

The vriginal image cotrupled by impulsive noise
with {p,pa)—(20%:,20%) and (h h;)=(235.0) is used
tor simulation (scc Fig.0(b)) Visual guality can he
observed in Fig.6{c)(d). It is clear that the proposcd
method (Fig.6{c)) prescrves the image details {ie.
letters on the stern and lines from the mast). The
MSE of the proposed method and the comparison
methed (i.e., optimal repeating operation of 3X 3
median filter and single operation of 323 median
filter) are chown in Table 2. From these results, the
proposed method shows best results for all inages,

Tahle X The results af filtering
{Impulsive noise p,—p,—20% )

Repeabing e o
H
1x13 - _:‘ Prapinsed
Iagre el ian
mediian filterin rmethcd
filering c )
Lamaa A e 29121 THETH
Boui 17215 22472 12734
Light o
AHZ. 29212 43505
hiuse |
i
mg | 20400 | 28153 | 1onges |
1

Finally, we stody the perflormance of the proposed
filter for another impulsive noise models, Table 3
shows the tesults for models of (hy o) = (245,100,
(235,20) and (225,30). Where both p, and p, are
fixed as 20%. From Table 3, the proposed method
shows high performance for all noise models
because of the robustness of fuzzy systems.
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Table 3 The results of llering
[[mpulsive poise p-_:pgzzfj%}

Fig.fi The resalts of filtering

Repealing .
33
Imige 3¥3 s Proposed
{hi.hs) median ;]:L I:Im, Method
filtering tering
Lenna 9a,30 | 714l 8252
(243,103 I
Leniia 20074 26 51 19z 52
(235,201
Lenna w263 | 2Tz | 2002 12]
(223,50
4. CONCLUSIONS
) ) 13]
[n this paper, a novel median filter with multi-
windows is proposed, for the purpose of restote the
image  which corrupted by high  probability [4]

impulsive noise. The wmning of fozzy %cis are
relative easv. because of the robusiness of furev

[1) Repeabmp mperation af
343 median Filering

i# clearcd by a lot of cxperimental results,
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