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ABSTRACT

Rank-order hased filters have received considerrble
attention due to their inherent outlier rejection and detal
preservation properties. Cne of important rank-order based
[ilters 1s stack filters. There are two Jiflerent approaches to
design of stack filters. (me might be called the struetural
approach, winle the other mught be called the eshimation
approach. On the other hand, we have proposed fuzzy
stack filter in order W extend the class of stack filters.
Furry stack filters are very important for signal processing,
because these lilters molude FIR filters and weighted
median filters. In this paper, we develop an approach for
finding optinal fuzzy stack filters under the structural
constraints. The noise atteruation of fuzzy stack filiers is
studied. Finally, we apply the proposed furry stack filters
to image restoration problem.

1. INTRODUCTION

bledian type flers have the properties of  impulse noise
removal and highly signal preservation. In the median
type filters, the widest class filter iz stack filers [1], which
include weighted medion filers morphology filters |, ond so
on.  The stack filter is defined by Boolean function, then
design method of the stack filter results in  the design of
Hoolean function. There are two different approaches of
designing stack filters. Coe ought be called the structaral
approach[2],[3], while the other might be called the
estimation approach[4].[3].

The stack filters are being smdied with the filter
defined by the positive Boclean function whosze ocutput
restricted only twe values (Le., O or 1) We proposed furzy
stack filters which are defined by [(wey Bouleun
unetion],[7]. The outpmt of furzy Roolean Amction
takes wvalue from O to | continuously, And we alse
proposed fuzzy median filters and fuzzy weighted median
filters[6],[71.[8] which sre special cases of furzy stack
filters. In [8],[7][R], it was shown that the firry median
and fuzzy weighted median filters meluded hinear filters
such as the mcan filtler and weighted average filters.
Moreover, the design method of the estimation approach
and the performance of these filters are also shown,

In this paper, we propose the fuzzy stack filter which

can preserve some desired signal deteils (e.g., lines and
comers in images). Iu [3], it was shown that that Doolean
fimetions of the stack filters which presenve spevific
giructures, could be obtaned eagily. These Boolean
functions have two elements. One is the term which
realices preserving specific structures, Another is the term
which iz Roolean function of the median filter. Fuery stack
filters which can preserve some desired signal details can
be realized by substituting fuzzy median filter's Boolean
functivnn for latter term (ie., Doolean function of the
median filter). The noise atlenualion propertes of the
proposed filter is stodied. Furthermore, we show the
effectiveness of the proposed filter for image restoration.

2, STACK FILTERING UNDER
STRUCTUAL CONSTRAINTS

2.1. Stack Filters

Input signal »(n is assumed 10 be M-valued signal, the

output of slack [lters is given by way of the following
three processes.

[The threshold decomposition]
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[ The caleulating output of Boalean funetion]

iy = fix"(n)
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[The composing binary cutput signal]
Cutput of stack filters y(a) is given by
M-l
Wm =¥y () ()
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If we define Boolean functions approprniately, the stack
filters are equivalent to the median filter, the weighted
bedian (W1} filter, and the morpholopieal filter.

The median filter 15 the stack filter whose DBoolean
Tunetion 15 given by
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2.2. Stack Filtering Under Structural Constraints

An image consists of many signal structures, such as lines
and comers, that are critical to perception. [t is desirable
that stack filters can preserve such important image details
and at the sume me remove notse effectively.

Consider a stack filter with 3 %3 square window
X, X x5
XXX
kPR SO
The processed pownt 15 X,. Three dilerent setz of
structural constrains are following, and the corresponding
optimal stack filters are given.

A, Haorizontal and vertical lines preservation
(HV-5 firer)

We can obtain the optimal noise atenuation stack fileer
which preserve honzontal and vertical hinmes as

PG )= Ui K+ 6 A K )
R A )
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If ¥ =s'=x"or &' =& =& is equal to 1, the value
of kP &l &P or X -x]-x7 1s equal to 1, Thus, output
of Boolean functions 15 1 regardless of the value of
(el &My Onthe other hond , if xf = 47 = &7 or
x'=x" =57 is equal te 0, the valuc of Ay + AL+ K OF
x4+ xy + &7 is equal to 0. Then, the output of Boolean
funetion 15 0 regardless of the value of £ (x7 . . &)

Mow it 15 clear that the optimal stack filter is a compesition
of the median filter and a set of max and mun filters. The
max and min filters are determined by the structural
CONSraings

B Huolzonial, veriical amd iwo diggonal lines
preservation fHVI-S fiiter)

In the ssme manner as m HY-5 Alter, we abtain the

optimal stack [lter that preserves horizontal, vertical and
twao diagonal lines
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. Horizonial, vertical, two diagonal lines and
four corners preservation (HVDC-S filter)

The optimal stack filter that preserves horizontal, vertical,
two diagonal lines and four comers
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3. FUZZY STACK FILTERING UNDER
STRUCTURAL CONSTRAINTS

3.1. Fuzzy Median Filters

The output of Boolean functions of the stack filters is
restricted two values (Le., O o 10 In [GLI71[8], we
attempt to enlarge class of sack filters by defining the
cutput of the Boolean function from U to 1 continuously.
We call this filter the fuzey stack filter.

Fueey wedian flter[7] is the ane of fundamental {uzzy
stack fillers, which is defined by the fezy Boolean
function  f,, (r™ (s} which iz monotonous merease
fumetiom. IF the fuzzy Boolean function delined as
f g (PO () =%y, fuzzy median filter is equivalent to the
mean filter. Tn [7], we approximated the fuzzy Boolean
lunetion  fp, (™)) BV the following sigmeidal function

foag Cr™ () = Y[ 1+exp{—a - (1" (1)} = £} (10

In coquation {103, if @=0.5 and cis large wvalue, then,
frg (AN = (gnr™inm . Gws, the luzzy median filter
becomes equivalent to the median filter. IF value of a1s
less than 10, the fisery median filter becomes closs to the
mean flter, We can change the property of the fuzzy
median filters by changing .



3.2, Fuzzy Stack Filtering Under Structural
constraints

From section 1.2, the Hoolean tunction of stack filters
which can preserve some specific structures, consists of the
medion filter and a set of max aud o flers. The max
and min filters are determined by structural constraints
Thus, we can obtain the fuzzy stack filters which preserve
some desired structures by substituting furey median filter
for median filter in the Doolean function of stack {ilter
which preserve some desired strucnures.

From this poinl of view, we define tuzzy Boolean
tunctions of HV-fuzzy stack (HV-FS) filter, HVD fuzzy
slack (HYD-FE) filter and ITVWDC-fuezy stack (IIVDC-F3)
filter, respectively, as lolluws.

A HV-pS filter
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B 1IVD-FS filter
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C. HVDC-FS fiter
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4. SIMULATION RESULTS

4.1. Noise Altenualion Property

We study the nowse altenuation property of the propesed
filters. We consider the input signal as (constant signaly +
[noise :Gaussian, uniform and Laplacian distributions with
vanance 1} {we use 256x256 samples m this simulation).
In Table 1 results for the filters oulput varance are given
w the case where 3x3 window which show the noise
attenuation ahility of each filter Fuzzy stack filters under
structural constramls are supenor to stack filter under

structural constraints in noise  attenuation  property,
especlally, the noise distribution tail length iz relative
shaort.

‘Table 1. Noise Attenuation Froperty

Filler TIniform (raussian Laplacian
Mean 112 112 0.112
hiedian 278 .150 0.068
HV-8 304 0187 {1 (184
HV-F8 271 2.175 0,029
HVI-3 (1345 0.217 0.106
HVILMES (h.331 0216 0. 106
HYDC-5 353 0.222 0.109
HYDC-FS 0.343 0.222 0.109

4.2. Application tn Image Restoration

In this section we prosent some expenment results. All
filter's windows size set 3x3, We prepare 5 flters (HVID-3,
HYD-FS, HVDC-5, HVDC-F3 and HVDC-Weighted
median  {HVC-WH)  filters) for image restoration.
Parameter o {in equation {100} of HYD-FS and HVDC-
F3 [ilers fxed & for all inpul images. This value is
determined by a lot of experimental results The HVTIC-
W filter iz the W filter which preserve the horizontal
and vertical lines, two diagonal lines and four cornera|Y].
This W [ilter s welghtls 15 given by

W,OW, W

W W

W, W, Wy

111
=[1 51 (4
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Original images “Lena™ and “Boat™ are corrupted by
various distribution noises (uniform, Gaussian and
Laplacian distribution). Cach neise varnance 15 100 and
400, Table 2 shows the restoration resulls.

Compared to the stack and fuzzy stack filters listed in
Takle 2, we can observe that fuzzy stack filters pive the
more dotails are to be preserved, the mere noise rodustion
is achieved. In the case of high signal to noise ratio nput
images, the HVTHI-FS filter is superior o the HVC-FS
filter. On the other hand, it input images are low signal to
noise rotwe, the HYC-FS filter 15 superior to HVDC-FS
filter,

Amvway, fuzry stack filters which preserve desired
structures proposed m this paper, work well for im,age
restoration problem.




5. CONCLUSION .

In this paper, we show oplimal fuzey stack filters under the
structural constramnts. The noiss attenuation property of
the: prapnaed Mzzy stack flters is analyzed experimentally.
From this analysis, fuzzy stack filters under the strustural
constraints arc superior to stack {ilters under the samc
stiuclural consbaints, especially, (e ail length of noise
distritmtion iz shert Forthermore, we apply the furry stack
filter under structural constraints o image restoratien. The
proposed fuzzy stack filters work well for image
PIULEssIIY,
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Table 2 Results of Filtering
(Normalized Mean Square Error: NMSF)

Image *y variancc 1T -5 IVID-F5 ITWTHC-5 IVDC-re | HVDC-Wh
1.ena | 100 081z 0665 0772 0.625 0734

G (.7d5 .605 0707 0.506 628

L 0597 | o480 0554 0.433 0460 |

L 00 1KY 414 1.A61 ] (16523

G 0373 0.315 0371 0334 0.493

L 0,253 0.241 0,254 (0.243 0.331
Hoat U | 100 0680 0566 0646 U522 0 6oy

O 0603 0500 0,562 0.478 0.538

1. .442 (.359 0426 £.359 0.432

U | 400 0441 0.404 0444 0428 0627

{3 0,341 0322 0335 0.337 1.494

L 23l 0225 0227 0,232 0329

1T umiform distribution,

{3: Gaussian distribution,

L: Laplacian distribution



