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i Xiaohui’, ZhaoY ang’
2

(1 College of Electrical Engineering  China University of M ining and Technobgy, Xuzhou 221008, Ching
2 College of Canmunication Engmneering Nanjing U niversiy of Post and T elecan, Nanjing 210003, Ching

3. School of Electrical and A utan atization Engineering Nanjing NomalU niversity N anjing 210042, Chia)

Abstract Though boundary d scrm native nose detecton ( BDND) method is frequently considered as an efficient
m ethod for inage denoisg how everwhen cormuption density ofsalt or pepper noise of mage cormpted by in pulse nose is
larger than 5@ , research shows that thism ethod is no bnger vald because its perform ance becan es serbusly deterbra-
ted Thus am od ified BDND m ethod & proposed in this case In thsmethod the nearest intensity value to 128 is selected
as the separating point n each subinage nstead of themed an being separating pont i original BDND m ethod so as to
avoil separating pont selected n cormupted area The nev method can obviously mprove PINR value of reconstuction
m ages as well as renain the advantages of the original BDND w ih ah ost no add ition of can plexity
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1 Introduction

In the processing of acquisiton or transm ission, dizital mages are often contam inated by mpulse noise
This randan i pulse noise may cormpt the mage p kel resultng n the fact that the ntensity valie of corrupted
pikel can be changed nto wo values i e the higher ntensity valie ( salt) or lower ntensity valie ( pepper)

canpared w ith those pxel n the ad pcent regbns[ v,

Inpulse noise notonly affects the d gital mage quality, also
affects the post processng like segn entaton, edge detection recognitobn etc Especially athigher noise density

. . . . . [24] . . . .
nterference it can even generate loss of nfomaton details . Thus mpulse noise removal is one of mportant
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stage In mage processng

Up now there are a lot ofmethods for mage denoise and usually they are classifed into Inear and non Inear
categories and the later one ismore researched because of its better applicab ility for mpulse noise The earliest
proposed non Inear fillering method is he fanous standadd median (M) fillering method ”', which has been
widely app lied br its distinct advantage of excelknt noise suppression ability and sm all can putation woik. A fier
that the most research actwity is on he study of various mproved m ethods based on SM filiering theory, where
themost mprovem ent is to divide SM filterng nto wo stages The first stage is to decile each p kel one by one
wheter it is corrupted frim mpulse noise 1 e the so-called detectbn process and the second stage is filterng
of corrupted pxel In thisway the intensities of un—cormpted pkel are reserved so as to keep mage details bet
ter For the key stage of detecton  sane deawere presented such like detectbn approach based on human visu-
al system[ Ui age reconstructon akorithm for slghtly corrupted randan—valied inpulse noise based on D en p-
stee-Shafer theory[4], and also boundary discrin native noise detectbn (BDND) given by N g[ﬁ]. These methods
have their own characteristics and BDND has better reconstructon result for extremely corrupted i ages M oreo-
ver hism ehod doesnotneed setting artificial paraneters and thus ismore available in applicaton However e-
ven if for BDND algorithm, itmay also face the extrame deterbratbn problem in detection and reconstructbn
when the corruption density of salt or pepper noise is larger than 50% , which mples there & be difference be-
ween the densities of h gh-intensity and low— ntensity inpulse noise Therebre in this paper amod ified bounda-
ry discrin native noise detecton (M odified BDND) method is presented for ths great disparity beween low and
high intensity mpulse noise Modified BDND can renain the advantage of BDND as well as mprove the i age

reconstructbn perfomance distinctly as descrbed n follows

2 Image Reconstuction for D sparity Beween Low and H igh Intensity Inpulse
Noise

For general purpose monochrane mage is selected as exanple n bllow ngs to demonstrate the mage re-
constructbnwhen the density of salt or pepper cormpted noise is hrger han 50%. It is also assumed that the
gray level of high-intensity cormpted pixel is 255 formonochmm e pxel and that of bw—intensity cormpted p kel
is zero A lso BDND akorithm is adopted for noise filterng

Usually BDND algorithm is oiganized by two stages one is detection and the other is filtering Detecton
process is referred to pudgng the pixel of inage one by onewhether it is corrupted by mpulse noise At the stage
of detectbn firstly a 21 X21 localw ndow is selected surrounding the center of the considered pixel and those
pxel n this submage are sorted n a sequence n the ascending order of their ntensity valies and the med ian
med is selected as separating point One boundary b, is detem ined by all low—intensily p kel n the sequence be-
bre “med” and the separating pont “med”, and this boundary is corresponding to the maxmum difference of
low— ntensity sequence Smilarly another boundary b, & detem ned by all h gh-n tensity pixel afier“med” and
the separating point “med”, this boundary is comesponding to the m axmum difference of high-intensity se-
quence Fmnally itisnow todetect the niensity of considered p el to seewhether it is located bew een bound ary
by and boundary b,. If it is true, then this pixel is not corrupted Othew ise it is corrupted In ower to decrease
false alam, it B necessary to do above detection oncemore for the beng-judged corrupting p xelwhere the size
of localw ndow is reduced to be 3 X3 and then this second-detecton result is considered as final result The
valilation of this discrim mation has been done through an example of a5 X 5w ndowed sub-mage in reference *
where the density of hgh ntensity impulse noise is 3%% and density of low intensity mpulse noise 5 28% which
are both less than 50%. However itw ill show another case of non-effective of BDND method fran folbwing ex
amp le when density of high or lowv mntensity mpulse noise is hrger than 50%.

Exanple I: A ssum ng Ws.s is a5 x5 wndowed sub-image w ith the center pxel “255” (bold),
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255 255 47 25539
50 255 255 90 O

255 0 255 224255
W5 x5 = ( 1)

62 255 0 2550
255 72 255 255179
the processing of BDND and its result are given be bw.

First pixel ntensities are sorted n the ascend ng order and represented as a vector vo, where the median
med 8255 ie, v=[000039475062 7290 179 224 255 255 255 255 255 255 255 255 255 255 255 255
255]. Assuned that the vector of ntensity d ifferences is canputed »=[000398 31210 18894531000
00000000 0]. Then for the pixelsw ith intensities between 0 and m ed in the vy, the corresponding m ax mum
difference n the vy, is89 whih is the difference between the pixel ntensities 90 and 179 For the p kels w ith
ntensities beweenmed and 255 in he vy, the maxmum difference n the vy 5 Q which is the difference be-
ween the pxel niensities 255 and 255 Hence the boundary b, is 90 and the boundary b, is 255 Thus the
lower ntensity cluster is {00 00 39 47 50 62 72 90}, them ediun — intensity clister is { 179 224 255}. At the
end of discrm nation process center pxel“ 255” is classified as an “ uncorrupted” pxe] snce itbebngs to the
m iddle cluster

In this exanple the density of high ntensity mpulse noise is 5% or larger than 50 results n the fact
hat he separating point of median “med = 255” is not located n the uncorrupted m age while n the corrupted
mage of high intensity mpulse noise thus let wo boundaries ofb; b, had to be detem ined correctly and as a
result the pixel of ntensity equal to 255 of high ntensity mpulse noisem issed the detection This drop of detee-
ton probability can serbusly affect mage reconstructon,  and that is substantal reason why PSNR value sudden ly
drops greatly n the smulation results of Table Il andTable N n Ref " where density of high or low ntensity
mpulse noise is larger than 50% and BDND method becane no effective

It can be found thatwhen corruption density of high or low ntensity pxel is larger than 50 and there is
great disparily beween high and low intensity mpulse noise hemedianmed in the ascend ng order sequence of
piel intensity w ill certainly enter nto corrupted pixel clister as a result the separating pointm ed can not satis-
fy with the requirament of ¢ locating in un—cormpted pxel clister’. The high and low intensity ¢ histers separated
by thi separatng pointmed hadly involve together corrupted pixel as well as un-cormpted p xel That means
one clister nvolves only one type of corrupted pixel however the other clister nvolves both un-corrupted p xel
and also high and low mntensity corruption p kel

Therefore n such high or low ntensity pxel clister it is mpossible to select he appropriate boundaries b
or by which isused to show the difference betw een corrupted and un—cormpted p xel ntensities thus itmakes the
m iss detection probability of BDND algoritm b ger and its perfomance becane worse suddenly

3 An Detecting A lgorithm for D isparity Beween Low and H igh Intensity Inpulse
Noise M odified BDND A lgorithm

Correspondng to the mage reconstuction of disparity problm beween high and low ntensity cormpton as
said above amodificaton BDND akoritm is proposed n this paper Considering ntensity valie of inage pixel
the un—cormpted p xel is usually located beween high and bw ntensity mpulse noise The hih ntensity m—
pulse noise is close 10255 and bw one close to Q Thus about ntensity, the p xel ntensity ofmost far away fran
the high and low mpulse noise shoull be equal to 128 and then those pxel ofwhich the ntensity value is most
close to 128 should belong to un—cormpted pxel Consequently the separatng pontmed in themodified BDND
algorithm shoul be selected as the ntensity valie that ismost cbse o 128 n the submage pxel This adaptive
— 58 —
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selection pwocess guarantees that the detem ined separatng pontmed abvays located in the un-corrupted p kel -
tensity range of image and ensures to achieve the appropriate boundaries by, b, used nmod ified BDND algorithm.
The mplanentation ofmod ified BDND and its app lication n processing Exanpk#1 are gven in be bw.

Procedure ofmod ified BDND akorihm inplenentation

Step 1 Impose a 21 X 21 window, which is centered around the current pixel

Step 2 Sort the pxels n the window accordng to the ascendng oer and find the intensity which is the
nearest value to 128 med, of he sorted vectorvy, 1 e

med = minl v(i)—- 1281. (2)

vl i)

Step 3 The folbw ng process is smilar to Step 3-Step 8 of BDND algorithm as described in Reference .

Processing Exanple 1 by modified BDND ALgorithm

* Pixel intensities of sub-in agew are sorted in the ascending order and represented as avectorvo= [0 0 00
39 47 50 62 72 90 179 224 255 255 255 255 255 255 255 255 255 255 255 255 255], where the separatng point
ofmost closed to the intensity valie of 128 is selected asmed = 9Q

* The vector of ntensity differences is canputed » =[00039 83 121018894531000000000
00 0].

* For the pkelswih intensities between 0 and med in the vy, the correspondingmaxmum difference in the
w B39, which is the difference between the pxel ntensities 0 and 39

* For the pixelswith ntensites bewween med and 255 n the vo, themaxmum difference n the w, is 89
which is the difference between the pxel ntensities 90 and 179

* Hencg the boundary b, is O and the boundary b, is 90 Thus te lower ntensity clister is {0 00 0},
them edium-intensity cluster is { 39 47 50 62 72 90} and the higher niensity cluster is { 179 224 255}.

* Shce the center p kel 255” bebngs to the higher ntensity clustes henceg the second iteration needs to

be invoked and a 3% 3 window is mposed and centered around it

255 255 90
255 0 25

* Now, the piel ntensities are sorted and presented n the vector fomx v,= [0 0 90 224 255 255 255 255
255], where the separating pont ofmost closed to the ntensity value of 128 is selected asm ed = 90

* Asbefore the vector of ntensity differences is canputed vv = [ 090 134 31 00 0 0].

* The firstmaxmum difference is 90 which is the difference between the p kel intensities 0 and 90 The
second maximum difference is 134 which is the difference bew een the pixel ntensities 90 and 224

* Hence the boundary b; is 0 and the boundary b, is9Q Thus the bwer ntensity chster is { 0}, theme-
dum-intensity clister is {90} and the higher ntensity cluster is { 224 255}.

* Atthe end of the discrm nation process center pxel“255” is classified as a“ cormpted” pxel] since it
bebngs to the hgher clister

The above exanple shows that canpared w ith BDND akorithm, the separating pontm ed appeared inmod+
fied BDND algorittm can justbe selected as the pixel ntensity ofmost closed to 128 n submage The adaptive
selection process of detem inng separating pointmed can ensure this ntensity pont far avay fran high and bw
ntensity of corrupted pixel and ismade to be alvays n the ntensity range of un— corrupted pixel so as to obtain
the approprate boundaries by, b, for modified BDND algorittm. Thus the detemm nation process and its resu lt

aremore reasonab le

4  Smulation and D iscussion

In oder to do further verificatbn of reconstmcton result formod ified BDND akoritm —te canparison be-
ween BDND resu lt and M od ified BDND result is given based on the extranely corrupted mage of great disparity
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between high and bw intensity inpulse noise as shovn in Fig 1 o Fig 3 Fig 1 is alena inagew ith 6000 cormup-
ton density of high ntensity 106 of bw ntensity and 70% of total corruption density Fi 2 and Fig 3 represent
the denoise results respectively of BDND algorithm andM od ified BDND akoritm, which can be seen that not only

he initve visual result of Fig 3 is better than that of Fig 2 also according to the ob jective estim ation paran eter

Fig.1 Lena image with 60% of high—intensity, 10% Fig.2 Processing result of Lena image of Fig.1 by
of low—intensity and 70% of total corruption density BDND algorithm, PSNR = 6.37

PSNR given by Ref” modified BDND algorihm can further a
chieve 13 dB mmprovement of PINR.

Generally, the merit of modified BDND algorithm is that it
can adaptively find out the separating pomnt for d istingu ish ng h gh
and bw ntensity pikel accordng to the ntensity dharacteristic of
extranely cormpted mage Also the hgh and bw mntensity chs
ters boh nvolve cormpted pxel as well as un—cormpted pikel so
as to solve the problan thatwhen great d isparity betw een h gh and
low intensity of mage appears the sinple separatng-pont selee-

ton of median ntensity often fails to choose correct boundaries

Therefore the new algorithm reduces the m iss detectbn probabil+

m pr noise result for such f cor m
ty and proves denoise result for suc type of cormp ted age Fig.3 Processing result of Lena image of Fig.1 by

Modified BDND algorithm, PSNR = 19.55
[ Referen ces]

[1] EngH I, MaK K Noise adaptive soft-sv itching med an filter| J]. IEEE Trans on Inaging Processing, 2001, 10(2): 242-
251

[2] Astola] Kuosmanen P. Fundam entals of Nonlnear D gital Filteringl M ]. Roca Raton FI. CRC, 1997.

[3] LeeK C JongH, Sohn K H. Detection— estimation based approach for mpulsive noise ranoval| J|. Electronics Letters
1998 34( 6): 449450

[4] LnT G YuP T. Threhold noise-free ordered m ean filter based on dempstershafer heory ©r inage restoraton| J]. IEEE
T rans on Circuit and Systans 2006 53(5): 1 0571 064

[ 5] Chang C C hisao J Y, Hsieh C P. A fast noise reducton method based on hunan viual systan[C ] // ICCS— PCM. Singa
pore 2003(15-18): 1879-1882

[6] NgPE MaKK A swiichngmedian filter with boundary discrim inative noise detection for extranely comupted m ages| J].
IEEE Trans on Inaging Processing 200§ 15(6): 1506-1 516

SR ] ]



