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Abstrac t: Though boundary d iscrim inative no ise detection ( BDND) m ethod is frequently considered as an effic ient

m ethod for image deno ise, how eve rwhen co rruption density o f salt or pepper no ise of im age corrupted by im pu lse no ise is

larg er than 50% , research shows tha t th ism ethod is no longer va lid because its perform ance becom es ser iously deter iora-

ted. Thus am od ified BDND m ethod is proposed in this case. In th is m ethod the nearest intensity va lue to 128 is se lected

as the separating po int in each sub image instead o f them ed ian be ing separating po int in or ig inal BDND m ethod, so as to

avo id separating po int selected in co rrupted area. The new m ethod can obv iously im prove PSNR va lue o f reconstruction

im ages as we ll as rem a in the advantages o f the or ig ina l BDND w ith a lm ost no add ition o f com plex ity.
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[摘要 ]  虽然目前边界分离噪声检测 ( BDND )算法被普遍认为是一种较好的去除图像脉冲噪声方法,然而研究发现当 0盐 0

或 0胡椒 0噪声污染比例之一超过 50% ,其性能却急剧下降,几乎无法去噪.为此在 BDND算法基础上提出了改进的噪声检测方

法 (M od ified BDND) ,对每个子图,新方法选取与 / 1280最接近的灰度值作为分界点,从而避免原方法因选取中值为分界点而可

能落入污染区域的问题.该方法既可保留 BDND算法优点,而且还能明显提高此时图象的重建效果.通过对 L ena图象仿真处理

说明了本算法的有效性和优越性.
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1 Introduction

In the processing of acqu isition or transm ission, d ig ital images are o ften contam inated by impu lse no ise.

Th is random impu lse noise may corrupt the image p ixel result ing in the fact that the in tensity va lue of corrupted

pix el can be changed into tw o values, .i e. the higher intensity va lue ( salt) or low er intensity va lue ( pepper)

compared w ith those pixe l in the ad jacent reg ions
[ 1]
. Impu lse no ise no t on ly a ffects the d ig ital image qua lity, also

affects the post processing like segm entat ion, edge detection, recogn it ion, etc. E spec ially at higher no ise density

interference, it can even generate loss o f in format ion de tails
[ 2-4 ]

. Thus, impu lse no ise remova l is one of important
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stage in image processing.

Up now there are a lot ofmethods fo r image deno ise and usually they are c lassif ied into linear and non linear

categories and the later one ismore researched because o f its better applicab ility for impulse no ise. The earlies-t

proposed non linear filtering method is the famous standard med ian ( SM ) filtering method
[ 2]
, w hich has been

w ide ly app lied fo r its d istinct advantage o f exce llent noise suppression ability and sm all computation w ork. A fter

that the most research act iv ity is on the study of various improvedm ethods based on SM filtering theory, where

themost improvem ent is to div ide SM filtering into tw o stages. The first stage is to dec ide each p ixel one by one

whe ther it is corrupted from impulse no ise, .i e. the so-called de tect ion process, and the second stage is filtering

of corrupted p ixe.l In this w ay, the intensities of un-corrupted pixe l are reserved so as to keep image details be-t

ter. For the key stage of detection, some ideaw ere presented such like de tect ion approach based on human v isu-

al system
[ 5]
, im age reconstruct ion a lgorithm fo r slightly-corrupted random-va lued impu lse noise based on D emp-

ster-Shafer theory
[ 4 ]
, and a lso boundary discrim inative noise de tect ion ( BDND) g iven byN g

[ 6]
. Thesemethods

have their ow n characteristics, and BDND has better reconstruct ion result for ex treme ly corrupted im ages. M oreo-

ver th ism ethod does not need setting artificial parameters and thus ismore available in application. How ever, e-

ven if for BDND algorithm, it may a lso face the extreme deterioration problem in detection and reconstruct ion

w hen the corruption density of salt or pepper noise is larger than 50% , which imp lies there is b ig difference be-

tw een the densities of h igh- intensity and low- intensity impu lse no ise. There fo re in th is paper, amod ified bounda-

ry d iscrim inative noise detection (M odif ied BDND) method is presented for th is great d isparity be tw een low and

high intensity impulse no ise. M od if ied BDND can remain the advantage o f BDND as w ell as improve the im age

reconstruction performance dist inctly, as described in fo llow s.

2 Image Reconstruction for D isparity Betw een Low and H igh Intensity Impulse

Noise

  For general purpose, monochrome image is se lected as example in fo llow ings to demonstrate the image re-

construct ion w hen the density of sa lt or pepper corrupted noise is larger than 50%. It is a lso assumed that the

gray level of high- intensity corrupted pixel is 255 formonochrom e pixe l and that o f low- intensity corrupted p ixel

is zero. A lso BDND a lgorithm is adopted for noise filtering.

U sually BDND algo rithm is organ ized by tw o stages, one is detection and the other is filtering. De tect ion

process is referred to judg ing the pixel o f image one by onewhether it is corrupted by impulse noise. A t the stage

of detect ion, firstly a 21 @21 loca lw indow is selected surrounding the center of the considered pixel and those

pix el in this sub image are sorted in a sequence in the ascending order o f the ir intensity values and the med ian

med is se lected as separating po in.t One boundary b1 is determ ined by a ll low- intensity p ixel in the sequence be-

fo re / med0 and the separating po int /m ed0, and this boundary is corresponding to the max imum d ifference of

low- intensity sequence. S im ilarly, another boundary b2 is determ ined by all h igh- in tensity pixel after / med0 and

the separating po int / m ed 0, th is boundary is co rresponding to the m ax imum d ifference of h igh- intensity se-

quence. F inally, it is now to detect the in tensity of considered p ixel to seewhether it is located betw een boundary

b1 and boundary b2. If it is true, then th is pixel is not corrupted. Otherw ise it is co rrupted. In o rder to decrease

false a larm, it is necessary to do above detection oncemore for the being- judged corrupt ing p ixe lwhere the size

of loca lw indow is reduced to be 3 @ 3, and then th is second-detect ion result is considered as fina l resu l.t The

validation of th is discrim ination has been done through an example of a 5 @ 5 w indow ed sub- image in reference
[ 6]

where the density of h igh intensity impu lse no ise is 32% and density of low intensity impu lse no ise is 28% wh ich

are both less than 50%. How ever, itw ill show ano ther case of non-effective of BDND method from fo llow ing ex-

amp le when density of h igh or low intensity impulse no ise is larger than 50%.

Examp le 1: A ssum ingW5 @ 5 is a 5 @ 5 w indow ed sub- image w ith the cen ter p ixe l / 2550 ( bold),
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W5 @5 =

255 255 47 255

50 255 255 90

255 0 255 224

62

255

255

72

0

255

255

255

39

0

255

0

179

( 1)

the processing o f BDND and its resu lt are g iven be low.

F irs,t p ixel intensities are sorted in the ascend ing order and represented as a vector v0, w here the med ian

med is 255; .i e. , v0 = [ 0 0 0 0 39 47 50 62 72 90 179 224 255 255 255 255 255 255 255 255 255 255 255 255

255]. Assum ed that the vecto r of intensity d ifferences is computed: vD = [ 0 0 0 39 8 3 12 10 18 89 45 31 0 0 0

0 0 0 0 0 0 0 0 0] . Then for the pixelsw ith intensities betw een 0 andm ed in the v0, the correspondingmax imum

difference in the vD is 89, w h ich is the d ifference betw een the pixel intensities 90 and 179; For the p ixels w ith

intensities betw eenmed and 255 in the v0, the max imum difference in the vD is 0, w hich is the d ifference be-

tw een the p ixel in tensities 255 and 255. Hence, the boundary b1 is 90 and the boundary b2 is 255. Thus, the

low er intensity cluster is { 0 0 0 0 39 47 50 62 72 90}, them edium - intensity cluster is { 179 224 255}. A t the

end o f discrim ination process, center pixe l / 2550 is classified as an / uncorrupted0 p ixe,l since it be longs to the

m iddle cluster.

In this examp le, the density of h igh in tensity impulse no ise is 52% or larger than 50% resu lts in the fact

that the separating po int ofmedian /med = 2550 is not loca ted in the uncorrupted im age wh ile in the corrupted

image o f high intensity impu lse noise, thus let two boundaries o f b1、b2 hard to be determ ined correctly, and as a

resu lt the pixel o f intensity equa l to 255 of h igh intensity impulse no isem issed the detection. This drop of detec-

t ion probability can ser iously affect image reconstruct ion, and that is substant ia l reason why PSNR value sudden ly

drops greatly in the simulation resu lts of Table III and Tab le IV in Re.f
[ 6 ]

where density o f h igh or low intensity

impulse no ise is larger than 50% and BDND method become no effective.

It can be found that when co rruption density of h igh or low in tensity p ixe l is larger than 50% and there is

great d isparity betw een high and low intensity impu lse no ise, themedianmed in the ascend ing order sequence of

pix el intensity w ill certainly enter into co rrupted pix el c luster, as a resu l,t the separat ing po intm ed can not satis-

fy w ith the requ irement of - locating in un-corrupted pixe l c luster. . The h igh and low intensity c lusters separated

by th is separating po in tmed hard ly invo lve together corrupted pixel as w e ll as un-corrupted p ixe.l That means,

one c luster invo lves only one type o f co rrupted pixe,l how ever, the o ther c luster invo lves both un-corrupted p ixel

and also high and low intensity co rruption p ixe.l

Therefore, in such h igh or low intensity pix el cluster it is impossible to se lect the appropriate boundaries b1

or b2 wh ich is used to show the d ifference betw een corrupted and un-corrupted p ixe l intensities, thus itmakes the

m iss detection probability of BDND algor ithm b igger and its performance become w orse suddenly.

3 An Detecting A lgorithm for D isparity Between Low and H igh Intens ity Impulse

Noise: M odified BDND A lgorithm

  Corresponding to the image reconstruction o f d isparity prob lem betw een h igh and low intensity corrupt ion as

said above, amodifica tion BDND a lgorithm is proposed in this paper. Considering intensity va lue o f image pixe,l

the un-corrupted p ixe l is usua lly located betw een h igh and low intensity impu lse no ise. The h igh intensity im-

pulse no ise is close to 255 and low one close to 0. Thus about intensity, the p ixe l intensity ofmost far aw ay from

the high and low impulse no ise shou ld be equal to 128 and then those pix el o fw hich the intensity value is most

close to 128 shou ld belong to un-corrupted pix e.l Consequen tly, the separating po intmed in themod if ied BDND

algorithm shou ld be selected as the intensity value that ismost c lose to 128 in the subimage p ixe.l Th is adaptive
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selection process guarantees that the de term ined separating po intmed alw ays located in the un-corrupted p ixel in-

tensity range of image and ensures to achieve the appropriate boundaries b1, b2 used inmod ified BDND algorithm.

The implementation o fmod ified BDND and its app lication in processing Examp le# 1 are g iven in be low.

Procedure o fmod if ied BDND a lgorithm implementation

Step 1 Impose a 21 @ 21 w indow, wh ich is centered around the current pixe.l

Step 2 So rt the p ixe ls in the w indow according to the ascending o rder and f ind the intensity w hich is the

nearest va lue to 128, med, of the sorted vector v0, .i e.

m ed = m in
v0( i)

| v0 ( i ) - 128 | . ( 2)

Step 3 The fo llow ing process is sim ilar to Step 3-S tep 8 o f BDND algorithm as described in Reference
[ 8 ]
.

P rocessing Examp le 1 by modif ied BDND ALgorithm

# Pixel intensities of sub- im agew are so rted in the ascending order and represented as a vector v0 = [ 0 0 0 0

39 47 50 62 72 90 179 224 255 255 255 255 255 255 255 255 255 255 255 255 255], where the separating po int

ofmost closed to the intensity va lue of 128 is selected asmed = 90.

# The vector of in tensity d ifferences is computed: vD = [ 0 0 0 39 8 3 12 10 18 89 45 31 0 0 0 0 0 0 0 0 0

0 0 0] .

# For the p ixe lsw ith intensities betw een 0 andmed in the v0, the correspondingmax imum d ifference in the

vD is 39, w hich is the d ifference betw een the pixe l intensit ies 0 and 39.

# For the pixels w ith intensit ies betw een med and 255 in the v0, the max imum d ifference in the vD is 89,

w hich is the d ifference betw een the p ixe l intensit ies 90 and 179.

# H ence, the boundary b1 is 0 and the boundary b2 is 90. Thus, the low er intensity c luster is { 0 0 0 0},

them edium-intensity cluster is { 39 47 50 62 72 90} and the higher intensity cluster is { 179 224 255}.

# S ince the center p ixe l / 2550 be longs to the h igher intensity cluster, hence, the second iteration needs to

be invoked and a 3 @ 3 w indow is imposed and centered around it

W3 @ 3 =

255 255 90

0 255 224

255 0 255

( 3)

# Now, the pixe l in tensities are sorted and presented in the vector form: v0 = [ 0 0 90 224 255 255 255 255

255] , w here the separa ting po int o fmost closed to the intensity value o f 128 is selected asm ed = 90

# As before, the vecto r o f intensity differences is computed: vvD = [ 0 90 134 31 0 0 0 0] .

# The firstmax imum difference is 90, w hich is the d ifference betw een the p ixel intensities 0 and 90. The

second max imum d ifference is 134, wh ich is the difference betw een the pixel intensities 90 and 224.

# H ence, the boundary b1 is 0 and the boundary b2 is 90. Thus, the low er intensity cluster is { 0}, theme-

dium-intensity cluster is { 90} and the higher intensity cluster is { 224 255}.

# A t the end of the d iscr im ination process, center p ixe l / 2550 is classified as a / corrupted0 pix e,l since it

be longs to the h igher c luster.

The above examp le show s that compared w ith BDND a lgorithm, the separating po intm ed appeared inmod-i

fied BDND algorithm can just be se lected as the pixel intensity ofmost closed to 128 in sub image. The adaptive

selection process of de term ining separating pointmed can ensure this intensity po int far aw ay from high and low

intensity o f corrupted pixe,l and ismade to be alw ays in the intensity range o f un- corrupted pixel so as to obtain

the appropria te boundaries b1, b2 for modified BDND algorithm. Thus, the determ ination process and its resu lt

aremo re reasonab le.

4 S imu lation and D iscuss ion

In order to do further verificat ion of reconstruction result formod ified BDND a lgorithm, the comparison be-

tw een BDND resu lt andM od ified BDND result is g iven based on the ex tremely corrupted image o f great d isparity
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between high and low intensity impu lse no ise as show n in Fig. 1 to F ig. 3. F ig. 1 is aLena imagew ith 60% corrup-

t ion density of high intensity, 10% of low intensity and 70% of to tal corruption density. F ig 2 and Fig. 3 represent

the deno ise results respectively o fBDND algorithm andM od ified BDND a lgorithm, w hich can be seen that not only

the intuit ive v isua l resu lt of F ig. 3 is better than that of F ig. 2, also according to the ob jective est imation parameter

PSNR g iven by Ref
[ 6]

mod ified BDND algorithm can further a-

chieve 13 dB improvement o f PSNR.

Genera lly, the merit of modified BDND algorithm is that it

can adaptively find out the separating po in t for d istingu ish ing h igh

and low in tensity p ixe l accord ing to the intensity characteristic of

ex treme ly corrupted im age. A lso the h igh and low intensity clus-

ters bo th invo lve corrupted p ixe l as w ell as un-corrupted pixe l so

as to so lve the problem thatwhen g reat d isparity betw een h igh and

low intensity of image appears, the simple separat ing-po int se lec-

t ion of med ian intensity often fa ils to choose correct boundaries.

Therefore, the new algor ithm reduces them iss detect ion probabil-i

ty and improves deno ise result for such type o f corrupted image.
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