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EfficientimpulseDetectionfor ImageRestoration
—Applicationof Highly Corruptedmagesdueto Fixed-valuedandRandom-aluedimpulseNoise—

K eiko Kondo'

1. Intr oduction

Impulsenoiseis often causedy errorsduring imageac-
quisitionor transmissiorthrough commnunicationchamels.
Hence suppessionof impulse noiseis oneof theimportant
tasksin imagerestoration Several nonlinear filters have
beenproposedfor the restorationof imagescorrupted by
impulsenoise[1]. One of thesefilters is the medianfil-
ter, which cansuccessfullyemaorve impulse noisefrom the
obsened imageswhile presering the edges.However, the
medianfilter tendsto modfy notonly noisy pixelsbut also
undisturked goodpixds, which shouldnot be modified. As
aresult,obsenedimagescanna berestoredaccuately.

In orderto avoid distortinggoodpixels,severalswitching
schemesave beenpropaed[2]-[7]. Theseschemeson-
sistof two parts:thefirst partis animpulsedetectomwhich
determins the location of impulse noise, and the second
partis a noisereductionfilter which modifiesonly the pix-
els deternined to be impulsenoiseby the first part. With
a switching scheme,impulse detectionis crudal because
its resultsare utilized for subsequetmoiserediction filter-
ing. However, whenthe obsened imagesare highly cor
rupted, the perfamancesof the conventioral impulse de-
tectionmethod [2]-[7] arenotenoudn to thorougHy detect
impulsenoise.

Thusanimpulse detection methal usingtwo systemsas
beenproposedin [8] to accuratelydetectimpulsenoiseeven
in highly corruptedimages. The methodsuccessfullyde-
tectsfixed-valuedimpulsenoisemorethanthe othermeth-
ods. However, it poolly detectsrandan-valued impulse
noisebecawsethe secondsystemin [8] is formulatedwith
the assumptiorthatthe measuementnoiseis in factfixed-
valuedimpulse noise. Thus this paper proposesa novel
impulsedetectionmethal, which introducesa new second
systemusing anotherassumptiorindepement of the type
of noise. By introdwcing this new secondsystem the pro-
posedmethodcan accuratelydetectnot only fixed-\alued
but also rancdom-valued impulse noiseeven in highly cor
ruptedimages. The efficiengy of the proposedmethodhas
beenverifiedthrough expeiiments.

2. Impulse NoiseModels

Two well-known impuse noise models are the fixed-
valuedandthe randan-valued impulsenoisemockels. The
fixed-valuedimpulse noisemodelis definedby usingthe
following probability ps:

.. JZ(i, j) with probability 1 — ps
x(i. 1) = {d with probability p; @

where z(i, j) and x(i, j) denotethe graydevels at location
(i, j) of the original imageandthe obseredimage,respec-
Itivelly. Thenoisevalued is equalto 0 or themaximum gray
evel.

The randan-valued impulse noisemodelis definedwith
thefollowing probability p;:

.. =i, j) with probaility 1 - p;
X(i.1) = {s(i, i) with probaility py @
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Thenoisevalues(i, j) is uniformly distributedfrom 0 to the
maximum gray-level.

3. PreviousImpulse DetectionMethods

With a switchingschemejmpulse detectim is crucialto
subsequemoiseredudion filtering. However, the corven-
tionalimpulsedetectiormethodq2]-[7] have thefollowing
two problems:

(Problem 1) Thefirst prodem is that noisy pixels may not
be detectedespeciallythosethat exist in flat areas.These
pixels are called undetected pixels and remainin the re-

storedimagesbecausehey werenot removed by the noise
reduction filter.

(Problem 2) The secondprobddem is that goad pixels, es-
pecially thosewhich arefound in edgeareasmay be mis-

Judgedasnoisy pixels. Thesepixels arecalledmis-detected

pixels and are modified by the noiserediction filter even
thoudh they aregoodpixels. Conseqently the restoredm-

ageincludesover-smootling, especiallyin theedges.

Cornventionalimpusedetectiormethalstendto increase
thenumbe of undetectedandmis-detectd pixels whenthe
obsened imagesare highly corruged. Thus the impulse
detectionmethal in [8] hasbeenproposed,which canre-
ducethe numter of both undetectedand mis-detectedix-
elsgreaterthanthe othermethals evenin highly corruged
imageshby usingthefollowing two systems:

System1: Impulsedetectio basedon anedgeflagimage.
The undetectedpixels andthe mis-detectegixels oc-
curin flat andedge areasrespectiely. Therefore,in
this systemanew flagimageis introduced,namedhe
edgeflagimage,whichis anindex usedto classifythe
pixelsof anobseredimageinto two types:the pixels
beingin theflat areasandthosein theedgeareasThe
pixelsclassifiednto theedgeflagimageareasaresep-
aratelyprocessedy usingtwo median filters with dif-
ferentsizesof windows. By usinga differert window
sizefor eacharea,Systeml canreducethe nunber of
bothundetetedandmis-deteted pixelsmorethanthe
othermethals.

System?2: Verification of the impulse detectionresult by
Systeml. Whenthe obseved imagesare highly cor-
rupted it is difficut to prevent undeteted and mis-
detectedpixes by usingonly Systeml. Therefae, in
orderto ensurethe accurag of Systeml, System2
waspropased,which verifiestheimpulsedetectiorre-
sultsby Systeml. As the fixed-valuedimpulse noise
hastwo values beingequalto 0 (negdive) or themax-
imum graydevel (positive), System2 wasrealizedby
using a property wherely the difference betweenary
negaive impulsenoiseor the difference betweenary
positive impulse noiseis equalto 0.

By using the combnation of thesetwo systems,the
methodin [8] can accur#ely detectfixedvaluedimpulse
noise even in highly corrypted images. However, the
method poaly detectsrandan-valued impulse noise, be-
causeSystem?2 is formulatedwith the assumptia thatthe
measurerant noiseis fixed-valuedimpulsenoise. Thus,to
successfullydetectnot only fixed-valuedimpulsenoisebut
alsorandbm-vauedimpulsenoise the propcssedmethal in-
troducesa new secondsystenmusinganotter assumptiorin-
depenlent of the type of noise. By introduwcing this new
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secondsystem,the propased methodcan successfullyde-
tect both typesof impulsenoiseevenin highly corupted
images.

4. Proposedimpulse DetectionMethod

In orde to detectnotonly fixed-valuedimpulse noisebut
alsorandbm-valuedimpulsenoise the proposedmethal in-
troduces a new secondsystem,since the perfamanceof
System?2 in [8] is not sufficientfor the above applicaion.

In the proppsedmethod both System1 in [8] andthe
new secondsystem,being a verification system,are used
asshown in Fig. 1. Let us explain the procaluresof the
verificationsystemin thefollowing section.

4.1 Verification System

In orderto reducethe numter of mis-detectegixels by
Systeml, only noisypixelslocatedn theedgeareasarever
ified by anew system sincethe mis-detectegbixels mainly
exist in theedgeareas.

The new verification systemis realizedby usingan as-
sumptionindepementof thetype of noise. Theassumptia
is thatan original imagegradually variesin the signalarea
which consistsof similar intensities,as shavn in Fig. 2.
Thatis, if the differenes betweenintensitiesof the target
pixel andits neigtborsdetectecasgoodpixelsarevery sim-
ilar, we candetemine thatthe target pixel is a goad pixel;
otherwise the targe pixel is a noisy pixel. As aresult,the
verificationsystemworksasfollows:

1. A target pixel at (i, j) is selectedrom the pixels with
froisdl, j) = 1 andFeqgdi, j) = 1 obtairedby Systeml.
The binary image foise dendes that froisei, j) = 1
meansa pixel at (i, j) is impulsenoise; Feqgdi, j) = 1
dendesa pixel in theedgeareas.

2. Asshavnin Fig. 2, thepixelsat (s t)’'s(1 < s<W1<
t<W (st) # (1, j)) whoseintensitiesaresimilar to the

intensityof the targetpixel areselectedrom the pixels
within aWxW (W is anoddinteger) window asfollows:

_J1 i 1g(,]) — 9(s )] < Tarea
faredS.1) = {O otherwise ©)

whereq(i, j) (or g(s 1)) is the resultby obtainedan it-
eratve medianfilter; Taeais aninteger which satisfies
0 < Tarea < G; G is the maximum graydevel. The bi-
naryimagefyeadendesfayeds t) = 1 mears signalarea
similarto thatof thetarget pixel, asshavn in Fig 2.

3. By usingthebinary imagef,req0btainedn procedire2,
the goodpixes to be compaed with the target pixe at
(i, j) areselectedrom the pixels which satisfythe fol-
lowing equatia:

1 if |X(Sa t) - g(sv t)| < Tpix
foix(s, 1) = and faedst) = 1 4)
0 otherwse
where T,y is aninteger which satisfiesO < T,ix < G;
foix(S t) = 1 denoteghatapixel at(s,t) shouldbecom-
paredwith thetargetpixd at(i, j).

4. The intensity of the target pixel at (i, j) is dended by
X(i, j) andthe intensitiesof the pixels with fyix(s,t) =
1 obtainal by procedure3 aredended by y(s,t)’'s; we
compute the differerce |x(i, j) — y(s, t)] andthe average
ur of theM smallestvaluesis calculated.

5. If ur < Tgr; 0 < Tr < G, thenthe verification system
judgesthat the target pixel is a goodpixel. Otherwise,
the target pixel is judged to be a noisy pixel. Conse-
quertly, the impulsedetectionresult obtaired by Sys-
tem 1 is refinedby the verification systemasfollows:

0 if fnoise(i, J) = 1’ Fedge(i’ J) =1
and ug < Tr

Fnoise(ia J) =41 if fnoiSE(ia J) =1 Fedgéi, J) =1
and ug > Tr

froise(i, j) if otherwise

(5)

whereFisdi, j) recodsthelocationof impulsenoise;
Froisdi, ]) = 1 (0) denoteghata pixd at (I, j) is (not)
impulse noise.

Consequetty, by introdwcing the verification system,
our proposedmethodcan detectnot only fixed-valuedbut
alsorandomvaluedimpulse noisemoreaccuratelhthanthe
othermethalsevenin highly corryptedimages.

5. Experiments

In orderto verify the high perfamanceof the proposed
methodasa prerocessoifor noiseredtction filtering, ex-
perimenal resultsareshovnin Fig. 3, whereeach128x 128
squareis extractal from animagewhosesizeis 256 x 256
pixels and the maximum graydevel is 255 Figure 3(a)
shaws “lena” coruptedwith 30% randam-valued impulse
noise. The randan-valued impulsenoiseis uniformly dis-
tributedfrom 0to 255. Figure3(b) shavstherestoredmage
obtainedby usingthe impulsedetectionresultsof the pro-
posednethodasaprepocessofor noiseredudion filtering.
For compaison, Fig. 3(c) andFig. 3(d) areobtaired by ap-
plying the impuse detectionmethodsin [7] andin [8] as
prepocessorgor the noiseredudion filtering, respectiely.
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Figure 3: Image restoration results.

(a) is cormupted
“lena” by 30% randan-valuedimpulsenoise. (b) The pro-
posedmethod (c) Theimpulsedetectiormethodin [7]; and
(d) Theimpulsedetectiormethal in [8], areusedasprepo-
cessordor the noiseredtction filtering, respectiely.

The noiseredtction filtering is performedby the PSM fil-
ter[6], whichis well known for Its effectiveness. As showvn
in Fig. 3, it is clearthatthenoisereductian filtering usingthe
propcsed methal canremove the randan-valued impulse
noisemoreaccuraely thanthe otherimpulsedetectaes.

Furthernore,thepropsedmethal is appliedto threecor-
ruptedimageswith fixedvaluedor randon-valued impulse
noise whoseoriginalimagesare“lena; “bridge; and“pep-
pers” (256 x 256pixels,8bitgpixel grayscaleimages).For
the fixedvaluedimpulsenoise,the impulsenoisetakeson
the valuesof 0 or 255 In contrast,for the randan-valued
impulse noise, the impulse noiseis uniformly distributed
from 0 to 255 The SNR’s of the restoredmagesobtaired
by usingthe proppsedmethodas a pregrocessoifor noise
reduction filtering are shovn in Table1. For comparison,
the SNR’s of therestoredmagesobtainedby usingtheim-
pulsedetectionin [7] andin [8] as prepocessordor the
noisereduction filtering arealsoshovn. The noiseredwc-
tion filtering is performedby the PSMfilter. From Table1,
shaving all results,the noiseredtction filtering using the
propcsed detectionmethal can restorethe impulse noise
corrugedimageanoreaccuratelfthanboththeimpulsede-
tectionin [7] andin [8]. Especiallywhentheobseredim-
agesarehighly corrupted,the SNR’s of therestoredmages
obtainedby usingtheproposedmethal aremuchbetterthan
the othermethod for bothfixedvaluedandrandan-valued
impulsenoise.

6. Conclusion

This paper haspreseted an accurateémpulsedetection
methodfor the restorationof imagescorruged by impulse
noise.Thesimulationresultsdemorstratethatthepropcsed
methodconsistentlyprovidessatishctoryresultsof images

Table 1: SNR's (dB) of the restorationresults. The cor-
ruptedimagesarefixed-valuedandrandm-vauedimpulse
noise,whoseprobability is 10%and40%.

Image [ Proh | Typeof | Proposed| Ref.[7] | Ref.[8]
impuse | method

lena 10% | Typel® 29.34 2873 29.10

Type2° 27.38 2734 18.02

40% | Typel 21.50 1444 21.36

TypeZ 22.14 2020 9.02

bridge | 10% | Typel 24.03 2343 24.38

TypeZ 22.17 2184 13.33

40% | Typel 16.78 12.72 16.70

Type?2 17.45 1597 6.89

peprers| 10% | Typel 22.33 2169 22.90

Type?Z 2267 2143 16.27

40% | Typel 18.12 1377 18.25

TypeZ 19.19 1748 8.23

afixed-\aluedimpulsenoise
brandom-aluedimpulsenoise

highly corruptedby not only fixed-\aluedbut alsorandam-
valuedimpulse noise. The experimentsshowv the perfor-
manceof the proppsedmethodis much higher than other
previous methals. This proppsedmethodcanbe appliedto

Further our proposedmethodwill be improved to re-
move impulse noise from not only gray-scaleimagesbut
alsocolorimagesin the future.
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