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In many engineering appli.arions
like drononicsl. medical imaBib8.
broadcaq aod oplical scsnni.E the
ob*Ned imases ae sbjed 10

desadation caused by the eleckonic
.ohponent or inaging .nlircnncni. The
degndation poce$ model consisa of No
pans, lhe de3ladalion tunction, and the
noisc lnnctio., 1r the oberyed imase is
lhe ori8inal inlce, it does not ned a

L tuo oi Erdd.d Eng, uniqiry dBlddd. Mo

deDoisins !1. The hume cEn check ihis
using hh eye, but how fie compurer
knows fi.t this image k $e ori8inal
imsc? In Eal iime applications the lime
is very ihpofiant hsue, so should every
inconing inlge is enieEd ro the de noising
proce$ to ensue uar cvcry i.cominS
imaE is as noiss-lree as possible imuge?
Ilthe eswer to this que*ion is vrr, ihG
will delay lhe system bectuse .o! erd,
obsesed imlse {ill be noisy [2,3]. Many
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Where:6odeootes lhe two-dimensional
corvol-ution pro.es, s(r,.) reprcsits
lhe Dee6dcd inage, ,t,c) reprcsenls

the DcsEdalion fuiction,
l(/..) rcpresenls tlE Orisinal image, dd
z(r,.) h rhe addilive none funotion [6,
7l

This paps h conceming or dealing
only with lhe Doise desadarion i. lhe
deErsdarioi prcces whh ihe a$ufrption
dEt lhe desradation funcion
7,(/,.) caues no degradation, $ lhc only
conuption lo the imase is caused by the
nohe (i e. set r(/,.) =l)

Noisc h ony undesired inlormotion
$al con$hinates on image, The dignal
image lcquisnion prccess, which @nverls
an opri€l inage into a coniinuous
electical sigml lhal is lhen smpled, is lhe
prinry proe$ by which noke appm6 in
dignal inages. Ar evqy srep in rhe pmce$
fieE are fluclualions caused by naluEl
phdomeni dlat add a raDdon vllue dar
exact brighrness value lor a gilen pixel
Atrother source ol mise. which onen
arises lioto lhe elecxonic conponent3 in
the image envioniedt, Noise cd b€
intoduced inlo an iinaee via a trulliude
of sources. such as communicaiion
channek, fault di8nal cncuilry, and
lhennal nohe. filn-grain E1)e nohe,
which is dau dependenr, is csused when
scanning e ima8e rccorded on

2.1 NoileTrp6Jtol
ln Elical imases, rhe trohe can be

modeled qnh a Gaussia. ".omrl"
unifom, speckle, or salrand-Fepper

of the obseNed imEses may be rhe
orieiial (nois-iree) imaEes and not
conupred by ! nois. lience deDoisins
them aillbe,aivial and rvill *a$e a lons
rine if $e computation of lhe denohing
algorithfr is hevy. lfthe ..sver h x,.
ano$er quesion appead $hich is. whe.
to denohe rhe obseryed imaSe .nd when
nor to denohe it, Thh is.vert imponml
queslion md should be rake. under
consideGtion ln the @1ti elpplications
Here a proposed method lo. dercting the
noise in rhc i6age h inlroduced b&F! on
lhe second order s.tisrics ot tne pixels ol
th. indCa called Abslruct Moqix (.4LA 14,
sl-

Ako somelimes. ue need ro know
rhe llpe ofthe nohe that is appe,r in rhe
nohy imaee dep.nding on rhe applicarion
lhal ws need. The orisinal inago
somelin.s was found but in onorhertimes
it does.ol lound. Tpo lypes ofalsoirhms
are dependin8 on it in rhh paper with and
wirholt original image using AM oid
Diterun.e Matrb. 0n0 ne$nds

Thc pxper is organized as follos.
some backsroutrd ol rhe nohe h briefly
reviewed in section 2, Sectio. 3 premrs
rhe ide6 0l the RM and DM, their
gen..Elion. and ihen nois, imascs.
Sediod 4 presenls lhe DM, The proposed
algo hm k inlroduced in Sedion 5.
Experimcntal 6!lts are included in

2 Thc eflat of noise in digilal imagcs
The degradatio. poce$ oodel

consisG ol lwo pans, lne degBdaiion
function. ud the noise tuncii.n The

seneral model in lhe spatial domain

9lr.c) = h(t,c)@@ t,c) +,lt.c) \1)
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Gaussian none &ks fie bell-
shaFd cuNe disrribulion, qhi.h @n be

hrtoqla4lds,n= i.-=-e ." 
\2)

1,!'to-

WteE ql is the Eray level, n h the
nean md d is rhe sladdd deviarion

About 70% oa all the laiue tull
within lhe range noe one ,tandard
dqiation (d) heloN fie nee (u) to one

above, and about 95% lau vith in hvos
shndard devildons, The Gau$iEn hodel
is no$ often ued to hodel naluEl noise
plocess, such 6ese o@dig flom
eledronic nois in ihe image acquisition
s"v.ten(i e th nalhaise)

Speclie Noke is coopteely
diflerent lroh other iypcs of noisc, sihcc ir
h opedtes on the imses in multipli@live
nanne! (i.e. the pixelyalue of the nohs h
multiplied b, rhe pixel vahe ol the
olicinsl imase), sherc lbe othcr types ol
noise motioned above being additive
(the pixel lalue ofth€ ooise is added to
lhe pix€l value of the original inage).
The Spcckle noise c& be bodehd by
the following eqution Ill:
c(r,c)=r(/..)+ j(/,.) *",(4.) (3)

wheE r(/,.), z,(,,.), and

a{/,.). aie the orisinal iruce, uniaom
noise (disussed l. the previous section),
and ihe dislorted veAion image
respectively. The opcmrion (.i ) is pixel

by-Dixel muLtiDlication. FisuE I shows
example ol1h6e lypes of noise, and ho$

2.13 SlIt' !trd Peppcr Nois€

In the salr-and'pepper noise 6odel
rheE ae onlr r*o possible lalues, aand b,
ond de prcbabiliry of each is rypically les
lhan 0.1. Wirh nufrb.rs greator than 0.1

lalues, rhe noise willdomin.tetfie ima8e.
For an 8-bit imge, lhe lypical valuc for
peppeFnois is 0 and lor salt-nois 255.

H,rtae,on tSSLn=fi!' ,=: 
,0.,

Maltunclioning pixel €lements in
lhe camcm sensou, laulty denory
locations, or linins eno6lypically caues
lhe salt-and-pepper qle noise, Usually,
rhe specklenoi5e image appeats similarto
lhat of Gaussian ooise imaBes but darker
Salt-and-pepper type nohe appeaB in the
ima8e as dots oontaminate the image.

3 Corccpt ofRecursiv€ M,tdx (AleO
The Rec!reive Marix (AM) is a

squlr Darix which cd b. geberate!
io6 $e eoy$ale levels ollhe inaBe.
\t4rcrcby ils dimension equal to the
maxinum leveh in lhe imsse. This
pieess Foducert by seCrnenring ihe
imaSe in a laBe number of frm. pixels,
such that esh pixelliame (PF) coish., or
nvo ieirlboi pixels, Thes lnms will be
ovtrlapp€d whei they m vieving in a

raw valor wise. This nems that lhe
sMnd pixel Eom the fi6t frme
E resents the nst pixel in the soond
frshe in lhis letol In this p6, the inage
ov of256 pixeh sill be consies of255
pixcls frmcs rhh beausc the lasl (PF) k
the conbination ol the la$ pixels in de
rcw md the pixel betorc it. Tbeseneration
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pixels difuent tiom an image to dolher
even whe. tne hter image is distortcd
veBion of the original image. Ihus. the
value number or idenlical fiames for lny
losition in $e aM isdifercnl. So that any
elenent in lhe AM rcprc*nls .ne ol ihe
imtlicn eray leveh, Elation and realurcs
asociat dwirh lhis inage only.

Hence, lhe adaplive AM for any
image cai be suofrariDd thmush the
lo llowi.g progmmm ablc slepsl

"for 
( p = hitl (' (i i ) to hN (, (i,

fa-( t = hin (r (i, i )to n6 (r (i,

aM (tti , t. P.\\t, j+1) =l
ilcli,fi- pudxli, j+\ =

oi lhe frames slops 10 lhis number ol
lrames in each iow. This is becau@ the
rel4ion of the sny level ol lhe lal pixel,
sith the s6y level oflhe first pnel in the
nexr row. means nothjng in the lecoplnioi
view olthe inage, Hence, the nunbe! of
thc fr@es / lor an ihage qnh

dimensionofBi, Bj is given by I4l:
N t = Br,@t t) (5)

where a/ is the matix 
'limension.In addnior lhe number of comparisons

/r'- - N. '(N, l) (6)

Whee x/is the number ollbe frma in
inaCe. Substitutins equalions befoF leads

N"F=B,'1\B; --2xBiB j -B ,t4 +B ,1+8,
(.1)

*here A, and 4 EpEsnt thc dimension ol

=:r'

To llnd the elements of thc
rccuuive maldx. the frane is relected and
compded, wilh thc sieilarily olthe iioe
neighbor pixeh, wftn all reminder frams
i. lh. imase. The maliix elemenls .rc
.valuated by counting the nunbes offie
simile ftases. That h. the fo6es that
have lhe sme ncighbor pixeh The
posilon in $e marlix in which 1he dulr is
located, rpresents $e pixels Coy level
volue ln orhor wods, the fitsl pixel valu€
(gay level) in rhe sinile lrames
epEsenls ow posnion in the RM. While
the se@idlixel in these franes epreseit,
the colunns posnion in the AM, Thh
pmcessing $lich includeq lbc
lransfomarion ol th€ image l6n lhe
spatial domain to lhe AM domain nakes
rhe resulunt AM unique for lny inage,
sine the rclation behveen the neigh6o6

where rf,, j/ , ieprcsebls the

obsRed ihaAe, p od I ae pixek lalues

The AM ako called the nrdneot
method because olns repeseitdion ortne
inage inplicirl! .The elenents lalues i.
the €sultul matir &e sllocated nosrly
diasonal. tew in lhe .eisbbor of thk
diagonal a.d a few oI lhen in the comels
ol rhe matrix The diagonal elemenls
r.pres€nh the relation behveen lne
identical neishbor high or low Clay level
pixel value, lhat is, ielarions slements
represonG thc lowpass inlormalion ol th€
image. 'lhis coincides with the nornal
dishibution of lhe image in whicn its
lowpassed filtered inlomaion nas Lhe

poffine.e above lhe abrupr chansine of
rhe gray lelel lalues rcpresenting by
hieipas ffltins. rloNeler, in d€ AM the
elemeols that repEsent lhe fealutcs of lhe
ihaee appcd as lon! as lhey are rar aron

ul
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dimensions ol i6 corspordence ol $e

Fors binary ina8e, ih. AM willbe
olsi& (2r2),lhis is lpparcnt 6om Bnce
ol lhe values of ils pirch which is a
nonochrcme (l bit) havins lwo values
elrher 0 or l.so the elements oathe AM
will disftibure only on lhe lour corners ol
the AM. Thh makes the AM a good tool
to recognizc the l-bit bin.ry imagc
(monoclmme) lion th. other qpes or

So il is slrcnsly recommended to
i.spect rhe obsewed indge 10 see *hether
n k the oriSinal inage or ihe dino&d
vcrsion belor. denoisin8 lhe observed

6 Tho Propced Direrence Matrix (DM)
fte Difeence Marrix {DM) is an

(nxn-l) marix where i h rhe numbs ol
8my scale lcvck ol the image. Its
dimension equsl to the maxinum lelels in
the imaS€. The fi$t piael in $e DM
comes arom the ffur pixel lrom the
oriEinal matrii minus lhe send pixel in
th€ origin,l n.trix in a ro*, These pixels
.E ovenapped until reaching thc end of
lhe li4t row. This opelation h repeated
unlil all lhc rcM oathe originaln,kix are

The DM h needed because it k
used lo recoenize tyFes of noise in the
imases like Cau$ian md spcckle nois.
Using of the DM neds m algorithm to
reoenize these nohes, The ao,lowing
steps oflhe AM aleornhn &e uscd. The
DM strucluE h shom in Fig (l).

7 Noise DelccIioD Using AM
1. Take the RM ol the obscRcd imagc in

2. After tic AM of the image h poduced,
obs€ne the dhEibution oflhc.lemcnts ol
tne AM. Illhe disi.iburion isdiagonalwith

lhe diagonal of the AM fton irs lov sides.
This is tae because. these eleme.a
replesenl contous lor lhe abrupt gdy
level changine for the diflerent fealur.s
a€6 in 1,\e ima8e (highpa$ infomsdon)-
Finallr, lhes fcatuEs elemenG aod $e
low inroioation elements de a$ociared
with tbe sel.cte! inag. only dd will be
used a tooh lo recoenize it fmn the olher

As m€ntioned in the previous

Padille, lhe diaEo.al elemenls of lhc AM
with. few rovs below a.d above it
eFresst the lowpass i.tbmalion ol lhe
image. As goins ltr fron lhe diagonal
results in reaching !o lhe elemenh ollhe
AM, thal represls the highpa$
infomations (he abrupt chdge in lhe
CraYsqle lev€l) oflhe inaCe.

Aocording 10 liis, i[ cd be
co.cludcd rhal with the nomd
dhnibulion of the gays@le levels of the
inrge, the AM is mainly diagonal wirh,
fe* abolc and b.low il. Become noisy
(nohe is als o high flequocy coDponent
with small ulues) or rhe abrupt chanses
ol lhc grEysqle lev€ls ol tne imaB€
incre.se the AM md witl no lonCer be
dia8onal. In thh case,lhe elemenls orthe
AM Pill be diagonal with elenents
spredds in the upper ard lowoftianglesol
the AM. The sped inceses as the noi$
level or the abflpi choges ol lhe inag.
i.credes, this is shoM in Fig, (2), which
shows lhe RMs of Hdd imag€s wilh Lliei.
noisy vetsions wi$ diilerent.ois leveh,
rr is clear iro6 Fig. (2) thal as lhe iohe
level increses the distrihution of lhe AM
will sp@d moE out of the diasonal to
covd tne upFe. and lower rri gles. ln
additior the dime.sion ofihc RM.f rie
nok, veNions is lareer 6 ifie

8t
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aew hclow dd abovc n Ihd it cd be
concludo thar the obsefled image h
noiseless (i.e. ihe obse ed imasedo6.oi
need denoisind. In that case, thc
appeamnceofrhe imase is not affecGd bur
thh rviu be a wr.red time. Hence. ir l]le
disribution of tne AM is diasonal with
elemcnts spread in lhe uppe! aid lower
triangles of rhe AM. Then one can
concludethat the obseNed iDage ls noisy
(i.e. the observed imige does necd

This inspection of fie AM oarhe
obse ed imagc can be achieved in nvo
wats, the fid h visually (i.e. by eye). The
second @y, ahich h moe rc@ptable
lrom the practical poinr ol view, n
malhemalically. This can be imple enred
using th. followine prcpored pDcedure:

1, i"et AM denors lhe Abstracr Marrix

2. Ler (A,B) a rwo dinenslonal franices

$irttu&6

adding rhe .oise (name it nuhl

2, Iflhe numl cqMl num2lien we
find a speklo noisc in lhe image.

3, Find the 'liference belween the
absolule lalue ol the nuftbd ol
onc\ boloE adding a noiso rnd the
ab$lute value of the number ol
one's afteraddins a noise.

4, Ifrhediffe@noe h ben een!ranae
bken then $is indicalo a sllt and

5. Irlhe co.ditions in steps 2 and 4
ar. not rrue then theE is a
Gausian noise in the ifrage.

9. Adaptive Note id on tilica tion
The follo*ing algorithm is used to

identily elch lrle of Dois with out using
origi.al imase (adspt ive algoithm):

r. Take th. noisy imEge, ildeE is a
Nhitepixel(255)a(ij)a allthea
Dunded pixels: (ijr), a(ij+r),
(i-lj-l), (i-lj), a(i lj+l),
a(i+1j-r), (i+lj) and a(i+lj+rl
aE darkness in a mnse less th.n
{ I00) then theN h a sah noise.

2. Tak€ the noisy inage, irthe( h a

bhck pixcl 0) (ij) and all $e i
rounded pixek: a(ij-l), a(ij+l),
a(i-lj,r), a(i-1j), a(i-lj+r),
a(i+lj-D, a(i+lj) aid (i+1j+l)
de lishtness in a ranee gmld than
(r50) (by lest) rhen dEc k a

3, Take. DM ro the AM ofthe noisy

4, Ilthe nuftber of zeros in the right
diago.ll of the DM is less lhan
(87) (by ren), s. lhde h causim

s. Oiher wir there is a spccklc noisc

3. llA and B orc z€ro nabices then the
obseaed i m ace is noi*lc$,

,1, IIA and B oroneofthem k non-zero
nBt.ices then ihs obse*ed inrsse is

I Noisc identificatior with origin,l

The following algorithn h use! ro
idendry ach t}!€ ol noie usins oicinal

t. Take rne nunber of pixeh thai
equal {0) (black) before and aner

E4
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l0 Erpe.in€ntal Resuxs
An image (128x 128) is usd with

orhs (99) in.C6, fie AM for lhes
jmases m geremted, lhe RM of tne
iEages, $en noisy rcAions wilh difftnt
.oise leveh (1,2,3,... SNR). Thes (100)
imas6 sE tesied to the idenlification
noise algorithms. wlth oisinal ima8e, the
Bult ol identircarion *!s (100%).
Wi$out orisi.al im,ge. salt und-pepper
dgorithm gives (l00ro) resulr while wnh
speckle, noise gives (94%) r€suh dd wnh
Gaossign, noise giver (86%) Esulls. Fig.
(4) gives d examplc. These algorithms
are senerated tu €ach imaee Table (l)
repres€nls e example for the

ln this paper a nethods lor
detalinglhe noise in imascs ls Dtoposed,
cBlled thc AM and the DM. tt is
ihplehented i. lne spatial donain. Its
scnemtion k v€ry lasr dd mn be

cenerated lor e(h image Th. 6umprion
tbr rhG merhod in rhar dr 

'maces 
dc

snooth (srayscale lelels ol the ioase
chmses g6dually). \!t found thar rhis
nethod does nol give accuraE resulB il
lhe in.g6 have vary shae sraysoale
leveh chanses (non{nooih inac*).
Because in this case st cannot ieognize
betw@n the noise and the hieh arequoncy
componenls of 1he imase- In ad,Cition, in
lhh paper we deline elhods for identifies
difleront rype of.ois wilh and wirhout
original inages using AM, DM (lor
Gau$ian ed speckle noises) and inage
properries {for lah md peppo nohe), The
results de nolc efrcienl if the orisinal
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(a)

Iisurelr): a) Gaussian distribuiion, b) Sah and p€DDer disribution.

ristrre (3): (a) O.isinal rarrix, (b) DM lor marrix (a).
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Tsble (l). wilh udwllhoutoriginrl imas6.lsorithns resulls.


