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Abserare With the wide spresd of videa uzage in maoy fald:
of zar lives, it beccxse: very imporiaoe do develop asw
tnchaiquec far vidsa demeiing. Bpaiial rvide dessizing uzing
wavelsd cramzform kaz been dhe focm: of dbe currend recsarche:
az it reguire: lecs compadstion and mars suitable for rexl e
applicagan:. Trwe zpecific eechniqus: far zpatizl vides deasizing
uzing wavelst eranzform are conzidersd & dhiz wesk: 1D
Dazerses Wovsdsr Tranzform (20 DWT) and ID Dwal Tres
E'-u-.ph Warslst Trapzform (ID DTCWT)L Each of dhece

kaz itz ad =oz and doadvaséames. The fire
||¢h.|.q_u e ez qualier I:I.g'i laralz of naize but conrmme:
bz cmer while the second pes high qualicr vides whals
czazuming lomr.  Ia dhiz werk, we mmiroduce 20 imiellia:
demsizing syziwne chad make: 3 eradesdf becwssn the qualicy of
the demsioed vides and the tms required S densicior. The
syzivm firze ectimzivs dhe oize level & ihe vides fr.ulil than
I:mrd.-.:l'r chocas: the proger of the ewe deasizier ischaiyue:
iz applr aa ihe frame. The cimulatios real: h-'rr Eh.: it
prepazed system iz mers cwoicabls Jororeald
whers the tme i crigical whils sning bigh q_n:lhrr rideaz
wxpecially ot low to mzderade leval: of maize.

I beopporioo

The recant advamcemsnt o multimedia technology has
promoded an anormous amomt of ressanch in the ara of
mags and video procassizg. Izcluded i the mamy fmage and
vidat peocessing zpplisztions, wxch % compressom,
anharcomzzt, and farget mecogmificm, i preprocessing
functions S moie mmoval Nedse removal Boome of the
Eacet comman and meportant procesiing sepe in many tvago
and viden sywtams Becmme of the importamcs amd
commoeality of preprocessing in most image and video
syitems, therw hzs beem 2 gnormous amomnt of resserch
dedicated 1o the subject of noiss removal, and many diffeeumt
athematical tools kava bese proposed [2]

Hlnizs rafurs to unvantad stochastc variations & opposed
to determinivbs distertions sock a5 shading or lack of foem:.
It can s added fo the videc sigzal or muliplied with the
videe sopmal It cam alie B gignal dependent or signal
mdspandent [§]. Based on @5 spectra] proparties, noise i
further clasified 25 white or color moke Many types of
i effest charge-coupled devics (CCT) cameras such 2
plcton shot nodse 2zd read out medse Photon shot nois &
dos 1o the random amival of phofons 2f the semsar, which i
govarned by Podsson dismibutice. Orher soaces of noise
imclads outyeat amplifier medse, camera nois and clock naise,
which can ke combired in 2 sngle squivalot Gaoeiam naise
soomce called read oot noise. Because of the kigh cowting
affuct of Photon amvivals and according o the comtral limedt
theorem, the agamesate moise effedt cam b wwdl
approximated by Gamssizn disoivotion. Conseguently, in this

paper, an Additive White Grossizn Moise (AWE) modal &
assumed. The chodze i also motiveted by ATWCEH baing the
Eqt Gomman Bods eodal for TV brozdsasting [6]

Spafial video demodsing techeigms mse beth te two
dimezcional Droal Traw Complex Wavelet Tramsform (20

DTCWT) and thras dimemsional Tual Tras Complex
Wovslagt Tramsforme (300 DTCWT)[1I] temparal video
dunoising techniques ose temporal fltering cnby [16], vwhile
spatic-tamporal video denoising techmiqnes use comshimation
of spatial and taraporal danoiing [16]

The meed for fast and acomrate video modse ertmation
algprithes ries from the fact that moamy fmdamertal vides
peocessing algorithms sach 2 compression, segmestation,
motion eetimatice and foreat comvemion adapt tair
paramgtar: and imprors performance whin the mok: &
Imoan. The effectivensss of viden processing methods cam
b sgnificantly reduced in the presence of noise. TWhan
mformation aboot the noise becomes availzble, processng
cam be adapted 1o the zmcomt of modie fo provide sable
pencassing mechods [,

A nois estimation techniqua caloelates the level of white
(emsiam mods, whick is the most commonly aspzeed naise
ope @ video procassmg applicabioms, comfamed in 2
cornzpted video sigmal TWhan noise vamiamce becomes
wruilable, videoe demoking algorithms (eg., 2D Discrate
Wavslat Trazsform (20 DWT) and 20 Druzl Tree Complax
Wevalat Tremsform (10 DTCUT)) cem b adapted 10 the
amount of motss for i.m.;l::l'.'nd performanca.

Video modse can be sstimzted spatially or mporally. 4
widaly med spatial zoise estization mathod calenlates the
variemca (2 2 measurs of homogeeqify} over @ st of mage
blocks and avemages the smallest block varimzs x m
artiuate of the image noise variawce. Spatial varimce-based
mgthods tand to overestimate the modss = b noisy Svages
and mdarestineto it in higkly noky and tectured images.
Tharsdors, measurss other tham the variznce weme mirodaced
m [J] to detarming ]:-c-m:-gi:m klecks. Tamparzl noise
qibimation evaluxies noise wsizg mofion =formation [15].
Suck approack & way  anpamive for hardvare
fumlomentations with wrtiwation accuracy not significanthy
o precise tham spatial methods.

This paper 2m: fo miroduza a2 movel mtelligemt
dennisimg system for spatial video demoisiz Tao of the

ot widaly need demodsing technigues vill be naed namaly:

0 DWT and 1D DTCWT. Eack of the techniques bas s
advaztages and disadvaztages. DWT has the advantage of
minar in the dennising procass; bonever, o has

the dadvamtagas of prodocing less guality video 2t kigh
kewuls of noise compared o the DTCWT. DTCUT has the




advartege of prodocing high qualiny video at kigk kewls of
odse whils having the disadhantages of consuming mimcr in
tha denoising procass comparsd 5o the DWW, whick makoes 3
umpaitabls for real-tme applications. Therafors, 2 madecff
Eap to bo mads betawen the quabity of tha produced vides
and the tme commumed for damoking betwsen the twe
tchmigques to gt the benefitn and dmcording the
disedvantages of both.

The first composant in the system & the modse eetinator
that sssimaies the noise comtaingd in the frams [z we ol
wark on spatal domam) The systemn will make 2 decizion
cz bow to kandle this frame accondzmg to the medse level
This will lead to 2n sdfficient and fextbls systam for f257 and
rulizbla spatial video dezoking.

I[ VmeoDswomszic Tackmmuss

Demedzing i still ome of the most fordamertal, widaby
srodied, and largaly unsolved problems in vides processing.
Tha purpose of danoising (or resioration) & to estmmate the
orggmal widen (o7 2 “better” represantative of ) fom nodsy
data. Mawy mwthods for video demoiing bawe haanm
vagzestad, but the wavalst trameform has basn viswed by
many 2 the prafarred fechniges dor noise mamonal [1[I]
R;Lbuﬁmtmﬂhh?:ﬂﬁ:mhnn:mﬁn Eregquazcy
dozmain, 3 in DCT or FET, the wavalet transiorm produces
coafficient valoes which represent both time a=d Sequesmcy
mformation. The hytmd spatial-froquancy represcntation of
the vawulet cofficicmts allovs for amalysh based om hoth
spatial pesitice and spatial frequezcy ccztent Tha hyhrid
anzhyzis of the wawls razsform 5 excelleet in facilizting
vidio danoising dlgorithms [14].
A, Fides Demaiiing Teshnidudd
Tr\d'.l:l:_l"urm

In recort years, the mmibmesolution mmehegs, mon
spacifically the wawalst ransform, kas showa comsiderable
vacsess 10 aigmal denoisimg. Wawslet azmalysis i a2 povsetal
and popular tool for the anabvss of nonstabiomary signels.
Tha vavelet tamafomn: i a joint fonctom of 2t series of
mterest X [f) 2nd an analyzmg factiom or wevelat Wwit). This
ansfore solates signal variahility both i fime 1, @d aka
m “szale” &, by rescaling amd shiffing the anahyzing wavalet
The wavelet fsalf can be said to play the role of 2 lams
threagie hich a sigral i obserred. Tharefrs, &t is impartant
to mnderstand kow the waralet tramsform depe=ds wpom the
wavelat proparties [5, 10]. Thare 2 too famous fypes of
vidio depoismg that wee wavelet temeform mamely; I
Dimcrete Wavslet Tramsform (20 DWT) and 10 Dual Trea
Complex WT (2D DTCWT).
B. 2-D Deserdid Wevdles Traesiorn (2D DR

The 10 DWT is & wery moders mathematical fool It &
wed iDL compression, denoiing and  oelemmarking
applicatioss. It is boilt weth sepeszble arthogonzl modher
warelats, kaving a givem megularity. The DWT gies a
evaffiscals ropresantation of a sigml x (o) The DWT &
mplemneeted by itaratmg the I-chame] awlbysis flver bank
dascribad 2bowve. Specificadly, the DWT of 2 sigmal &
cheaimed by recursizaly apphing the lowpesshighpass
fraquency decomposition 1o the lowpess cutpm as illesmrated
m the dizgram, see Fig | The dizgram ilbestrates a S-scale
D'RT. Tka DT of the signal x is the collection of mubkand
sigmaks. The invures DT is obiained by itaratively apnbying
the symttanis flter ek [14].

Fardd & Wavelet

b 1 |

—|_J
L

OWT Mul-scsls rsgrreomscn e s aigral x.

!

L

Figuro L.

DT has tha follening adwamtagas:

= Mult-scals signal processizg techniqua.

= Namber of sigeificant outpet sexoples i wary small and

bazce the extracted Satures 2w wall charactenzed

= Btraightioroand compotation fechmigque

Although tea Discrats Wavslet Tramsforse (DWT) in &=
emimally decowated form (Mallat's dyadic fiker s [4])
ba astablihed o= impression, s wse for other @
anzbyais azd reconstrusiion fasks kas besn hamspared I:_Ft"m
eain dispdvantages:

= Lack of skift invariance, which means that small shifis m

the mpmt signal cam camse major variations in the
distribetion of aporgy betmwen DWT cosfficients =
diffarant scales.

= Poor directional selectivity for diagonal fearomes, becauss

the wavalet filters are separakls and raal.

The ID DWT i simply the applimion of the 1D-WT
repeatedly to firt horimontal data of the image, then the
wartical daea of tha ivage The disorats warsalet traxcform [4]
& 2z algorethm for comspeting the cosfficients 5,k and djk m
the wawalet axpazsion of 2 signal

Sl ~Tah Hf‘“"dn Hfﬂ,,u N 1T W

Whera ;7 is te m'hn: of :I:|:I'I:I]'I'_"'|I.:I|.I.I:|J:CI:I -:-u:zp:muﬂ- (or
n:a]u-,l:d.]:m;-:sﬁnm]n:-ltqu.mmc-fcnﬁ.-:mm:m
the spacified component. b s the scaling fmmctics and the w
& the vavelst finction throngh dilation and tanalstion 2
follons

i._n_{::l-i";#':-l'] and u..‘[:]-i'?{u.& ".1'--2] |:2:|
Tha scaling @) function is the schitice of the ddaton
squztion

#lz ) STT iz k)
i

Where the coufficieets ck mow satsfy the following
canditions [4]:
Unit vectar: -F|=:|='1'

Ed: 2y zm =1, m=11I, -.P']

Dioukls-shif:

Approximation of ordarp: ¥ (¥ e"e, =1,
e=,1,..., prl.Wheze p = (mdebar of coatficients) 2.
Whila, the wevelst fmction wix) cam be derived from the
camsponding scaling finction by taking diffurancs. For the
four-cosfficicns scaling fomctiom, the wevalet wymbon i
axprassad 2
cho)- L abler ) )
Whea o, - 05,
Moere p.ri-cunl._.. tha sxpamsion in (1) for amy exbdtrary
_fl::]- id..ll;: Hlé E :_,_'I.E'.'": i:' [j:|
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Tihera the coafficiants ars gven by




Figarz 1. Medor wasclor frectian {Caolschi i 4L
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This u'.l':n]n! VATieS BOPAIENOT dn:,u-u:p:m fix) mo am
ifivite summation of navelts of difforamt scales. For
computing the coefficients &, and &, & (5} when % &
smplad ovee some cartain imerial, the dimcrete vasalet
fransfoom iy employed.

To wee the vavelet transfomm for image procdssizg e
et implamant 3 J0 vorsiom of the amalyss axd sywthesic
filter bans Fig, 3 shows 2-Chammel Perfect Reconstrocton
Filtar Bank.
€ 2.0 Dusl Trae Canigilax T (0 DTCHT)

The duzlmes CWT comprises of two parallel navule
fiter bank tress that comtaie corafally dasigmed filtars of
difforant dalarys that mimiming the alising effects dns to
demmmmpling [4]. The dnaktree COWT of & wigmal =) &
oplementeed wsing o aritically-sampled DT in parallal
cm the same data, 25 skena o Fig, 4. The tansform & two
times axpamsive becamse for an N-point sigeal it sives 1N
DT costficients. If the fltes in the upper and lovar
LT are the same, them no advantage & gained. Therafor,
the Olters are desigmed in 2 spectfic way suck toat the
wabband sigrals of the wpmar VT can be tarpreted 25 the
real poart of 2 complex vavelst traesform and subband
sgnzli of tha lower DWT cen be imterprefed as the
maginasy part. When dasigeed M this way tea DTCDWT i
eqarly shift invariant, in comirast to the classic DWT.

Moreorar, the dnalomee compler DT can bo mied fo
fmplement 10 wevslet transforms where sach vevelat 5
crianted, wiick & specially weefid for imags procassing.
(P the 20 DT, recall that cas of the three wavelets does
2ot have 2 dominant crsntation s The DTCWT cutperfomms
the critically-sampled DWT for applcations likn image
danoising azd snhanzamant.

Oz of the advamtages of the DTCUWT & that & can ke used
to foplement 1T wevalst tremsforms that are mome selictive
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Figure 4. The: Culk-Teca camplea DRT el sl 2.

with Tespact to arientation than s the 20 DT [14] Let w2
rupranent the parant of wi (wl i the vavelst cosfficient 2
the sama spatial positics 25 wl, bt at the maxt coamar scak)
[7] Tham:
J. -WTn

Where w — (Wl w3}, o = A, 53 and 4 - I, a2l Tho
Eodse valoes A0, nd uw Deco-mean Caussian vaih variace
sigma [ e [12], [13]. Based on the smpirical histograms, the
following nom-Gaussian bivarizte squation was waed [L1]

polb [J_wll ] (6}
With thiz equation, wJ and w2 s uncomalatad, bt met

mdipandent [13] The MAP estimasor of w0 vields the
follondng it m:hnnhnﬁmmm il (&

(oo -2l M
1 ﬁ_—' K
In gomeral, the DTCWT bas the Salloning propartias:

# {Food directional selactivity i I-dimentions (alse trus for
highsr demansiomality e
# Parfuct recomsmoction (PR ming shost lingar-phasg filtars;
+ Limited medundancy, indecsndant of the mumbar of scales,
=1 for w0,
Efficiant ordar-M comyprotation- omly twice tha simpls OWT
for 1-D (2™ timnes: for m-I0)
M. Meoose Leves Fsrouamioor

The affectiveness of video proceszs methods cam ke
sigmificantiy rednced in the presamce of moke The bevel of
mois can affect the performamcs of widen denossing
algnthima, Othed waleo processg alporithend such as
comprisn, Aepiaenlalion, motn ctimation and formal
convirgion adapl their paramelers and mprove performan:
whon the nose @ known, Algorsthms for estimatng the
ATGEN varienco are aither tamporal or spatial [3). Themw
axist few moethods for pusely tamperal modie estimation uch
& [15]. Thess msthods are ckallinged by the pressacs of
object or globz] motiom Moton detecfom or mofiom
compemaztion & commonly weed 28 commtameanres. Hance,
mgthod i this arsa snck 2 [15] nequires moms memory and
%, m ganemal, femds to be compumtxtionally expamsive with
eitiation accuracy nof sieificanly mome precks tham
spatial mgteods [].

Far the spatial modss sstimation mathod, the level of naise
m 2 given digital fama is sstimated Sem the noky Same
data. From [1] a median vaha of the 4 subband is used




the stimation procass 2s Slleas.
Medic

l: H+|'
a. 0.4TES &
Whare || are the noisy wavelst coafficients & the high-
Eigh hard of tha 0" scale.

Becrmee the vast mzjority of wsefil informaticn in the
wavslat Somain is confined to faw and large coefficieets, the
exdian can affectivaly sstimate the bevel of modse (Lo the
wvemage Nl of the wseless cosfficients) without bedng
advursaly fivanced by wsafnl cosfficients [2, 3]

It i worth o denote that the human el srstem
appears 1o bave sensdtivity thresholds. 3o, all famas with o
valu Jess than 5d5 leck egmally clean fo kuman ayq, b
once the o valos sxceads 20 4, the frame simply looks bad.
Thk motabom &5 very sssenbzl to ws and will affect the
deciiinn making sage in the propoied system a5 wall be
discumsad.

IV. Propaser Winea Devomsms Bystam

This system makes & irsdendT hetween time consumed in the

denodsing process and quality of e prodeced fmes. To

ohlsin high quality, we will oasame more lme in

denedsing, bul m real-time applications, this is very fard 1o

achieve | 1. Twn spaiial viden denoising, iechnigees will he

wied in ithe demodsing, process, which are 100 IWT and 10

TFTCWT, Tha: G of them prees o quealsty of the videa s

Tow livids of notse whal comsaiming lis (e o g,

Thi: sl schoevies. gosced aquaivy of ihe video ai bagh leve

ol moese but wnformeaicly consimes lage e for

denotsing, Thi, in ihis proposed system we will make a

eomproaniss hetween quality and ame S e

hce af ihe scooidang o the eatimebed

ot Dl din thee waddes Trsinee TThia iechiiiiie: i dedvesied n

aiml i b aesead i aeal-lane apphiciiions, The foise m cach

Trsine will bi: estimstod dynammcally dn the choice of the
I'mmwﬂnmmmwdﬂmhwlli?wwum

it iz e pemosal sl el ot o e Wy

io know . Howewer, Ralster in [2] oned o caimate notse

Tewel, sl Francois m | 5] iaed hasdwar: sgppon o eaimsbe

m.hﬁﬁﬂm.ﬁwmmmwmm

|1mﬁ::dm =il ﬂ'id“w GO
limmmﬂmmﬂmuﬁhgkﬁmﬁmml
izl fion i iargetead pral-tima: applicalions,

Thee Irame waork ol the proposid spsem contams e main
components. A peneral desonption of the propossl vades
dencazing svatom framsework = preseobed m Fig. 5 The task
al cach componien i as Toflows:

* Nodse Eitistader: This stinmates tha modse laval
for sack of the widen framgs. Wo make use of spatial image
discontimnitias, represeied by waveld coefficients, in
onder w0 estimaie the bl of staxdard denvistion of
witimated whits Gassizn noise im the frame.

» Meaivinn Making Compowent: In this component, the
aocording, 1o the level of noise cstimaied. It can direct te
framz i one of ihe fwo viden deodsing {echaigues i ihe
et siep (200 IVWT or 203 DTCWT) or it considers ihe
frame & closn frame. The sysiem asames Bal noise level
thai i less than Sdb will be insipnificsnt and unnodiceable
i the: humean eye sd will not perform the denoising hus

.
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Figarz 5. Gamanl fra rh ediks |
LUy mpaasicy Swws § osdand dovianm of anmend whn
Greenise maiez; Lase deperizd frame mieg I-0 DT, Lheeft]:
dmaicd frams uong 2-0 OTCWT.

mnimaang, e bolsl me of o the video
seqpuonica, Che of the vee echnsgques will be apphied 1 the
st Jewel s abive Sl The (i echesgue (200 W
willl b i For Do 1 onadhieraat fowelds of moar a2 il wall
produce gosod dhomoised (rames almaos s those producocd by
e srevme] hechmmge (21 IFTOWT) but m dess dme, The
seiaani] hechnague walll enly be wad al hagh livels of noes,
a8 i s betier resulte This mans thal, of the nois: level
i belwoen 5 mmd 150h, them e Trame conlames bow o
mioderste kevel of noise, ssd the M) DWT denoising
technique will be used. Whils if the notse level &5 over
15, thix means thal the frame contxins high kevel of noise
and the 20 DMTCWT denodsing lechnique will be used.
* ey comproent The system uses either the 10D

W or the 20 IVTCWT denaiseg, Iecheque acoonling io
the diecision made at the previous componenl.

W. Bouorarson Resurts

The performamce of the proposed sysiem is evalmaled
based om the PSME (peak sigmal 10 noise ratin), which is (he
mnsl commonly used quality metric, sad on the overall time
spend i the denoising process. PSNE s mathematically
eviluated & follews: for a vides of K Imme= each
buawimgy NxM pivels with m-bat dopth, the Mean Square Froe
(M3ED is calonlaied as [11]:

1 L I :
w g E om0
Whese (i i is the original frame and 2(;, 7} is the restored
firsme of (5} locstion. The PSNR is caloulsied as:

1 g e

P3N ——
(uze ]
Whae m = 155,

To daterming the effectivemess of the propossd fystem, we
ko o test 2 om both gray-scade and cobored video streams
oo smanre that = cam be used I amy eyvten. W have chosan
o of the maost famous videos i the Hald which ars the
grevezale “Akve' and colored “Salamman’ video sequemces
which sach coegists of 30 framas.

To havq resmlts to compars the proposed system with, aw
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