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Abstract

Wrth the wids wapread of viden wazge in many fickdy of swr livey, it Bocemen very important to Scvelop mew fcckasguen for viden
de=agizing. Spetial vides dznehizg uiing let m kaa been the focus of the current rescarchen aa ik requiszs o cemputation
and merc weitsble for real-time applicatsana. Tve apesific tcchniquea Bzr apatial vides deasising waiag waveket brazafzem are canaidencd
in thin 'rrncrk D Diacrcte Wavele Tremdferm (10 DWT) 2ad Z0 Dual Tree Complex Waveles Tr (10 DTCWT). We performed
an anal | anzhai io v the performance of cach of theae 1:=h1n:| Frem thin analvm, we foond aut Baak cach of thees
I:-l:l:l:ul.qu:l. han i ﬂnul:lg-:l and dhady Tk Srat technique givea len quality ak high leveh of neie but canaumes Jem Gme
whdle the aceand gives kigh quality vides whils cememing long. Baacd an thizin hia wark, we intredoce an intclligeat deneniing r_|.1b::u
that makey 2 bradeafl betweea the quakiy of the deasised vides and the time regeared far deasizing. The avsiem Grat cabimatos the noiss
leved in the video frame thea ::mrdl.u.gl\' chanszs the proper of dhe twe deasizing fzchaique b ||:-|:I1. e the frame. The simulation
revelia ahaw that the preposcd avabem B mere westable Jor roalBme applicatizna whese the fime ia eribieal while giviag high qualite

videon expeeizlly at low ea mnﬂ:nl: lkeveh af naise.
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I Iemrcouctoow
The recemt advamcomezt in mmlitimedia techrelogy has

promoted am emommeons amount of researck in the amea of

age and video procsssing. Included I the mamy image
and vider procassing applications, sock s mmm:-n.
anhancemsnt, and teget mecogmitics, 6 preprocessing
functions for nome removal Maise removal & ome of the
moat common and important processing sieps in mamy
e and video systems. Secame of the twporfamco and
commomality of praprocessizg in most mage wand video
svetez, theew han bedn oz cmommons amcmt of ressach
dediczted fo the mobject of noiss mmowal, wd mamy
differant peathematical foals kave besn proposed [2]

Moise mafers o umnanted stochasbc verimtices
opposed 1o detarmindstic distortions such 2i shading or lack
of fores. It can be added to the w38 sgnal or mmltiplied
with the video signal It cam alio be stgmal dependant or
signa] indapendeet [6] Based oz its spectral peopartiss,
moke & fiurther clasified as white or coler noiss. Mamy
types of note effict charge-compled devics [CCD) camaras
woch a: photom shot noiks and read out modss. Photor shot
nodse i5 due to the rendom amial of photons 2t the samsor,

which & govemed by Podsson dismbetion. Other soarces of

node mclode cotput amplifiar noise, camarz modse and clock
mois, which caz be combined W oa single eqmivalemt

(ramsszan nodse sowce called rezd out noise. Becanss of the
kigh counting effect of Photon amivals and according fo tha
ceoriral limedt theorem, teq aggreats mods affsct cam be wall
approximated by Gaussian distmibotion. Consequently, in
this paper, an Additive White Gamssian Hoise [AWGH)
modi] 5 asiumed. The chodcs is also motivated by AWGH
being the most common nots modl for TV broadcasting
1]

Zratnl video denciing teckmijuis wmee both the twm
dimsesional Droal Tres Comsples Wavelst Tremsform (20
DTCWT) and throe dimemsional Dual Tree Complex
Wavelst Tromsform (30 DTCWT)(11] temporal video
dennizing techmigues wss temporal Slering oaly [15], while
spatio-famporal video dennising teckmiqnes nie comtination
of spatial and tamporal demodsing [15]

The nesd for fast and accurats video noiss estmation
algerithms mises from the fact that many fmdamaatal video
processing alzonthms suck 2 compressicn, e mentation,
motice eefimaticn and format comversiom adept their
paramtars and improve parformance whan the noise i
monz The effectivansss of vidse procassing methods can
be sigmifizanth raduced in the presenmce of medse Whan
nfomeatiom abot the nofs becomes avatlabls, procassing
cam by adapbed to the amomnt of modse to provids stable
processing mathods [7].



A rpofie estimation technigue calroletes the lewvel of

white Gramasian noss, which is the most commonty assmmed
nodse Type W vides procesiing applications, contained in a
compted video signal When moise variamcs becomes
avuilable, wuden democdsing algorithms (eg, JD' Discrate
Wrvslet Transform (20 D) and 20 Dl Traa Complax
Woavslet Transform (20 DTCWT)) cam b adapded to the
amount of nodss for improved performaece

Video mode cam be astmated spatally or tamperally. A
widaly weed spatial noise sstimation method calculates the
warizzmce (25 2 measems of Bomogaeaity) over 2 sat of image
blocks and averages the smallast Block vwariamco a5 am
wxttmnang of the imags nodse varmancs. Spatial varizece-tased
matinods tand to overestimate the noxs in ks noisy image
and uxdsrastimate it in highly naisy a=d tectursd images
Tharadors, meamrss other than the variancs noars miredoced
= [1] to determing Ecmogszeous hlocks. Taespomal noise
wsttmation svaluaies medse wsimg metion mformation [14].
Sock  approach i very  empemsive  for  herdwam
oplemeztations with sstimaticn accuracy not significamthy
mcTe precise than spatial methods.

This paper aims %o introduce 2 mowel iztelligem
danoising systeen for spatial widec demoisizg. Two of the
et widaly used demoiszg fechrigees will be naed namely:
I0 DNT and 1D DTEWT. We comdocted am
comprekqnsive amalyss of bodh techmigues o wantify the
wrangt and weakness poits of sach From thiv amalyss,
we found that wech fechnigue kas ity advantages amd
disadvantages. DWT has the advantage of comsuming minor
= the demcdsing process, however, i kas the disadvantages
of producieg lass goality video at high loek of noise
compared 1o the OTCWT. DTCWT has the ads vantage of
producing high qoality wideo at kigh leveks of noise while
having the disadvamiages of commuming minor in the
dannising process compared to the DAVT, which makes =

ungifable for real-fime appbcations. Therufore, a tradeoff

has to b made bebosen the guality of the produced video
and the time congemssd for demaisimg betwesz the
techmiques 1o get the benefs and discarding the
dizadvantages of bedh.

Based om this analysiz, ww proposs 2 noval imeslligent
danoising systam that makes wee of both spatial denpismg
teckmiques. The systam ha mtelligence in that i has a
campoeant in the sysfem, called the noxe ectimator, that
that artmnates the moke confained in the frme (2 we will
wark on spatial doesaie]. The systam accordingly malkas a
deciiicn mm Bow o hamdls this frams besed oo the nolie
bl presemted in 3. The izeelligeet choics of the applied
danoising technigue will lead to an officient and fewible
systean for fxst and mliable spatial video demadsizg.

O Wipso Dexoismes Teomngues

Diezodsing is still one of the most fondemantal, widaby
stodied, and largely unsohved problems & video processing.
Tk purpose of demodsing (or restorabon) is to estmets the
orgginal widen (or a “better” reprasantative of it) fom modsy
data. Many methods for video demoisieg have bean
sopgested, bt the wavelst trexaform has besn viewsd by
many a5 the profurmed teckmigne for noise remsoval [10].
Father than a complta transformation inty the fregoeacy
deznam, 3z In DCT ar FFT, the wavalat tramcfomm prodoza:
coefficient vatoss which raprasunt botk tme and fegoeecy
infreeation. The hyhrid spatial-fregececy raprasantatics of
the wavalst cosfficienss allows for anzhyais based oz both
spatial position amd spatial fregoeecy comtent The hybrid
anabyiis of the warelat trazsfomm iv evcallent in facilating
video danoising algorithms [13].

A Ve Dumetiing Tecknigits Band i Winaiet Tranifbrt

In recamt vyears, the mmitircgolstion amalyviz, mors
spacifically the wavule: trancform, has shown considerakls
soccess I signal dencising. Wavelet analysis = a powsrfal
and popalar foal for the amalysis of nomstatiomary signak.
Tha navelet tramafome: is 2 joizt fonction of a2 time saries of
Irterast x (7} and an analyzmg fomctiom or wawalat y This
Tansform dsolates signal variabiliny bodh i time ¢, and 2l
in “szale™ 5, by rescaling and skifting the anﬂ}'z:g avalet
Tha vawalet itsalf cam ke sadd fo play the role of 2 lams
droagh whick 2 ssmal & observed. Therefoms, it i
important bz underssand bow the wavelst ransform depands
wpcn the wavels propartiss [ 10] Thars e oo famsoms
tvpes of video demcising that nee wevelst transform namelhy;
T Discrats Wavslet Tramsform (20 DWT) and 2D Dual
Tres Complex WT (21 DTCWT)

B 2.0 Disersis Wavels Transfes (20 DRT)

The ID DWT & 2 very modem mathemadicel tool It i
med = compression, denoising and  wetermarking
applications. It & buoilt with separabls orthogoeal modher
wavelets, baving 2 givee regelarity. The DWT zivs a
mltcale rapresantation of a sigeal x (o) The OWT i
mplamented by Herating the 2-channal aalysi: fhter bank
dascribed above. Specifically, the DUT of 2 sigmal i
obtaimed by recumsiwaly applyiez the lovpasshighpas:
fraquancy dezomposition to the [owpass outpet o5 ilkestrated
in the dizgram, seq Fig 1. The diagram oot 2 3-acals
L'8T. Tha DWT of the signal x & tha collection of nubkand
signals. The imwerss DUT & obfained by saratively
applying the symthasis filter kamk [13].

DT kas e falloni=g advamages:

o Dulti-zcals sigral procassmg fechnione,
o Dumbar of sigeifizant cotput saesples is very small and
hemza the extractad featores are well charactarized.

o Emaigksforwerd computation fechnigsg.




Fraj 1

Figers I, OWT Mlukd-couls sogrecenmance of naigral x.

Althougk the Dismete Warmlet Trazsform (OWT) in =
peamimally decimated forms (Mallat's dyadic fibar mee [4])
bas wetablisked an impeessicm, it use for other signal
anzlyiis and recomstrochion taiks kas bean hampered by twao
main dsndvantages:

#  Lack of skiff invariance, wiich msems that sxall shifts m
the imput signal cam cause major variations im the
digtributice of smorgy betawen DUWT cocffimiomss of
deffaramt scakes.

® Poor directioms] gelectivity for dizgomal featues,
bacauss the vavalet filters e separakls and real
The I0 DWT i simply the application of tke 10T

repeatedly to first horisomtal data of the fmags, then the

wartical data of the imags. The discrets wevelet oansform

[#] s an algorithes for computing the cosfficiests &y, and d,,

= the wavelet expansion of a signal
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Where ; is the momber of multiresolotion componests (or
scales), and k ranges from 1 to the mumber of coafficiants in
tive spacified commonent. @ is the scaling function and the w
5 the wavelet fumction through dilation and franslabion 2
fnlloms k
I".:l::"-i- '-.":2":— ?::' and w ‘E:::I-E Je:wi_l"':— J:I| fl:'
The scalmg vz fimction s the solubion of the difabion
AT

#lz)= «-""E 2 (1z- k) i

Whare the coefficients &, mvest sabisfy the followding
conditions [4]:
Unit vastor: $5=.|= =l

Douklemshift 7o, =00 m=l2 . pl
a

Appeomimation of endarp: T (=17 &%, = 1,
=04, g lllmap:[nﬁnhuud’:anﬁ:izu ri
While, the wavelet fomction wiz) cam bo derived frome the
correspondi=g sealing fimetion by taking differance. For tha
four-coefficient scaling fumctios, the wawelet equation &
axprasead 2
ul:n:'-qEEa"i'{ln—kJ I:'1:|
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Mlome precisaly, the expansicn = (1) for any arbitrary signal
iy} may faiog the fomm

fi)m T o=k E 3 ajmlriz-t]
e p =

: )

TWhara tha coafficiants arw given by

am | Flelemie, and ), = ] el ekl
This wawalst saries axpamsion decomposss ) inb am
mfmite summation of waselets at dfforant scalis For
compering the coufficiants &, and &, in (5) when fz) i
sampled over some certain iferval, the discrete wawalst
mansform is emplovad.

To wie the vavalet fransform for image processing ws
mst imsplemsant 3 1T warsion of the analyas end sywthesds
filter banks Fiz. 3 shows 1-Channal Parfoct Reconstroction
Filter Bank.
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Fipoe & Chacred Ferfar Rzoaremacnion Fike Bank.

C  J-0.Dusl Tree Comepice BT (20 DTCHT)

The doektee CWT compeses of too parallsl wavalet
filter bamk trens that comtaim camafully designed fittems of
differant dulays that minimirs the atising effects dua 1o
donmsampling [4]. The dual-trsa COWT of a sigral =) iz
mplemented usizg two critically-sampled DWTs i parallal
om tee seeng dafe, & shown i Fig, 4. Tha fransform is fwn
times expansive becaess for am N-poiz? sigeal 2 gives I
CUT coofficicets. If the filfors in the upper and lowsr
LT are te same, then no advantage is gaized. Tharafors,
the filters 2 desigred = 2 specific way soch thet the
sobband signals of the upper IW'T caz be intarprated 2 the
ml part of a complex waveldt temsform and subfand
signali of the lowar DWT cam be owerprated o5 the
mmaginary part. When designed in this way the DTCDWT i
mqarly shift imvarizet, in comirast to the classic DT,




Moraover, the doalmee complax DWT can be used
mopleeneet 1D wavelst ansforms whem sack wavels =
ceianted, which s especially seful for image procassing.
(For the 1D DWT, recall that ana of the thres aanales does
mat hans a demninamt oriemtatine | Tha DTCUT cutpartomm:
the erficallysamenled DWT for applications ke teage
denoising exd sehancemqnt

Cma of the advantages of the DTCWT i that 2 can he
used to implemeant 10 wavelst transforms that ane mos
saluctive with respect to coenbien tean ds the I0 DWT
[13]. Lt %2 rapressnt the parsat of wi (w2 is the vawle
coefficient ot the same spatial position as wl, ket 22 the next
coarsar scala) [7]. Than:

_'|. -H T
Whaee w — fwd, L e T and & - 51, . Tha
node vabues mt, =7 e sero-mean Gamssizn with variance
sigma (7]} [11], [12] Based on the ampincal histograms, the
folloning non-Craussian bivariate squatios was used [11].
O TR I

With this egaaton, wi and w3 are moomedated, but =t
mdspandnt [121] The MAP gstmesor of w! ylds the
folloning bivariate shrinknge fimction [1], [5]
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in:lgnnual,ﬁ.q DTCWT has the fellowing propartics:

» (3ood directional salectvity in 2-dimentions (2lso e for
kigher dimemsionality =-1V);

s Porfort mecomstruction (PR) wsizg short Emcar-piac
fiters,

s Limited redumdansy, tdapandont of the mumbar of scales,
171 for e T

Efficiext order-I compretation- onky twice the sipls DT

for 1-D (2™ times for e=-T0).

I Mome Lover Esroaamion

The effectivszais of vides procsssmg methods cam ke
significanthy reduced iz tog prasence of medse Tha lewdl of
modie can effect the perforesance of wideo danoising
algorithens, Other widse processizg algomthms such =

compreiiion, regmantafion, metion sstimatics and format
convarsion adapt thair paranseters axd improwe performamcs
when the noks & known. Algoritesss for estimesing the
AWEN variance are cithor famporad or spagial [5] There
axist fowr mgtheds for penaly tamparal notss astnation much
a [14] Thase mathods are challenged by the presmes of
oiject or global metion. Motion detecticm or motion
compansation 5 commosly weed & counSermEasuTe:.
Huncs, method i thk area smech as [14] requimes mom
mapory and G5, W general, wmds fo e competatiomally
AEpensive With estimation eccoracy not significastly mome
preciss than spatial methods [3]

For the spatial noise estmation mtrod, the level of
mokie in a given digifal frame & estimated from the modsy
freg data, From [7] 2 eedizn value of the [ [] wobband i
weed i tha sstimation process 2 follons

Madien clru Lk E

- - I'g"'l
0. (&
Whars T I ara the noisy wavebet cosfficients in the high-
kigh band of tha 0 cals.

Becanie the vast majority of wseful information in the
wavalet domain i confined to few and large cocfficients,
the median cam effectivaly eatimete the Jewal of nosa (e
e average beval of the useless coefficients) wxthout being
advursaly inflnemced by usafnl cosdficients [1, 3].

It & worth o denots that the bumam visml system
appeas fo have semsitivity threskelds. So, all Sames with o
vabug less them 56 Jook egoally clian to buman ey, bt
ooce the o value excoeds 10 dB, the fams simphy looks
Tad. This nofation is very sesential to us 2ud will affect the
duciion making stage o the propoied system as will ke
diazsed

IV. Conparisom cRITERLA
In this work, we amalyzs the usage of taw of the famon:
wavalet tramafome image demodsing teckeiznes in the spatial
vidio denoking namaly; 10 DWT and 1D DTCWT. Both
tachniques ware devaloped origimally for megs denoting
and havg bean wsed in spatial vido dumoismg. Howovar,
thare has not besn amy anabysis of their performamea of 2
comparizon bebages them et Bo, iz this wedk o iztend 10
ntroduce woch 2 comparison study to Sxciltzte the choims
Iatvgsn thee in the differeet applications.

W will work on the spatial domain whars we split the
video stroam inte 2 mumbqr of framgs (mizgas). Than for
sach of thewe frames we apply tee 10 DWT cr tie 20
DTCWT techniqus for demoisizmg. Wa baliews that awen if
the DTCWT dencising techniyos worked wall om the twage
szale dennising, # =y haws fo be studied clesaly to smemm
T atfectivensss on video denoising. We will concantate an
the spatial dexoising i this weook hoping to sxtnd it te both
tamxponal and spatio-tampora] domains.

Validatiom of the parformance of both teckmiques was
domg by comparing thair resubaet video critaria a=d this was



