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INTRODI]CTION
ln confton nirel.s reneiosi

ln. in,t is rGmirrcd ftr dE
wiElc$ ch ml blNk b, blek. so
rhc image is lil.d inlo LloLk!. Drc rd
sevce fadir8, .ntirc imag. blockscan
br lo!r. E CheA E ons u.v.mge
pact r l6s oi. in . sn€b$
cDrironoenl dc 3 696.nd occur in r

Emr r*ili.nt chankl .odi.s
$honcs (..!., Fm".d Elu

Coftdioi) use Reed Solomon .odcs
.r .dnv.luri.nrl coda ro €onsrrt
rh. ld p.nio ol $. bir sl@n!
s.cnicin3 somc us.aul hodaidlh in
rh. pe.c*. Thn mdhod, whic[ h
d.ris!.d ior a nx.d bil .rtr nlc
(BER), {nnd ompl.tly pcwor
los or dlb *hcn fi. BER i3
unknorn, as i. non p!&t.al eB!
t1t.

Th. .ohmon r.chniqu.s ro
rcs.r lhe L)s b,e[ are 36uPd
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under Aubmaric R.r6nsnnsion
Qu.ry Prctocoh (ARQ). ARQ loftB
dal{ lrinsmisslon later .nd cd tunher
ircr.e Ihc dwo{ .@g6rion.
*hich .u .gg6voE .h. Det t lcs
I3l. Ini..d. n ws shoM $d n i'
po$ible to satislicrorlly 3ub.titob rfic
lo* hlocks bl, r\irg th. avail.ble
inlonh ioi sui.ounding them. The
loc.rion al lost dars, i.e,, lo$ inase
blG[. is kio$i in connon wircl*s
eorios- Tfie g.pc*n schemc is
l.srcd ,iti ! Ylricty of idas ad
simtrllr.d 6locl Io$.!, I w.s shown
ihil lhe subritutio h4 an sccepbble
vhuol qmlily whilc hig[ SNR is

PuEl! d.codq bc€d gd
cmlmnt i, b.slie ,PtC €drd
ituB.r $c b.rn doonfrr€d in rh.
imag. doroin and b rte DCT
doiroin Vcious srudi.s hov.
succ.$iullr u*d fie wrvelst
r*rcsork tbr b@E synrhesis tal.
sub{irstid oa .dlca, slich e
dino@d du'ine conrprcsion It, ,nd
.nl!.md.ni of .d3.s. which e
blurcd dlnne inr.rp.ldion [6].

V DeBnnDer, d .1. prov e r
suney ol comnmlly uscd cror
lonhl and cdncealo. m.rhods in
ioo8. t66mi$iotr [71. rhrs. domain
mdhodr E i .@ladm I3l, d
*pee s'bnnudon n.rhods ae
(odure od Exrm [el. Most
h.3fom based rcrhols, norably
rhos. dus*ibcd ior MPLG-2 lidco
[]01 ud erlier l& Dcr-JPEc
nras6 [3], aumc . snhrhness
.osrni on de im.rc i ensilv
Th.s. nethods dd . m objeot
fdncriotr which m.in,Es rh.
vei.tion at $e 6.rd$ b.nveen rhe
lost blek aM ile ncighboB, . d thci
procc.d ro binimi4 drh objer
func.ion Z Alk.choah rtui M.
Itcllarg.r de$rihes a dir.Enr DCT
bs.d interpoladotr schcre, Bhich

uses only 8 bods pisk to
rcoDsrrucr thc 64 lost DCT

a ,1. Hldi Fesn&d !r
llsorirhn ro GoBlM h61 bloch
!21. Ir had te.r sfiom i. thdl
ilgo.ithm rMl it k rhe bc$ lo
rsonstocr losl bLokr tu tams ol
Srl,,rR values did .i.ien ro ge! rl'c
n.rft$ otiSir.l vulucs. Bur rhdt
ibnirhm asuD.d rlEr rhe Dc v,lue
mu{ be rec'v.d cmcdy or a D('
dirorion rcchniqu. k requncd
which m.ke rh. al8orithm spe morc
rirne. whrle lh..lgorilhm presenrcd in
r]ln prp€r do.e not requne ! DC
6lim.tion lc.iniqu. shich m,li. it
!F.d Cs\ 0. rhm .h. d8!.iihn
Fwni€d ir l2l, ed ifrhe Dc v!ru.
h E i!.d ffid|,. rhen rhc
propo*d golhhh Sivss b.t !
pcrfomancc than rh. previous
llgolirluns in rcms ol SNR vilucs.

rnoAlgfu.qRdqfubio.lg'

Ti.inv.e Eoui.ri slnrn rhd is

tBt:

WAvELf,-I TRANSFORM
ln rh. 19$ ..mu'y. rh. fMch

mathemticie. J. Fourier, show.d
rh my periodic lunciion cer b.
axrresed 6 .tr lnfinite sum ol
plionic complex dpde ial
funcrions. M.ry ,s .nq lrtir
rmekabL pop.n} of Fiodic
funcrids ws dkcovcr{n, tc idc.s
serc senetuliz.d lo ndn P.ri.dic
funotions, and rhc lo poriodic or !on-
periodic dh.rct! time sigmk. Allq
n,4 Foui.r rororm (FT) be.6c i
'cry fahous r@l for conlPrtr
.lkul.rions ttu fouder rdnrlm
r(*)oaa sivcn luncrioi (O is l3l:



^n-!

^N.r^lqi6mforR@ioof(.r

of*.rckli 6 b. coostrl.d nom t
m.lh.r ,aveld, CoBPe.d ro
windo*cd rouier ma\sir, o molhs
*.rclcr is ddchd ft @BpGed b
chons. lh. sie of fic window. h dis
*at, big w.vcle6 givc in
.rr/oxier. im8! of rhc sigFl,
rhilc sn^llcr and snallci wtrvolets
eh in otr ddih Therelorc.
iiv.l.b auoDdic.lly 

'daB 
b both

the lriSh tequ.trcy d lhe low
ffrquncy conpdncG ol ! 'iprl t,.,
dift r ri&s olwindoki Any small
cheue i,r tl,o wovcld 4presn6tior
F6dues ! cmspo{dingl) shull
chaue in rhe originol signal, *hich

inltror fie ..'irc @sfom Th.
rvav.ld r isfo6 h suii.d for non-
sErimary sisal! Gigals with
inr.Esritrg comp.i.nt ditr dr

waElcB G tumIio6 thd
s.rirry c.drin rcquirenells, Tnc vcry-'

nonP wlv.let rom.s fmm rhe
r.qrnsd{ rh.t rh., sh.lld inlegrd.
ro zrD, uaving' abov. od b.los
dr. x-dh. l he diDirulile
@inoolio of *aw,er su$.sr3 lhe
function hrs to be woll idcalized.
Olh.r .equim.nls e l.choi{l and
necd moelly !o irsuE quict and casy
qhubiio^s ol diMt .trd hrveE.

The discftte valcl.t tansfm
(DWT) oftmles on a dau vecror
whose ldgrh is .n id€ae Do*.r ot 2,
l6nslomin8 il into . numerieally
dilI.En! vqtu of tn. srne logd
It6l.

Wov.lels tlnciion! genorahd
lmm onc ,i.s!. tumron tf. *{ich is
cill.d no$cr *.v.l.l hy dE diliiion
fi o. r and .he tanslarion t.ctor b
tr7j,

,.,,n-P v'-)

lr,,"v-* (2)

NoL th ii lh. Foun.r
r.nsfonn .qsation, ihc iiteg ioD is
aon mifls n,fini! ro plus infinb
ov.r rihc. So. no mats *hcn rhc
co'nponcnr wirh lrcquetr., (r)
.Dpcrs in lim. ir $ ill nrT6t tlt rusuI
olth. i cg.tiotrequilly asrvell. fic
lak of ine iiionnariotr thc
lprsuD G om $nous $.ali6s ol
Iruurier rrssfom. Ihd is Nhy
Ionrier rrnsfMn h nor suieble ifrhe
si3nal h.s rios varyiig frcqknc).
I s., rh. mn{tarionar} sigdsl! l I 31.

To elve ti. !bov. pou.ni Ge
windoBd Foui.r rEnsaod h us.d
l hc bEic idu b b diude ihe sig.rl
ido sull oough *8rents, whm
lhc* s.qfrenc qin be i$rmed to 6e
errisrry. Th. *idth ot thk sindol
mun b. <url ro the ygnelr ol dr
sigtrtrl Nherc ihic .s$ prionhvdlid.

T nsfom ha seve!.| phbl.nr
lJsi,rg , lindos of itrfinite l$grh,
rcsulc in Fourid Tnnsfmr $nh
soo<l arcquency rcsoluiion. b( no
rihe infmrion. on tlE orh* h,nd

ed$ ro o56in s nrtim$,. s.mpti
! smallcnoosh vindow is requne! in
which rht siAnrl is sridor!. Th.
nirDEr the sindow. thc h.ncr fic
lihe rosol on, od b.s.r drc
.sunuri,otr of said&). b[ rlE
looEr ihe tequency rcsolurion.
llowevo, rh. Waveler tansform
solvB ric dil.mma ol ftsolxion b,

Th. fundaoentl idea bchild
*NeLs is b lnalr.zc rhe stm, ar
diffeEnt ssle! or rcsolutlon. which i!
.llied huki-E$lutio !n!l!sir
Warelcrs aE cl.ss of tuuions lsed
to lNrlia a gircn siEnal in borl,
sp&. and $ n€ doFrN. A amilv



sn.E v mds,f, lsrt,tr=o
r1l. blsh id; or Mv.ld

nanslom is to rcpcartrr My -bihry
iunction las ! deconrposition olth.
vlvulot b6is o. Nrirc l6 an integrd

L.t a = ,.E, b ,. i hr &d, f,ih i,
a inr.aeE, udq>1. h,>o fixed. Thd
rl€ *a*let dEmp.tiriotr B:

t=r,,.Uw.- (4)
qhfte c.,(r) drc ihe

lI a0-2, [=1, due

lod blelq i.c , I r m) 6 shM i"
ri8(lI mdddjtr8 n(N)-

2) Tne n.en roe b.loq th. l6t
block 16 b4n t cn (wtich hd
tne same sia oith. colmn olrh.
lost block, i.e, I x s) Bs shom in
Fig (l), md d.noring it(S)

,) 'l he ncest column to Ihe rigln ol
ihe lon blel ha ben blei
(strich !B! rh. eiE ria or $.
mtr ot rne hn bloik, ic.. a x l)
$ $oBn itr ris,(l), aDd denotinr
ir(E).

4) Thc rcared colNrn b the lefl oi
lh. lo$ block has been btcn
(vhich h.s lhc mme sizo.l$.
sr ofdc los blat. i... m x l)
a slnh in Fi3.( l), a.d &.otinS

5) The l-D dG.rc.r. r',!eld(
tansfom aor lll N,S,R, cnd L lhat

siv.s the rppo*i'ndte (low
ti.q .ncy conp.r.il) ond ddaih
(hiEtr lrequency compoicnt)
ccrtuiena ofN, s, R- lnd L wnh
erch h'5 a dimcNid aqwls to
on+halfof its orieii.l, ir, i'4.

[Na,Nd]nwi0',0,

Ira,Edl-ds(E).

eherc Na, Nd, Sr. Sd- Ea, Ed,
wa. d Wd 6ch of rh.m hls,

6) Tne valu.s ol thc d.hit .l@trt
are tanshcd 6 an addirioial
el.ment i'r (hcir {ppoxinal.

EM={E!,EnI

rYhere eeh ol ft. ncw L*
nequency .omponcnis has n

7) Nnd, s.d, End, iid w.d hdve bcc!
sircn aro vrlu* $irh a

.--u | 4 v-. | >- 
lv - -rvhttt t5l

RECoNSTRUCT ION oF rrosT
BLOC(S

TlE rcmlstruerion oi los bl@ks
uri'rg wavelct t.isfoh can be

l) findi4 L\e ledion of dE loi

?) Reorocrid of fi. DC ]alue
(low fEquene) cmpon.n6) rhar
rcquire a l,C estination mdhods

3) Recodrucrioo ol $c high
frequency comtoncnls.
So. in ihc pr.vious rorks ..d,

pan k bken zlone md $ppose! th,r
lhc olh r latu oe kD*n. &{, in rh.
pbrFd atgMirhd, n is snpFsd
ihd only $e l(ati.nof$.losblo.l
L liown shile r*onsrruclion of the
ow atr'l high Leqtr.ncy componcn6
!E lourd on rh. s!m. rin..

TEE PROPO6ED ALOORITAI
OE fie Dising bldl ils bri

ddcred inich hrs. siz. of{n: n),
rh. subniuion of ih. lo* bleks
indudes the fo!loeinS ncps:
ll The nmr.n r.w ,6ov. rh. l.n

blek hrs bcdn l'[cn (qhich has
ihe sne siu oflh. shn.n olrh.



8) tsy utine ihc I-D inveE. dhcElrc
wrveld ltuslom for $. n.$
lalu.s of approxihriion od
d.eils BiB !s rhe new vltucs of
N. S. E, d \! $irh rh. donbls

Nn=id*nnl'EN.d).

Ei=ids{En&,End}-
wFid"l(wna,wd).

9)lher.con{rudionof ihe losr hloel
ie dodo ac.oding ro ri.lollo*ing

R(ij)=(N(iFW(D+S(m-i+lFE(m-

(sNR). Tl. ror bdwen sn orisinil
.nd GcouslrucLd pix.l vahrc! is

.rc(x,y)=o(iylR(\y) (7)
ah.rc o(\y) is Ine pix.l vdlu. at
posirion {!y) of lhe orisiml I'l@k
.nd R(rJ) is fi. pirel vdlu. .r
pGnion (ry) oa rh. eonno.trd

Dclining rhe lel En r (Tll
tq@r the oriEi..t ind
r4onerud.d bltrl of si4 (Nl'N) as

lr21:

/. =ttoG.r) r(i,)
'lhr SNR hekic c sider tlr

rgcor*uded bhk R(sy) 10 be dE
'ligrol . and thc cror 1o be rhe
'rro&" so sNR can be delimd s
tL2l

jr i)/l
llrB R r.prens the lsnshrcri.i
of the losl blftk and f,s sho. ii
r_i8.12).

'nr nom[a.l o, the prcFs'l
rlgornhn is sfiowa in Fia.G).

STMTJ LATIO]\ REST]LTS
Sinc. ther is no conrot ovci rh.

lirdiog chrnnel, so rheE h no prio.
irtbnrarioi iboul rh. ddivc
o.rrons aDd truftber of biocks 1l$r
cin bs rseived rvi$ emE a
causing drc inlomdion ro bc loJr nr
rho Dtucc$ rr is iored dhr lxloe
tanlmisslon of the bleks. d
p..kerizdion *h. e is appli.d s)
rhd r b"Br! p..t.r lo* durinS
r@issim is *d.,tn inro I
,,sudoddm h6s in $c ihagc
dorain. Th.r.fm, con*uriE imagc
bldkj arc rftl' b.ille uidr .m6 !.d
rhc Ecornruction scheDc q usr rhc
trriSlrbodood oa th. lon blo.k Lr

Thc com'nonly usd obj.dlvs
ntu$r i5 llD Signdl ro i{oise (!!io

,*-[

1,.

It(xc.r)'

lrI'""
Ii&tI), Fis.(O. Fk.(3I and

IirB.(Io) sho! sin,uhkJ 16$ for
diflirc iumheG of lor hlockr of
ri2! 3 x 3 for lhe images onion. trir
r@s rnd clorn. Whil. rhcn
rec.NDcrions ee sho*n ir tis.(J).
|i€(?), Fis.(9) md Fis,(l l)
Elpecrively using the pbposcd
trlBorithn The Econsta.lion of tic
lon blNks of rhe onion imag. givca
an SNR o145,7 dB. And for th.
cloM imd3. gne m SNR ol
20.509.1 dB. wllile rhc Eon(trrion
of $.ld blek of lh. rres ihrg.
givct u sNR oa3t.44l4 dB. rin.lly
rh. ltbsfirlion oarfie bst bl{k of
r[c tau im,s. Biv6 .n SN( of

It is nos, nP dh. ro mik .
codpari$D berleen dE prcposcd
xlgoriihm lnd $e n.w6! previous
algorhhn prsftd hy A. IL lldi
ll?1. !i had been shosn io Uat



.$. & T(h.6$: vd 14 & 
'0, 

dr

nlgsnhh 
'hr( 

ir G rr* hesr ro
edstua Io$ blatl i, Lm oa
SNR valrc. rnd ediesl b ge lho
i.adri originil values. But rhar
,lgolirhm r$un.d $ar rlE DC valoc

'rus 
be B.irerl oorecll, or a DC

srlim.rion rcqh.ique n EquiEd
Bhich hak. the dlgorirhm sp.rr ro&
rinc Whil. r ,lsorithm pHenr.d in
rhis p.pe dc rd require r m
.simdioi ieh.iqG *hich m.kc n
qE.d l.$ tan rlEn rhe aleorirhor
DtlsGd in U21, and irtlE Dt' vrlue
k Ndivcd cordly. tlr. rhe

Prcpos.d rlEorirh, 3i6 b€(er
p.!i.!m.nc. rhs ihe priviousl,
.lgorithms in tnnsolSNlt values.

coNcLosIoNs
An olsorhhn for reo.nrudioi

ofa codpl.r.ly lost blocks using rhc
l-D discrc& Mreler tansforn is

Pr@red Tle olSdirhn hkes oil,

tilel lnd 
'rirh 

rhc s. si4 0l !h.
10( blal. lr rl$ i.k s 6ly oi.
.ohmn b dE righr od tn oarhe lon
bl(t shh rh. sam. siz of$. lon
5lelt, th.[ prc.edin8 rvith rhc
procedu. slren in rld (4), nD qhol.
lon block is rccm$rucled. 'lhe
profo.cd dlgoritlm does nor requit.
DC astimation method WIil. 

'no$ 
ol

th. pEviuolly.cotrsructioD me$od\
e\sumc filt rhc DC valu. is lvril&ble
or ! DC .enn6tion G EquiEd.
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Fig.(l). The Deno.rtalion olN, s, E, and w

Fie.(21.1hcR{oosrrutrinnutTh( LostBlock

E]

"l
I



Takc th€ n.dEasr rotr! abo!. ud b.low
ihc losr bleL a N ad S cretirely

Tak€ tte rear.$r colurnrs !o $c rieh and
kn.flhc l.sthidct as E Md $,

ToIe the l -D D\,I lor N.S, E, and W

Tresl,G $e elenenG ofrhc deIail
components ase addirio@l.l.emB in

lneir sppoxihate.l€m.n6

Circ @ v.lu.s ro rhc detzil .l.n€nls of
N,S.E mdv

Talic rhe l.D IDWT lor rhe neq ralues ol
alpoxihatc and derails tb! N, s. E. and w

Reensrucfihe lo9l block (R)

R(i j)=(N(i)+\t (jl+s(m'i rl )+lr(h-j+l))D
i= 1, nr,j=1...m

Fis.(3), Th. Flo*ch,n of-lheP@posed algonrhn
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'9.(1) 

Il,! ll(^a.'rn ,\lllhq.

ris,rS)'th. sim{hled Lo{ Ll..lr rts.t9)'f h6 Reronsl! r.n,., ldIrq.
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