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ABSTRACT

This paper describes a multiple description coding
(MDC) of images, introducing a phase scrambling with the
adjustable dispersion extent of sample value. Whereas a
phase scrambling gains robustness to transmission errors,
it loses the time-localized information. Consequently, when
this phase scrambling process is combined with a wavelet-
based coder for the MDC, its objective coding performance
is largely dependent on the spread range of phase scranmt
bling. In this paper, we propose a novel MDC using phase
scrambling with the variable spread capability of the pixel
value. For the control of the spread range, our design of
the phase scrambling is based on the group delay response,
instead of the phase response. Furthermore, we modify a
guadtree-based wavel et coder according to the spread range
for the proposed MDC with our phase scrambler. Smulation
results show the usefulness of the proposed technique.

1. INTRODUCTION

In recentyears therehasbeenmuchinterestin transmission
of compessedimagesand video over noisy chanrels [1]-
[8]. Sincecellsin paclet-switchednetworks, suchas the
currert Intemet, canbe lost dueto network congestionand
buffer overflow, it is oneof significantchallengsto makethe
sourcecoderserrorresilient and network-adagtive for pro-
viding satishctoryvisual quality. Multiple descriptioncod-
ing (MDC) [1] is oneefficienttechnqueto protectdatafrom
paclet losseswherea singleinformation sourceis divided
into several codedsubstreamsandthe resultingdescriptiors
areindependenly transmittecover the network.

Various appioachego generatemultiple descripions of
animagehave beenpresentedl]. Thesimplestmethodis to
first partitionthe sourcedatainto severd setsandthencom-
presseachof them. In [2], Jayantproposeda separatia of
odd-andevennumleredsampledor aspeectsignal. At the
decoderinterpolation processis employedto reducethe ef-
fect of lost descriptims. This apprach canbe an effective
solutionto robusttransmissiorof images.However, it relies
only on the reduindang in the original signal. OtherMDC
schemesntroduwce reduindang in different ways: through
multiple quantizes, correlatirg transfomsor lappedorthag-
onal transfams (LOTSs) [3]-[6]. Recently the MDC based
on phasescramblinghasbeenproposedin [7], whereanin-

putimageis passedhrowh a cyclic allpassfilter for reduc-
ing the pereeptual effect of transmissiorerrors. Note that
the terms*“phasescrambling and “cyclic allpassfiltering”
areusedinterchangealy in this pape. Compaed with the
MDC basedon the LOT [6], the MDC using phasescram-
bling andwavelet-basedoderis showvn to yield excellentre-
constrictedimagequality atlow bit rates.However, sincethe
phasescramliting in [7] spread eachpixe valueall over the
imagesampledrrespectve of errorrates,this MDC scheme
with wavelet-lasedcoderleadsto a significantdegradation
of theobjective coding performarce.

In this paper we presenta gereralizedMDC with phase
scrambliny, wherethedistribution of the spreads contrdled
via a simple paraneter Phasescramling is implemened
by addirg somerandanized phasespectrumto that of the
input source.Therefae, we cancontrol the spreadrangeof
eachsampleby designinghephasescramblingvia thegroup
delayrespmse. As a result,adeqate phase scramblingfor
the MDC canbe selectedbasedon chanrel loss,desiredre-
constrction perfaomanceand desiredcomyression. More-
over, weimprovethepartitionng procesdn aquadtre-based
wavelet coderdepenling on the spreadextert of the phase
scrambler Finally, simulationresultsare shovn to demon
stratethevalidity of the propcsedapprach.

2. THE MDC BASED ON PHASE SCRAMBLING

A block diagramof the MDC with phase scramblirg [7] is
depictedin Fig. 1. Hereaninput imageis passedhrowgh a
cyclic allpassfilter in orderto increaserobustnessover the
lossof paclets. The resultingimageis thenpartitiored into
several bit-streamsby oddeven separationand encodedo
be multiple descriptios through embedied wavelet coder
At thedecoatr, thetransmittedmageis recorstructedusing
theinversecyclic allpassfilter, afterlost descriptiors arere-
placedwith averagesof their availableneighbors. Hereafter
we considettheMDC of L x L imageswith four chanrelsfor
simplicity.

Thefrequeng responsef a cyclic filter h(n) with time-
argumentinterpretel moduo L is definedastheL-pointDFT
of theimpulseresporse

L-1
H(k) = Z}h(n)wﬂ‘” for k=0,1,...,.L—1, (1)
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Figurel: Frameavork of theMDC with phasescramblingfor low bit rates(The numter of descrigionsin this pager is four).

whereW, = e 2L [9]. Thisis equivalert to samplingthe
typical frequeny respmsey =3 h(n)e~ 19" atL discreteval-
uesof thefrequeny w, = e/2™/-. For asimpleL-cyclic all-
passfilter A(k) = e/?, theL x L circularmatrix A formed
from theimpulseresporsea(n) of the cyclic allpassfilter is

givenas[9]

a(0) a1 alL—1)
A a(L:— 1) a(.O) a(L: 2) @
al) a2 a(0)
= %WIAWL, (3)

whereW | is the DFT matrix with [W ], ; = WX, for k,i =
0,1,...,L—1,Aisadiagoral matrixwith elemets A(k), i.e.,
A = diag{ el®® ei®1) el?L-1){ andthe superscrip’
standsfor the transposeconjugate. The cyclic allpassfilter

a(n), therefae, hasthe input-output relationin the matrix
form:

1
Xps = Ax' = EW[/\WLXT, (4)

wherex andxps aretheinputandoutpu vectasfor theinput
signalx(n) andoutpu signalxps(n), respectiely,
X =

[x(n) x(n=1) -+ x(n—L+1)]  (5)
Xps = [Xps(n) Xps(N—1) -+ Xps(n—L+ 1)} (6)

In [7], this allpassfiltering basedon the DFT is referred to
asphasescrambling becawseit affectsthe only phaseof the
frequency respmse. For arealinput signalx(n), the condi-
tion suchthat the scrambledsignalxps(n) will be alsoreal
is thatthe phasespectrump(k) is anodd-symmetryfunction
[71, [8].

The inverse processof phasescramblig is then ex-
presseds

T = A*lfcgsz%WI/\TW,_fcgs (7)
AT = diag{e—moge—up(l)’___,e—j(p(H)}, (8)

wherexps andx arethe input and outpu vectos, defined
similar to (5) and(6), respectrely. Hence,theseallpassfil-

tering processespr phasescramler/unscrarbler, canbe ef-
ficiently implemerted by the L-point (inverse)fast Fourier
transform
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Figure2: Three-levelswavelettransfoms. (a) Original Lena
image.(b) Scrambled_enaimage

3. PROPOSED MDC SCHEME
3.1 Phase scrambling design based on the group delay

Subban coding techniqwe canbe utilized for the scramited
image,sincethe phasescramling does not chang the mag-
nitude respose [7]. However, embedied wavelet coders,
suchas EZW [10Q], SPIHT [11] and SPECK[12], don't
work well for thefully scrambledmage.Becausdahe phase
scramblirg with arandan @(k) [7], [8] comgdetely alterthe
phasespectrum.Fig. 2 shovs thetransfamedimagesof the
512x 512 Lenaimageandits scramled image(L = 512),
where the wavelet transformwith the 9/7 Daubedies fil-
ter [13] is employed for eachimageandthe highfrequeng
band have beenenhanedto shown detail. Note thatthe in-
formation on discortinuities or edgesn the wavelet-cbomain
of Fig. 2(b) is thoraughly dispersed. This significantly re-
ducesthe perfamanceof embeldedcoders. In the follow-
ing, we considerthe contiol of the spread-angein the phase
scramblerfor adjustingthe tradeoff betweencompession
perfamanceandrecorstructionquality.

To accomtlish this, we designthe phasescramblingby
meansof the groupdelayresponseinsteadof the phasere-
sponseThegroup delayrespomseof the L-cyclic allpassfil-
tercanbe defined as

_ (o(k) —p(k—1))
(k) = *W )

This group delayt(k) indicates atime delayat eachdiscrete
frequeny w, = €2/, Sincetheinputandoutput signalsof
this systemarecyclic with periad L, 1(k) in (9) is assumed
tobe—L/2 < 1(k) < L/2withoutlossof generality In order
to contrd the spreadrange of phasescrambliry, we restrict
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Figure3: Three-lerelswavelettransforns of scramied Lena
imagevia the proposedphasescrambling. (a) d = 1/8. (b)
d=1/64.

(b)

onthegroupdelayresponse (k) as

I7(k)| < =d, k=0,1,....L—1

NI

(10)

whered is aparaneterbetweerD andl. Underthiscondtion
in (10), one can,therefae, constructthe phasescrambling
with the adjustablespreadrangefrom the phaserespoise

o(K):

0orm k=0andk=5

p(k) = (zkat(i) F+90), k=1..5-1
7(Zil=L—kT(i))2Tn*(p(o): k= %“"17 aLfl
(11)

Herein, (k) hasthe antisymnetric propaty for the scram-
bled imageto be a real signal. In this paper we chocse
@(0) = @(L/2) = 0 for simplicity. Fig. 3 shavs examges
of wavelettransfam for the scrambled_enaimagesby our
designedallpassfilter. It is clearthat the proposeddesign
allows the control of spreadrange usingoneparameerd in
(10).

3.2 Embedded image coder for the proposed MDC

To be suitedto the MDC using the proposedphasescram-
bling, we modfy apartitioning processn thequadree-based
coder In thequadree-basedoder e.g.,SPECK[12], a sig-
nificant set within eachsubbanl is recursvely partitioned
into thefour subset®f quadsizefor finding significanttrans-
form coeficients. This procedire exploits a high correlation
in adjacenhwaveletcoeficientsof animage.However, phase
scramblingalso spread this correlation property, asshavn
in Fig. 3. Assumingthat the growp delay sequene t(k) in
(10) is uniformly distributedbetween—(L/2)d and(L/2)d,
the standad deviation D(d) of the pixel spreadof our phase
scramblings obtainedas

5d 1 Ld
D(d) = /Zﬂ—m:——. 12
@ =[P %=1 (12

Therefae, the standad deviation for the separatedfour
subimagesf sizeL/2x L/2in theMDC canbeexpresseds

Ds(d) = Ld/(2v/12). Hencejn thefunctionsPr ocessS()
andCodeS() of the SPECKalgorithm, we partition a sig-
nificantsetbelow thesizeof Ds(d) /2' x Ds(d)/2' into pixel-
leveltransfom coeficients,wherel (I =1,2,---) dendesthe
level or scaleof the wavelettransformfor the correspondirg
set.In thepropssedMDC, this modfication of the quadtre-
basedcoder redwcesthe bits for significanttesting of sets
compesedof distributedsignificantpixels, dependingon the
spreacbarameted.

4. EXPERIMENTAL RESULTS

Thecompessiomerformanceof theMDC with ourdesigne
phasescramliing is evaluatedthrough the comparson with
the countepartwith the corventiond phasescramblirg [7].
In all caseswe employ a 5-levels wavelet deconposition
with the 9/7 Dautechiesfilter [13] andthe quadtre-based
embedled coder SPECK[12] after odd/even separatiorof
thescrambledmagein orde to geneatefour descriptimsof
aninputimage.

Fig. 4 shaws the rate-distotion curvesof various phase
scramblirg processegor the Lenaimage , whenonedescrip
tion andfour descriptiors arereceved at the decaler The
PSNRresultsof imagecodingwithout multiple descrigions
arealsoplottedin Fig. 4(b). Tharks to thecontrdled spread
range the propsed MDC with a lower value of d yields
higherPSNRs. On the otherhand Fig. 5 compaesthe re-
constriction perfamanceof the phasescramiing with the
spreadranged = 1/8 andd = 1/64 for the Goldhill image.
Thephasescramblirg with widerspreadange (d = 1/8) pro-
videssmootherrecmstructedmage. In addition, the PSNR
valuesfrom usingthe origind and modfied SPECKin the
proposedMDC usingphasescramiing with d = 1/8 for the
Lenaimagearetahulatedin Tablesl and2.

5. CONCLUSIONS

In this paper we presentecnefficient MDC basedn phase
scramblirg with the adjustablespreadrange. The proposed
designof phasescramiing is basedon the groyp delay
resporse in consideation of the following wavelet-tased
coder andtherely our phasescramblirg-basedDC canex-
chang compessionefficiency and percepual performance
depenling on errorrates.Furthermore ,we proposeda novel
partitiong algoiithmin thequadree-basedoderaccordng to
the spreadrange of transfamed coeficients in the wavelet-
domain
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