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Abstract

A simple exhaustive search technique is explored as a means
to design low-complexity rever sibleinteger-to-integer wavel et
transformsfor image coding applications. Several new trans-
forms found with this approach are employed in an image
coder in order to demonstrate their effectiveness.

1. Introduction

Therehasbeena growing interestin reversibleinteger
to-integer wavelet transformsfor imagecodingapplications
[1-7]. Suchtransformsareinvertiblein finite-precisiorarith-
metic(i.e., reversible),mapintegersto integers,andapprox-
imatethe linear wavelet transformsrom which they arede-
rived. In this paper we employa simple exhaustive search
techniqueto find goodlow-compleity reversibleintegerto-
integertransformsgfor imagecodingapplications.Thetrans-
formsobtainedarethenemployedn animagecodingsystem
to demonstrat¢heir effectiveness.

2. Transforms

Thefundamentabuilding block of awavelettransformis
theuniformly maximally-decimatedliter bank(UMDFB). In
orderto designa wavelettransform,we needonly construct
its correspondingJMDFB. To obtaintransformghatcanbe
madereversibleandmapintegersto integers,we needo real-
izetheUMDFB usingthelifting frameavork [8,9]. Whenthis
frameavorkisemployedaUMDFB isrealizedn its polyphase
form with the polyphasdiltering performedby a laddernet-
work. This leadsto the generalstructureshovn in Figurel1.
It is easyto seethat the perfectreconstruction(PR) prop-
erty is alwayssatisfiedby this type of structure. By round-
ing the outputsof theladderstepfiltersto integers,we obtain
reversible integerto-integer mappings. Sincethe synthesis
sideof theUMDFB is completelydeterminedy theanalysis
side,in the discussiorwhich follows, only the analysisside
is consideredAs a matterof notation,we denotethe lowpass
and highpassanalysisfilter transferfunctionsas H,(z) and
H,(z), respectiely. The numberof ladderstepsis denoted
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asN. The kth ladderstepfilter hastransferfunction A (z)
andlength Zg.

Since we are concernedwith the applicationof image
coding, it is desirableto constrainthe UMDFBs of interest
to thosewith linearphasefilters. In the caseof 2-channel
FIR PRUMDFBSs, therearetwo possibilitiesfor linearphase
filterswhich areof practicalinterest:

1. Both analysisfilters are of odd lengthand have sym-
metricimpulseresponses.

2. Both analysisfilters are of even length, with the low-
passandhighpasa&nalysidiltershaving symmetricand
antisymmetridmpulseresponseggspectiely.

All UMDFBs of thefirst type canbe generatequp to a scal-
ing anddelayfactor)by choosinghe A (z) as
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wherethe L, areeven. A subsebf the UMDFBs of thesec-
ondtypecanbegeneratedby choosingthe A, (z) as
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wherethe L, areodd.

3. Design Method

To date,mary criteriahave beensuggestedor UMDFB
design.For imagecodingapplicationshowever, the follow-
ing criteriahave provento beparticularlyuseful:codinggain,
analysisfilter frequeny selectvity, the numberof vanish-
ing momentf theanalyzingandsynthesizingvaveletfunc-
tions, and the smoothnes®f the synthesizingscaling and
wavelet functions. Moreover, experimentalresultssuggest
thatUMDFBswhich areeffective for imagecodinggenerally
satisfythefollowing conditions:
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Figurel: Lifting realizationof aUMDFB. (a) Analysisside.(b) Synthesiside.
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G is the codinggain of the sixfold iteratedUMDFB, and7;
andn arethe numberof vanishingmomentsf theanalyzing
andsynthesizingvavelet functions,respectrely. The above
conditiondeadusto proposea simpledesignalgorithmbased
on anexhaustve searchasdescribedelow.

Supposeahat we choosea small finite setof admissible
valuesfor the coeficients of thefilters A;. Giventhetype
of laddernetworkandits associategharametersnamelythe
numberof ladderstepsN, andthefilter lengthsZ;, we can
performan exhaustive searchof the solutionspace seeking
UMDFBs which satisfy the conditionsgiven by (3). Any
UMDFB satisfyingtheseconditionscanbetakenasanoutput
of thedesignprocess.

Clearly, theabore designtechniqueéhasonesererelimita-
tion. Thesizeof thesolutionspacenustbekeptsmallenough
thatanexhaustve searchis feasible.Hence we canonly use
suchan approachfor small designproblems. As we arein-
terestedn low-compleity transforms however, we wish to
keepthe numberof ladderstepfilters andtheir lengthsto a
minimum. Provided thatthe numberof admissibléilter co-
efficientvaluesis alsokeptsmallenoughtheresultingdesign
problemis computationallytractable.

4. Design Examples

Ourdesignmethodwasappliedto severalfilter bankcon-
figurations. Thefilter coeficient valueswere selectedo ei-
ther be powersof two or dyadicrational numbers. Numer
oustransformswvereobtained. Several of themorepromising
new solutionsarelisted in Table1l. Note thatthe 5/11 and
6/14transformshave strictly power-of-two filter coeficients.
A numberof importantparameterfor thevarioustransforms
arelistedin Table2. As canbe seenfrom thetable, these
transformshave both high codinggain and good frequeng
selectvity. In additionto the new transformsobtained,our
desigmmethodalsofoundmary of themoreperformantrans-
formsalreadydescribedn theliterature,includingthe (2, 2),
(2+ 2,2), (4,2), and (4, 4) transformsof [8], the TS trans-
form of [10], and the 6/14-CRFand 13/7-CRFtransforms
of [11].

5. Coding Results

To demonstratehe effectivenessof the new transforms,
they wereemployedn the JPEG-2000magecoder(or, more
precisely version 0.0 of the JPEG-2000verification model
software)[12]. Two grayscalemagesfrom the JPEG-2000
testset[13] (e.g.,gold andfinger ) wereusedasinput



Tablel: Transforms

Ao(z) = 3(-2—-1)
5/11 Ai(z) = %(l—i—z_l)
As(z) = 31—2(22 —z—-1+ z_l)
Ao(Z) =-1
6/14 A1(z) = 55(—z+ 16+ 1)
As(z) = 31—2(,22 —z4 27t -7
Ao(z) = 55(32% — 192" — 19+ 3271)
1377 { Ai(z) = %(—z +5+52"1 = z_2)

Table2: Transformparameters

Transform| 7 | n G SH, SH,

5/11 21| 2|9.603|0.165| 0.131
6/14 3| 1|9.713]| 0.075| 0.072
13/7 21 2|9.729| 0.025| 0.034

data.Thelossyandlosslessesultsfor thevarioustransforms
are givenin Tables3 and 4, respectiely. For comparison
purposeswe alsoincludethe resultsobtainedwith the well-
known (2 + 2,2) transformof [8] andTT transformof [3].
Clearly, the new transformgerformquitewell for bothlossy
andlosslescompressionin the caseof lossycompression,
thesubjectieimagequality obtainedwith thenew transforms
is alsogood,asdemonstratetly theexampledepictedn Fig-
ure2.

6. Conclusions

A simpleexhaustve searchtechniquewasexploredasa
meango designlow-compleity reversibleintegerto-integer
wavelet transformsfor image coding. Several good trans-
forms were obtained. Two of thesetransformshave strictly
power-of-two filter coeficientswhich is attractve for shift-
and-addmplementationsAs lossyandlosslessompression
resultsdemonstratethesetransformsare all particularly ef-
fective, often outperformingthe well-known (2 + 2,2) and
TT transforms.
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Figure2: Part of thegold image. (a) Original. Lossyreconstructiorat a bit rate of 0.125bpp usingthe (b) 5/11, (c) 6/14,
(d) 13/7,(e) (2+2,2),and(f) TT transforms.
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