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Abstract

Thismanualdescribe®VAILI, awavelettransformliibrary. For moreinformation
aboutthetheoreticafoundationdehindthelibrary, pleasereferto ‘Wavelet Transforms
UsingtheLifting Scheme(ReportITA-Wavelets-WP1.1).
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1 Featuresof WAILI

WAILI is awavelettransformlibrary:

e Usesintegerwavelettransformshasedon thelifting Scheme

e Providesvariouswavelet transformsof the Cohen-Daubechies-Feaau family of biorthogonal
wavelets

e Providescropandmemge operationson wavelet-transformedimages

¢ Providesnoisereductionbasedn waveletthresholdingusingGeneralizedCrossValidation
e Providesscalingof images

e Providesedgeenhancemertf images

e Providesalsosomesimpleimageoperationgadditionandsubtractiorof images)

o AllowsdifferentimagerepresentationRGB, YUV, Lab,...)

2 Designand Implementation of WAILI

WAILI is meantto operateon two-dimensionaimagesof variouskinds. Applicationsare situatedin
imageprocessing.

2.1 Designdecisions

This sectiondiscussesomeof the designdecisionswe madefor this library. For more information
aboutthe theoreticalfoundationsbehindthe library, pleaserefer to ‘Wavelet TransformsUsing the
Lifting Scheme(ReportITA-Wavelets-WP1.1J10, 11].

We choseto implementtwo-dimensionalwavelet transformsusing the integer versionof the Lifting
SchemeThewaveletswe useareasubclas®f the Cohen-Daubechies-Feaaufamily of biorthogonal
wavelets.

2.1.1 The Lifting Scheme

TheLifting Schemd8, 9, 7] providesa fastandsimplealgorithmfor arbitrarywavelettransformg4].
Furthermordheinversetransformis trivial to find.

Although the Lifting Schemeallows to transformsignalswith a finite length without extendingthe
signal,we did not chooseto take this approach.Insteadwe usethe classicalsymmetricextension[1]
becausdt’s easierto implementandsuficesfor the applicationsve have in mind.



2.1.2 Theinteger wavelettransform

In mary applicationqe.g.imagecompressiomndprocessingjheinput dataconsistof integersamples
only. In additionthe storageand encodingof integer numbersis easier comparedo floating point
numbers.

To take adwantageof this we usethe integer versionof the Lifting Schemewhich mapsintegersto
integersandis reversible retainingthe perfectreconstructiomproperty[2].

All arithmeticoperationsaredonein 16 bit. This shouldsuffice for applicationsvheretheinput datais
8 bit wide. Of coursethis caneasilybe changedf necessary

2.1.3 Cohen-Daubechies-Bauwaubiorthogonal wavelets

Thekey benefitsof the Cohen-Daubechies-Feaaubiorthogonalwavelets[3] are:

e They have finite support.This preseresthelocality of imagefeatures.

¢ Thescalingfunctionp(z) is alwayssymmetricandthewaveletfunctions(x) is alwayssymmetric
or antisymmetric.Thisis importantfor imageprocessingperations.

o ltsfilter coeficientsareof theform 57, with z € Z andn € N. Thissimplifiestheimplementation.
But unfortunatelythis featureisn’t awayspresered by the decompositionn lifting steps.

We choosenotto usewaveletswith morethan6 vanishingmomentdo restrictthefilter lengths.Longer
filters have lesslocality and thus perform worsein image processingapplications,in spite of their
increaseén smoothness.

We implementedhe following wavelettransformsof this family((n,7) meanghatthe primal wavelet
hasn vanishingmomentswhile the dualwavelethas#n vanishingmoments):

(1,x): (1,1),(1,3), (1,5
(2,%): (2,2), (2,4), (2,6)
(4,x): (4,2), (4,4), (4,6)

~—

We deliberatelydidn’t implementary of the (3,z) or (5, z) wavelet transformsbecauseheir lifting
stepsrequiredivisionsby 3 or 5, which arenot reversiblein integer math. (6, ) arent implemented
eitherbecausehey requiremorethan16 bits (for 8 bit input data).

2.1.4 Waveletsand translation-invariance

A disadwantageof the wavelettransformis thatit’s not translation-imariart: if theimageis translated
beforeperformingthe wavelettransform the resultis not a translatedrersionof the wavelettransform
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of theoriginalimage.Theredundantvavelettransformis translation-imariart, but it needsnuchmore
memoryandprocessindime, sothisisn’t anoptionin mary applications.

Sincewe wantedto allow crop andmeige operationon wavelettransformedmageswe cameup with
thefollowing scheme.

If eachtransformlevel is consideredndependentlyone stepof a wavelet transformis translation-
invariantif thetranslationis limited to anevennumberof pixels. Thuswe associatavith every matrix
coorinates(a horizontaland vertical offset for the upperleft pixel) which dependon the transform
level. At every transformlevel we have two versionsof the wavelet transform: an evenand an odd
version.Which transformis useddepend®n the parity of the offset.

If the paritiesof the coordinatesnatchat eachlevel, we canmeige two imageswithout retransforming
oneof them.If they don't match,we have to retransfornroneimage.Themainideabehindthis scheme
is thatin mary caseghe coordinate®f the subimageahatwill be pastednto anothelimageareknown
in advance,soit canbetransformecdorrectly An exampleof thisis the creationof onelargeimageby
concatenatingeveralseparatelgreatedsubimages.

2.2 Implementation

Thesoftwarelibrary is written in C~+. We extensvely usefeaturesof the ISO C+ Standardwhich was
finalizedin November1997 (from now on calledC++ 97), sincethey provide a greatenrichmenbf the
C+ languageandallow for acleanerdesign.

Unfortunatelytherearent mary compilersthatadhereto C++ 97 yet. The developmentwasdoneusing
GNU G+ 2.7.2andegcs 1.0. Fortunatelythesecompilersare available for aboutary platform, and
they're freet!

2.2.1 Imageobjects

An Image consistof oneor moreindependenthannelsthusallowing for differentsizesandwavelet
transformtypesperchannel.No interpretationor formatis imposedon the channelsandits data. The
actualmeaningof the imagedatacanbe freely chooserby the user Examplesare grayscale RGB,
YUV or Labcolor, etc....

Availablefrom ftp://prep.ai.mit.edu/pub/gnu/ andhttp://egcs.cygnus.com/



2.2.2 Channel objects

Thebasicbuilding block of thelibrary is theChannel A channeis arectangulamatrix containingone-
valuedpixels. A channetanbenon-transforme@NTChanne), or wavelet-transformegalLChannet).

Sinceawavelettransformis somekind of recussivetransform,a LChannelcontainssomesubchannels
(subbands)which canbe eithernon-transformear wavelet-transformedThe numberof subchannels
in aLChanneldepend®n thetype of wavelettransform.You canhave thefollowing combinations:

LChannelCR Obtainedby transformingboththe columnsandrows of aNTChannel.As aresult,you
have 4 subbands:

LL Low passhandin boththehorizontalandtheverticaldirection,

LH Low passbandin theverticaldirection,high passin thehorizontaldirection,
HL High passbandin theverticaldirection,low passn thehorizontaldirection,
HH High passbandin boththehorizontalandthe verticaldirection.

LChannelC Obtainedby transformingonly the columnsof a NTChannel. As a result, you have 2
subbands:

L Low passbandin theverticaldirection,
H High passhandin the verticaldirection.
LChannelR Obtainedoy transformingonly therows of aNTChannel As aresult,youhave 2 subbands:
L Low passbandin the horizontaldirection,
H High passhandin the horizontaldirection.

Fig. 1 shavs anexampleof a channekftertwo transformlevels.

2.2.3 Wavelet objects

A Waveletrepresentshe filters andlifting stepsassociatedvith a specificwavelet transform. Some
wavelettransformsf the Cohen-Daubechies-Feaas family areimplemented.

You canaddyour own favorite wavelet transformif you have a decompositiorin integer lifting steps
for it.

2Rumorssaythat NT and L refer to two popularoperatingsystems— with the goal of this projectto corvert as mary
NTChannelgo LChannelsaspossible— but this hasnt beenconfirmedofficially.



LChannelCR
LChannelC
L ||| NTChannel |11} 1 Nrchannd
H| NTChanne
HL NTChanned HH NTChannel

Figurel: Exampleof a channelafter two transformlevels. In thefirst stepboth the columnsandthe
rows aretransformedin the secondsteponly the columnsaretransformed.

3 Overview of WAILI

Thewavelettransformlibrary consistf thefollowing parts:

Blit Low-level block operations

Channel Genericchanneklass

Color Variouscolorrepresentations

ColorSpace Color spacesaindcolor spacecorversions
Compiler Compilerdependendefinitions

Image Genericimageclass

Lifting Lifting stepsfor theLifting Scheme

Stream Input/outputwith supportfor compression
Timer Measurementf executiontimes

Types Platformindependentypedefinitions

Util Utility routines

Wavelet Wavelettransformsausingthe Lifting Scheme

Note: Currently only Image, Channel and someparts of Wavelet (CreateCDF()) are of general
interestto application programmers. The other parts are only usedinternally or aren’t completely
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finished yet (Color, ColorSpace).

4 Manual pages
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Blit WAILI — Waveletswith IntegerLifting Blit

Name Blit — Low-level block operations

Description This packagerovidessomefrequentlyusediow-level block operationsAll func-
tionsaretemplatefunctions,allowing for differentoperandypes.

Declaration #include(waili/Blit.h)

Operations void Copy ( constTypex src, Typex dst u_int len)

Copy len objectsfrom src to dst

void Copy ( constTypex src, Typex dst)
Copy theobjectpointedto by src to dst

void Fill ( Typex dst, u_int len, Typevalue)

Fill len objectspointedto by dstwith value

void Clear ( Typex dst, u_int len)

Clearlen objectspointedto by dst

void Clear ( Typex dst)
Clearthe objectpointedto by dst

void CopyRect( constTypex src, u_int sw, Typex dst, u_int dw, u_int cols
u_int rows)

Copy arectangulablock of objectswith cols columnsandrowsrows from src to
dst Thesourceareahasswcolumns while thedestinatiorareahasdw columns.

void CopyRect( constTypex src, u_int sw, u_int sx u_int sy, Typex dst,
u-int dw, u_int dx, u_int dy, u_int cols u_int rows)

Copy arectangulablock of objectswith cols columnsandrowsrows from src at
position(sx sy) to dstat position(dx, dy). The sourceareahasswcolumns,while
thedestinatiorareahasdw columns.

void FillRect ( Typex dst u_int dw, u_int cols, u_int rows Typevalue)

Fill arectangulablock of objectswith colscolumnsandrowsrows, pointedto by
dstwith value Thedestinatiorareahasdw columns.

void FillRect ( Typex dst u_int dw, u_int dx, u_int dy, u_int cols, u_int rows
Typevalue)

Fill arectangulablock of objectswith colscolumnsandrowsrows, pointedto by
dstat position(dx, dy) with value Thedestinatiorareahasdw columns.

Revision: 4.1.2.1.2.1 11



Blit WAILI — Waveletswith IntegerLifting Blit

void ClearRect ( Typex dst, u_int dw, u_int cols u.int rows)

Cleararectangulablock of objectswith cols columnsandrowsrows, pointedto
by dst Thedestinatiorareahasdw columns.

void ClearRect ( Typex dst, u_int dw, u_int dx, u_int dy, u_int cols u_int rows)

Cleararectangulablock of objectswith cols columnsandrowsrows, pointedto
by dstatposition(dx, dy). Thedestinatiorareahasdw columns.

Revision Blit.h,v 4.0 1997/05/05 09:46:21 geert Exp

Revision: 4.1.2.1.2.1 12



Channel

WAILI — Waveletswith IntegerLifting Channel

Name

Description

Declaration

Public
Operations

Static
Operations

Virtual
Operations

Channel— Genericchanneklass

This classprovides a low-level channelabstraction.A channelis a (rectangular)
matrix containingone-waluedpixels (of type PixType ).

#include(waili/Channel.h

Channelis anabstracbaseclass.No instancegsanbedeclared Differentchannel
typesareimplementedhroughinheritance.

Channel ()

Createanemptychannel.

Channel ( u.int cols, u_int rows int offx = 0, int oy = 0)

Createa channelith givendimensionscolsandrowsarethe numberof columns
respectiely rows, offx andoffy arethe offsetsof theuppereft pixel in theuniversal
coordinatesystem.

Channel ( constChannel&channel)

Createa new channeby copying channekhannel

u-int GetCols( void ) const
u.int GetRows ( void ) const

Getthe numberof columnsrespectiely rows of the channel.

int GetOffsetX ( void ) const
int GetOffsetY ( void ) const

Gettheoffsetof upperleft pixel of thechanneln the universalcoordinatesystem.

Channet CreateFromDescriptor ( u.int cols u.int rows
constTransformDescriptotransform(],
u-int depth int offsetx= 0, int offsety=0)

Createa channelwith givendimensionscolsandrowsarethenumberof columns
respectiely rows, offsetxand offsetyare the offsetsof the upperleft pixel in the
universalcoordinatesystem.The channelwill be pretransformedisingthe trans-
form descriptortransformwith transformdepthdepth

void GetMask ( u_int& maskxu_int& masly ) const

Getthecoordinatenasksor theoffsets.A setbit in amaskcorrespond$o abit in
the offsetthatcant be chooserfreely without retransforminghe channel.

Revision: 4.14.2.3.2.1 13



Channel WAILI — Waveletswith IntegerLifting Channel

u_int GetDepth ( void ) const

Getthetransformdepthof thechannel.

doublePsnr ( constChannel&channe| PixTypemaxval= 255) const

Calculatethe PeakSignalto Noise Ratio (in dB) betweerthe currentchannelen
channekhannel maxvalis the PeakSignalvalue.

u64« FullHistogram ( PixType& min, PixType& max u64& numpixels const

Createa histogramfor the currentchannel. The lower histogramlimit will be
putin min, the upperlimit in max The numberof analyzedpixelswill be putin
numpixels Theresultis anarrayof lengthmax—min+1 containingtheoccurrenyg
counts.

doubleEntropy ( void )const

Calculatethe first order entrofy (Shannon-Waver) for this channel,in bits per
pixel.

PixType& operator() ( u-intc, u.intr )

PixTypeoperator() ( u.int ¢, u_intr ) const

Accessthe ‘pixel” at columnc androw r. This may referto a waveletcoeficient
insteadof arealpixel valueif the channeis wavelettransformed.

void Clear ( void)

Clearall pixel valuesto zero.

void Resize( u.int cols u_int rows)

Changehe numberof columnsandrows of the channelo colsrespectiely rows

Channet Clone ( void ) const

Make acopy of thecurrentchannel.

int SetOffsetX ( void ) const
int SetOffsetY ( void ) const

Changeheoffsetof thechannein theuniversalcoordinatesystem If you change
thebitsthatarecoveredby thecorrespondingoordinatenask,the channebill be
retransformed.

Channet Crop (intx1, intyl, int X2, inty2) const

Get a rectangularmpart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthelower right cornerat (x2, y2).

Revision: 4.14.2.3.2.1 14



Channel WAILI — Waveletswith IntegerLifting Channel

void Merge ( constChannel&channel)

Pastechannelinto the currentchannel. The pastepositionis determinedby the
offsetsof channel

void Add ( constChannel&channel)
void Subtract ( constChannel&channel)

Add respectiely subtractchannelto (from) the currentchannel. Both channels
musthave the samenumberof columns,numberof rows, offsetsandstructure.

Channet Diff ( constChannel&channel) const

Thisfunctionreturnsthedifferencechannebetweerthecurrentchannebndchan-
nel. Bothchannelsnusthave thesamenumberof columns humberof rows, offsets
andstructure.

void Enhance( f32m)

Enhancdhechanneby multiplying all pixel valueswith m. If thechannels lifted,
thenonly its high-passoeficientswill bechanged.

void Enhance( int m, u_int shift)

Enhancehe channeby multiplying all pixel valueswith m andshifting the result
shift binary positionsto theright. If the channelis lifted, thenonly its high-pass
coeficientswill bechanged.

LChannek PushFwtStepCR( constWavelet& wavelet)
LChannek PushFwtStepC( constWavelet& wavelet)
LChannek PushFwtStepR( constWavelet& wavelet)

Add onetransformlevel, usingthe wavelet transformspecifiedby wavelet The
transformcanoperateon bothcolumnsandrows (PushFwtStepCRonthecolums
only (PushFwtStep¥or on the rows only (PushFwtStepR Note thatthe current
channelwill bedestrged!!!

This functioncanreturnthefollowing values:

NULL The operationwasnt sucessfubecauséghe maximumnumberof transform
levelswasalreadyreached.

this  If theresultis equalto the currentchannelthe operatiorwassuccessful.

Else The operationwassuccessfulandthe currentchannelshouldbe deletedand
replacedoy thereturnedchannel.

Revision: 4.14.2.3.2.1 15



Channel

WAILI — Waveletswith IntegerLifting Channel

Protected
Operations

Virtual
Protected
Operations

Static
Protected
Operations

Derived
Classes

Channet PopFwtStep( void )

Remwe onetransformlevel. Thisis theinverseoperatiorof thelastPushFwtStep
operation.

u64Threshold( doublethreshold int soft=0)

Performhard(soft= 0) or soft (soft= 1) thresholdingwith thethresholdingvalue
threshold Thenumberof pixelsthathadavaluesmallerthanthresholdis returned.

int IsLifted ( void ) const

This functionreturnsnon-zeraif the currentchanneis alreadylifted. Thisshould
beremawedlater!! Theuserdoesnt needto knowwhat’s theinternal representa-
tion of the channel!

Channet Scale( f32 s, constWavelet& wavelet)

Scalethe channelwith scalingfactorscale Note thatthe currentchannelwill be
destrged!!!

Channet UpScale( u.int s, constWavelet& wavelet)

Scalethecurrentchannelup. Theappliedscalingfactoris the next power of 2 of s
if sis notapower of 2 by itself. Notethatthe currentchannelwill be destrged!!!

void Destroy ( void )

Deletethe contentf the channelndzerothe numberof columnsandrows.

Channet DownScale( u_int s, constWavelet& wavelet)

Scalethe currentchanneldovn. The appliedscalingfactoris the previous power
of 2 of sif sis nota power of 2 by itself. Note thatthe currentchannelwill be
destrged!!!

int GetEven (intlen)

int GetOdd ( int len)

Calculatethe numberof evenrespeciiely odd coeficientsfor a signalwith length
len.

Thesearederived classef the genericChannelclassthat add supportfor non-
transformedandwavelettransformedhannels.

Revision: 4.14.2.3.2.1 16



Channel WAILI — Waveletswith IntegerLifting Channel

Name NTChannel— Classfor a non-transformedhannel.

Declaration NTChannel ()

Createanemptynon-transformeahannel.

NTChannel ( u.int cols u.int rows int offx =0, int offy = 0)

Createa non-transformeathannelwith given dimensions.cols androwsarethe
numberof columnsrespectrely rows, offx andoffy arethe offsetsof the upperleft
pixel in the universalcoordinatesystem.

NTChannel ( constNTChannel&channel)

Createa nenv non-transformeathannelby copying the non-transformeathannel
channel

Public void GetMinMax ( PixType& min, PixType& max u-int smoothing= 0 )const

Operations Returnthe minimumandmaximumpixel valuesin min respectrely max smooth-

ing defineghedegreeof neglectionof extraordinarypixel values.Smoothings not
yetimplemented

s32 Correlate ( constNTChannel&channe) u_int diff ) const

Calculatethe correlationmatrix betweerthe currentchannelandchannel diff in-

dicateghedifferenceof resolutionlevel betweerthe currentchannelndthemore
coarsechannel Notethatthereturnedcorrelationmatrix hasthe samedimensions
asthecurrentchannel.

u64« Histogram ( PixTypemin, PixTypemax)

Createa histogramfor the currentchannel. The lower histogramlimit will be
min, the upperlimit will be max Theresultis anarrayof lengthmax— min+ 1
containingthe occurreng counts.

u64 ThresholdHard ( u-int threshold)
u64 ThresholdSoft( u_int threshold)

Performhardor softthresholdingwith thethresholdingrzaluethreshold Thenum-
berof pixelsthathadavaluesmallerthanthresholdis returned.

u-int OptimalGCVThr eshold( void ) const

Calculatethe optimal soft thresholdingvalueusingatechniquecalledGeneralized
CrossValidation. Note thatthe channekhouldcontainat least1000pixelsto give
ameaningfulresult.

Revision: 4.14.2.3.2.1 17



Channel

WAILI — Waveletswith IntegerLifting Channel

Virtual
Operations

Protected
Operations

Virtual
Protected
Operations

Name

Declaration

NTChannet DupliScale ( u.int s) const

Createa scaledversionof the currentchannelby duplicatingthe original pixel
values.sis thescalingfactor

NTChannek Clone ( void ) const

Make acopy of thecurrentchannel.

NTChannek Crop ( int x1, int y1, int x2, int y2) const

Get a rectangularpart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthelower right cornerat (x2, y2).

NTChannet Diff ( constChannel&channel) const

This functionreturnsthedifferencechannebetweerthecurrentchannebndchan-
nel. Bothchannelsnusthave thesamenumberof columns humberof rows, offsets
andstructure.

LChannek Fwt ( constTransformDescriptotransform(], u_int depth)

Transformthe channelusing the Fast Wavelet Transform. The two-dimensional
wavelet transformwill be appliedto all channelsindependently The type of

wavelettransformis determinedy the transformarrayandits lengthdepth Note

thatthe currentchannebill be destrged!!!

void Inter polate ( f32s)

Scalethe channelusingalinearinterpolationscheme.

doubleGCV ( u.int threshold) const

Calculatethe GCV valueof thechannefor GeneralizedCrossValidation.

NTChannet DownScale( u.int s, constWavelet& wavelet)

Scalethe currentchanneldovn. The appliedscalingfactoris the previous power
of 2 of sif sis notapower of 2 by itself.

LChannel— Classfor awavelettransformedcthannel.

LChannelis anabstracbaseclass.No instancegsanbedeclared Differentwavelet
transformedthannetypesareimplementedhroughinheritance.

LChannel ( constLChannel&channel)

Createa new channeby copying channekhannel

Revision: 4.14.2.3.2.1 18



Channel

WAILI — Waveletswith IntegerLifting Channel

Public
Operations

Virtual
Operations

Protected
Operations

Virtual
Protected
Operations

Channet& operator[] ( SubBandyand)
constChannet& operator[] ( SubBandand) const
Getthe subbandf typeband Make sure the subbanddoesexist!

TransformDescripter GetTransform ( void )

Getatransformdescriptorarrayfor all transformlevels.

int GetShift ( SubBandband)

Getthenumberof steps(in basey/2!) the coeficientsof subbandandhave to be
shiftedto theleft to obtaintheir realvalues.

NTChannet IFwt ( void)

Transformthe channelusingtheinversefastwavelettransform.Note thatthe cur
rentchannewill bedestrged!!!

Transform¥pe GetTransformType ( void ) const

Getthetransformtypefor this transformlevel.

LChannek Clone ( void ) const

Make acopy of thecurrentchannel.

NTChannek IFwt (int x1, intyl, int X2, inty2) const

Performrecursvely theinversefastwavelettransformon the rows andcolumnsof
the channeldeterminedoy the upperleft andlower right cornerrespectrely (x1,
y1) and(x2, y2).

LChannek Crop (int x1, int y1, int X2, int y2) const

Get a rectangulamart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthelower right cornerat (x2, y2).

LChannel ( constWavelet& filter, u_int numsubbands.int cols= 0,
u.introws=0)

Createa channelwith givendimensionsnumsubbands the numberof subbands,
colsandrowsarethe numberof columnsrespectrely rows.

NTChannek IFwtStep ( void )

Performonestepof theinversefastwavelettransform.Notethatthe currentchan-
nelwill bedestrged!!!

Revision: 4.14.2.3.2.1 19



Channel WAILI — Waveletswith IntegerLifting Channel

void Lazy ( constNTChannel&source)

Calculatethe Lazy Wavelet Transformof souice andstoretheresultin the current
channel.

void ILazy ( NTChannel&dest) const

Calculatethe inverseLazy Wavelet Transformof the currentchannelandput the
resultin dest

void CakeWalk ( void )
void ICakeWalk ( void )

Performthe (inverse) Cake Walk’ operationon the currentchannel.

LChannek Crop_rec( int x1, inty1, int x2, int y2, NTChannet top,
NTChannet bottom NTChannet left,
NTChannet right )const

Get a rectangulamart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthe lower right cornerat (x2, y2). top, bottom left and
right aretheresultingbordersin the LP-bandof the higherresolutionlevel which
affectlowerresolutions.

void Mergerec ( constChannek channe] NTChannet top,
NTChannet bottom NTChannet left, NTChannet right )

Pastechannelinto the currentchannel. The pastepositionis determinedby the
offsetsof channel top, bottom left andright arethe resultingbordersin the LP-
bandof the higherresolutionlevel which affect lower resolutions.

Subband Valid subbandypesare
Types

LL | lowpassin boththeverticalandthe horizontaldirection
LH | lowpassin thevertical,highpassn the horizontaldirection
HL | highpassn thevertical,lowpassn the horizontaldirection
HH | highpassn boththeverticalandthe horizontaldirection

Name LChannelCR— Classfor awavelettransformeathannel(bothcolumnsandrows).

Declaration LChannelCR ( constWavelet& filter )

Createanemptychannel.

Revision: 4.14.2.3.2.1 20



Channel WAILI — Waveletswith IntegerLifting Channel
LChannelCR ( constWavelet& filter, u_int cols, u_int rows int offx, int offy )
Createachannelwith givendimensionscolsandrowsarethe numberof columns
respectrely rows, offx andoffy arethe coordinatesn the universalcoordinatesys-
tem.

LChannelCR ( constLChannelCR&channel)
Createa new channeby copying channelkhannel

Public u_int GetClow ( void ) const

Operations u_int GetChigh ( void ) const
u.int GetRlow ( void ) const
u_int GetRhigh ( void ) const
Getthe numberof columnsandrows in thelow andhigh frequeng subbands.

Virtual LChannelCR Clone ( void ) const

Operations Make a copy of the currentchannel.

LChannelCR Diff ( constChannel&channel) const
This functionreturnsthedifferencechannebetweerthe currentchannebndchan-
nel Bothchannelsnusthave thesamenumberof columns numberof rows, offsets
andstructure.
LChannelCR Crop_rec( int x1, inty1, int x2, int y2, NTChanne top,
NTChannet bottom NTChannet left,
NTChannet right )const
Get a rectangularmpart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthe lower right cornerat (x2, y2). top, bottom left and
right aretheresultingbordersin the LP-bandof the higherresolutionlevel which
affectlower resolutions.
Name LChannelC— Classfor a wavelettransformedchannelcolumnsonly).
Declaration LChannelC ( constWavelet& filter )

Createanemptychannel.

LChannelC ( constWavelet& filter, u_int cols u_int rows int offx, int offy )

Createa channelith givendimensionscolsandrowsarethe numberof columns
respectiely rows, offx andoffy arethe coordinatesn the universalcoordinatesys-
tem.
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LChannelC ( constLChannelC&channel)
Createa new channeby copying channekhannel

Public u_int GetRlow ( void ) const

Operations u_int GetRhigh ( void ) const
Getthenumberof rows in thelow andhigh frequeng subbands.

Virtual LChannelG Clone ( void ) const

Operations Make a copy of the currentchannel.
LChannelG Diff ( constChannel&channel) const
Thisfunctionreturnsthedifferencechannebetweerthecurrentchannebndchan-
nel. Bothchannelsnusthave thesamenumberof columns humberof rows, offsets
andstructure.
LChannelG Crop_rec( int x1, int y1, int X2, int y2, NTChanne top,

NTChannet bottom NTChannet left,
NTChannet right )const

Get a rectangularmpart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthe lower right cornerat (x2, y2). top, bottom left and
right aretheresultingbordersin the LP-bandof the higherresolutionlevel which
affectlower resolutions.

Name LChannelR— Classfor awavelettransformedchannelrows only).

Declaration LChannelR ( constWavelet& filter )
Createanemptychannel.
LChannelR ( constWavelet& filter, u_int cols, u.int rows int offx, int offy )
Createa channelith givendimensionscolsandrowsarethe numberof columns
respectrely rows, offx andoffy arethe coordinatesn the universalcoordinatesys-
tem.
LChannelR ( constLChannelR&channel)
Createa new channeby copying channekhannel

Public u_int GetClow ( void ) const

Operations

u.int GetChigh ( void ) const
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Channel

Getthenumberof columnsin thelow andhigh frequenyg subbands.

Virtual LChannelR Clone ( void ) const

Operations

Make acopy of thecurrentchannel.

LChannelR Diff ( constChannel&channel) const

This functionreturnsthedifferencechannebetweerthecurrentchannebndchan-
nel. Bothchannelsnusthave thesamenumberof columnshumberof rows, offsets

andstructure.

LChannelR Crop_rec( int x1, int y1, int X2, int y2, NTChanne top,

NTChannet bottom NTChannet left,
NTChannet right )const

Get a rectangulamart of the currentchannel,of which the upperleft corneris
positionedat (x1, y1), andthe lower right cornerat (x2, y2). top, bottom left and
right aretheresultingbordersin the LP-bandof the higherresolutionlevel which

affectlower resolutions.

TransformDescriptor

The TransformDescriptodetermineghe kind of wavelettransformfor onetrans-

form level. It contains2 parts:

TransformVpetype

typeis thetransformtypeandcanbe oneof:

TT_ColsRows
TT_Cols
TT_Rows

Transformboth columnsandrows
Transformcolumnsonly
Transformrows only

constWavelet filter

filter is a pointerto awaveletfilter.

Dependency  Fig. 2 Inheritancedependencgraphfor the channeklasshierarchy(Channe).

Graphs

SeeAlso TheWaveletandLifting classes.
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Channel
NTChannel LChannel
Y
LChannelCR | LChannelC LChannelR
Figure2: Inheritancedependencgraphfor the channeklasshierarchy(Channe).

Revision Channel.C,v  4.4.2.2 1999/04/15 09:35:09 geert Exp
Channel.h,v 45.2.3 1999/07/20 13:18:57 geert EXxp
LChannel.C,v 45.2.2 1999/07/20  13:19:02 geert Exp
LChannel.h,v 4.3.2.2 1999/07/20  13:18:57 geert EXxp
LChannelC.Cv 4.6.2.1 1999/07/20  13:19:02 Exp
LChannelC.h,v 4321 1999/07/20 13:18:57 Exp
LChannelCR.Cv 4.6.2.1 1999/07/20  13:19:03 Exp
LChannelCR.h,v  4.3.2.1  1999/07/20 13:18:58 Exp
LChannelR.C,v 4.6.2.1 1999/07/20 13:19:04 Exp
LChannelR.h,v 4321 1999/07/20 13:18:58 Exp
NTChannel.C,v 4.12.2.3 1999/07/20 13:19:04 Exp
NTChannel.h,v 48.2.1 1999/07/20 13:18:58 Exp
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Name Color— Variouscolor representations
Description Variouscolor representations.

Declaration #include(waili/Color.h)

Color_.RGB ()
Color_XYZ ()
Color_LAB ()
Color_RGBS (
Color_XYZ8 (
Color_LABS (
Color_CIEY (
Color_CIEL (
Color_RGB16 ()
Color_-YUVr16 ()

)
)
)
)
)
(

Plans UsePixType to representhecolorcomponents.
SeeAlso The ColorSpacelass.
Revision Color.C,v  4.0.2.1  1999/04/15 10:06:45 geert Exp

Color.h,v 4.0.2.1 1999/04/15 10:06:42 geert EXxp
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Name ColorSpace— Color spacesndcolor spacecorversions

Description Color spacespecificatiorandconversion.

Declaration #include(waili/Color.h)

SeeAlso ThevariousColor classes.

Revision Color.C,v  4.0.2.1  1999/04/15 10:06:45 geert Exp
Color.h,v 4.0.2.1 1999/04/15 10:06:42 geert EXxp
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Name Compiler— Compilerdependentlefinitions

Description This file containsthe compilerdependendefinitions. Currentlytheseare defini-
tionsfor GNU C+ only.

Declaration #include(waili/Compilerh)

Revision Compiler.h,v 4.1 1997/05/05 09:46:35 geert Exp
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Name Image— Genericimageclass

Description This classprovides a low-level imageabstraction.An imageconsistsof a num-
ber of channelscontainingpixels (of type PixType ). Eachchannelcanhave a
differentsize.No interpretatioror formatis imposedonthe channelsandit’'s data.

Declaration #include(waili/image.h

Image ()

Createanemptyimage.

Image ( u.int channels)

Createan emptyimagecontaininghannelschannels.

Image ( u_int cols, uint rows u_int channels= 1)

Createanimagewith givendimensionscolsandrowsarethe numberof columns
respectiely rows, channelsis the numberof channels All channelswill have the
samesize.

Image ( constu_int cols[], constu_int rows[], u_int channels)

Createanimagewith given dimensions.cols androwsare arrayscontainingthe
numberof columnsrespectiely rows for every channelchannelss thenumberof
channels.

Image ( constChannel&channe] u_int channels= 1)

Createan image containinghannelschannels. Every channelwill be a copy of
channel

Image ( constChannet channel[], u_int channels)

Createan image containinghannelschannels. The channelswill be initialized
usingthearrayof channelghannel

Image ( constimage&im)

Createa new imageby copying imageim.

Public Imageypelmport ( constchak filename Imagefrmatformat= IF_AUTO )

Operations Importanimagefrom afile namedfilename storedin a specificformatformat If

formatis IF_AUTO, theroutinewill try to guesghefile formatby examiningthe
file name.Thetypeof theimageis returned.Imagesareassumedo contain8-bit
data,whichis convertedto therange—128. .. 127 for internaluse.
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void Export ( constchak filename lmageformatformat= IF_AUTO ) const

Exporttheto afile namedfilenameusingthe specificfile formatformat If format
is IF_LAUTO, the routine will try to guessthe file format by examining the file
name. The pixel valuesareconsideredo lay within therange—128...127. If a
pixel valuedoesrt fit, it will beclipped.

Note: exportin IF_TIFF is notyet supported.

void Convert ( Imageypefrom Image¥ypeto )

Corverttheimagefrom typefromto typeto. Notall corversionsare implemented
yet.

u-int GetChannels( void ) const

u-int GetCols( void ) const

u.int GetRows ( void ) const

Getthenumberof channelsgcolumnsor rows of theimage.

int GetOffsetX ( void ) const
int GetOffsetY ( void ) const

Gettheoffsetof thefirst channelof theimagein the universalcoordinatesystem.

Channet& operator[] ( u-int channel)
consk Channel&operator[] ( u.int channel) const

Accesschannekhannel

PixType& operator() (u.intc, u_intr, u.intch=0)

constPixTypeoperator() (u.int c, u_intr, u_int ch=0) const

Accesghe‘pixel’ atcolumnc androw r in channekh. Thismayreferto awavelet
coeficientinsteadof arealpixel valueif the channeis wavelettransformed.
void Clear ( void )

Clearall pixel valuesto zero.

void Resize( u.int cols u_int rows)

Changethe numberof columnsandrows of theimageto cols respectrely rows
Thenumberof channelss unchanged.

void Resize( u_int cols, u_int rows u_int channels)

Changethe numberof columns,rows andchannelf theimageto cols rowsand
channels All channelswill have thesamesize.
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Image&operator= ( constimage&im)

Make a copy of imageim.

Image: Clone ( void ) const

Make a copy of thecurrentimage.

void SetOffsetX ( int offx ) const
void SetOffsetY ( int offy ) const

Setthe offsetof thefirst channelof theimagein the universalcoordinatesystem.

Image: Crop ( u.int x1, u_int y1, u_int x2, u_int y2 ) const

Cuttheimagesotheupperleft corneris positionedat (x1, y1), andthelower right
cornerat (x2, y2).

void Merge ( constimage&im)

Pasteimageim into the currentimage. The pastepositionis determinedby the
offsetsof im.

void Add ( constimage&im)
void Subtract ( constimage&im )

Add respectrely subtractimageim to (from) thecurrentimage.Bothimagesnust
have the samenumberof columns,rows and channelsand their corresponding
channelsnusthave the samestructure.

Imagex Diff ( constimage&im ) const

This functionreturnsthe differencemagebetweerthe currentimageandim. Both
imagesmusthave the samenumberof columns,rows andchannelsaandtheir cor
respondingchannelsnusthave the samestructure.

void InsertChannel ( Channel&data, u_int ch)

Replacechannehumberch of theimageby the contentsof channekhannel

void DeleteChannel( u_int channel)

Deletechannehumberch from theimage.

void Fwt ( constTransformDescriptotransform[], u_int depth)

Transformthe image using the Fast Wavelet Transform. The two-dimensional
wavelet transformwill be appliedto all channelsindependently The type of
wavelettransformis determinedy thetransformarrayandits lengthdepth
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Image

Image Types
and Formats

SeeAlso

Example

void IFwt ( void )

TransforntheimageusingtheinverseFastWaveletTransform.Thetwo-dimensional

inversewavelettransformwill beappliedto all channelsndependentlyThisis the
inverseoperationof Fwit.

void Scale( f32 scale)

Scaletheimagewith scalingfactorscale

Thefollowing imagetypesaredefined:

IT _Unknown
IT _Mono

IT _CIEY

IT _CIEL

IT _RGB

IT _.CIEXYZ
IT _CIELab
IT _-YUV

IT _YUVr

Unknawvn
Monochromeblack/white)
Greyscale

CIE luminance

RGB color

CIE XYZ color

CIE L*a*b* color

YUV

ReversibleYUV

Thefollowing imageformatsaredefined:

IF _AUTO

IF _PNMASCII
IF _PNMRAW
IF _TIFF

Automatic
PortableAnyMap ASCII
PortableAnyMap Binary
Tag(ged)mageFile Format

The Channel Wavelet Color andColorSpaceclasses.

I

1 Simple

I

#ifndef NULL
#define  NULL 0
#endif

#include  <waili/Image.h>
int  main(void)

{

image compression

example
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const char infile[] = "image.pgm” ;
const char outfile[] = "result.pgm" ;
double threshold = 20.0;

Image image;

/I Read the image
image.lmport(i nfil e);

/I Transform the image using the Cohen-Daubechi es-Feauveau

/I (2, 2) biorthogonal wavelets
Wavelet *wavelet = Wavelet::Create COF(2, 2);
TransformDescr ip to r transform[] = {
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet 1},
{ TT_ColsRows, wavelet }
2
image.Fwt(tran sf or m, sizeof(transfor m)/s ize of (* tr ansfo rm)) ;

/I Zero all entries smaller than the threshold
for (u_int ch = 0; ch < image.GetChann el s() ; ch++)
image[ch]->Thres hold (t hre shol d) ;

/I Inverse wavelet transform

image.lFwt();
/I Write the reconstructed image to a file
image.Export(o  utfi le) ;
return(0);
}
Revision Image.C,v 4.4.2.4  1999/07/20 13:19:02 geert Exp

Image.h,v  4.6.2.3  1999/07/20 13:18:57 geert Exp
Example.C,v 4.0.2.1  1998/06/22 13:49:10 geert EXxp
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Name

Description

Declaration

Virtual
Operations

Lifting — Genericclassfor integer Lifting Shemesteps

This classprovidesa genericlifting stepinterface,to be usedfor wavelet trans-
formsusingtheLifting Sheme

#include(waili/Lifting.h)

Lifting is an abstractbaseclass. No instancesan be declared. Lifting stepson
differenttypesof dataareimplementedhroughinheritance.

void Lift _L1R1_FR (int primal, consts16b[2], constul6a ) const
void ILift _L1R1_FR ( int primal, consts16b[2], constul6a) const
void Lift _L2R2_FR ('int primal, consts16b[4], constul6a ) const
void ILift _L2R2_FR ('int primal, consts16b[4], constul6a ) const
void Lift _L3R3_FR ( int primal, consts16b[6], constul6a) const
void ILift _L3R3_FR ('int primal, consts16b[6], constul6a ) const

Primal (primal = 1) anddual(primal = 0) integerlifting stepswith full rounding.
Lift LmRnFRimplementsalifting operationof theform

n—1
j=—m DjtmY;
a

bl

:L‘Z'(—:Ei-i‘{

with z; andy; thelow passandhigh passsamplegor vice versadependingnthe
valueof primal), and{} aroundingoperation ILift_LmRnFRis thecorresponding
inverseoperation.

void Lift _L1R1_NR ( int primal, consts16b[2], constul6a ) const

void ILift _L1IR1_NR ( int primal, consts16b[2], constul6a) const

void Lift _L2R2_NR ( int primal, consts16b[4], constul6a ) const

void ILift _L2R2_NR ( int primal, consts16b[4], constul6a) const

void Lift _L3R3_NR ( int primal, consts16b[6], constul6a ) const

void ILift _L3R3_NR (int primal, consts16b[6], constul6a ) const

Primal (primal = 1) anddual (primal = 0) integer lifting stepswithout rounding.
Lift LmRnFRimplementsalifting operationof theform

n—1

zi —azi+ Y bjtmyj,

j=m

with z; andy; thelow passandhigh passsamplegor vice versadependingnthe
valueof primal). ILift_LmRnNRis the correspondingnverseoperation.
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Derived
Classes

Name

Declaration

Name

Declaration

void Lift _L1IR1_MX ( int primal, consts16b[2], constul6al, constul6a2 ) const
void ILift _L1R1_MX ( int primal, consts16b[2], constul6al, constul6a2) const
void Lift _L2R2_MX ( int primal, consts16b[4], constul6al, constul6a2) const
void ILift _L2R2_MX ( int primal, consts16b[4], constul6al, constul6a2) const
void Lift _.L3R3_MX ( int primal, consts16b[6], constul6al, constul6a2 ) const
void ILift _L3R3_MX ( int primal, consts16b[6], constul6al, constul6a2) const

Primal (primal = 1) anddual (primal = 0) integerlifting stepswith mixedround-
ing. Lift_LmRnFRimplementslifting operationof theform
;L:_im bj+myj }

T; ¢ a1x; + {
az

with z; andy; thelow passandhigh passsamplegor vice versadependingnthe
valueof primal), and{} aroundingoperation.ILift_LmRnMX is the correspond-
ing inverseoperation.

Lifting operation®n variousobjectsareavailablethroughclasseslerivedfrom the
Lifting class:

LiftChannelR— Lifting operation®ontherows of 2 NTChanned

LiftChannelR ( NTChannet lowpass NTChannet highpass)

CreatealLifting objectfor lifting operation®ntherows of 2 NTChannelslowpass
containsthe low passsampleswhile highpasscontainsthe high passsamples.
Both lowpassandhighpassmusthave the samenumberof rows, andthe number
of columnsof lowpassandhighpasanustdiffer maximum1.

LiftChannelC— Lifting operationsonthe columnsof 2 NTChannes

LiftChannelC ( NTChannet lowpass NTChannet highpass)

Createa Lifting objectfor lifting operation®onthecolumnsof 2 NTChanned. low-
passcontainghelow passsampleswhile highpassontainghehigh passsamples.
Both lowpassandhighpassnusthave the samenumberof columns,andthenum-
berof rows of lowpassandhighpassmustdiffer maximumdl.
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Lifting

LiftChannelR LiftChannelC

Figure3: Inheritancedependencgraphfor thelifting classhierarchy(Lifting).

Plans Add supportfor transformsf arectangulasubareaf a channel.emph???

Dependency  Fig. 3 Inheritancedependengcgraphfor thelifting classhierarchy(Lifting).

Graphs

SeeAlso TheWaveletandChannelclasses.

Revision Lifting.C,v 4521 1999/07/15 10:18:15 geert Exp
Lifting.h,v 4.3 1997/05/05 09:46:35 geert Exp
Lifting.inline.h v 4.0.21 1999/07/20 13:18:58 geert

Exp
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Name Stream— Input/outputwith supportfor compression

Description Flexible file storagewith supportfor simpledatacompressionlf afilenameends
with .gz it will becompressed/decompredsautomaticallyusinggzip.

Stream ()

Createafile handlerfor a stream.

Stream ( constchak name constchak type="r" )

Createafile handlerfor a streamandopenit.
Declaration #include(waili/Storage.h

Public void Read (u8« x, u_intcnt=1)

Operations void Read ( ul6x x, uintcnt= 1)
void Read (u32« x, u_intcnt=1)
void Read ( u64« x, u_intcnt= 1)
void Read ( s8« x, u_intcnt=1)
void Read ( s16x x, u_intcnt=1)
void Read ( s32 x, u_intcnt= 1)
void Read ( s64« x, u_intcnt=1)
void Read ( f32« x, u_intcnt=1)

void Read ( f64x x, u_intcnt=1)

Readcntelementdrom the stream.

void Write
void Write
void Write
void Write

constu8x x, uintcnt=1)
constul6k x, u_intcnt=1)
constu32k x, u_intcnt=1)

constu64« x, u_intcnt= 1)

void Write
void Write
void Write
void Write

consts16kx x, u_int cnt=

(
(
(
(
void Write ( consts8k x, u_intcnt= 1)
(
(
( consts64 x, u_int cnt=
(

1)
consts32« x, uintcnt=1)
1)
1)

constf32« x, u_int cnt=
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void Write ( constf64« x, u_intcnt=1)

Write cnt elementgo the stream.

void Read ( u8& x )
void Read ( u1l6&x )
void Read ( u32& x)
void Read ( u64&x)
void Read ( s8&x)
void Read ( s16&X )
void Read ( s32&X )
void Read ( s64&x )
(f32& x)
void Read ( f64& x)

Readthe elementx from the stream.

void Read

void Write
void Write
void Write
void Write

( constu8& x)
(
(
(
void Write ( consts8& x )
(
(
(
(

constul6&x)
constu32&x )
constu64& x)

void Write
void Write
void Write

consts16&x

)
consts32&x )
consts64&x )
void Write ( constf32& x)
void Write ( constf64& x )

Write the elementx to the stream.

void Puts ( constchak s)

Write the string s to the stream.

void Printf ( constchas fmt, ...)

Formatandwrite a stringto the stream.
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Virtual virtual void Open ( constchas name constchasx mode="r" )

Operations Openthe streamusingfilenamenameandmodemode

virtual void Close( void )

Closethestream.

virtual void RawRead( void« data, int size)
virtual void RawWrite ( constvoid« data, int size)

Reador write araw block of memoryfrom or to the stream.Note thatno endian-
nesscorversionwill bedone!

Endiannes All 1/0 operationsredoneusingnetwork byteordet i.e. mostsignificantoytefirst
or big endian.

SeeAlso Thegzipcommand.

Revision Storage.C,v  4.0.2.2  1999/07/20 13:14:18 geert Exp

Storage.h,v 4.0.2.2 1999/07/20  13:14:16 geert Exp
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Name Timer— Measuremendf executiontimes
Description Thisis asimpleclassfor the measurementf executiontimes.
Declaration #include(waili/Timer.h)

Timer ()

Createatimer.

Timer ( constTimer&t)

Createatimer by copying timert.

Public void Start ( void)

Operations  giartthetimer.
void Stop ( void )
Stopthetimer.

void Reset( void )

Resethetimerto zero.
f32 GetReal( void ) const

Getthe Realpartof theruntime.

f32 GetUser ( void ) const

GettheUser partof theruntime.

f32 GetSystem( void ) const
Getthe Systenpartof theruntime.

Timer GetStamp ( void ) const

Getatime stampcopy of thetimer.

int IsRunning ( void ) const
Checkwhetherthetimeris running.
void Tic ( void )
Resetandstartthetimer.

void Toc ( void )

DumpthecurrentReal UserandSystentuntime to stderr.
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Timeroperator+ ( constTimeré&t)
Timer operator— ( constTimer&t)

Add or subtractwo timersandreturna sumor differencetimer.

void operator+ = ( constTimer& t )
void operator— = ( constTimer& t)

Add or subtractatimerto or from the currenttimer.
SeeAlso Thetimesfunction.

Revision Timer.C,v 4.0 1997/05/05 09:42:23 geert Exp
Timer.h,v 4.0 1997/05/05 09:47:07 geert Exp
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Name Types— Platformindependentypedefinitions

Description This packageprovides someplatformindependentype definitionsfor very com-
montypesof specificsizes.

Declaration #include(waili/Types.h
Generic Types Availabletypesare:

e Unsignednteger

u8 | 8bit unsignednteger

ul6 | 16bit unsignednteger
u32 | 32bit unsignednteger
ub4 | 64 bit unsignednteger

e Signedinteger

s8 8 bit signedinteger

s16 | 16bit signedinteger
s32 | 32bit signedinteger
s64 | 64 bit signedinteger

e |IEEE Floatingpoint

f32 | 32bit floating point
f64 | 64 bit floating point

Pixel type All pixelsareof type PixType :

| PixType | 16bit signedinteger |

Revision Types.h,yv 4.0 1997/05/05 09:47:15 geert Exp
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Util

Name
Description
Declaration

Operations

Definitions

Revision

Utility — Utility routines

Thisfile containssomemiscellaneousitility routinesanddefinitions.

#include(waili/Util.h)

void Die ( constchas fmt, ... )

Exit the programwith aformattederrormessage.
NotYetimplemented

Exit the programwith averboseNot yetimplementedmessage.
TypeMin ( Typex, Typey)
Calculatetheminimum of two objects.

TypeMax ( Typex, Typey )

Calculatethe maximumof two objects.

int Odd ( int x)

Checkwhetheranumberis odd.

int Even (intx)

Checkwhetheranumberis even.

TypeAbs ( Typex )

Calculatetheabsolutevalueof anumber

EPS

e-value.

Util.C,v 4.0.2.2 1999/07/20 12:34:51 geert EXxp
Util.h,v 4.0 1997/05/05 09:47:22 geert Exp
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Wavelet WAILI — Waveletswith IntegerLifting Wavelet

Name Wavelet— Integerwavelettransformsusingthe Lifting Stheme

Description The basicoperationaktepof a wavelettransformis a filter bankwith 2 kinds of
filters: alow passanda high passfilter. These2 filters dependon the type of
wavelet. In awavelettransformthe filter operationsare performediteratively on
thelow passpartof asignal.

The two-dimensionalvavelet transformusesthe samealgorithm,appliedto both
therows andthe columnsof a matrix. Onecanconsiderthe wavelettransformas
a ‘black box’ operation:a matrix is transformednto anothermatrix, its wavelet
representation.

Here the filter operationsare performedin integer math usingtechniquesbased
onthe Lifting Sheme The sequenc®f Lifting stepsis calleda ‘Cake Walk’ and
stronglydepend®n thewavelettype.

Declaration #include(waili/Wavelet.h

Waveletis anabstracbaseclass.No instancesanbe declared Differentwavelet
filters areimplementedhroughinheritance.
Public int GetGStart ( ) const
Operations int GetGEnd () const
int GetHStart () const
int GetHENd () const
Get the start respectrely end position of the high pass(‘G’) respectrely low
pass(‘H)filter.
int GetShiftL ( void ) const
int GetShiftH ( void ) const

Getthenumberof stepg(in basey/2!) the coeficientsof thelow passrespectiely
high passsubbandhave to be shiftedto theleft to obtaintheir realvalues.

u8 GetlID ( void ) const
GettheuniqueprivatelD for this type of wavelet.

Virtual Wavelet« Clone ( void ) const

Operations Make a copy of the currentwaveletfilter.

void CakeWalk ( Lifting& lifting ) const

Performa‘Cake Walk’ operationonthelifting objectlifting.
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void ICakeWalk ( Lifting& lifting ) const

Performaninverse'Cake Walk’ operationon thelifting objectlifting.

Static Wavelet« CreateCDF( u_int np, u_int nd)

Operations CreateaWaveletobjectfor somewaveletfilters of thebiorthogonalCohen-Daubechies-

Feaueaufamily. np andnd arethe numbersof vanishingmomentsfor the primal
respectiely dualwaveletfunction. Thefollowing waveletbasesareavailable. Ta-
ble entriesarein theform (np, nd):

1,3) (1,5) (2,2) (2,4) (2,6)

Notethat (1, 1) is the Haarbasis,and (1, 3) is the waveletbasisusedby Ricoh’s
CREW

(0,0) is usedfor thelazy waveletfilter.

Wavelet« CreateFromID (u8id )

Createa Waveletobjectthatcorrespondso theuniqueprivatelD id.

Name Wavelet Lazy — Lazyintegerwavelettransformusingthe Lifting Sdhheme

Declaration Wavelet Lazy ()

Createa Waveletobjectfor thelazy integerwavelettransform.

Name Wavelet CDFx_y — Cohen-Daubdtes-Feauau (X, y) integer wavelet trans-
formsusingtheLifting Sheme

Declaration Wavelet CDF_1.1 ()
Wavelet CDF_1.3 ()
Wavelet CDF_1.5 ()
Wavelet CDF_2.2 ()
Wavelet CDF_2.4 ()
Wavelet CDF_2.6 ()
Wavelet CDF 4.2 ()
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Wavelet CDF_4.4 ()
Wavelet CDF_4.6 ()
CreateaWaveletobjectfor the Cohen-Daubechies-Feauveauy) integerwavelet
transform.

Note Internallytherealsoexist the classed.iftCoefl CDF_?_?.

Name Wavelet CRF.13.7, Wavelet SWE_13.7 — Integer wavelet transformsusing the
Lifting Sdhemefor somemorewaveletsusedby JPEG2000.

Declaration Wavelet CRF_13.7 ()
Wavelet SWE_13.7 ()
CreateaWaveletobjectfor theCRF(13,7) andSWE(13, 7) integerwavelettrans-
forms.

Dependency  Fig. 4 Inheritancedependencgraphfor the Waveletclasshierarchy(Wavele).

Graphs

SeeAlso ThelLifting andChannelclasses.

Revision Wavelet.C,v  4.1.2.3  1999/04/15 12:26:44 geert Exp

Wavelet.h,v 4.1.2.4  1999/04/15 12:26:48 geert EXxp

Wavelet CDE1.x.C,v 4.1 1997/05/05 09:42:33 geert Exp
Wavelet _CDFE2 x.C,v 4.2.2.1 1999/03/16  15:05:38 geert EXxp
Wavelet CDF4 x.C,v 4.2.21 1999/03/16 15:05:39 geert Exp
Wavelet _JPEG2000.C,v 5.1.2.1 1999/04/15 10:06:05 geert Exp
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Wavelet_Lazy

Wavelet_ CDF_1_1 LiftCoef CDF_1_1

Wavelet CDF_1_x Wavelet CDF_1_3 LiftCoef CDF_1_3 LiftCoef_CDF_1_x

Wavelet_CDF_1_5 LiftCoef CDF_1_5

Wavelet_ CDF_2_2 LiftCoef CDF_2_2

Wavelet_CDF_2_4 LiftCoef_CDF_2_4 LiftCoef_CDF_2_x

Wavelet_CDF_2_6 LiftCoef_CDF_2_6

Wavelet_ CDF_4_2 LiftCoef_CDF_4_2

Wavelet CDF_4_x Wavelet_CDF_4 4 LiftCoef_CDF_4_4 LiftCoef_CDF_4_x

Wavelet_CDF_4_6 LiftCoef_CDF_4_6

Wavelet_ CRF_13_7

Wavelet SWE_13

Figure4: Inheritancedependencgraphfor the Wavelet classhierarchy(\WWavele).
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5 Include dependencies

Fig. 5 Dependeng graphfor thevariousincludefiles.
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Figure5: Dependeng graphfor thevariousincludefiles.
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6

6.1

Installation

Requirements

Beforeyou startbuilding thelibrary, make sureyou have thefollowing itemsat hand:

e adecentUNIX system,
e GNU Make,
e aC+ compilerthatadheredo theISO C+ Standad, e.g.e.g.GNU C+ 2.7.2

6.2

Building the package

e Extractthearchie.
e Changehecurrentdirectoryto Lifting
e Enter

make

to build the package.

For theexperts,thefollowing male targetsareavailable:

— Configurethe package:
make config

— Createthedependencieamongthe varioussourcefiles:
make depend

— Cleanup all objectfiles andexecutables:
make clean

— Cleanup all objectfiles, executablesandconfiguratiorfiles:
make distclean

6.3 Additional notes

By defaultit is assumedhatthe TIFF library is availableon the Linux platform, andthatit’s not
availableontheotherplatforms.|f youwantto changehis,you’ll haveto editthe TIFF* definitions
in thefile Rules.config (createdoy make config ).

Currentlythe Makefile assumegoure usingGNU Make andGNU C+ 2.7.2

The developmentwasmainly doneunderLinux/ia322.0.xand2.2.x with sometestingunderSo-
laris/SFARC 2.5.xand 2.6.x andLinux 2.0.xthrough2.3.xon non-Intel platforms (m68k, PPC,
AXP). Your mileagemayvary on othersystems.

The linker might complainaboutundefinedsymbolson systemswherethe native linker doesnt
supportconstructorandcollect2is used.

If youwantsupportfor TIFF, thenyou needthe TIFF library.
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A A simpledemoprogram

Lifting/test/De mois a simpleinteractve demoprogramthat allows you to play with wavelet
transformslt understandthe following commands:

Hel p
2
Display somehelpinformation.
Quit
Exi t
Terminatethe program.
Load image
Loadanimagefrom file image. Make surethis file doesexist!
Save image
Save the currentimageto file image.
Vi ew
View thecurrentimageusingxv. Make surethexv executablds in your path!
Wavel et nn
UsethebiorthogonalCohen-Daubechies-Feaas waveletwith (n,7) vanishingmoments Make
sureyou selecta supportedvavelet!
Wavel et n
Usea biorthogonalwaveletfrom the JPEG200@raft. Valuesof n:
1 CRF(13,7)
2 SWE(13,7)
Fstep cr
Fstep c
Fstep r
Add onetransformlevel. Thetransformcanoperateon both columsandrows (default), or onthe
columnsor rows only.
Bst ep
Remae onetransformlevel.
I fwt
Performthefull inversetransform.
Noi se var
Add white Gaussiamoisewith variancevar.
Denoi se
Denoisethewavelettransformedmageby usingsoftthresholdingvith a GCV (GeneralizedCross
Validation)estimatedhreshold.Only subbandshatcountatleast1000pixelswill bethresholded.
Backup
Createa backupof the currentimagefor latercomparison.
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Psnr
Calculatethe PSNR (PeakSignalto Noise Ratio) of the currentimage,comparedo the backup
image.

Thr eshol d value
Performhardthresholdingwith thresholdvaluevalue

Scal e value
Scaletheimagewith factorvalue

Hi st ogr amlevel subband channel
View the histogramof subbandsubbandat level level of the decompositiorof channekhannel

Ent r opy

Calculatethefirst orderentrogy (Shannon-Waver) for this channeljn bits perpixel.
Yuv

Convertfrom RGBto YUVr (or vice versa).

All commandganbeabbreiated.

Revision

Demo.C,v 4.6.2.2 1999/04/15  10:10:14
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