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Chapter 1

Intr oduction

1.1 Motivation Behind JasRer

Digital imageryis usedin mary of today's computersoftwareapplications Consequentlysoftwaremodules
that facilitate the handlingof suchdataare often needed.Almost ary applicationprogramthat dealswith

imagesmustaddresghe problemof imageinterchangeandimport/export. Thatis, a meansmustexist for

moving imagedatabetweeran applicationandits externalervironment. Moreover, applicationamustoften
be capableof renderinganimagefor displayon a particularoutputdevice (suchasa monitoror printer)with

reasonablyaccuratecolor/tonereproduction.

Althoughimageimport/export andrenderingarevery basicfunctionalities they areoftennot easilyim-
plemented.Usually animageis representedh a codedformat (suchas JPEG-200Q1P2[8] or JPEG[Z]).
Sincecodingformatsarefrequentlyquite comple, theimport/export of imagedatacanbe a dauntingtask.
Renderinganimagein suchaway asto accuratelyreproduceolor/tonerequiresacolormanagemergcheme
of somesort. Unfortunately developingan effective color managemengénginecanrequireconsiderablef-
fort.

A searcHor asolutionto theabove problemded to the developmentof the JasPesoftware. Theremain-
derof thisdocumenprovidesa detaileddescriptionof thethis software.

1.2 What is JasRer?

In simpleterms,JasPers a softwaretool kit for the handlingof imagedata. The softwareprovidesa means
for representingmages,andfacilitatesthe manipulationof imagedata,aswell astheimport/export of such
datain numeroudormats(e.g.,JPEG-200@P2[8], JPEG[Z], PNM [4], BMP [17], SunRaster le[13], and
PGX[9]). Theimport functionality supportghe auto-detectiorfi.e., automaticdeterminationpf theimage
format,eliminatingtheneedto explicitly identify theformatof codedinputdata.A simplecolormanagement
engineis alsoprovidedin orderto allow the accurateepresentationf color. Partial supportis includedfor
thelCC colorpro le le format[7], anindustrystandardor specifyingcolor.

The JasPesoftware consistsof a library andseveral applicationprograms.The codeis writtenin the C
programmindanguagd 3, 11]. Thislanguagevaschosemrimarily dueto theavailability of C development
ervironmentsfor mostof today's computingplatforms. At presentJasPerconsistsof approximately40K
lines of code. Althoughwritten in C, the JasPelibrary canbe easilyintegratedinto applicationswrittenin
the C++ programmingdanguageaswell.
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1.3 Software License

JasPesoftwaredevelopmenis basedn anopen-sourcenodel. A copy of thesoftwarelicensecanbefound
in AppendixA.

1.4 Other Sourcesof Information on JasRer

For moreinformationaboutthe JasPesoftware,pleasevisit thefollowing webpages:
JasPeProjectHomePage(i.e., http://www.ece.uvic.ca/ mdadams/jasper )

JasPeBoftwareAnnouncement&roup(i.e., http://groups.yahoo.com/group/jasper- announce )

By joining this group,onecaneasilyobtainup-to-dateénformationaboutthe JasPeProjectin atimely
fashion.The associatednailing list is usedto announcenew release®f the softwareanddisseminate
otherimportantinformationaboutJasPer

JasPe6oftwareDiscussionGroup(i.e., http://groups.yahoo.com/group/jasper- discussion ).

For moreinformationaboutthe JasPesoftwareandJPEG-200Gtandardthereadeiis referredto [ 6, 5].

1.5 Origin of the Name

The JasPesoftwareis named,n part, after JaspeNational Park, the largestnationalparkin the Canadian
Rockieswith 10,878squarekilometresof mountainwilderness As it happensjasperis alsothe nameof an
opaquecryptocrystallinevariety of quartzusedfor ornamentatioror asa gemstone—hencéhe implication
thatthe softwareis precious(i.e., like a gemstone).Lastly, the name“jasper” was also chosenbecauset
containsaletter“J” followedsubsequentlpy aletter“P”, notunlike theabbreiation “JP” thatis associated
with the JPEG-200Gtandard.


http://www.ece.uvic.ca/~mdadams/jasper
http://groups.yahoo.com/group/jasper-announce
http://groups.yahoo.com/group/jasper-discussion

Chapter 2

JasRer Software

2.1 Versionldenti cation

As the JasPesoftwarecontinuedo evolve overtime, it is importantto be ableto identify particularreleases
of the software. Every releaseof the JasPesoftwareis namedby a versionidenti er. A versionidenti er is
comprisedf threeintegersseparatetby dots.In order thethreeintegerscorrespondo the major, minor, and
micro versionnumberdgor the software. For example theversionidenti er “1.500.0” correspond$o a major
versionof 1, a minor versionof 500,anda micro versionof 0. In instancesvherethe micro versionis zero,
the versionidenti er may be truncatedafterthe minor versionnumber For example,the versionidenti er
“1.500” is completelyvalid andsimply anabbreiation for “1.500.0".

Giventwo differentrelease®f the JasPesoftware,one caneasilydeterminewhich oneis morerecent
by comparingthe versionidenti ers, asfollows: 1) if the major versionnumbersdiffer, the releasewith
the highermajorversionnumberis newer; 2) if the major versionnumbersareequalandthe minor version
numberdiffer, thereleasewith thehigherminorversionnumberis newer; or 3) if themajorversionnumbers
areequalandthe minor versionnumbersareequal thereleasewith the highermicro versionis newer.

2.2 Obtaining the Software

Thelatestversionof the JasPesoftwarecanbe downloadedrom thefollowing locations:
JasPeProjectHomePage(i.e., http://www.ece.uvic.ca/ 'mdadams/jasper )

JPEGWeb Site SoftwarePage(i.e., http://www.jpeg.org/software )

2.3 Extracting the Software

The JasPesoftwareis distributedin the form of a Zip le. Therefore,in orderto extract the contentsof
this le, aprogramcapableof handlingZip archivesis required.Suchsoftwareis readily availablefor mary
differentcomputingplatforms,andcanbe obtainedfrom:

Info-Zip Web Site (i.e., http://www.info- zip.org ). Unzip softwarefor mary differentcomputing
platforms(e.g.,UNIX, DOS,MacOSetc.).

WinZip Web Site(i.e., http://www.winzip.com ). Zip/Unzip softwarefor Microsoft Windows.


http://www.ece.uvic.ca/~mdadams/jasper
http://www.jpeg.org/software
http://www.info-zip.org
http://www.winzip.com
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2.4 Building the Software

Obviously, beforethe softwarecanbebuilt, the contentsof thearchive le containingthe JasPedistribution
mustbeextracted.

TheJasPecodeshouldcompileandrun on ary platformwith a C languagamplementatiorconforming
to ISO/IEC9899:1999 3] (i.e.,theISO C languagestandardandsupportinga subsebf ISO/IEC9945-1[ 1]
(i.e.,the POSIXC API). Only limited POSIXsupportis required(i.e., the open,close read,write, andlseek
functionsmustbe supported).

Portability was a major considerationduring the designof the JasPersoftware. For this reason,the
softwaremakesminimal assumptiongboutthe runtimeervironment. The codeusesvery little oating-point
arithmetic,mostof which canbe attributedto oating-point corversionsin printf's. This minimal useof
oating-point arithmeticshouldmake the codemucheasietto portto platformslackinghardwaresupportfor
oating-point arithmetic.

The speci ¢ procedurerequiredto build the JasPesoftware dependn the type of systeminvolved.
Only two differentbuild methodsaresupported.The rst methodis basedon the well knowvn make utility
andshouldwork on mostUNIX (or UNIX-lik ) systems.The secondmethodis speci cally tailoredto the
needsof Microsoft Visual C underMicrosoft Windows. In passing,we note that by using free software
suchasCygwin (http://www.cygwin.com ), onecanalsocreatea UNIX-lik e environmentunderMicrosoft
Windows in whichto build JasPeusingthe rst method.

If you areunfortunateenoughto have a compilerthatis not compliantwith ISO/IEC 9899:1999,you
may needto make somechangedo the code. Unfortunately even someof the mostpopularC language
implementationslo not strictly complywith the standard Onesuchexampleis Microsoft VisualC 6.0. Due
to the popularity of Visual C, however, seseral workaroundshave beenaddedto the JasPercodeto ensure
thatit will compilesuccessfullyith Visual C.

Thecurrentversionof the JasPesoftwareis known to compilein thefollowing ervironments:

RedHatLinux 7.3,GNU C 2.96,GNU Make 3.79.1
SunOS/SRRC 5.7,GNU C 2.95,SunOSmake
Windows 2000ProfessionalMicrosoft Visual C 6.0

Of course the softwareshouldcompilesuccessfullyn mary otherervironmentsaswell. For example,past
versionsof JasPehave beenreportedo build successfullyn thefollowing ervironments:

Apple MacintoshPPCG3, Rhapsody.6,GNU C 2.7.2.1
Paver Macintosh,GNU/Linux 2.2.15pre9GNU C 2.95.2
SUnSRARC, Solaris2.7,GNU C 2.95.2
Compag/DECAIpha, OSF/14.0F, GNU C 2.95.2

IBM PaverPC,AIX 4.2,GNU C 2.95.2

HP 9000/712HP-UX 10.20,GNU C 2.95.2

SGI Origin 200,IRIX 6.5,GNU C 2.95.2

OpenVMSAIpha7.2-1with CompagC compilerV6.2-008(after creatingcustommake les)


http://www.cygwin.com
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2.4.1 Build Procesdor UNIX (or UNIX-Lik e) Systems

The JasPesoftware is intendedto be built usingthe standardUNIX male utility (in conjunctionwith a
con gure script).

If you needa C compilerthatis reasonablycompliantwith the ISO/IEC 9899:1999standardyou can
obtainGNU C from the GNU Projectwebsite(i.e., http://www.gnu.org ). If youneedanimplementation
of themale utility, you canalsoobtainGNU Make from thethe GNU Projectwebsite. All GNU softwareis
freesoftware.

In what follows, $TOPDIR denotesthe top level directory of the JasPeisoftware distribution (i.e., the
directorycontainingthe le namedconfigure ). To build the software,the following stepsarerequired(in
order):

1. Setthecurrentworkingdirectoryto thetop level directoryof the JasRer softwake distribution.
To setthe currentworking directoryasrequired type:

cd $TOPDIR
(where$TOPDIRis de ned asdescribedkarlierin this section).

2. Performtheinitial con guration of the softwae.

Thisis accomplishedby runningthe con gure script. This processllows importantinformationabout
thesystencon gurationto bedeterminedThecon gure scriptalsogeneratemale les from male le
templatesin theory it shouldnotbenecessaryo manuallyeditary of themale le templategi.e.,the
Make le.in les) usedby thecon gure program.To invoke the con gure program type:

Jconfigure

Thecon gure scriptacceptanumberof options. Theseoptionscanbelistedby invokingthecon gure
commandwith the - - help option. Unlessyou know what you are doing (or have problemswith
the default build settings),it is strongly recommendedhat you not override the default settingsfor
con gure.

In somecasesijt maybenecessaryo explicitly disablethe useof thelJG JPEGIibrary (i.e., libjpeg).

This is accomplishedy supplyingthe - - disable- libjpeg  optionto con gure. For example,such
actionmay be requiredif the versionof the JPEGlIibrary installedon your systemis not compatible
with theversionof JasPebeinghbuilt. Also, whenbuilding underthe Cygwin environment,it may be
neccessario explicitly disabletheuseof the JPEGlibrary.

In somesituations,it may be necessaryo explicitly disablethe useof the OpenGLlibraries. Thisis
accomplishedby supplyingthe- - disable- opengl optionto con gure.

3. Compileandlink the softwae.
Thisis accomplishedia the make command.To runthe make program type:

make

4. Install the softwae.

This stepmay requirespecial(e.g.,superuser/administratopyivilegesdependingon the target direc-
tory for installation. (The default installationdirectoriesare normally under/usr/local .) Toinstall
theexecutableslibraries,include les, andotherauxiliary data,type:

make install

Presuminghatthe build wassuccessfulthe executablegor the JasPerpplicationprogramscanbefoundin
thedirectory$TOPDIR/src/appl


http://www.gnu.org
$TOPDIR
configure
$TOPDIR
$TOPDIR
./configure
--help
--disable-libjpeg
--disable-opengl
make
/usr/local
$TOPDIR/src/appl
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2.4.2 Build Procesdor Micr osoftVisual C Studio under Micr osoft Windows

With Microsoft Visual C, the entirebuild processs drivenfrom workspaceandproject les. For the sale of
corvenienceall of theworkspaceandproject les necessaryo build the JasPesoftwareareprovided.

In what follows, $TOPDIR denotesthe top level directory of the JasPeisoftware distribution (i.e., the
directorycontainingthe le namedconfigure ). To build the software,the following stepsarerequired(in
order):

1. If necessaryinstall the OpenGLand GLUT librarieson your system.

Thesdibrariesarerequiredin orderto build thejiv applicationprogramwhichis includedin the JasPer
software. The JasPelibrary itself andthe otherapplicationprogramsncludedwith JasPecanbe built
withoutthe OpenGLandGLUT libraries,however.

2. RunMicrosoftVisual C.

3. Openthe JasRer workspacele .

TheJasPeworkspacele is calledjasper.dsw andcanbefoundin thedirectory$TOPDIR/src/msve
Theworkspacele canbeopenedisingthe“File” menu.

4. Build thecode

Fromthe“Build Menu”, selectthe “Batch Build” item. Choosethe projects/con gurationghatareto
be built, andthen,click on the “Build” button. If you do not have the OpenGLand GLUT libraries
(andtheir associatedheader les) installedon your system,you shouldnot attemptto build the jiv
application.

Presuminghatthebuild wassuccessfulthereleaseanddehug versionsof theexecutablegor the JasPesoft-
warecanbefoundin thedirectoriess TOPDIR/src/msve/Win32_Release and$TOPDIR/src/msve/Win32_Debug
respectrely.

2.4.3 Dependencie®n Other Software

In orderto have accesso thefull functionalityof the JasPesofware,you mayneedto install someadditional
softwareon your system.This softwaremustbeinstalledbeforeyou attemptto build JasPer

In orderto compilethe JasPesoftwarewith JPEGsupportyouwill needto downloadandinstallthefree
IJG JPEGIibrary whichis availablefrom the |IJG website (i.e., http://www.ijg.org ). If youarenotusing
acon gure-baseduild for JasPerthenyou will needto manuallychangethe build procesdo usethe code
inthe les jpg_enc.c andjpg _dec.c insteadof jpg_dummy.c . (Note: Thesethree les arecontainedn the
JasPedistribution, notthe1JG library.)

In orderto build the jiv application,you will needthe OpenGLand GLUT librariesinstalledon your
system. It would appearthat Windows 2000 and Windows XP ship with the OpenGLlibrary from Mi-
crosoft. Most recentversionsof UNIX ship with OpenGLsupportincluded. The GLUT library is less
commonand, therefore,may not be installedon your system. To obtainthe GLUT library, one canvisit:
http://www.opengl.org/developers/documentation/glut . For moreinformationon the OpenGLlIi-
brary, see:http://www.opengl.org

At thetime of this writing, a binary distribution of the GLUT library for Windows is availablefrom the
OpenGLwebsite:

http:/lwww.opengl.org/developers/documentation/glut/glutdlls 37beta .zi p

This archive le containsthree les of interest: 1) gluth , 2) glut32.lib  , and 3) glut32.dll . The
le gluth le shouldbeinstalledin a directoryin which the C compilersearchedor headerles (e.g.,


$TOPDIR
configure
jasper.dsw
$TOPDIR/src/msvc
$TOPDIR/src/msvc/Win32_Release
$TOPDIR/src/msvc/Win32_Debug
http://www.ijg.org
jpg_enc.c
jpg_dec.c
jpg_dummy.c
http://www.opengl.org/developers/documentation/glut
http://www.opengl.org
http://www.opengl.org/developers/documentation/glut/glutdlls37beta.zip
glut.h
glut32.lib
glut32.dll
glut.h
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$TOPDIR/src/include/jasper ). The glut32.lib le shouldbeinstalledin a directoryin which the C
compilersearchegor libraries. The glut32.dll le shouldbeinstalledin a directoryin which the system
looksfor dynamically-linkedlibraries.

2.5 Reporting Bugs

If you are unfortunateenoughto encounterary problemswith the JasPeisoftware, pleasesubmita bug
report.In orderto ensurethatyour bug reportcanbe properlyprocessedalwaysbe sureto includeall of the
following information:

Theversionof JasPem which the problemwasfound.

Thedetailsof therun-timesystem(i.e., operatingsystemyersionnumber).
Thecompilerthatyou areusing(i.e., vendor versionnumber).

The exactcommandine optionsusedwhenthe problemwasobsenred.

Indicatewhetheror not the problemis reproducible.If the problemis reproduciblejndicatethe exact
stepsrequiredto reproducehe problem.

A detaileddescriptionof the problemthatyou areexperiencing.

It is essentialthat you include all of the above information. Failureto do somayresultin the bug report
notbeingprocessedYour completebug reportshouldbe sentto mdadams@ieee.org .


$TOPDIR/src/include/jasper
glut32.lib
glut32.dll
mdadams@ieee.org
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Chapter 3

JasRer Library

3.1 Intr oduction

The heartof the JasPesoftwareis the JasPelibrary. In fact, mostof the codein JasPers associatedvith

this library (asopposedo the JasPesampleapplicationprograms).The JasPetibrary providesclassedgor

representingmages,color pro les (i.e., color spacede nitions), and otherrelatedentities. Eachof these
classediasawell-de ned interfacethroughwhich anapplicationmayinteractwith classobjects.Thelibrary

canbeusedto manipulatdmagesjmport/exportimagedatain a variety of formats,andperformbasiccolor
managemendperations.

Conceptuallythe JasPetlibrary is structuredasshovn in Fig. 3.1. Thelibrary consistsof two distinct
typesof code:1) corecode,and2) codecddrivers. Thecorecodeprovidesthebasicframavork uponwhichthe
library is built, while the codecdriversonly provide the meansfor encoding/decodingnagedatain various
formats.All applicationinterfacesarethroughthe corecode.The codecdriversareonly ever directly called
by thecorecode,never by anapplication.

The codecsupportin the JasPelibrary is both modularandextensible. A well-de ned interfaceexists
betweenthe core codeand codecdrivers. Moreover, supportfor a new imageformat canbe easilyadded
without having to modify thelibrary in ary way. To do so,a codecdriver for the new formatsimply needgo
be provided. Furthermorean applicationneedonly include codecdriversfor the imageformatsthatit will
use. In this way, anapplicationcanavoid the costof increasednemoryconsumptiorfor codecdriversthat
areneverto beemployed.

Application Program

Base Library
(Image Class)

_ o

Figure3.1: Softwarestructure.
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3.2 CoreCode

The corecodeprovidesa numberof key classesasdescribedbelon. (To avoid namespacecollisions,all of
theidenti ers usedby the corecodearepre x edwith eitherjas_ or JAS_.)

1. Imageclass(i.e., jas_image_t ). This classis usedto representain image. Methodsare provided
for suchthingsas: imagecreation/destructiorqueryinggeneraimagepropertieqe.g.,referencegrid
width andheight,color pro le), queryingcomponenpropertiese.g.,width, height,grid offset, grid
spacing componentype, sampleprecision/signednessjettingvariousimagepropertiesjoadingand
savzing animage(i.e., encoding/decoding)xopying animage,addingand deletingcomponentsand
readingandwriting componentiata.

2. Colorpro le class(i.e.,jas_cmprof t ). Thisclassis usedto de ne acolorspace Suchade nition is
maderelative to areferencecolor spacesuchasCIE XYZ or CIE Lab[7].

3. Colortransformclass(i.e., jas_cmxform_t ). This classis usedto apply a color spacecorversionto
imagedata.A color spacdransformis createdrom two or morecolor pro les.

4. Streamclass(i.e., jas_stream_t ). This classprovides!/O streamssimilar to that of standardC li-
brary [3], but with additionalfunctionality requiredby other codein the JasPellibrary. This extra
functionality includes: 1) the ability to associatean objectotherthana le descriptorwith a stream
(suchasa memorybuffer), and2) multi-characteunget.

5. Fixed-pointnumberclass. This templatedclass(i.e., a setof macros)providesa x ed-pointhnumber
class.Supportis providedfor basicarithmeticoperationstype corversion,androunding.

6. Tag-value parserclass(i.e.,jas_tvp_t ). This classis usedto parsestringscontainingone or more
tag-\alue pairs. A tag-wvalue pair is a string of the form “tag=value”. Tag-\alue pairs are usedby
someinterfaceswithin JasPein orderto passparametersFor example,suchpairsare usedto pass
optionsto codecdriversfor encoding/decodingperations.Methodsare providesfor suchthingsas:
creation/destructionnding thenext tag-valuepairin a string,andqueryingthe currenttagandvalue.

In additionto the above classessomeotherfunctionality is provided, including commandine parsingrou-
tines(similarin spiritto UNIX getopt ).

3.3 CodecDrivers

The core code provides a frameawork for housingcodecdrivers. A codecdriver provides the meansfor
encoding/decodingf imagedatain a particularformat. Eachdriver providesthreemethods:1) anencoding,
2) decoding,and 3) validationmethod. The encodingmethodemitsthe codedversionof animage(i.e., a
jas_image t object)to astream(i.e.,ajas_stream t  object). Thedecodingmethodcreatesanimage(i.e.,
ajas_image_t object)from thecodeddatain a stream.Thevalidationmethodis usedto quickly testif the
datain a streamis formattedcorrectlyfor theimageformatin question.This particularmethodis usedfor
theautodetectiomf imageformats.

The codecdrivers provided with the JasPedistribution arewritten in orderto accommodatstreamed
data. In otherwords, image datastreamsare always processedn a single pass. This designphilosoply
eliminategheneedfor astreamobjectto be seekableAs aresult,it is possibleto write applicationprograms
thatreceve datafrom, or senddatato, pipelinesor otherentitiesthatdo not supportrandomaccesgo data.
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Component N :

Component 2

Component 1 (b)

Component 0
(a)

Figure3.2: Imagemodel.(a) An imagewith N components(b) Individual component.

3.4 Image Model

The setof applicationsfor which JasPemay be a usefultool is dictated,in part, by theimagemodelthat
JasPeemploys. Thereforejt is prudentto introducethis modelhere. Theimagemodelemployed by JasPer
is quitegeneralndpartially inspiredby the oneusedin the JPEG-200Gtandard.

An imageis comprisef oneor morecomponentsln turn,eachcomponentonsistof rectangulaarray
of samplesThis structureis depictedn Fig. 3.2 The samplevaluesfor eachcomponentreintegervalued,
and can be signedor unsignedwith precisionfrom 1 to (nominally) 16 bits/samplé. The signednessnd
precisionof thesampledataarespeci ed on percomponenbasis.All of thecomponentsreassociateavith
samespatialextentin animage,but representifferenttypesof information.

Thereis considerablee xibility in theinterpretatiorof componentsA componenmayrepresenspectral
information(e.g.,a color plane)or auxiliary information(e.g.,anopacityplane).For example,aRGBimage
would have threecomponentswhereonecomponents associateavith eachof thered,greenandbluecolor
planes A RGBA (i.e.,RGBwith transpareng) imagewould have four componentspneassociateavith each
of thered,greenblue,andalphaplanes.Thevariouscomponentseednotbesampledatthe sameresolution.
In otherwords,differentcomponentsnay have differentsamplingperiods.For example ,whencolorimages
arerepresente¢h aluminance-chrominanceolor spaceijt is not uncommorfor the luminanceinformation
to bemore nely sampledhanthe chrominancenformation.

Sinceanimagecanhave a numberof componentsa meananustexist for specifyinghow thesecompo-
nentsare combinedtogetherin orderto form a compositeimage. For this purpose we employ/ aninteger
lattice known asthereferencegrid. Thereferencegrid providesananchorpoint for the variouscomponents
of animage,andestablishesheir alignmentrelative to oneanother

Eachcomponenis associatedvith a rectangularsamplinggrid. Sucha grid is uniquely speci ed by
four parametersthe horizontaloffset (HO), vertical offset (VO), horizontalspacing(HS), andvertical spac-
ing (VS). The samplesf a componentarethenmappedonto the pointswherethe samplinggrid intersects
thereferencagrid. In thisway, sampl€(i; j) of acomponents mappedo theposition(HO+ iHS;VO+ jVS)
onthereferenceyrid.

To clarify the above text, we now presentan illustrative example. Consideran imagewith threecom-
ponents.For the kth component|et us denotethe horizontalgrid offset, vertical grid offset, horizontalgrid

1The maximumallowable precisionis platform dependentMost commonplatforms,however, shouldbe ableto accommodatet
least16 bits/sample.
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Figure3.3: Alignmentof component®n thereferencegrid.

spacing,andvertical grid spacing,asHOy, VO, HSy, andVSy, respectiely. Supposefor example,that
theseparametersave thefollowing values:

K | (HO;VOK) | (HS(;VSy)
0] (0,0 2.2)
1l @3 3,4)
2| (3,2 4,3)

In this scenariothe componentsampleswould be alignedon the referencegrid asillustratedin Fig. 3.3.
Perhapsit is worth nothingthatthe above setof parametewalueswaschoserin orderto provide anenlight-
eningexample,andis not meantto represeng setof valuesthatis likely to be usedwith greatfrequeny by
applications.

From above, we can seethat the image model usedby JasPeiis quite general. The main constraint
imposedby this modelis that rectangulaisamplingmustbe emplo/ed. The vastmajority of applications,
however, usesuchsampling. Also, with JasPerone can easily accommodategrayscale color, and other
multi-banddata(with or without opacityinformation).

3.5 JasRer HeaderFiles

In orderto usethe JasPetibrary, a C source le normally mustincludethe main JasPetibrary headerle
jasper/jasper.h . This canbeaccomplisheavith thefollowing preprocessadirective:

#include  <jasper/jasper.h>

Themainheaderle includesall of the otherlibrary headerles. Thereforein orderto insulateapplication
codefrom possiblechangego the namesof the otherlibrary headerles, oneshouldonly ever includethe
mainlibrary headedirectly.

3.6

The rst usageof thelibrary mustalwaysbeto initialize it. This is accomplishedy calling jas_init . If
ary otherfunctionality of thelibrary is usedbeforethis initialization is performedtheresultingbehaior is
unde ned.

Initializing the Library


jasper/jasper.h
<jasper/jasper.h>
jas_init
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3.7 Memory Allocation

All memoryallocationin the libjasperlibrary is performedvia the functionsjas_malloc , jas_realloc
jas_calloc , andjas free . If oneis trying to portthe JasPecodeto anembeddeglatform, it might be
necessaryo changethesefunctionsto usea platform-speci c memoryallocator ratherthan malloc and
friends.

3.8 Adding Support for a New Image Format

Supportfor new imageformatscanbeeasilyaddedo JasPerln orderto addsupportfor anew imageformat,
onemustprovide threefunctions:

1. anencodingfunction,
2. adecodingfunction,and
3. avalidationfunction.

The encodingfunction emitsthe codedversionof animage(i.e.,anjas_image t object)to a stream(i.e.,
ajas_stream_t  object). The decodingfunction createsanimage(i.e., anjas_image t  object)from the
codeddatain a stream(i.e., a jas stream t  object). The validationfunction is usedto quickly testif a
datastreamis formattedcorrectlyfor theimageformatin question.(This functionalityis necessaryor the
autodetectiomf imageformats.)

The exacttypesandargumentsaken by the encoding,decoding,andvalidationfunctionscanbe found
by examiningthe codefor theimageformatsalreadysupportedy JasPe(e.g.,PNM, BMP, JPEG) Oncethe
above functionshave beenwritten, the JasPetibrary canbe madeawareof the new imageformatthrougha
call to jas_image_addfmt . This call, of course mustbe madeafterthe JasPelfibrary hasbeeninitialized.
The codefor thejas_init  functiongivessereralexamplesof how thejas image addfmt  function might
beinvoked.


jas_malloc
jas_realloc
jas_calloc
jas_free
malloc
jas_image_t
jas_stream_t
jas_image_t
jas_stream_t
jas_image_addfmt
jas_init
jas_image_addfmt
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Chapter 4

Application Programs

4.1 Intr oduction

In orderto demonstratbow theJasPelibrary canbe usedseveralsampleapplicationprogramsareprovided
in the JasPersoftware distribution. Theseprogramsinclude: jasper , jiv , imgcmp, andimginfo . The
jasper programis animagetranscode(i.e., it corvertsimagedatafrom oneformatto another).Thejiv
programis a simpleimageviewer (basedn OpenGL).Theimgcmp programis animagecomparisorutility.
It measurethedifferencebetweertwo imagesusingoneof numerouslistortionmetrics(suchaspeaksignal-
to-noiseratio, meansquarecderror, root meansquarederror, peakabsoluteerror, and meanabsoluteerror).
Theimginfo  programpravides basicinformation aboutan image, suchasits geometry(i.e., numberof
componentswidth and height of componentsand so on). Although the abore-mentionedprogramsare
intendedmainly for demonstratiopurposesthey have alsoprovenquite usefulin their own right, especially
thejasper andjiv programsin thesectionghatfollow, eachof theabose-mentionegrogramss described
in moredetail.

4.2 The jasper Command

Synopsis

jasper [options]

Description

Thejaspercommandonvertsimagedatafrom oneformatto another In otherwords,thiscommandunctions
asageneral-purpostanscoderSincethe JPEG-2000ormatis supportedy this software,it canbeusedas
aJPEG-200@&ncoderand/ordecoder

Options
Thejaspemrogramacceptghefollowing options:

- - help
Printusagenformationandexit.

- - version
Printtheversionandexit.


jasper
--help
--version
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-input le

-f le
Readtheinputimagefrom the le namedle . By default, theinputimageis readfrom standardnput.

- input-  format format

-t format

Specify the format of the input imageasformat In mostcircumstancesthis option shouldnot be
neededasthe formatis normally autodetectethy examiningtheimagedatadirectly or deducedrom
theinput le nameextensionif aninput le is speci ed(viathe- - input option).

- input-  option option

- 0 option
Provide the option optionto the decoder The valid valuesfor the algumentoption aredeterminecdy
theinputimageformat. Seebelow for moredetails.

-output  le

-F le

Write the encodedmageto the le namedle. By default, the encodedmageis written to standard
output.

- output- format format

- T format

Producethe outputimagein the formatindicatedby format The outputformat mustbe speci ed if
anoutput le is notgiven (via the "—output” option). If anoutput le is givenandno outputformatis
speci ed,anattemptwill bemadeto deducehe correctformatfrom the output le nameextension.

- output- option  option

- Ooption
Provide the option optionto the encoder The valid valuesfor the algumentoption aredeterminecdy
theoutputformat. Seebelov for moredetails.

- verbose

Enableverbosemode.

- force-  srgh

Forcethe imageto be corvertedto the SRGBcolor spacebeforeencoding. As a side effect, the im-
agewill alsobe homogenouslsampled(i.e., all componentsare sampledat the samepointson the
referencayrid).

Theamumentformatmusthave oneof thefollowing values:

Value | Description

bmp | Windows BMP

ip2 JPEG-200QP2

jpc JPEG-200@odeStream
iPg JPEG

pgx PGX

pnm | PNM/PGM/PPM

mif My ImageFormat

ras SunRaster le



--input
-f
--input-format
-t
--input
--input-option
-o
--output
-F
--output-format
-T
--output-option
-O
--verbose
--force-srgb

4.3. THE IMGCMP COMMAND 17

Examples

1. Supposdhatwe have animagestoredin the PNM/PPMformatin a le calledlena.ppm . To encode
this image (losslessly)in the JPEG-200QIP2format, and storethe resultin a le calledlena.jp2

type:

jasper --input  lena.ppm --output  lena.jp2  --output-format ip2
Or, alternately(usingshortoptionnames)type:

jasper -f lena.ppm -F lenajp2  -T jp2

2. Suppos¢hatwe have aRGB colorimagestoredn theJPEG-200QP2formatin a le calledlena.jp2
To encodethisimagein the PNM/PPMformat,andstoretheresultin a le calledlena.ppm , type:

jasper --input  lenajp2  --output  lena.ppm --output-format pnm
Or, alternately(usingshortoptionnames)type:
jasper -f lenajp2  -F lena.ppm -T pnm

3. Supposdhatwe have animagestoredin the BMP formatin a le calledlena.bmp . To encodethis
imagein alossymannerat 100:1compressiornin the JPEG-200(codestream)format, andstorethe
resultin a le calledlena_lossy.jpc , type:

jasper -f lena.bmp -F lena_lossy.jpc -T jpc -O rate=0.01

4. Supposdhatwe have animagestoredin a le calledsachie.pnm in the PNM/PPMformat, andwe
wantto encodetheimagein the JPEG-200(codestream)formatandstoretheresultin a le named
sachie_new.jpc . Further supposethat we want the JPEG-2000format to employ the following
parameters:

codeblocksare64 samplesn width and32 samplesn height
no multicomponentransformis to be employed

4 resolutionlevels shouldbe employedfor eachcomponent
thecompressiotis lossyat 64:1

In orderto accomplistitheabove, type:

jasper -f sachie.pnm -F sachie_new.jpc -T jpc -O cblkwidth=64  -O chlkheight=32
-0 nomct -O numrlvis=4  -O rate=0.015625

4.3 Theimgcmp Command
Synopsis

imgcmp [options]

Description

Theimgcmpcommanccompareswo images.Thetwo imagesheingcomparednusthave thesamegeometry
(i.e.,thesamewidth, height,numberof componentsgomponensubsamplindactors.etc.).


lena.ppm
lena.jp2
lena.jp2
lena.ppm
lena.bmp
lena_lossy.jpc
lena_lossy.jpc
sachie.pnm
sachie_new.jpc
sachie_new.jpc
imgcmp
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Options
Thefollowing optionsaresupported:

-f le
Readthe primary(i.e., reference)mage(for comparisorpurposesjrom the le namedle.

-F le
Readthe secondarymage(for comparisorpurposesjrom the le namedle.

- mmetric
Usethe differencemetric speci ed by metric. The metricargumentmay assumeneof thefollowing
values:

Value | Description

psnr | peaksignalto noiseratio (PSNR)
mse | meansquarecerror(MSE)

rmse | rootmeansquarecerror(RMSE)
pae peakabsoluteerror (PAE)

mae | meanabsolutesrror(MAE)

equal | equality

The-f and- F optionsmustalwaysbe speci ed. Thereis currentlyno way to explicitly specifytheformat
of theimages.If theformatof eitherimagecannotbe autodetectedhe commandwill exit with anerror.

Examples
1. Supposehatwe have two slightly differentversionsof animagestoredin les original.pgm  and
reconstructed.pgm . In orderto calculatethe differencebetweertheseimagesusingthe PSNRmet-
ric, type:
imgcmp -f  original.pgm -F reconstructed.pgm -m psnr

4.4 Theimginfo Command
Synopsis

imginfo  [options]

Description

The imginfo commanddisplaysinformationaboutan image. This commandis really only intendedto be
usedfrom shellscriptsfor testingpurposes.

4.5 ThejivCommand

Synopsis
jiv [options][lel le2 ::i]


-f
-F
-m
-f
-F
original.pgm
reconstructed.pgm
imginfo
jiv
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Description

The jiv commanddisplaysan image. Basic panandzoom functionality is provided. Componentf an

imagemaybeviewedindividually. Color componentsnayalsobeviewedtogethermsacompositémage.At

presentthejiv imageviewer hasonly trivial supportfor color. It recognize®RGB andYCbCr color spaces,
but doesnotusetonereproductiorcurvesandthelik e in orderto accuratelyreproducesolor. For basictesting
purposeshowever, thecolor reproductiorshouldsufce.

Options

Thefollowing optionsaresupported:

- - help
Printhelpinformationandexit.

--wait n
Automaticallystepfrom oneimageto the next, pausingfor n secondsn between.


--help
--wait
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Chapter 5

Codecs

The JasPesoftware providesimplementation®f several popularcodecs.Likely, the onesof mostinterest
arethoseassociateavith the JPEG-200Gtandard.The sectionsthat follow describethe variouscodecsin
moredetail.

5.0.1 BMP Codec

Oneof themostpopularimageformatson the Microsoft Windows platformis Microsoft's BMP format. The
BMP codecin JasPewaswritten withoutthe bene t of the BMP formatspeci cationfrom Microsoft. This
meanghatthe BMP supportwill inevitably notwork correctlyfor all valid BMP les.

Encoder Options

Theencoderdoesnot supportary specialoptions.

DecoderOptions

Thedecodedoesnot supportary specialoptions.

5.0.2 JP2Codec

Oneof thetwo imageformatsspeci edin the JPEG-200@Part-1standard(i.e., ISO/IEC 15444-1[9]) is the
socalled“JP2” format.

Encoder Options

Theencodesupportsall of the sameoptionsasthe JPCencoder

DecoderOptions

Thedecodesupportsall of the sameoptionsasthe JPCdecoder

5.0.3 JPC Codec

Oneof thetwo imageformatsspeci edin the JPEG-2000Part-1 standardi.e., ISO/IEC 15444-1[9)) is the
socalledJPEG-200@odestreamformat. The JPCcodecin JasPeimplementshis format.
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Thedesignof the JPEG-200@odeamplementatiorwasdrivenby seseralkey concernsexecutionspeed,
memoryusage robustnessportability, modularity maintainability and extensibility. In somecaseshow-
ever, duringthedesignprocessmodularity portability, andunderstandabilitpf the codewereweighedmore
heavily thanexecutionspeecandmemoryusage Codeunderstandabilitandportability werecritical consid-
erationssincethis softwarewasintendedto be usedasa referencamplementatiorof the JPEG-200@Part-1
codecin the JPEG-200@Part-5standard 10].

Sincethe JPEG-2000standarddoesnot specify ary meansfor encodingcolor spaceinformationin a
JPEG-200@odestream the decodemustmalke certainassupmtionsboutthe color spaceof animage. If
accuratecolor representatiois important,the JPEG-200@odestreamformatshouldnot be employed. The
JPEG-200@P2formatshouldbe usedinstead.

Encoder Options

Thefollowing optionsaresupportedy theencoder:

imgareatlx=" x
Setthex-coordinateof the top-left cornerof theimageareato x.

imgareatly=y
Setthey-coordinateof thetop-left cornerof theimageareato y.

tilegrdtlx= X
Setthex-coordinateof the top-left cornerof thetiling grid to x.

tilegrdtly= y
Setthey-coordinateof thetop-left cornerof thetiling grid toy.

tilewidth=  w
Setthe nominaltile width to w.

tileheight="h
Setthenominaltile heightto h.

prewidth= w
Setthe precinctwidth to w. The argumentw mustbe aninteger power of two. The default valueis
32768.

prcheight=  h
Setthe precinctheightto h. The agumenth mustbe aninteger power of two. The default valueis
32768.

chlkwidth=" w
Setthe nominalcodeblock width to w. Theamgumentw mustbe aninteger power of two. Thedefault
valueis 64.

cblkheight="h
Setthe nominalcodeblock heightto h. Theagumenth mustbe aninteger power of two. Thedefault
valueis 64.

mode=m
Setthecodingmodeto m. Theargumentm musthave oneof thefollowing values:


imgareatlx=
imgareatly=
tilegrdtlx=
tilegrdtly=
tilewidth=
tileheight=
prcwidth=
prcheight=
cblkwidth=
cblkheight=
mode=
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Value | Description
int integermode
real realmode

If losslesscodingis desiredtheintegermodemustbeused.By default, theintegermodeis employed.
The choiceof modealsodeterminesvhich multicomponentindwavelettransformg(if ary) areem-
ployed.

rate= r
Specifythetamgetrate. Theagumentr is a positive realnumber Sincea rateof onecorrespond$o no
compressiongneshouldnever needto explicitly specifyarategreaterthanone. By default, thetamget
rateis consideredo bein nite.

ilyrrates — =ro[,r1,-..,'n 1]
Specifytheratesfor ary intermediatdayers. The agumentto this optionis acommaseparatedist of
N rates.Eachrateis a positive realnumber Theratesmustincreasanonotonically Thelastratein the
list shouldbelessthanor equalto the overall rate (asspeci edwith therate option).

prg=p
Settheprogressiororderto p. Theargumentp musthave oneof thefollowing values:

Value | Description

Ircp layerresolution-component-positighRCP) progressie (i.e., ratescalable)

ricp resolution-layeicomponent-positiofRLCP) progressie (i.e., resolutionscalable)
rpcl resolution-position-component-lay@RPCL) progressie

pcrl position-component-resolution-lay@?CRL) progressie

cprl component-position-resolution-lay@PRL) progressie

By default, LRCP progressie orderingis employed. Notethatthe RPCLandPCRL progressionsire
notvalid for all possibleimagegeometries(Seg[ 8] for moredetails.)

nomct
Disallow theuseof ary multicomponentransform.

numrlvis=  n
Setthenumberof resolutionlevelsto n. Theargumenin mustbeanintegerthatis greatetthanor equal
to one.Thedefaultvalueis 6.

sop
Generat&SOPmarker sgments.

eph
Generat&ePHmarlker sgments.

lazy
Enablelazy codingmode(a.k.a.arithmeticcodingbypass).

termall
Terminateall codingpasses.

segsym
Usesggmentatiorsymbols.


rate=
ilyrrates
rate
prg=
nomct
numrlvls=
sop
eph
lazy
termall
segsym
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vcausal
Usevertically stripecausakontexts.

pterm
Usepredictableermination.

resetprob
Resetthe probabilitymodelsaftereachcodingpass.

numgbits= n
Setthe numberof guardbitsto n.

DecoderOptions

Thedecodedoesnot supportary specialoptions.

Rate Speci cation

All ratesarespeci edin termsof compressiorfactors(i.e., asreciprocalsof compressiomatio) andnot as
actualbit rates! Although imagecodingfolks frequentlyusethe numberof bits per pixel to specifyrate,
this quantityis oftenincornvenientto usewhendealingwith imagesthat have differing sampleprecisions.
Furthermorethe numberof bits per pixel is not well de ned for multicomponenimageswith distinctsub-
samplingfactors.The compressioriactor however, is independendf sampleprecisionandwell de ned for

all typesof images For thesereasonsJasPetuseshecompressiofiactorandnotthe numberof bits perpixel

to specifyrates.

5.0.4 JPG Codec

For lossy coding, one of the mostpopularimageformatsis speci ed in the JPEGstandard(i.e., ISO/IEC
10918-1[2]). In JasPerthe JPGcodecimplementghis format.

TheJPEGsupportin JasPerequireshe JPEGlibrary from the IndependeniPEGGroup(1JG). For legal
reasonsthe IJG JPEGIibrary sourcecodeis not includedwith JasPerThe sourcecodefor this library can
bedownloadedrom the IJG website (i.e., http://www.ijg.org ).

Encoder Options

Thefollowing optionsaresupportedy theencoder:
quality=" g
Setthequality factorto g. Thisis usedin orderto indirectly controlthe bit ratefor lossycoding.
DecoderOptions

Thedecodedoesnot supportary specialoptions.

5.0.5 PGX Codec

The JPEG-2000Veri cation Model software emplgys a non-standardormat called PGX. In JasPerthis
formatis handledby the PGX codec. The PGX format can only handlesingle componentsmages,and
consequentlyis of limited use.


vcausal
pterm
resetprob
numgbits=
http://www.ijg.org
quality=
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Encoder Options

Theencoderdoesnot supportary specialoptions.

DecoderOptions

Thedecodedoesnot supportary specialoptions.

5.0.6 MIF Codec

TheMIF formatis notastandardormat. This formatwasinventedsolelyfor thepurposeof testingthe JasPer
software. The supportfor the MIF formatis experimental.lt is intendedto be usedfor advancedtestingof
the JasPedPEG-200@odecimplementation.

Encoder Options

Theencodedoesnot supportary specialoptions.

DecoderOptions

Thedecodedoesnot supportary specialoptions.

5.0.7 PNM Codec

OnUNIX platforms,the PortablePixmap/Graymap/BitmafPNM) formatis quite popularfor codingimage
data. The PNM codecin JasPesupportghis format. In JasPerthe supportfor the PNM/PGM/PPMformat
is complete.Thereforethe useof thisformatis favoredoverthe BMP format. A (nonstandard@xtensionhas
alsobeenaddedo the supportfor the PNM formatsothatit canhandleimageswith signedsamplevalues.
Encoder Options
Thefollowing optionsareprovidedby the PNM encoder:

text

Useanon-rav (i.e., non-binary) a vor of PNM format.

DecoderOptions

Thedecodedoesnot supportary specialoptions.

5.0.8 RAS Codec

One popularimageformat on Sunworkstationsis the Sun Raster le format. The RAS codecin JasPer
implementghis format.

Encoder Options

Theencodedoesnot supportary specialoptions.

DecoderOptions

Thedecoderdoesnot supportary specialoptions.


text
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Appendix A

Software License

The JasPesoftwaremay only be usedunderthe termsof thelicensebelow.
__START_OF JASPER_LICENSE__

JasPer License Version 2.0

Copyright ~ (c) 2001-2006 Michael David Adams

Copyright ~ (c) 1999-2000 Image Power, Inc.

Copyright ~ (c) 1999-2000 The University of British  Columbia

All  rights  reserved.

Permission is hereby granted, free of charge, to any person (the
"User") obtaining a copy of this software and associated documentation

files  (the "Software"), to deal in the Software without restriction,
including  without  limitation the rights to use, copy, modify, merge,
publish, distribute, and/or sell copies of the Software, and to permit

persons to whomthe Software is furnished to do so, subject to the
following conditions:

1. The above copyright notices and this permission notice (which
includes  the disclaimer  below) shall be included in all copies or
substantial portions  of the Software.

2. The name of a copyright holder shall not be used to endorse or
promote products derived from the Software without specific  prior
written  permission.

THIS DISCLAIMER OF WARRANTYCONSTITUTESAN ESSENTIAL PART OF THIS
LICENSE. NO USE OF THE SOFTWARHS AUTHORIZEDHEREUNDEREXCEPT UNDER
THIS DISCLAIMER. THE SOFTWARHS PROVIDEDBY THE COPYRIGHTHOLDERS

"AS IS",  WITHOUTWARRANTYOF ANY KIND, EXPRESSOR IMPLIED, INCLUDING

BUT NOT LIMITED TO THE WARRANTIESOF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSEAND NONINFRINGEMENTOF THIRD PARTY RIGHTS. IN NO
EVENT SHALL THE COPYRIGHTHOLDERSBE LIABLE FOR ANY CLAIM, OR ANY SPECIAL
INDIRECT OR CONSEQUENTIALDAMAGES, OR ANY DAMAGESNVHATSOEVERESULTING
FROMLOSS OF USE, DATA OR PROFITS, WHETHERN AN ACTION OF CONTRACT,
NEGLIGENCEOR OTHERTORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION
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WITH THE USE OR PERFORMANCBF THIS SOFTWARE. NO ASSURANCESARE
PROVIDEDBY THE COPYRIGHTHOLDERSTHAT THE SOFTWAREDOES NOT INFRINGE
THE PATENT OR OTHERINTELLECTUAL PROPERTYRIGHTS OF ANY OTHERENTITY.
EACH COPYRIGHTHOLDERDISCLAIMS ANY LIABILITY TO THE USER FOR CLAIMS
BROUGHTBY ANY OTHERENTITY BASED ON INFRINGEMENT OF INTELLECTUAL
PROPERTYRIGHTS OR OTHERWISE. AS A CONDITION TO EXERCISING THE RIGHTS
GRANTEDHEREUNDER,EACH USER HEREBYASSUMESSOLE RESPONSIBILITY TO SECURE
ANY OTHERINTELLECTUAL PROPERTYRIGHTS NEEDED, IF ANY. THE SOFTWARE
IS NOT FAULT-TOLERANTAND IS NOT INTENDED FOR USE IN MISSION-CRITICAL
SYSTEMS, SUCHAS THOSEUSED IN THE OPERATIONOF NUCLEARFACILITIES,
AIRCRAFT NAVIGATION OR COMMUNICATIONSYSTEMS, AIR TRAFFIC CONTROL
SYSTEMS, DIRECT LIFE SUPPORTMACHINES, OR WEAPONSYSTEMS, IN WHICH
THE FAILURE OF THE SOFTWAREOR SYSTEMCOULDLEAD DIRECTLY TO DEATH,
PERSONALINJURY, OR SEVEREPHYSICAL OR ENVIRONMENTALDAMAGE("HIGH

RISK ACTIVITIES"). THE COPYRIGHTHOLDERSSPECIFICALLY DISCLAIM ANY
EXPRESSOR IMPLIED WARRANTYOF FITNESS FOR HIGH RISK ACTIVITIES.

__END_OF_JASPER_LICENSE__
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