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1 Intr oduction

JasPeris a collectionof software (i.e., a library andapplication programs)for the coding andma-
nipulation of images. Using the JasPersoftware,onecaneasily encode anddecode imagedatain
a number of popular formats. For example, the JasPersoftwarecanhandle imagedatain the fol-
lowing formats(amongstothers): JPEG-2000codestream,JPEG,Portable Bitmap,WindowsBMP,
andSunRasterfile.

The JasPer softwareonly includesa partial implementation of the JPEG-2000JP2file for-
mat specifiedin ISO/IEC 15444-1[1]. Mor e specifically, the JasPer softwaredoesnot provide
a fully conforming JP2 file reader as defined in ISO/IEC 15444-1. Several features required
of a conforming JP2 file reader are missingfr om the JasPer software. Thesemissingfeatures
include support for palettizedcolor, componentmapping, and restricted ICC profiles.

WhendecodingJPEG-2000codestreams,theJasPersoftwareallowstheuser to assumethatthe
decodedcomponentsarein a RGB color spaceor grayscale. In general, additional information is
required in order to determine thetruenature of thecomponentdata.Supportfor suchinformation
is providedby theJP2file formatbut is not processedby theJasPersoftware.

TheJasPersoftware is written in theC programminglanguage[2,3]. This languagewaschosen
mainly dueto theavailability of C developmentenvironments for mostof today’s computing plat-
forms.TheJasPersoftwareconsistsof about 30k linesof codein total. This codeis spreadacrossa
library andseveral applicationprograms.

2 License

TheJasPersoftware mayonly beusedunder thetermsof thelicensebelow.

__START_OF_JASPER_LICENSE__

JasPer Softwar e License

IMAGE POWERJPEG-2000 PUBLIC LICENSE
********* ********** *********** ******

GRANT:

Permissio n is hereby granted, free of charge, to any person (the "User")
obtaining a copy of this software and associat ed document ation, to deal
in the JasPer Software without restrictio n, includi ng without limitation
the right to use, copy, modify , merge, publish , distribut e, sublice nse,
and/or sell copies of the JasPer Software (in source and binary forms),
and to permit persons to whom the JasPer Software is furnished to do so,
provided further that the License Conditi ons below are met.

License Condit ions
********* *********

A. Redistribu tions of source code must retain the above copyright notice,
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and this list of conditio ns, and the following disclaimer .

B. Redistribu tions in binary form must reprod uce the above copyrig ht
notice, and this list of conditions , and the follow ing disclai mer in
the documentat ion and/or other materials provided with the distribu tion.

C. Neither the name of Image Power, Inc. nor any other contri butor
(includin g, but not limited to, the University of British Columbia and
Michael David Adams) may be used to endorse or promote product s derived
from this software without specific prior written permiss ion.

D. User agrees that it shall not commence any action against Image Power,
Inc., the Universit y of Britis h Columbia, Michael David Adams, or any
other contribu tors (collective ly "Licenso rs") for infring ement of any
intellect ual proper ty rights ("IPR" ) held by the User in respect of any
technolog y that User owns or has a right to license or sublice nse and
which is an element required in order to claim compliance with ISO/IEC
15444-1 (i.e., JPEG-2000 Part 1). "IPR" means all intellectua l property
rights worldwi de arising under statutory or common law, and whether
or not perfect ed, includi ng, withou t limitatio n, all (i) patents and
patent applica tions owned or licens able by User; (ii) rights associ ated
with works of authorship including copyrights, copyright applicatio ns,
copyright registrat ions, mask work rights, mask work applicati ons,
mask work registrat ions; (iii) rights relating to the protecti on of
trade secrets and confide ntial informatio n; (iv) any right analogou s
to those set forth in subsecti ons (i), (ii), or (iii) and any other
proprieta ry rights relating to intangible property (other than trademark,
trade dress, or service mark rights ); and (v) divisions, continuati ons,
renewals, reissues and extensi ons of the foregoing (as and to the extent
applicabl e) now existing, hereafter filed, issued or acquired.

E. If User commences an infringeme nt action agains t any Licensor(s ) then
such Licensor( s) shall have the right to terminate User’s license and
all sublicense s that have been granted hereund er by User to other parties .

F. This software is for use only in hardware or software products that
are compliant with ISO/IEC 15444-1 (i.e., JPEG-2000 Part 1). No license
or right to this Software is grante d for products that do not comply
with ISO/IEC 15444- 1. The JPEG-200 0 Part 1 standar d can be purchas ed
from the ISO.

THIS DISCLAIMER OF WARRANTYCONSTITUTES AN ESSENTIAL PART OF THIS LICENSE.
NO USE OF THE JASPER SOFTWAREIS AUTHORIZED HEREUNDER EXCEPT UNDER
THIS DISCLAIMER. THE JASPER SOFTWARE IS PROVIDED BY THE LICENSORS AND
CONTRIBUTORS UNDERTHIS LICENSE ON AN ‘‘AS-IS’ ’ BASIS, WITHOUTWARRANTY
OF ANY KIND, EITHER EXPRESSEDOR IMPLIED, INCLUDING, WITHOUTLIMITA TION,
WARRANTIES THAT THE JASPER SOFTWAREIS FREE OF DEFECTS, IS MERCHANTABLE,
IS FIT FOR A PARTICULAR PURPOSE OR IS NON-INFRINGING. THOSE INTENDING
TO USE THE JASPER SOFTWARE OR MODIFICATIONS THEREOFFOR USE IN HARDWARE
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OR SOFTWAREPRODUCTS ARE ADVISED THAT THEIR USE MAY INFRINGE EXISTI NG
PATENTS, COPYRIGHTS, TRADEMARKS, OR OTHERINTELLECTUAL PROPERTY RIGHTS.
THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE JASPER SOFTWARE
IS WITH THE USER. SHOULDANY PART OF THE JASPER SOFTWAREPROVEDEFECTIVE
IN ANY RESPECT, THE USER (AND NOT THE INITIAL DEVELOPERS,THE UNIVERSITY
OF BRITISH COLUMBIA, IMAGE POWER, INC., MICHAEL DAVID ADAMS, OR ANY
OTHERCONTRIBUTOR) SHALL ASSUMETHE COST OF ANY NECESSARYSERVICING,
REPAIR OR CORRECTION. UNDERNO CIRCUMSTANCES AND UNDERNO LEGAL THEORY,
WHETHERTORT (INCLU DING NEGLIGENCE), CONTRACT, OR OTHERWISE, SHALL THE
INITIAL DEVELOPER, THE UNIVERSITY OF BRITISH COLUMBIA, IMAGE POWER, INC.,
MICHAEL DAVID ADAMS, ANY OTHERCONTRIBUTOR, OR ANY DISTRIBUTOR OF THE
JASPER SOFTWARE, OR ANY SUPPLIER OF ANY OF SUCH PARTIES, BE LIABLE TO
THE USER OR ANY OTHERPERSONFOR ANY INDIRECT, SPECIAL, INCIDE NTAL, OR
CONSEQUENTIAL DAMAGESOF ANY CHARACTER INCLUDI NG, WITHOUTLIMITATIO N,
DAMAGESFOR LOSS OF GOODWILL, WORKSTOPPAGE, COMPUTER FAILURE OR
MALFUNCTION, OR ANY AND ALL OTHERCOMMERCIAL DAMAGES OR LOSSES, EVEN IF
SUCH PARTY HAD BEEN INFORMED, OR OUGHTTO HAVE KNOWN,OF THE POSSIBILITY
OF SUCH DAMAGES. THE JASPER SOFTWARE AND UNDERLYING TECHNOLOGY ARE NOT
FAULT-TOLERANT AND ARE NOT DESIGNED, MANUFACTURED OR INTENDED FOR USE OR
RESALE AS ON-LINE CONTROLEQUIPMENTIN HAZARDOUS ENVIRONMENTS REQUIRING
FAIL-SAFE PERFORMANCE, SUCH AS IN THE OPERATION OF NUCLEARFACILITI ES,
AIRCRAFT NAVIGATION OR COMMUNICATION SYSTEMS, AIR TRAFFIC CONTROL, DIRECT
LIFE SUPPORTMACHINES, OR WEAPONSSYSTEMS, IN WHICH THE FAILURE OF THE
JASPER SOFTWARE OR UNDERLYINGTECHNOLOGYOR PRODUCTCOULDLEAD DIRECTLY
TO DEATH, PERSONALINJURY, OR SEVEREPHYSICAL OR ENVIRONMENTAL DAMAGE
("HIGH RISK ACTIVIT IES"). LICENSOR SPECIFICAL LY DISCLAIMS ANY EXPRESS
OR IMPLIED WARRANTYOF FITNESS FOR HIGH RISK ACTIVI TIES. USER WILL NOT
KNOWINGLYUSE, DISTRIBUTE OR RESELL THE JASPER SOFTWAREOR UNDERLYING
TECHNOLOGY OR PRODUCTSFOR HIGH RISK ACTIVITIE S AND WILL ENSURETHAT ITS
CUSTOMERSAND END-USERSOF ITS PRODUCTSARE PROVIDED WITH A COPY OF THE
NOTICE SPECIFI ED IN THIS SECTION.

__END_OF_JASPER_LICENSE__

3 Version Identification

As theJasPersoftwarecontinuesto evolveover time, it is importantto beable to identify particular
releasesof the software. Every release of the JasPersoftware is namedby a version identifier.
A version identifier is comprisedof threeintegersseparatedby dots. In order, the three integers
correspondto the major, minor, and micro versionnumbersfor the software. For example, the
version identifier “1.500.0” corresponds to a major version of 1, a minor versionof 500, and a
micro version of 0. In instanceswherethe micro version is zero, the version identifier may be
truncatedaftertheminor version number. For example, theversion identifier “1.500” is completely
valid andsimply anabbreviation for “1.500.0”.

Giventwo different releasesof theJasPersoftware,onecaneasily determinewhich oneis more
recent by comparing theversionidentifiers, asfollows: 1) if themajorversion numbersdiffer, the
releasewith the higher major version numberis newer; 2) if the major version numbers areequal
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andthe minor version numbers differ, the releasewith the higher minor version number is newer;
or 3) if the majorversion numbers areequalandtheminor version numbers areequal, the release
with thehigher micro version is newer.

4 Obtaining the Software

Thelatest version of theJasPersoftware canbedownloadedfrom thefoll owing locations:

] JasPerProject HomePage(i.e.,http: //ww w.ec e.ubc .ca/ ˜mdad ams/ jasp er )

] ImagePower HomePage(i.e.,htt p://w ww.i magepower .com )

] JPEGWebSiteSoftwarePage(i.e.,http ://ww w.jp eg.or g/so ftwa re )

5 Extracting the Software

TheJasPersoftwareis distributedin theform of aZip file. Therefore,in order to extractthecontents
of thisfile, aprogramcapableof handling Zip archivesis required.Suchsoftwareis readily available
for many differentcomputing platforms,andcanbeobtainedfrom:

] Info-Zip WebSite(i.e.,htt p:// www.i nfo- zip.o rg ). Unzip software for many differ-
entcomputing platforms(e.g.,UNIX, DOS, MacOS,etc.).

] WinZip Web Site (i.e., htt p:// www.winzi p.co m). Zip/Unzip software for Microsoft
Windows.

6 Buildi ng the Software

Obviously, before the software canbe built, the contents of the archive file containing the JasPer
distribution mustbeextracted.

The JasPercode should compileandrun on any platform with a C languageimplementation
conforming to ISO/IEC9899:1999 [3] (i.e., the ISO C languagestandard) andsupporting a subset
of ISO/IEC9945-1 [4] (i.e., the POSIX C API). Only limited POSIXsupport is required (i.e., the
open, close,read, write, andlseekfunctionsmustbesupported).

Portability wasa majorconsideration during thedesign of theJasPersoftware.For this reason,
thesoftwaremakesminimal assumptionsabout theruntime environment. Thecodeusesvery littl e
floating-point arithmetic,mostof which canbe attributedto floating-point conversions in printf’s.
Thisminimaluseof floating-point arithmetic should makethecodemucheasier to port to platforms
lacking hardwaresupport for floating-point arithmetic.

The specificprocedure required to build the JasPersoftware depends on the type of system
involved. Only two different build methods aresupported. The first methodis based on the well
known make utilit y andshould work on mostUNIX (or UNIX-lik e) systems.Thesecond method
is specifically tailoredto the needs of Microsoft Visual C under Microsoft Windows. In passing,
we notethatby using freesoftware suchasCygwin (http ://w ww.cy gwin .com ), onecanalso
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create a UNIX-lik e environment underMicrosoft Windowsin which to build JasPerusingthefirst
method.

If youareunfortunateenoughto haveacompiler that is notcompliantwith ISO/IEC9899:1999,
you mayneedto make somechangesto thecode. Unfortunately, evensomeof themostpopular C
languageimplementationsdo notstrictly comply with thestandard. Onesuchexampleis Microsoft
VisualC 6.0. Dueto thepopularity of VisualC, however, severalworkaroundshave beenaddedto
theJasPercodeto ensure that it will compile successfully with VisualC.

Thecurrentversion of theJasPersoftwareis known to compile in thefollowing environments:

] RedHat Linux 7.0,GNU C 2.96, GNU Make 3.79.1

] SunOS/SPARC 5.5.1,GNU C 2.7.2.1,SunOSmake

] SunOS/SPARC 5.7,GNU C 2.95,SunOSmake

] Windows 2000Professional, Microsoft VisualC 6.0

Of course,thesoftwareshould compile successfully in many otherenvironmentsaswell. For exam-
ple,past versions of JasPerhavebeen reportedto build successfully in thefollowing environments:

] Apple MacintoshPPCG3,Rhapsody 5.6,GNU C 2.7.2.1

] Power Macintosh,GNU/Linux 2.2.15pre9,GNU C 2.95.2

] SunSPARC, Solaris2.7,GNU C 2.95.2

] Compaq/DECAlpha,OSF/14.0F, GNU C 2.95.2

] IBM PowerPC,AIX 4.2,GNU C 2.95.2

] HP9000/712, HP-UX 10.20,GNU C 2.95.2

] SGIOrigin 200,IRIX 6.5,GNU C 2.95.2

] OpenVMSAlpha 7.2-1with CompaqC compiler V6.2-008(after creating custom makefiles)

6.1 Build Processfor UNIX (or UNIX-Lik e)Systems

The JasPersoftwareis intended to be built using the standardUNIX make utilit y (in conjunction
with a configurescript).

If you need a C compiler that is reasonably compliant with the ISO/IEC 9899:1999standard,
you canobtain GNU C from the GNU Projectweb site (i.e., http: //ww w.gnu .org ). If you
needan implementation of the make utili ty, you canalso obtain GNU Make from the the GNU
Projectwebsite. All GNU softwareis freesoftware.

In what foll ows, $TOPDIR denotes the top level directory of the JasPersoftwaredistribution
(i.e., the directory containing the file namedconf igur e). To build the software, the following
stepsarerequired (in order):
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1. Setthecurrent working directory to thetop leveldirectory of theJasPer softwaredistribution.

To setthecurrentworking directory asrequired,type:

cd $TOPDIR

(where$TOPDIR is definedasdescribedearlier in this section).

2. Performtheinitial configuration of thesoftware.

This is accomplished by running the configure script. This processallows important infor-
mationabout thesystem configuration to bedetermined.Theconfigure script alsogenerates
makefilesfrom makefile templates.In theory, it should not benecessary to manually edit any
of themakefiletemplates(i.e.,theMakefile.infiles)used by theconfigureprogram.To invoke
theconfigure program,type:

./co nfigu re

The configure script acceptsa number of options. Theseoptionscanbe listed by invoking
theconfigure commandwith the- - hel p option. Unlessyou knowwhatyou aredoing, it is
strongly recommendedthatyou not override thedefault settingsfor configure.

In somecases, it maybenecessaryto explicitly disable theuseof theIJG JPEGlibrary (i.e.,
libj peg). This is accomplished by supplying the - - dis able- libj peg option to config-
ure. For example, suchactionmay be required if the version of the JPEGlibrary installed
on your system is not compatible with theversionof JasPerbeing built. Also, whenbuilding
under theCygwinenvironment, it maybeneccessary to explicitly disable theuseof theJPEG
library.

3. Compileandlink thesoftware.

This is accomplishedvia themake command. To run themake program,type:

make

4. Install thesoftware.

This stepmayrequire special (e.g.,superuser/administrator)privilegesdepending on thetar-
getdirectory for installation. (Thedefault installation directoriesarenormally under /usr /
loca l .) To install theexecutables, libraries,include files,andother auxiliary data, type:

make inst all

Presumingthatthebuild wassuccessful, theexecutablesfor theJasPerapplication programscanbe
found in thedirectory $TOPDIR/ src/a ppl .

6.2 Build Processfor Micr osoftVisual C Studio under Micr osoftWindows

With Microsoft VisualC, theentirebuild processis drivenfrom workspaceandprojectfiles. For the
sake of convenience,all of the workspaceandproject files necessaryto build the JasPersoftware
areprovided.
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In what foll ows, $TOPDIR denotes the top level directory of the JasPersoftwaredistribution
(i.e., the directory containing the file namedconf igur e). To build the software, the following
stepsarerequired (in order):

1. RunMicrosoftVisual C.

2. OpentheJasPer workspacefile.

TheJasPerworkspacefile is called jasp er.ds wandcanbefound in thedirectory $TOPDIR/
src/ msvc. Theworkspacefile canbeopened usingthe“File” menu.

3. Build thecode.

Fromthe“Build Menu”, selectthe“BatchBuild” item. Ensurethat all projects/configurations
areselected.Then,click on the“Build” button.

Presumingthat the build wassuccessful, the releaseanddebug versionsof theexecutablesfor the
JasPersoftware can be found in the directories $TOPDIR/s rc/m svc/ Win32 _Rel ease and
$TOPDIR/ src/m svc/ Win32_Debug , respectively.

7 The libjasper Library

The libjasperlibrary is the heart of the JasPersoftware. This library provides meansto encode,
decode, andotherwise manipulate imagedata. Several different codecs aresupportedasdetailed
in the section on codecs(i.e., Section12). The support for codecsis provided in a very modular
manner. This allows support for othercodecsto beeasilyadded.

Thelibrary consists of two distinct categoriesof code: 1) base/corecode,and2) codecdrivers.
The basecode provides generic routines for manipulating imagesand providesa framework for
constructing codec drivers. The codecdrivers provide a meansfor encoding/decoding imagesin
specific formats. The library hasbeendesigned to be extensible so that adding support for new
imageformatsis a straightforwardexercise.

In order to use libjasper, a C source file should include the main JasPerlibrary header file
jasp er/j asper .h . This canbeaccomplishedwith thefollowing preprocessor directive:

#inc lude <jasp er/j aspe r.h>

The main header file includesall of the other library header files. Therefore, in order to insulate
application codefrom possible changesto the namesof the other library header files, oneshould
only ever includethemainlibrary header directly.

The first usage of the library mustalways be to initialize it. This is accomplished by calling
jas_ init . If any otherfunctionality of the library is usedbefore this initialization is performed,
theresulting behavior is undefined.

Briefly, theJasPerlibrary providesthefoll owing key classes:

] An imageclass (i.e., imag e_t ). This classis usedto representanimage,andalsoprovides
accessto codecdriversfor encoding/decoding imagedatain various formats.

] A sequence/matrix class. This class providesmatrix andtwo-dimensional sequenceclasses.
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] A I/O streamclass(i.e., str eam_t ). This class providesI/O streamssimilar to that of the
standardC library, but with additional functionality requiredby othercode in JasPer.

] A fixed-point number class. This templated classis usedfor performing fixed-point arith-
metic.

] A tag-valueparser class. This classfacilitatestheparsing of tag-valuepairs.A tag-valuepair
is a string of the form “tag=value”. Suchpairs areusedby someinterfaceswithin JasPerin
order to passparameters.

] A commandline parser class. This classallows theparsing of commandlines. This codeis
inspired by thegetopt function availableon mostUNIX systems.

All memoryallocationin thelibj asperlibrary is performedvia thefunctions jas _mal loc , jas _
real loc , jas _cal loc , and jas_ free . If oneis trying to port theJasPercodeto anembed-
dedplatform, it might be necessaryto change thesefunctions to usea platform-specific memory
allocator, rather thanmall oc andfriends.

Support for new imageformatscanbeeasilyaddedto JasPer. In order to addsupport for a new
imageformat,onemustprovide three functions:

1. anencoding function,

2. a decodingfunction,and

3. a validationfunction.

Theencoding function emitsthecodedversion of an image(i.e., an imag e_t object) to a stream
(i.e.,astr eam_t object). Thedecodingfunction createsanimage(i.e.,anima ge_t object) from
the codeddatain a stream (i.e., a stre am_t object). The validationfunction is usedto quickly
testif a datastreamis formatted correctly for the imageformat in question. (This functionality is
necessaryfor theautodetection of imageformats.)

The exact typesandargumentstaken by the encoding, decoding, andvalidation functions can
befoundby examining thecodefor theimageformatsalreadyincludedin JasPer(e.g.,PNM,BMP,
JPEG).Oncethe above functions have beenwritten, the JasPerlibrary canbe madeawareof the
new imageformat through a call to jas _ima ge_ad dfmt . This call, of course,mustbe made
after the JasPerlibrary hasbeeninitialized. The code for the jas_i nit function givesseveral
examples of how the jas_ imag e_add fmt function might beinvoked.

8 DemoAppli cation Programs

TheJasPersoftware consistsof thefollowing programs:

1. jasp er . TheJasPertranscoder.

2. imgc mp. An imagecomparisonutili ty.

3. imgi nfo . An imageinformation utilit y.

Theuseof thesecommands is describedin thesectionsthatfollow.
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9 The jasper Command

Synopsis

jasp er [options]

Description

The jasper commandconverts imagedatafrom oneformat to another. In other words, this com-
mandfunctionsasa general-purpose transcoder. SincetheJPEG-2000format is supportedby this
software, it canbeusedasa JPEG-2000encoderand/or decoder.

Options

Thejasper programaccepts thefollowing options:

- - hel p
Print usageinformation andexit.

- - ver sion
Print theversionandexit.

- - inp ut file
- f file
Readthe input imagefrom the file namedfile. By default, the input imageis readfrom
standardinput.

- - inp ut- fo rmat format
- t format
Specify the format of the input imageas format. In mostcircumstances, this option should
not be needed,asthe format is normally autodetected by examining the imagedatadirectly
or deducedfrom the input file nameextension if aninput file is specified (via the - - in put
option).

- - inp ut- option option
- o option
Provide theoption option to thedecoder. Thevalid valuesfor theargumentoption aredeter-
minedby theinput imageformat. Seebelow for moredetails.

- - out put file
- F file
Write the encoded imageto the file namedfile. By default, the encodedimageis written to
standardoutput.

- - out put- f ormat format
- T format
Produce the output imagein the format indicated by format. The output format must be
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specified if anoutput file is not given(via the”–output” option). If anoutput file is givenand
no output format is specified, anattempt will bemadeto deducethecorrect format from the
output file nameextension.

- - out put- option option
- Ooption
Provide theoption option to theencoder. Thevalid valuesfor theargumentoption aredeter-
minedby theoutput format.Seebelowfor moredetails.

- - ver bose
Enableverbosemode.

Theargumentformatmusthaveoneof thefollowing values:

Value Description
bmp Windows BMP
jp2 JPEG-2000JP2
jpc JPEG-2000CodeStream
jpg JPEG
pgx PGX
pnm PNM/PGM/PPM
mif My ImageFormat
ras SunRasterfile

Examples

1. Supposethat we have an imagestored in thePNM/PPMformat in a file called lena .ppm .
To encode this image(losslessly) in theJPEG-2000JP2format, andstoretheresult in a file
called lena .jp2 , type:

jasp er --in put lena. ppm --out put lena .jp2 --ou tput- form at jp2

Or, alternately(using short option names), type:

jasp er -f len a.ppm -F lena .jp2 -T jp2

2. Supposethat wehaveaRGBcolor imagestoredin theJPEG-2000JP2formatin a file called
lena .jp2 . To encode this imagein the PNM/PPM format, andstorethe result in a file
called lena .ppm , type:

jasp er --in put lena. jp2 --out put lena .ppm --ou tput- form at pnm

Or, alternately(using short option names), type:

jasp er -f len a.jp2 -F lena .ppm -T pnm

3. Supposethat we have an imagestoredin the BMP format in a file called lena. bmp. To
encode this imagein a lossy mannerat 100:1compressionin the JPEG-2000(code stream)
format, andstoretheresult in a file calledlena_ loss y.jp c , type:
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jasp er -f len a.bmp -F lena _loss y.jp c -T jpc -O rate =0.0 1

4. Supposethatwehaveanimagestoredin afile called sach ie.p nmin thePNM/PPM format,
andwewantto encodetheimagein theJPEG-2000(code stream)formatandstore theresult
in a file namedsach ie_n ew.j pc . Further, supposethat we want the JPEG-2000format
to employ thefollowing parameters:

] code blocks are64 samples in width and32 samplesin height
] no multicomponent transform is to beemployed
] 4 resolution levelsshould beemployedfor eachcomponent
] thecompressionis lossyat 64:1

In orderto accomplish theabove,type:

jasp er -f sac hie.p nm -F sachi e_ne w.jp c -T jpc -O cblk widt h=64
-O cblk heig ht=3 2 -O nomct -O numrlvls =4 -O rat e=0.0 1562 5

10 The imgcmp Command

Synopsis

imgc mp[options]

Description

Theimgcmpcommandcompares two images.Thetwo imagesbeingcompared musthave thesame
geometry (i.e., the samewidth, height, number of components, component subsampling factors,
etc.).

Options

Thefollowing optionsaresupported:

- f file
Readtheprimary(i.e., reference)image(for comparisonpurposes)from thefile namedfile.

- F file
Readthesecondaryimage(for comparisonpurposes)from thefile namedfile.

- mmetric
Usethe differencemetric specified by metric. The metric argumentmay assumeoneof the
foll owing values:
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Value Description
psnr peaksignalto noiseratio (PSNR)
mse meansquarederror (MSE)
rmse root meansquarederror (RMSE)
pae peakabsolute error (PAE)
mae meanabsoluteerror (MAE)
equal equality

The - f and- F options mustalwaysbe specified. Thereis currently no way to explicitly specify
the format of the images.If the format of either imagecannot beautodetected, thecommand will
exit with anerror.

Examples

1. Supposethatwehave two slightly differentversionsof animagestoredin files orig inal .
pgmandreco nstr ucted .pgm . In orderto calculatethedifferencebetweenthese images
using thePSNRmetric,type:

imgc mp -f ori ginal .pgm -F recon stru cted. pgm -m psnr

11 The imginfo Command

Synopsis

imgi nfo [options]

Description

Theimginfo commanddisplaysinformationabout animage.This commandis really only intended
to beusedfrom shellscriptsfor testing purposes.

12 Codecs

TheJasPersoftwareprovidesimplementationsof several popular codecs. Likely, theonesof most
interestare those associatedwith the JPEG-2000standard. The sections that foll ow describe the
variouscodecsin moredetail.

12.1 BMP Codec

Oneof the mostpopular imageformatson the Microsoft Windowsplatform is Microsoft’s BMP
format. TheBMP codecin JasPerwaswritten without thebenefitof theBMP formatspecification
from Microsoft. This meansthat the BMP support will inevitably not work correctly for all valid
BMP files.
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Encoder Options

Theencoderdoesnot support any special options.

DecoderOptions

Thedecoderdoesnot support any special options.

12.2 JP2Codec

Oneof the two imageformatsspecifiedin the JPEG-2000Part-1 standard (i.e., ISO/IEC 15444-
1 [1]) is thesocalled “JP2” format.

Note: TheJasPer softwareonly partia lly implementsthe JPEG-2000JP2file format. Mor e
specifically, JasPer doesnot provide a fully conforming JP2 decoderas defined in ISO/IEC
15444-1 (i.e., JPEG-2000Part 1). Therefore, the JP2 support in JasPer is provided for infor-
mational purposesonly and is not meant to represent a completeand fully conforming JP2
implementation.

Encoder Options

Theencodersupports all of thesameoptionsastheJPCencoder.

DecoderOptions

Thedecodersupports all of thesameoptionsastheJPCdecoder.

12.3 JPC Codec

Oneof the two imageformatsspecifiedin the JPEG-2000Part-1 standard (i.e., ISO/IEC 15444-
1 [1]) is the so called JPEG-2000code streamformat. The JPCcodec in JasPerimplements this
format.

Thedesign of theJPEG-2000codecimplementationwasdriven by several key concerns:exe-
cution speed,memoryusage, robustness, portability, modularity, maintainability, andextensibility.
In somecases, however, during thedesignprocess,modularity, portability, andunderstandability of
the codewereweighed moreheavily thanexecution speedandmemoryusage. Codeunderstand-
ability andportability werecritical considerationssincethis softwarewasintendedto beusedasa
referenceimplementationof theJPEG-2000Part-1codec in theJPEG-2000Part-5standard[5].

Encoder Options

Thefollowing optionsaresupportedby theencoder:

imgar eatl x=x
Setthex-coordinate of thetop-left corner of theimageareato x.

imgar eatl y=y
Setthey-coordinate of thetop-left corner of theimageareato y.
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tileg rdtl x=x
Setthex-coordinate of thetop-left corner of thetiling grid to x.

tileg rdtl y=y
Setthey-coordinate of thetop-left corner of thetiling grid to y.

tilew idth =w
Setthenominal tile width to w.

tileh eigh t= h
Setthenominal tile height to h.

prcwi dth= w
Setthe precinct width to w. The argumentw mustbe an integer power of two. Thedefault
value is 32768.

prche ight =h
Setthe precinct height to h. The argumenth mustbe an integer power of two. The default
value is 32768.

cblkw idth =w
Setthe nominal code block width to w. The argumentw mustbe an integer power of two.
Thedefault valueis 64.

cblkh eigh t= h
Setthenominal codeblock height to h. Theargumenth mustbeanintegerpowerof two. The
default valueis 64.

mode=m
Setthecoding modeto m. Theargumentm musthave oneof thefollowing values:

Value Description
int integer mode
real realmode

If losslesscoding is desired, the integer modemustbe used. By default, the integer mode
is employed. Thechoice of modealsodetermineswhich multicomponent andwavelet trans-
forms(if any) areemployed.

rate= r
Specify the target rate. Theargumentr is a positive real number. Sincea rateof onecorre-
spondsto nocompression,oneshould neverneedto explicitly specify arategreater thanone.
By default, thetarget rateis considered to beinfinite.

ilyrr ates = ^:_ [, ^K` ,. . . ,̂La!b�` ]
Specify the rates for any intermediatelayers. Theargument to this option is a commasepa-
rated list of N rates. Eachrateis a positive realnumber. Theratesmustincreasemonotoni-
cally. Thelastratein thelist should belessthanor equal to theoverall rate(asspecifiedwith
therate option).
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prg= p
Settheprogression orderto p. Theargumentp musthave oneof thefollowing values:

Value Description
lrcp layer-resolution-component-position (LRCP) progressive (i.e., ratescalable)
rlcp resolution-layer-component-position (RLCP) progressive (i.e., resolution scalable)
rpcl resolution-position-component-layer (RPCL) progressive
pcrl position-component-resolution-layer (PCRL) progressive
cprl component-position-resolution-layer (CPRL) progressive

By default, LRCPprogressiveordering is employed.NotethattheRPCLandPCRLprogres-
sions arenot valid for all possible imagegeometries. (See[1] for moredetails.)

nomct
Disallow theuseof any multicomponent transform.

numrl vls= n
Setthe numberof resolution levels to n. The argumentn mustbe an integer that is greater
thanor equal to one.Thedefault valueis 6.

sop
Generate SOPmarker segments.

eph
Generate EPHmarker segments.

lazy
Enablelazy coding mode(a.k.a.arithmeticcoding bypass).

terma ll
Terminateall coding passes.

segsy m
Usesegmentationsymbols.

vcaus al
Usevertically stripe causal contexts.

pterm
Usepredictable termination.

reset prob
Resettheprobability modelsaftereachcoding pass.

numgbits= n
Setthenumberof guardbits to n.

17



DecoderOptions

Thedecoderdoesnot support any special options.

Rate Specification

All ratesarespecified in termsof compressionfactors(i.e.,asreciprocalsof compression ratio) and
not asactual bit rates! Although imagecoding folks frequently usethenumberof bits perpixel to
specify rate, this quantity is ofteninconvenient to usewhendealing with imagesthathave differing
sampleprecisions. Furthermore, the numberof bits per pixel is not well definedfor multicompo-
nent images with distinct subsampling factors. The compression factor, however, is independent
of sampleprecision andwell definedfor all typesof images. For thesereasons, JasPerusesthe
compressionfactor andnot thenumberof bits perpixel to specify rates.

12.4 JPG Codec

For lossy coding, oneof the mostpopular imageformats is specified in the JPEGstandard (i.e.,
ISO/IEC10918-1 [6]). In JasPer, theJPGcodecimplements this format.

TheJPEGsupport in JasPerrequirestheJPEGlibrary from theIndependent JPEGGroup(IJG).
For legal reasons,the IJG JPEGlibrary source codeis not includedwith JasPer. The source code
for this library canbedownloadedfrom theIJG website(i.e.,http: //ww w.ijg .org ).

Encoder Options

TheJPGencoderdoesnot support any special options.

DecoderOptions

Thedecoderdoesnot support any special options.

12.5 PGX Codec

TheJPEG-2000VerificationModelsoftwareemploysanon-standardformatcalled PGX.In JasPer,
this format is handled by the PGX codec. The PGX format canonly handle single components
images, andconsequently, is of limited use.

Encoder Options

Theencoderdoesnot support any special options.

DecoderOptions

Thedecoderdoesnot support any special options.
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12.6 MIF Codec

Thesupport for theMIF formatis experimental.It is intendedto beusedfor advancedtesting of the
JasPerJPEG-2000codec implementation.

Encoder Options

Theencoderdoesnot support any special options.

DecoderOptions

Thedecoderdoesnot support any special options.

12.7 PNM Codec

OnUNIX platforms,thePortablePixmap/Graymap/Bitmap(PNM) formatis quitepopular for cod-
ing imagedata. The PNM codec in JasPersupports this format. In JasPer, the support for the
PNM/PGM/PPM format is complete. Therefore, the useof this format is favoredover the BMP
format.A (nonstandard) extension hasalsobeenaddedto thesupport for thePNM format sothatit
canhandle imageswith signed samplevalues.

Encoder Options

Thefollowing optionsareprovidedby thePNM encoder:

text
Usea non-raw (i.e.,non-binary) flavor of PNM format.

DecoderOptions

Thedecoderdoesnot support any special options.

12.8 RAS Codec

Onepopular imageformat on Sunworkstations is the SunRasterfile format. The RAS codecin
JasPerimplements this format.

Encoder Options

Theencoderdoesnot support any special options.

DecoderOptions

Thedecoderdoesnot support any special options.
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13 Reporting Bugs

If you areunfortunate enough to encounter any problemswith the JasPersoftware, pleasesubmit
a bug report. In orderto ensure that your bug report canbe properly processed, alwaysbesureto
includeall of thefoll owing information:

] Theversion of JasPerin which theproblem wasfound.

] Thedetails of therun-timesystem(i.e.,operating system, version number).

] Thecompiler thatyou areusing (i.e.,vendor, versionnumber).

] Theexact commandline optionsused whentheproblem wasobserved.

] Indicatewhetheror not theproblem is reproducible. If theproblemis reproducible, indicate
theexactsteps requiredto reproducetheproblem.

] A detaileddescription of theproblem thatyou areexperiencing.

It is essential that you include all of the above information. Yourcompletebug report should be
sentto mdadams@ieee.org .

14 Addi tional JasPer Resources

For moreinformationabout theJasPersoftware, pleasevisit thefoll owing webpages:
] JasPerProject HomePage(i.e.,http: //ww w.ec e.ubc .ca/ ˜mdad ams/ jasp er )

] ImagePower HomePage(i.e.,htt p://w ww.i magepower .com )

] JasPerSoftware Announcements Group (i.e., htt p:// group s.ya hoo.c om/g roup /
jasp er- announc e)

By joining thisgroup,onecaneasilyobtain up-to-dateinformationabouttheJasPerProjectin
a timely fashion. Theassociatedmailing list is usedto announcenew releasesof thesoftware
anddisseminateother important informationabout JasPer.

] JasPerSoftwareDiscussionGroup(i.e.,htt p:// group s.ya hoo.c om/g roup /jasp er- discus sion ).

For more information about the JasPersoftware and JPEG-2000standard, the reader is referred
to [7,8].

15 Origin of the Name

The JasPersoftware is named,in part, after Jasper National Park, the largestnational park in the
Canadian Rockieswith 10,878 square kilometresof mountain wilderness. As it happens,jasper
is also the nameof an opaque cryptocrystalline variety of quartz usedfor ornamentation or as a
gemstone—hence, the implication that the softwareis precious (i.e., like a gemstone). Lastly, the
name“jasper” wasalsochosenbecauseit containsaletter “J” foll owedsubsequently by aletter“P”,
not unlike theabbreviation “JP” that is associatedwith theJPEG-2000standard.
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