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1 Intr oduction

JasPers a collectionof software (i.e., a library andapgication programs)for the coding andma-
nipulation of images. Using the JasPesoftware,onecaneasly encog anddecaleimagedatain
anumbe of popular formats For example the JasPesoftware canhandke imagedatain the fol-
lowing formats (amorgstothess): JPEG-200@odestream JPEG Portalde Bitmap, Windows BMP,
andSunRasterfile

The JasRer software only includesa partial implementation of the JPEG-2000JP2file for-
mat specifiedin ISO/IEC 15444-1[1]. Mor e specifically, the JasRer software doesnot provide
a fully conforming JP2 file reader asdefinedin ISO/IEC 15444-1. Several features required
of a conforming JP2 file reader are missing fr om the JasRer software. Thesemissingfeatures
include support for palettized color, componentmapping, and restricted ICC profiles.

Whendecaling JPEG-200@odestreamsthe Jagersoftwareallows theuse to assumethatthe
decaledcompmentsarein a RGB color spaceor graysale. In geneal, addiional information is
requred in order to determire the true natue of the comporentdata. Supportfor suchinformation
is provided by the JP2file formatbut is not processedby the Jagersoftware.

TheJasPesoftware is writtenin the C programminglanguage[2, 3]. Thislanguagewaschose
mainly dueto the availability of C developmentervironmerts for mostof todays computng plat-
forms. The JasPesoftware consstsof abou 30k linesof codein total. This codeis spreadacrossa
library andseverd applicationprograms.

2 License
The JasPesoftware mayonly be usedunder the termsof thelicensebelow
__START_Gr_JASPER_LICENSE__

JasPer Softwar e License

IMAGE POWERIPEG-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 whomthe JasPer Software is furnished to do so,
provided further that the License Conditi ons below are met.

License Condit ions
*kkkkkkkk *khkkkkkkk

A. Redistribu tions of source code must retain the above copyright notice,



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 | 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; (i) 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; (i) 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), (i), 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 commenas 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-2000 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 SOFTWARBES AUTHORIEZD HEREUNER EXCEPT UNDER

THIS DISCLAIMER. THE JASPER SOFTWRE IS PROVIDEDBY THE LICENSORS AND
CONTRIBUDRS UNDERTHIS LICENSE ON AN “AS-IS*  * BASIS, WITHOUTWARRANTY
OF ANY KIND, EITHER EXPRESSEDOR IMPLIED, INCLUDING, WITHOUTLIMITA TION,
WARRANTIE THAT THE JASPER SOFTWARHBS FREE OF DEFECTS, IS MERCHAMBLE,
IS FIT FOR A PARTICULAR PURPOE OR IS NON-INFRINGING. THOSEINTENDING

TO USE THE JASPER SOFTWAR OR MODIFICATIONS THEREOFFOR USE IN HARDWARE



OR SOFTWAREPRODUCS ARE ADVISED THAT THEIR USE MAY INFRINGE EXISTI NG
PATENTS, COPYRIGHTS TRADEMARK OR OTHERINTELLECTUAL PROPERY RIGHTS.
THE ENTIRE RISK AS TO THE QUALITY AND PERFORMMCE 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., MICHARE DAVID ADAMS, OR ANY
OTHERCONTRIBUOR) SHALL ASSUMETHE COST OF ANY NECESSARYSERVICING,
REPAIR OR CORRECTI®. UNDERNO CIRCUMSTACES AND UNDERNO LEGAL THEORY,
WHETHERTORT (INCLU DING NEGLIGENCE), CONTRACT,OR OTHERWSE, SHALL THE
INITIAL DEVEL®ER, THE UNIVERSTY OF BRITISH COLUMB\, IMAGE POWER,INC.,
MICHAEL DAVID ADAMS, ANY OTHERCONTRIBUT®, OR ANY DISTRIBUTOR OF THE
JASPER SOFTWAR, OR ANY SUPPLIER OF ANY OF SUCHPARTIES, BE LIABLE TO
THE USER OR ANY OTHERPERSONFOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUHBENAL DAMAGESOF ANY CHARATER INCLUDING, WITHOUTLIMITATIO N,
DAMAGES-OR LOSS OF GOODWILL, WORKSTOPPAGE, COMPUER FAILURE OR
MALFUNCTON, OR ANY AND ALL OTHERCOMMERAL DAMAGE OR LOSSES EVEN IF
SUCHPARTY HAD BEEN INFORMED, OR OUGHTTO HAVE KNOWN,OF THE POSSIBILITY
OF SUCHDAMAGE. THE JASPER SOFTWRE AND UNDERLYING TECHNOLOG ARE NOT
FAULT-TOLERANT AND ARE NOT DESIGNED MANUFACTRED OR INTENDED FOR USE OR
RESALE AS ON-LINE CONTROLEQUIPMENTIN HAZARDOS ENVIRONMINTS REQUIRING
FAIL-SAFE PERFORMABE, SUCHAS IN THE OPERATION OF NUCLEARFACILITI ES,
AIRCRAFT NAVIGATION OR COMMUMIATION SYSTEMS, AIR TRAFFIC CONTROL, DIRECT
LIFE SUPPORTMACHINES, OR WEAPONSYSTEMS IN WHICH THE FAILURE OF THE
JASPER SOFTWAR OR UNDERLYINGTECHNOLOGYOR PRODUCTCOULDLEAD DIRECTLY
TO DEATH, PERSONALINJURY, OR SEVEREPHYSICAL OR ENVIRONENTAL DAMAGE
("HIGH RISK ACTIVIT IES"). LICENSOR SPECIFICALLY DISCLAIMS ANY EXPRESS
OR IMPLIED WARRANTYOF FITNESS FOR HIGH RISK ACTIVI TIES. USERWILL NOT
KNOWINGLYUSE, DISTRIBUTE OR RESELL THE JASPER SOFTWAREOR UNDERLYNG
TECHNOLO% OR PRODUCTSOR HIGH RISK ACTIVITIE S AND WILL ENSURETHAT ITS
CUSTOMER&ND END-USERSOF ITS PRODUCTSARE PROVIDED WITH A COPY OF THE
NOTICE SPECIFIED IN THIS SECTION.

__END_OF JASPER_LICENSE__

3 Version ldentification

As the JasPesoftwarecorntinuesto evolve overtime, it is importantto be able to identify particular
relessesof the software Every release of the JasPersoftware is namedby a version idertifier.
A version identifier is comprisedof threeintegerssepaatedby dots. In orde, the three integers
correspondto the major, minor, and micro version numbersfor the software For example the
versim identifier “1.500.0” correspond to a major version of 1, a minor versionof 500, and a
micro versim of 0. In instanceswherethe micro version is zero, the versim idertifier may be
truncatedafterthe minor version number For examplke, thevergon identifier “1.500” is compldely
valid andsimply anabbreviation for “1.500.0”.

Giventwo different releagsof the JasPesoftware,onecaneasly determire which oneis more
recen by compamg the versionidentfiers, asfollows: 1) if the major version numktersdiffer, the
releasewith the higher major version numberis newer; 2) if the major versicn numbes areequa



andthe minor versicn numbes differ, the releasewith the highe minor versian numker is newer;
or 3) if the major versian numbes areequalandthe minor versicn numbes areequd, thereleag
with the higher micro versian is newer.

4 Obtainingthe Software

Thelateg versian of the JasPesoftware canbe downloadedfrom the foll owing locations.
e JasPeProjed HomePage(i.e., http: //ww w.ec e.ubc .ca/ "mdadams/jasp er)
e ImagePowver HomePage(i.e.,htt p://w ww.i magepower .com)

e JPEGWeb Site SoftwarePage(i.e., http ://ww w.jp eg.or g/so ftwa re)

5 Extracting the Software

TheJadersoftwareis distributedin theform of aZip file. Therebre,in orde to extractthecontents
of thisfile, aprogramcapale of handing Zip archivesis required. Suchsoftwareis readly available
for mary differentcomputng platforms,andcanbe obtaired from:

¢ Info-Zip Web Site(i.e.,htt p:// www.i nfo- zip.o rg ). Unzip software for mary differ-
entcompuing platforms(e.g.,UNIX, DOS MacOS etc.).

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

6 Buildingthe Software

Obvioudy, befare the software canbe built, the contents of the archive file containing the JasPer
distribution mustbe extracted.

The JasPercode shoul compileandrun on ary platform with a C languageimplemenation
conformingto ISO/IEC 9899199 [3] (i.e., the SO C languagestandad) and suppating a subse
of ISO/IEC 994541 [4] (i.e.,the POSX C API). Only limited POSIXsugportis requred (i.e., the
open close, read write, andlseekfunctions mustbe supported.

Portablity wasamajorcongderaion during the design of the JasPesoftware. For this reasm,
the softwaremakes minimal assumptionsabou the runtime ervironmerti. The codeusesvery littl e
floating-point arithmetic, mostof which canbe attributedto floating-point corversiors in printf’s.
This minimal useof floating-point arithmetc shoutl make the codemucheasie to portto platforms
lacking hardvaresupport for floating-point arithmetic.

The specificprocedue requred to build the JasPersoftware deperms on the type of sygdem
involved. Only two different build method aresupprted The first methodis based on the well
known male utility andshoudd work on mostUNIX (or UNIX-lik €) sygems. The secom methal
is spedfically tailoredto the need of Microsadfit Visual C unde Microsoft Windows. In passimy,
we notethatby using free software suchasCygwin (http ://w ww.cy gwin .com ), onecanalso



creae a UNIX-lik e environment underMicrosoft Windowsin which to build JasPeusingthefirst
method

If youareunfortunateenaughto have acompiler that is notcomplantwith ISO/IEC9899:1999,
you may needto make somechargesto the code Unfortunately even someof the mostpopular C
languageimplemenationsdo not strictly comply with the standad. Onesuchexampleis Microsoft
Visual C 6.0. Dueto the popuarity of Visual C, however, severalworkaraundshave beenaddedto
the JasPecodeto ensue thatit will compile succeasfully with Visual C.

Thecurrentversion of the JasPesoftwareis known to compile in the following ervironmerts:

RedHatLinux 7.0,GNU C 2.96 GNU Make 3.79.1

SunOS/SRRC 5.5.1,GNU C 2.7.2.1,SunOSmake
SunOS/SRRC 5.7,GNU C 2.95,SunOSmake

Windows 2000Profes#onal, Microsoft VisualC 6.0

Of course, the softwareshoud compie sucassfuly in mary otherenvironmerts aswell. For exam-
ple, pag versiors of JasPehave been reporedto build successflly in the following ervironments:

Apple MacintoshPPCG3, Rhapsog 5.6, GNU C 2.7.2.1

e Power Macintosh,GNU/Linux 2.2.1%re9,GNU C 2.95.2

e SUNSAARC, Solaris2.7, GNU C 2.95.2

e CompagDEC Alpha, OSF/14.0F GNU C 2.95.2

e IBM PoverPCAIX 4.2,GNUC 2.95.2

¢ HP9000/712 HP-UX 10.20,GNU C 2.95.2

e SGIOrigin 200,IRIX 6.5,GNU C 2.95.2

e OpenVMSAIpha7.2-1with CompagC compile V6.2-008(after creatirg custan makefiles

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

The JasPesoftwareis intended to be built using the stardard UNIX make utility (in conjunction
with acorfigure scripf).

If you need a C compiler thatis reasmably compliant with the ISO/IEC 98991999 stardard,
you canobtan GNU C from the GNU Projectweb site (i.e., http:  //ww w.gnu .org ). If you
needan implemeration of the malke utility, you canalso obtan GNU Make from the the GNU
Projectwebsite. All GNU softwareis free software.

In whatfollows, $TOPDIR denote the top level diredory of the JasPesoftware distribution
(i.e., the diredory contaning the file namedconf igur e). To build the software, the following
stepsarerequired (in order)



1. Setthecurrent working diredory to thetop level directay of the JasRer softwase distribution.
To setthe currentworking directory asrequired, type:

cd $TOPDIR
(where$TOPDR is definedasdescibedearlier in this sectim).

2. Performtheinitial configuration of the softwae.

This is accanplished by running the configure script. This processallows important infor-

mationabaut the systan configurationto be detamined. The configure script alsogeneates
makefilesfrom malefile templdes.In theay, it should not be necesaryto manualy editany

of themalefile templaes(i.e.,the Makefile.infiles) used by theconfigue program. To invoke

the configure program, type:

Jco nfigu re

The configue script aceptsa numbe of options. Theseoptions canbe listed by invoking
the configue commandwith the- - hel p option. Unlessyou knowwhatyou aredoing, it is
strongly recommerdedthatyou not override the default settirgsfor configure.

In somecases, it may be necessaryto explicitly disable the useof the lJG JPEGIibrary (i.e.,
libj peg). Thisis accanplishal by sumplying the - - dis able- libj peg optionto corfig-

ure. For example suchactionmay be requiredif the version of the JPEGlIibrary instdled
onyour system is not compatble with the versionof JasPebeing built. Also, whenbuilding
underthe Cygwin ervironmen, it maybeneaessay to explicitly disabe theuseof the JPEG
library.

3. Compileandlink the softwae.
Thisis accanplishedvia the make command To run the make program, type:

make

4. Install the software.

This stepmayrequire specia (e.g.,supeuseradministator) privilegesdepenling on the tar
getdirectory for installation. (The default instalation directoriesarenormaly under/usr /
loca | .) Toinstal theexecuables libraries,include files, andothe auxiliary dat, type:

make inst all
Presuminghatthe build wassucessfd, the executdlesfor the JasPeapgication programscanbe
found in thedirectory $TOMDIR/ src/a ppl .
6.2 Build Procesdor Micr osoft Visual C Studio under Micr osoft Windows

With Microsoft Visual C, theentire build processis drivenfrom workspaeandprojectfiles. For the
sale of corvenierce, all of the workspaceand project files necesaryto build the JasPessoftware
areprovided.



In whatfoll ows, $TOPDIR denotes the top level direcory of the JasPesoftware distribution
(i.e., the diredory contaning the file namedconf igur e). To build the software, the following
stepsarerequred (in order)

1. RunMicrosoftVisual C.

2. OpentheJasker workpacefile.

TheJasPeworkspacefile is calledjasp er.ds wandcanbefoundin thedirecory $TOPDIR/
src/ msvc. Theworkspaefile canbe openea usingthe“File” menu.

3. Build thecode

Fromthe“Build Menu”, selectthe“Batch Build” item. Ensurethat all projects/canfigurations
areseleted. Then,click onthe“Build” button.

Presuminghat the build wassuccesful, the releaseanddehug versonsof the execuablesfor the
JasPersoftware can be found in the directories $STOPDIR/s rc/m svc/ Win32 _Rel ease and
$TOMIR/ src/m svc/ Win32_Debug, respetively.

7 Thelibjasper Library

The libjasperlibrary is the heat of the JasPersoftware This library provides meansto encoc,
decale, and othawise manipdate imagedata Several differentcodec are supprted asdetaled
in the secton on codecs(i.e., Section12). The support for codecsis providedin a very modula
manner This allows suppat for othercodecsto be easilyadded.

Thelibrary consigs of two distinct categories of code: 1) basécorecode, and?2) codecdrivers.
The basecode provides geneic routines for manipuhting imagesand providesa framework for
congructing codee drivers The codecdrivers provide a meansfor encodng/decodirg imagesin
spedfic formats The library hasbeendesigred to be extensble so that addng support for new
imageformatsis a straightforward exercie.

In orderto uselibjasper a C soure file shodd include the main JasPetibrary heade file
jasp erlj asper .h . Thiscanbeaccomfishedwith thefollowing prepiocessodiredive:

#inc lude <jasp er/j asper.h>

The main healerfile includesall of the othe library heade files. Therefoe, in order to insuate
appication codefrom possible changesto the namesof the othe library heackr files, one shout
only everincludethemainlibrary heade directy.

The first usage of the library mustalways be to initialize it. This is accanplished by calling
jas_ init . If ary otherfunctiondity of thelibrary is usedbefore this initialization is performed,
theresuting behaior is unddined.

Briefly, the JasPetibrary providesthefoll owing key clas®s:

e Animageclass(i.e.,image_t ). Thisclassis usedto repregntanimage,andalsoprovides
accessto codecdriversfor encodng/decodingimagedatain various formats

e A sequace/matix class. This class providesmatrix andtwo-dimensioml seqenceclases.



e A /O streamclass(i.e., str eam_t ). This class provides!/O streamssimilar to that of the
stardardC library, but with addiional functionality required by othercodein JasPer

¢ A fixed-pant numbe class. This templatel classis usedfor performing fixed-pant arith-
metic.

e A tagvalueparse class. This classfacilitatesthe parsing of tag-valuepairs. A tag-valuepair
is a string of the form “tag=value”. Suchpairs are usedby someinterfaceswithin JasPein
orde to passparametes.

¢ A commandine parer class. This classallows the parshg of commandines. This codeis
inspred by the getgot function availableon mostUNIX systens.

All memoryallocationin thelibjaspeiibrary is pefformedvia the functionsjas _malloc ,jas _
real loc ,jas _cal loc , andjas_ free . If oneis tryingto portthe JasPercodeto anembed
ded platform, it might be necessaryto charge thesefunctionsto usea platform-spedic memory
allocator, rathe thanmall oc andfriends.

Suppot for new imageformatscanbe easilyaddedto JasPerln orde to addsupport for anew
imageformat,onemustprovide three functions:

1. anencodng function,
2. adewmdingfunction,and
3. avalidationfunction.

The encaling function emitsthe coded versian of animage(i.e.,animag e_t object)to a stream
(i.e.,astr eam_t objed). Thedecdalingfunction creaesanimage(i.e.,animage_t object) from

the codeddatain a stream(i.e., astre am_t objed). The validationfunction is usedto quickly

testif a datastreamis formatted correctly for the imageformatin quegion. (This functionality is
necessaryfor the autodetecton of imageformats.)

The exacttypesand argumentstaken by the encaling, decodng, andvalidation functions can
befound by examining the code for theimageformats alreadyincludedin JasPe(e.g.,PNM, BMP,
JPEG).Oncethe above functions have beenwritten, the JasPetibrary canbe madeaware of the
new imageformatthrough a call to jas _image_ad dfmt . This call, of couse, mustbe made
after the JasPellibrary hasbeeninitialized. The code for thejas_i nit function givesseverd
examples of how thejas_ imag e_add fmt function might beinvoked.

8 DemoApplication Programs
TheJasPesoftware conssts of the following programs:
1. jasp er . TheJasPetransoder
2. imgc mp. An imagecompaison utility.
3. imgi nfo . An imageinformation utility.

Theuseof thesecommand is descibedin the sectonsthatfollow.

10



9 The jasper Command

Synopsis

jasp er [options]

Description

The jasper commandcorvertsimagedatafrom one formatto anotrer. In other words, this com-
mandfunctions asa gereral-purpos transoder Sincethe JPEG-200Gormatis supportedby this
software, it canbeusedasa JPEG-200@&ncalerand/a decockr.

Options
Thejasper programacces thefollowing options:

--hel p
Printusagenformation andexit.

- - ver sion
Printthe versionandexit.

- -inp ut file
- f file
Readthe input image from the file namedfile. By default, the input imageis readfrom
stardardinput.

- -inp ut- fo rmat format
-t format
Specily the formatof the input imageasformat In mostcircumstancs, this option shout
not be neead, asthe formatis nomally autocetectel by examining the imagedatadirectly
or deducedfrom the input file nameextenson if aninput file is specified (via the- - in put
option).

- - inp ut- option option
- 0 option
Provide the option option to the decaler. Thevalid valuesfor the agumentoption aredeter-
minedby theinputimageformat Seebelow for moredetails.

- - out put file
- Ffile
Write the encocd imageto the file namedfile. By defaut, the encodedimageis written to
stardardoutput.

- - out put- format format
- T format
Produe the output imagein the format indicated by format The output format mustbe
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spedfied if anoutput file is not given (via the "—output” option). If anoutput file is givenand
no output formatis specified, anattemp will be madeto deducethe correctformatfrom the
output file nameextenson.

- - out put- option option
- Ooption
Provide the option option to the encaler. Thevalid valuesfor the amgumentoption aredeter-
minedby the outpu format. Seebelowfor moredetals.

- - ver bose
Enableverbosemode.

Theargumentformatmusthave oneof thefollowing values

Value | Descrption

bmp | Windows BMP

ip2 JPEG-200Q1P2

jpc JPEG-200@CodeStream
ipg JPEG

pgx PGX

pnm | PNM/PGM/FPM

mif My ImageFormat

ras SunRastefile

Examples

1. Suppaetha we have animagestoral in the PNM/PPMformatin afile calledlena .ppm.
To encock this image(losdessly) in the JIPEG-200Q)P2format, andstoretheresut in afile
calledlena .jp2 ,type:

jasp er --in put lena. ppm --out put lena .jp2 --ou tput- form at jp2
Or, altemately(using shat option names)type:
jasp er -f len a.ppm -F lena .jp2 -T jp2

2. Suppaetha we have aRGB color imagestoredin the JPEG-200QP2formatin afile called
lena .jp2 . To encock this imagein the PNM/PPM format, and storethe resut in a file
calledlena .ppm, type:

jasp er --in put lena. jp2 --out put lena .ppm --ou tput- form at pnm
Or, altemately(usng shat option names)type:
jasp er -f len a.jp2 -F lena .ppm -T pnm

3. Suppaethat we have animagestoredin the BMP formatin afile calledlena. bmp. To
encale this imagein alossy mannerat 100:1 compressionin the JPEG-200Qcode stream)
format, andstoretherestt in afile calledlena_ loss y.jp c, type:

12



jasp er -f len a.bmp -F lena _loss yjp ¢ -T jpc -O rate =0.0 1

4. Suppasethatwe have animagestoredin afile called sach ie.p  nmin thePNM/PRM format,
andwe wantto encaletheimagein the JPEG-200(code stream)formatandstore theresut
in afile namedsach ie_n ew.j pc. Further suposethatwe wantthe JPEG-200Gormat
to employ thefollowing parameters:

cock blocks are64 sample in width and32 samplesn height

no multicomponen transbrmis to beemployed

4 resdution levels shodd be employedfor eachcompament

thecompressionis lossyat 64:1
In orderto accompish theabove, type:

jasp er -f sachie.p nm -F sachi e new.p ¢ -T jpc -O cblk widt h=64
-O cblk heig ht=3 2 -O nomct -O numrlvls =4 -O rat e=0.0 15625

10 Theimgcmp Command

Synopsis

imgc mp[options]

Description

Theimgcmpcommandcompars two images.Thetwo imagesbeingcomparel musthave thesame
geomety (i.e., the samewidth, height, numbe of compments compment subsanpling factas,
etc.).

Options
Thefollowing optionsaresupported

- f file
Readthe primary (i.e., reference)image(for comparson purposes)from thefile namedfile.

- Ffile
Readthe secomaryimage(for comparsonpurpaes)from the file namedfile.

- mmetric
Usethe differencemetric specfied by metric. The metric agumentmay assumeoneof the
foll owing values:
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Value | Descrigion

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

rmse | rootmeansquaederrar (RMSE)
pae | peakabsolueerro (PAE)

mae | meanabsolteerrar (MAE)
equal | equdity

The-f and- F options mustalwaysbe specfied. Thereis currently no way to explicitly specify
the format of theimages.If the formatof eitherimagecanna be autadeteced, the comman will
exit with anerror.

Examples

1. Suppaethatwe have two slightly differentversionsof animagestoredin filesorig inal
pgmandreco nstr ucted .pgm. In orderto calaulatethedifferencebetweernthesimages
using the PSNRmetric, type:

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

11 Theimginfo Command

Synopsis

imgi nfo [options]

Description

Theimginfo commandlisplaysinformationabou animage.This commands really only interded
to be usedfrom shellscriptsfor testing purposes.

12 Codecs

The JasPesoftware providesimplementations of severd popuar code. Likely, the onesof most
interestare those assaiatedwith the JPEG-2000standard. The sectians that follow descibe the
variouscodecsin moredetal.

12.1 BMP Codec

Oneof the most popuar imageformatson the Microsoft Windows platform is Microsdt’'s BMP
format. The BMP codecin JasPeraswritten without the benefitof the BMP formatspecification
from Microsoft. This meansthatthe BMP supprt will inevitably not work correctly for all valid
BMP files.
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Encoder Options

Theencalerdoesnot support ary specal options.

DecoderOptions

Thedecalerdoesnot supprt ary specal options.

12.2 JP2Codec

One of the two imageformatsspecifiedin the JPEG-2000Part-1 standrd (i.e., ISO/IEC 15444-
1[1]) isthesocalled “JP2” format.

Note: The JasRer softwareonly partially implementsthe JPEG-2000JP2file format. More
specificaly, JasRer doesnot provide a fully conforming JP2 decoderas definedin ISO/IEC
15444-1 (i.e., JPEG-2000Part 1). Therefore, the JP2 support in JasRer is provided for infor-
mational purposesonly and is not meant to representa complete and fully conforming JP2
implementation.

Encoder Options

Theencalersuppats all of the sameoptionsasthe JPCencocer.

DecoderOptions

Thedecalersuppats all of the sameoptionsasthe JPCdecocer.

12.3 JPC Codec

One of the two imageformatsspecifiedin the JPEG-200CPart-1 standard (i.e., ISO/IEC 15444-
1 [1]) is the so called JPEG-200Q:0de streamformat. The JPCcodet in JasPeimplemens this
format.

The desgn of the JPEG-200Godecimplemenation wasdriven by several key coneerns: exe-
cution speed, memoryusage, robustnessportability, modulaity, maintanability, andextensibility.
In somecaseshowever, during the desgn process modularity, portability, andunderstamability of
the codewereweighed more heavily than execution speedand memoryusag. Codeundestand
ability andportability werecritical corsiderdions sincethis softwarewasintendedto be usedasa
referenceimplemenation of the JPEG-2000Part-1 codes in the JPEG-2000Part-5stardard[5].

Encoder Options

Thefollowing optionsaresupportedby theencaler:

imgar eatl x=x
Setthe x-coordinde of thetop-left corne of theimageareato x.

imgar eatl y=y
Setthey-coordinde of thetop-left corne of theimageareato y.
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tleg rdtl x=x
Setthe x-coordinae of thetop-left corne of thetilin g grid to x.

tleg rdtl y=y
Setthey-coordinde of thetop-left corne of thetiling gridtoy.

tilew idth =w
Setthe nomind tile width to w.

tileh eigh t=h
Setthenomind tile height to h.

prcwi dth= w
Setthe precinct width to w. The agumentw mustbe aninteger power of two. The default
value is 32768.

prche ight =h
Setthe precinct height to h. The agumenth mustbe aninteger power of two. The default
valueis 32768.

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

cblkh eigh t=h
Setthenomind code block height to h. Theargumenth mustbeanintegerpower of two. The
default valueis 64.

mode=m
Setthe coding modeto m. Theamgumentm musthave oneof thefollowing values

Value | Descrigion
int integer mode
real realmode

If losdesscodng is desred, the integer modemustbe used. By default, the integer mode
is employed. The chace of modealsodetemineswhich multicomponat andwavelet trans
forms (if ary) areemployed.

rate= r
Specily thetamet rate. The argumentr is a postive realnumber Sincea rate of onecorre
spandsto no compression,oneshoud never needto explicitly spedfy arategreate thanone.
By default, thetargetrateis corsidera to beinfinite.

ilyrr ates =rg[,71,....7n_1]
Speciy therates for ary intermediatelayers. The agument to this option is a commasepa
rated list of N rates Eachrateis a postive realnumber. The ratesmustincreasemonobni-
cally. Thelastratein thelist shoul belessthanor equd to the overall rate (asspecfied with
therate option).
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prg=p
Setthe progessiam orderto p. Theargumentp musthave oneof the following values:

Value | Descripton

Ircp | layerresoltion-comporent-position (LRCP) progressie (i.e., ratescahble)

ricp resoldion-layercomporent-position (RLCP) progressie (i.e., resdution scalalbe)
rpcl resoluion-position-canponen-layer (RPCL) progressie

pcrl posiion-camponet-resdution-layer (PCRL) progessie

cprl | comporent-pgsition-resdution-layer (CPRL) progressie

By default, LRCPprogessve ordeing is employed. Notethatthe RPCLandPCRL proges-
siors arenot valid for all possble imagegeometies. (Seg[1] for moredetals.)

nomct
Disallowthe useof any multicomponen transbrm.

numrl vis= n
Setthe numberof resdution levelsto n. The agumentn mustbe aninteger that is greate
thanor equd to one. Thedefault valueis 6.

sop
Generge SOPmarker sggments

eph
Generge EPHmarker sgments

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

terma |l
Terminateall coding pases.

segsy m
Usesgmenationsymbols

vcaus al
Usevertically stripe causcontexts.

pterm
Usepredctalde termindion.

reset prob
Resethe probaility modelsaftereachcodng pass.

numgbits= n
Setthe numberof guardbitsto n.
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DecoderOptions

Thedecalerdoesnot supprt ary specal options.

Rate Specification

All ratesarespedfied in termsof compiessionfactors(i.e., asreciprocak of compessia ratio) and
not asactual bit rates Although imagecoding folks frequently usethe numberof bits per pixel to
spedfy rate this quartity is oftenincorvenient to usewhendealing with imagesthat have differing
samplepredsions. Furthermoe, the numberof bits per pixel is not well definedfor multicompo-
nentimages with distinct subsamplingfadors. The compresion facta, however, is independern
of sampleprecision andwell definedfor all typesof images. For these reasois, Jag?erusesthe
compressionfactor andnot the numberof bits perpixel to spedfy rates.

12.4 JPG Codec

For lossy coding, one of the most popuar imageformats is spedfied in the JPEGstanaard (i.e.,
ISO/IEC10918-1[6]). In JasPerthe JPGcodecimplemerts this format

TheJPEGsupprt in JasPerequresthe JPEGlibrary from thelndependen JPEGGroup(1JG).
For legal rea®ns,the IJG JPEGIibrary souice codeis not includedwith JasPer The soure code
for this library canbe downloadedfrom thelJG website (i.e., http:  //ww w.ijg .org ).

Encoder Options

TheJPGenaderdoesnot supprt ary spedal options.

DecoderOptions

Thedecalerdoesnot support ary specal options.

12.5 PGX Codec

The JPEG-2000/erificationModel softwareemploys anon-standrdformatcalled PGX.In JasPer
this formatis handed by the PGX codec. The PGX format canonly handEe singe comporents
images andconsquetly, is of limited use

Encoder Options

Theencalerdoesnot supprt ary specal options.

DecoderOptions

Thedecalerdoesnot supprt ary specal options.
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12.6 MIF Codec

Thesupport for the MIF formatis experimental.lt is intendedto be usedfor advanedtesing of the
JasPedPEG-200@ode implemenétion.

Encoder Options

Theencalerdoesnot support ary specal options.

DecoderOptions

Thedecalerdoesnot support ary specal options.

12.7 PNM Codec

OnUNIX platforms,the PortablePixmap/Graynap/Bitmap(PNM) formatis quite popularfor cod
ing imagedata The PNM codec in JasPersugports this format. In JasPerthe suport for the
PNM/PGV/PPM formatis compldge. Therefoe, the useof this formatis favored over the BMP
format. A (nondandad) extenson hasalsobeenaddedto the support for the PNM format sothatit
canhande imageswith signed samplevalues.

Encoder Options

Thefollowing optionsareprovided by the PNM encaler:

text
Useanonraw (i.e.,non-dnary) flavor of PNM format.

DecoderOptions

Thedecalerdoesnot support ary specal options.

12.8 RAS Codec

Onepopular imageformat on Sunworkstatons is the Sun Rastefile format. The RAS codecin
JasPemmplemeris this format.

Encoder Options

Theencalerdoesnot support ary specal options.

DecoderOptions

Thedecalerdoesnot supprt ary specal options.
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13 Reporting Bugs

If you areunfortunat enowgh to enaounte ary problemswith the JasPesoftware, please submit
abugrepat. In orderto ensue thatyour bug repat canbe propely processegdalwaysbe sureto
includeall of thefoll owing information

e Theversion of JasPem which the prodemwasfound.

e Thedetdls of therun-time system(i.e., operding system, versiacn number)
e Thecompier thatyou areusing (i.e., venda, versionnumber)

e Theexad commandine optionsused whenthe prodem wasobseved.

¢ Indicatewhetheror not the probem is reproducble. If the problemis reproducible, indicate
the exactsteps requiredto repraducethe probdem.

¢ A detaikeddesciption of the probdem thatyou areexperienciryg.

It is essentidthat you include all of the above information. Yourcomplde bug repat shout be
sentto mdadams@ieee.org .

14 Additional JasRer Resources

For moreinformationabou the JasPesoftware pleasevisit thefoll owing webpages

e JasPeProje¢ HomePage(i.e., http: //ww w.ec e.ubc .ca/ "mdadams/jasp er)
e ImagePoverHomePage(i.e.,htt p://w ww.i magepower .com)

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

By joining this group, onecaneasilyobtain up-to-dak informationaboutthe JasPeProjectin
atimely fashon. Theass@iatedmailing list is usedto annaincenew releagsof the software
anddisseminateothe important informationabou JasPer

e JasPeBoftwareDiscusionGroup(i.e.,htt p:// group s.ya hoo.c om/group /jasp er-

For more information aboutthe JasPeisoftware and JPEG-2000standad, the reacer is referred
to[7,8].

15 Origin of the Name

The Ja$ersoftware is named,in part, after Jasgr National Park, the largestnational parkin the
Canadan Rockies with 10,87 squae kilometresof mountan wilderness. As it hapgens,jaspe
is alsothe nameof an opaqie cryptocrydalline variety of quatz usedfor ornametation or asa
gemstme—here, theimplication that the softwareis predous (i.e., like a gemstme). Lastly, the
name‘jaspe” wasalsochoenbecaiseit contansaletter “J” foll owedsubsguenty by aletter“P”,
not unlike the abbreviation “JP” thatis assocatedwith the JPEG-200Gtandhrd.
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