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Abstract

Theperl languageis a powerful tool for creationof portableprogramson a wide rangeof platforms.
Supportof the graphicuser interfaceis not included in perl, and is provided by several stand-alone
graphicaltoolkits. The mostpopularmodulesarePerl-Tk andWx, basedon multi-platform libraries,
correspondinglyTcl-Tk andwxWindows, both written in C. The toolkit Primawaswritten to provide
featuresnon-existentin theothertoolkits,andit wasusedasabasefor developmentof researchapplica-
tionswith needsof bothgraphicinterfaceandimageprocessing.

The target biological researchcomprisesa study of the effects of applying variouspeptide-based
preparationson neuronculture,with subsequentquanti�c ationof morphologicalchangesin cells. The
softwareprovidesbothmanualandautomaticquanti�cation,wheretheformerdependsongraphicinter-
facefunctionality, andbothon numericalprocessing.

The toolkits Prima,PDL, andIPA areusedto demonstrateperl capabilitiesin the intersectionarea
betweenimageprocessingand graphicuser interface. Prima is a platform-independentperl graphic
toolkit with an objectorientedinterface. Its featuresincludean extensive setof perl-codedwidgets,a
wide rangeof imagetypesandconversionroutines,anda visual builder. IPA is an imageprocessing
toolkit basedon Primafunctionality, andprovidesa setof commontwo-dimensionaloperators.PDL is
a popularnumericaltoolkit featuringef�cient storageof numericalarrays.It containsa wide spectrum
of calculationalfunctionalities,includingasetof imageprocessingoperatorsdesignedto work with two
andmoredimensionaldata.

Thework illustratestheusageof Prima,IPA, andPDL librariesfor imageconversionanddisplay.

Intr oduction

In the last yearssigni®cantamountof efforts hasbeenput into porting the perl languageto a widening
rangeof platforms. Mac OS,VMS, OS/2,Win32, just to namea few from the list of thesupportednon-
unix systemsareusedto run scriptsandmodules,written for the otherplatforms[7]. Suchis the effect
of theperl API1 beingcloseto identicalon differentplatforms,which facilitatesthecreationof portable
perl programs.As perl evolves,it facesnew areasof programming,andoneof theseis thegraphicuser
interface.

Traditionally, GUIs2 are written using toolkits, which rangefrom simple, single-platformwrappers
foundin abundance,to vastsuiteswith long-formedtraditionsandagedcommunity. Mostof themhave in
commonthatthey arebasedonat leastoneplatform-speci®cAPI, andde®netheirown API levelsto cover
theplatformdetailsandintroducenew features.

In theperl area,Perl-Tk [8] is probablythe mostpopularlibrary for the GUI programming.It hasa
largeadvantageover its rivals that it is a platform-independenttool, andhasa relatively long history. Its
closestcompetitor, WxWindows [9], sharesmostof Perl-Tkfunctionality, but its distribution is somewhat
lesser. Thesetoolkits offer a moreor lessorthogonalsetof functionsthat cover window management,
input,2D graphicoutput,standarddialogs,andtheeventloop.

1API - applicationprograminterface
2GUI - graphicuserinterface
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As a basefor smallscriptsandprogramswith infrequentgraphicneeds,theselibrariescanbeseenas
an ideal solution. Whenit comesto larger projectsthough,C toolkits areusuallypreferred.The key in
understandingwhy doesthis happenlies in the natureof perl connectionto theuserC code,namelythe
XS interface.Althoughthisareais verywell documented,it oftenturnsinto anunexpectedobstacleto one
whoneedsaccessingC codefrom perl,but havenotbeenawareof existenceof theXS layer.

On theotherhand,it is not possibleto abolishtheneedof usingC codefor any particularperl toolkit,
northisis desirable.Moreover, thebalancebetweenthefunctionalityprovidedatperllevelandtheexpected
functionalityis thedecisionfactorbetweenperl andC tools.BothPerl-TkandWx arebasedonC-written
libraries,correspondinglyTcl-Tk andWx-Windows. Their integrationin theperl domainintroducedthe
decisionline, which delimits featuresaccessibleandnot accessiblefrom perl. The new toolkit Primais
designedso its functionality lies mostly in perl, andin particularrequiresno C codeto extendits widget
set,- which is not sofor Tk andWx.

As a demonstrationof a successfulcombinationof the bothC andperl, thePDL toolkit canbe used
asanexample.PDL standsfor PerlDataLanguageandis devisedfor manipulationof multi-dimensional
numerictables. Oneof its modules,PDL::PP, providesan ef®cient translationof pseudo-codeinto XS
code,whichconvertedinto C code.With thecalculationalspeedof C, andcodingconvenienceof perl, the
toolkit presentsaneasilyexpandableframework.

ThePDL toolkit [6] is a popularsolutionfor perl-basedimplementationof numericalgorithms. It is
alsoanoptionwhenthedelivery of a programis troublesomedueto the licensingor otherrestrictionsof
researchtools.

As to the author's knowledge,thereareno viable resultsof attemptsto combinea mathematicaland
a GUI toolkit within the reachof the perl language.HerePDL is demonstratedto be successfullyused
togetherwith Prima.

Prima, perl GUI toolkit

Prima( http://www.prima.eu.org/ ) is anplatform-independent,perl-basedGUI toolkit, working
on Unix/X11, Win32, andOS/2platforms. In additionto the functionalityof thereviewedGUI libraries,
it providesanextensiblesetof widgets,codedpurely in perl. Having beendesignedoriginally for image
processingneeds,the toolkit developedinto a library with several featuresnever being implementedor
well-developedin theperlGUI world before[1].

As a proof of the statement,below exempli®edthe toolkit conceptof callbackfunctions. The most
widespreadparadigmin object-orientedprogrammingis to de®nea setof virtual subroutines,whereover-
loadingis performedvia sub-classing.While this approachis alsoimplementedin the toolkit, theother,
morefavorablemethodwasused,whenoneor moreanonymoussubroutinesis attachedto theobjectin-
stance,contraryto theobjectclass.

Thistechniqueyieldsaconvenientcodingstylewhenawidgetor awindow needscustomfunctionality.
For example,onPaint callbacktypeis calledwhenever there-paintingis needed,verymuchalike in many
GUI designs,but thedifferenceis that the functioncanbeeitheranonymousor a classicoverloadedsub-
routine. Moreover, therecanbemorethanoneanonymouscallbackfunctionfor eachcallbacktype. The
conceptaimsthesamegoalsasthesubroutineoverloadingapproachdoes,but achievesthesewith greater
�e xibility . In theexampleabove,onDestroy callbackfunctionis not theonly codeexecutedwhentheDe-
stroynoti®cationis triggered;theclassPrima::Windowincapsulatesintrinsiccodefor thenoti®cation,plus
theobjectinstancecancontainotheronDestroycallbackfunctions.

Theexamplein Fig.1 is a fully functionalscript, thatshows a window with string "Hello world" and
terminateswhenthewindow is closedby theuser. Theconceptsof objectoptions( size, centered, etc), and
theeventloop is similar to theonesin Tk, exceptthepaintingroutine,whichallowswidersetof functions.

This aspectis importantto theapplications,dealingwith imagedrawing anddataplotting. While the
Tk approachallowseasiermanagementof theon-screenobjects,it is badlyscalable,andrequiresC coding
whenthemorecomplex drawing routinesarerequired,for example,with customclippingregionsor raster
logical operations.

Anotherfeatureof thePrimatoolkit is a largesetof supportedpixel formats,andthemeansto convert
betweenthese.In additionto 1, 4, 8, and24bitsperpixel formats,alsobyte,short,long, �oat, double,and
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use Prima
qw(Application);

my $code = scalar(`cat $0`);
Prima::Window-> create(

size => [ 200, 200],
text => "Hello world",
centered => 1,
onPaint => sub {

my ( $self, $canvas) = @_;
$canvas-> clear;
$canvas-> draw_text($code, 0,

0, $canvas-> size);
},
onDestroy => sub {

$::application-> close;
}

);

run Prima;

Figure1: A “Hello world” program

complex pixel typesaresupported.If animageconversioninvolvesdatadown-sampling,oneof four error
distributionalgorithmscanbeselected.

List of theotherfeaturesof thetoolkit includesaRAD3-stylevisualbuilder, Pod4 viewerclasses,range
of supportedimage®le formats,unicode,PostScript(tm)printerinterface.

IPA

ThePrimatoolkit wasoriginally designedfor imageprocessing,but it containslittle 2-D processingalgo-
rithms.Thisfunctionwasdelegatedto anothertoolkit, IPA, whichstandsfor ImageProcessingAlgorithms.
Beingderivedfrom Prima,it employs its imagestorageandconversioncapabilities,andis designedto be
a portableandplatform-independentlibrary.

Whereasit is not attainableto cover all rangeof imageprocessingdiversitywithin sucha library, nor
the competitionwith the existing comprehensive softwarewas the goal, still IPA featuresa setof basic
processingfunctionsgroupedin modulesby algorithms.Examplesof themostsigni®cantof theseare:

� Point- brightnessthresholding,addition,subtraction

� Local - median®lter, Sobeloperator, Dericheoperator

� Global- area®lter, Fouriertransform

� Morphology- erosion,dilation,skeletonizing

Thefull list of functionsis presentin thelibrary documentation.
As many numericalpacketsprovideaninteractiveshell,alsodoesIPA. Its minimalisticshelliterm is

a combinationof a commandline with an imageviewer window. Its usageprimarily concernsinteractive
exploringof imageprocessingoperators.

Beingcoveredby thesametypeof licenseasPrima,IPA presentsa portableopen-sourcesolutionfor
bothperl andC programmers.

3RAD - rapidapplicationdevelopment
4POD- plainold documentation,thestandardperl documentformat
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PDL

The Perl DataLanguageis a numericalframework, that in particularis suitablefor implementingimage
processingalgorithms.Somealgorithmsthatapplyto morethan2D imageprocessing,for example,Fourier
transform,arepresentin PDL already. But insteadof re-implementingtheroutinesto beaccessiblefrom
underPDL, a connectorpackagePDL-PrimaImage waswritten.

As the conversionbetweenPDL scalarsandPrima/IPA imagesis madeeasy, the platform for using
the calculationalpowersof the both canbe establishedwith lesserefforts. Although PDL doesprovide
very goodvisualizationaids,andhasintrinsic plotting functions,thesearebadly portable. In particular,
PDL::FAQ complainsaboutlackof graphicssupportonwin32platform,whatis probablyanextrareason
to befriendPDL andPrima.

PDL itself containsarelatively largeamountof numericroutines,andthereforeits thoroughdescription
is not thegoalof thepaper;othersources[6] andbooks[4] cover the topic morecomprehensively. PDL
modules,usefulfor theimageprocessing,arelistedbelow:

� PDL::Graphics::LUT- look-uptables

� PDL::Image2D- setof 2-D imageprocessingfunctions

� PDL::ImageND- setof N-D imageprocessingfunctions

� PDL::ImageRGB- utility functionsfor RGB images

Applications

As a part of my researchstudy, a setof programshasbeenimplementedto facilitate the quanti®cation
of morphologyof biological structures.The softwaredevelopmentis performedprimarily on FreeBSD,
whereastheendusersrun thesoftwareonMS Windows.

Theresearchprojectconductedin theProteinLaboratory, CopenhagenUniversity, involvesmeasuring
theeffect of applicationof extensive setof peptidesontoneuralcells. Thetreatmentresponseis re�ected
in themorphologyof thecell, in particular, in thedevelopmentof neurites[5].

Thequanti®cationof changesin morphologyis performedmanually, andis bothtediousandlaborsome,
sinceit consistsprimarily of thepoint-and-clickregistrationroutine. Theapplicationof setof algorithms
ontheimages,recordedusingdifferentkindsof microscopy, producesreliableresultsthatcloselycorrelate
to thedata,acquiredby humanobservers.

A program,usedin the ProteinLaboratoryperformesrecognitionof onehundredof 512x7688-bit
grayscaleimagesin 294secondsona 2.4GHzmachineunderFreeBSD.

Discussion

Thebasicimageprocessingoperatorshavebeenre-implementedmany timesduringthelast20years.The
mostwidely known softwarepackagesthat includethese,arecommercialIntel's IPL ( ImageProcessing
Library ), Microsoft's Visual SDK, Matlab, Imagtek's REX, andfreewareImageMagick,SciLab, ipl98,
etc. Many softwareandhardwarevendorscomewith their own codealso. This, plus the availability of
booksonimageprocessingalgorithmsimplementation[2, 3] drivesnew librariesontoahighly competitive
ground.Thoughnone,exceptMatlab,of the listed librariesarenot reportedbeingconnectedto perl, it is
not anunfeasibletaskto ®nd a suitablelibrary andmake it availablefor perl. WhatmakesIPA specialin
this regard,that it is not boundto a singleplatform,nor it is boundto any third-party( exceptperl itself )
copyrights.

As analternative to IPA, Intel's IPL is themostsuitablelibrary for multi-platform imageprocessing.
AlthoughIPL is superiorto IPA, it hasno built-in supportof perl. As IPL hasits own memoryallocation
policies,it canbeconnectedto perlvia PDL,whichhasaspeci®callydesignedinterfacefor suchalinkage.

Matlabis anotheralternative,but its connectionto perl is otherwayround- insteadof providing access
of its internalfunctionsto perl,it integratesperlinto itself. Althoughsuchalinkagedoesnotleaveany place
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for numericalperl packages,still it realizesa way of interchangingdatafrom perl andMatlab,especially
given the power of the latter. Matlab alsocontainsa datavisualisationpackage,and in sameregard it
is superiorto Prima,Perl-Tk, Wx, andis competitive to PDL's PGPLOT asa researchtool. It is hardly
possiblethoughto useMatlabasa standalonelibrary, andalsoto shipdueto its licensingrestrictions.

Among the freeware tools the most promisingis Scilab http://cyvision.if.sc.usp.br/
~rfabbri/sip , thescienti®csoftwaresuite,which adoptscertainsimilarity to Matlab. TheScilabalso
containsanimageprocessingtoolboxSIPhttp://cyvision.if.sc.usp.br/~rfabbr i/sip/ .
Thesuitealsoprovidesinterfaceto Tcl/Tk andseveralcontributedpackagesthatusetheTcl scripting.

Prima's closestcompetitor, Perl-Tk, includeslarger baseof code,anduni®esboth perl andtcl com-
munitiesby preservingoriginal Tcl-Tk API paradigm.This Perl-Tkfeatureis possibledueto thefactthat
largeamountof codeis written in C, whichalsomakesits portingeasierfor undertheotherlanguages;the
sameis valid for Wx also.Fromtheotherhand,portingPrimato anotherplatformwouldrequiremuchless
effort, becauseit doesnot includeaccessto theplatformwidgetsandstandarddialogs.This is especially
importantfor X11-basedenvironments,with themostpopularX11/Athena,Motif, GTK, andQt toolkits.
Wx supportsseveralsuchfront-ends,but it comesat thecostof supportingthecommonX11 code.

The functionality of PrimaandPerl-Tk overlap,but singleprogramcannotusefeaturesof the both,
exceptof Primaimagesubsystem,whichcanbeusedseparately. Perl-Tkuniquefeaturesarewidgetpack
andgrid geometrymanagers;theseareplannedto be implementedin Primaalso. List of Primaunique
featuresincludepure-perlimplementedsetof widgets,imageconversionsubsystem,anda visualbuilder.
The perl implementationof sophisticatedwidgets,like a HTML browser, is not prohibitively expensive
any longer, giventhespeedof themoderndaycomputers.Suchan implementationis ( arguably) easier
to develop andsupportthana C or C++ one,andin particularsavesthe expensesof revealingeventual
memorycorruptionsandleaks,intrinsic to thelow-level languageimplementations.

Conclusions

Developmentof all of thedescribedtoolkits is not®nished.Beingopensourceprojects,they canbeeasily
contributed.In particular, developmentof PrimaandIPA toolkits is open,andis discussedon mailing list
prima@prima.eu.org . To subscribeto thelist, sendmail to <majordomo@prima.eu.org> and
includesubscribe prima <optional address> in thebodyof themessage.
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Figure2: Manualandautomatedsamplingof lengthsof neurites.Thepictureon theleft is a screenshotof
theprogram,runningunderMS Windows in manualmode.Centersof cellsandcrossingsof neuritesare
markedmanuallyby theuser. Thepictureon theright is a screenshotof thesameprogram,runningunder
X11 in automaticmode.Centersof thecellsandneuritesareextractedandoutlinedin differentcolors.
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Examples

Figure3: Demonstrationof advancedplotting techniquesusingthePrimatoolkit

# Displays window with text and background, filled with
# concentric circles of different colors.
use strict;
use Prima qw(Application);
# Construct image large enough to fit word "Gradient"
# written with a font of 100-point size
my $i = Prima::Image-> create(

preserveType => 1,
type => im::BW,
font => { size => 100, style => fs::Bold|fs::Italic },

);
$i-> begin_paint_info;
my $textx = $i-> get_text_width( "Gradient");
my $texty = $i-> font-> height;
$i-> end_paint_info;
$i-> size( $textx + 20, $texty + 20);
# draw the word in white onto black background
my @is = $i-> size;
$i-> begin_paint;
$i-> color( cl::Black);
$i-> bar(0,0,@is);
$i-> color( cl::White);
$i-> text_out( "Gradient", 0,0);
$i-> end_paint;
# construct grayscale palette for better representation
# on paletted displays
my @xpal = ();
for ( 1..32) {

my $x = (32-$_) * 8;
push(@xpal, $x,$x,$x);

};
# construct window
my $w = Prima::Window-> create(

onDestroy=> sub {$::application-> close;},
size => [ @is],
centered => 1,
buffered => 1,
palette => [ @xpal],
onPaint => sub {

my ( $self, $canvas) = @_;
$canvas-> clear;
# paint the background circles
my $xrad = $is[0] / 62;
for ( 1..32) {

my $x = (32-$_) * 8;
$x = ($x< <16)|($x< <8)|$x;
$canvas-> color($x);
$canvas-> fill_ellipse($is[0]/2,$is[1]/2, $xrad*(32-$_)*2, $xrad*(32-$_)*2);

};
# apply clipping, so all drawing is confined to the bitmap region
$canvas-> region( $i);
# paint the circles with inverse gradation
for ( 1..32) {

my $x = ($_-1) * 8;
$x = ($x< <16)|($x< <8)|$x;
$canvas-> color($x);
$canvas-> fill_ellipse($is[0]/2,$is[1]/2, $xrad*(32-$_)*2, $xrad*(32-$_)*2);
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};
},

);
# event loop
run Prima;

Figure4: Imageconversionfacilitiesof Primatoolkit. Down-samplingof agrayscaleimage:with constant
threshold,with thethresholdmatrix,with errordistribution.

use Prima;
my $i = Prima::Image-> load('lena.gif');
die "Cannot load:$@\n" unless $i;
my $result = Prima::Image-> create(

width => $i-> width * 2,
height => $i-> height * 2,
type => $i-> type,

);
my $k;
# copy normal, non-converted image into the upper left corner
$result-> put_image( 0, $i-> height, $i);
# copy result of simple thresholding into the upper right corner
$k = $i-> dup;
$k-> set( conversion => ict::None, type => im::bpp1);
$result-> put_image( $i-> width, $i-> height, $k);
# copy 8x8 ordered image into the lower left corner
$k = $i-> dup;
$k-> set( conversion => ict::Ordered, type => im::bpp1);
$result-> put_image( 0, 0, $k);
# finally convert the original image using error diffusion algorithm
$i-> set( conversion => ict::ErrorDiffusion, type => im::bpp1);
$result-> put_image( $i-> width, 0, $i);
$result-> save('lena4.gif');
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Original imagewith "salt andpepper"
noise

Missingpixelsaveraged

Figure5: PDL andIPA: De-noisinga grayscaleimageby theaveragingselectedpixels

# demo of all toolkits
use PDL;
use PDL::Image2D;
use PDL::IO::Pic;
use Prima;
use IPA;
use IPA::Point;
use PDL::PrimaImage;
# read image as piddle scalar
my $img = PDL-> rpic('onions.pgm');
# convert into Prima/IPA image
my $mask = PDL::PrimaImage::image( $img);
# map out all black and white pixels
$mask = IPA::Point::threshold( $mask, minvalue => 1,

maxvalue => 254);
# convert back to piddle scalar
$mask = PDL::PrimaImage::piddle( $mask);
# normalize values to 0 and 1
$mask /= -255;
$mask++;
# average by PDL::Image2D::patch2d
my $result = patch2d $img, $mask;
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a)original image b) mediantransformwith large
window

c) subtractb) from a) to equalize
thebackground

d) binarythreshold e)®ll closedcontours f) extractmorphologicalskeletons

g)removelargeskeletons h)combinee)andg) to ®lter out the
clusters

i) removeverysmallspots

Figure6: IPA toolkit demonstration:calculatemeanvesicleareafrom thegrayscalesample.
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# Calculate mean vesicle area
use Prima;
use IPA;
use IPA::Local;
use IPA::Point;
use IPA::Global;
use IPA::Morphology;
my $i = Prima::Image-> load('input.gif');
die "Cannot load:$@\n" unless $i;
# equalize image background
my $median = IPA::Local::median( $i, w => 51, h => 51); # b)
$i = IPA::Point::subtract( $i, $median); # c)

# binarize image
$i = IPA::Point::threshold( $i, minvalue => 0,

maxvalue => 128); # d)
$i = IPA::Global::fill_holes( $i); # e)
# extract skeletons and remove the elongated ones, which
# correspond to vesicle clusters
my $skeletons = IPA::Morphology::thinning( $i); # f)
$skeletons = IPA::Global::area_filter( $skeletons,

maxArea => 5); # g)
# filter the clusters and noise
$i = IPA::Morphology::reconstruct( $i, $skeletons); # h)
$i = IPA::Global::area_filter( $i, minArea => 6); # i)
# get mean area
my $n = scalar @{IPA::Global::identify_contours( $i)};
my $area = $i-> sum / 255;
printf "Mean area: %g pixels\n", $area / $n;

Links
� Primatoolkit http://www.prima.eu.org/

� IPA library http://www.prima.eu.org/IPA

� PDL toolkit http://pdl.perl.org/

� PDL-PrimaImagemodulehttp://www.prima.eu.org/PDL- PrimaImage
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