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Abstract

The perllanguages a powerful tool for creationof portableprogramson a wide rangeof platforms.
Supportof the graphicuserinterfaceis not includedin perl, andis provided by several stand-alone
graphicaltoolkits. The mostpopularmodulesare Perl-Tk and Wx, basedon multi-platform libraries,
correspondinglyTcl-Tk andwxWindows, both written in C. The toolkit Primawaswritten to provide
featuremon-«istentin theothertoolkits, andit wasusedasabasefor developmentof researctapplica-
tionswith needsf bothgraphicinterfaceandimageprocessing.

The target biological researchcomprisesa study of the effects of applying various peptide-based
preparation®n neuronculture,with subsequengiuanti ¢ ation of morphologicalchangesn cells. The
softwareprovidesbothmanualandautomaticquanti cation,wheretheformerdepend®n graphicinter-
facefunctionality andbothon numericalprocessing.

Thetoolkits Prima, PDL, andIPA areusedto demonstratgerl capabilitiesin the intersectionarea
betweenimage processingand graphicuserinterface. Primais a platform-independenper! graphic
toolkit with an objectorientedinterface. Its featuresinclude an extensve setof perl-codedwidgets,a
wide rangeof imagetypesand conversionroutines,anda visual builder. IPA is animageprocessing
toolkit basedon Primafunctionality andprovidesa setof commontwo-dimensionabperatorsPDL is
a popularnumericaltoolkit featuringef cient storageof numericalarrays. It containsa wide spectrum
of calculationafunctionalities,includinga setof imageprocessingperatorglesignedo work with two
andmoredimensionabata.

Thework illustratesthe usageof 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, 0S/2,Win32, just to namea few from thelist of the supportechon-
unix systemsare usedto run scriptsand modules,written for the otherplatforms[7]. Suchis the effect
of the perl API* beingcloseto identical on differentplatforms,which facilitatesthe creationof portable
perl programs.As perl evolves, it facesnew areasof programmingandoneof theseis the graphicuser
interface.

Traditionally, GUIs? are written using toolkits, which rangefrom simple, single-platformwrappers
foundin alundanceto vastsuiteswith long-formedtraditionsandagedcommunity Most of themhavein
commonthatthey arebasedn atleastoneplatform-speci®®API, andde®netheir own API levelsto cover
the platformdetailsandintroducenew features.

In the perl area,Perl-Tk[8] is probablythe mostpopularlibrary for the GUI programming.It hasa
large advantageover its rivalsthatit is a platform-independertbol, andhasa relatively long history. Its
closesttompetitor WxWindows [9], sharesnostof Perl-Tkfunctionality, but its distribution is somavhat
lesser Thesetoolkits offer a more or lessorthogonalset of functionsthat cover window management,
input, 2D graphicoutput,standardialogs,andthe eventloop.

1API - applicationprograminterface
2GUI - graphicuserinterface



As abasefor small scriptsandprogramswith infrequentgraphicneedstheselibrariescanbe seenas
anideal solution. Whenit comesto larger projectsthough, C toolkits are usually preferred. The key in
understandingvhy doesthis happerlies in the natureof perl connectionto the userC code,namelythe
XS interface.Althoughthis areais very well documentedt oftenturnsinto anunexpectedobstacleo one
who needsaccessing codefrom perl, but have not beenawareof existenceof the XS layer.

Ontheotherhand,it is not possibleto abolishthe needof usingC codefor ary particularperl toolkit,
northisis desirable Moreover, thebalancebetweernthefunctionalityprovidedatperllevel andtheexpected
functionalityis the decisionfactorbetweerperlandC tools. Both Perl-TkandWx arebasedon C-written
libraries, correspondinglyTcl-Tk and Wx-Windows. Their integrationin the perl domainintroducedthe
decisionline, which delimits featuresaccessibleand not accessibldrom perl. The new toolkit Primais
designedsoits functionality lies mostly in perl, andin particularrequiresno C codeto extendits widget
set,- whichis notsofor Tk andWx.

As a demonstratiorof a successfutombinationof the both C andperl, the PDL toolkit canbe used
asanexample.PDL standgor Perl DataLanguageandis devisedfor manipulationof multi-dimensional
numerictables. One of its modules,PDL::PR providesan ef®cient translationof pseudo-codénto XS
code,which corvertedinto C code.With the calculationakpeedf C, andcodingcornvenienceof perl, the
toolkit present@n easilyexpandabldramework.

The PDL toolkit [6] is a popularsolutionfor perl-basedmplementatiorof numericalgorithms. It is
alsoan optionwhenthe delivery of a programis troublesomedueto the licensingor otherrestrictionsof
researchools.

As to the authors knowledge,thereare no viable resultsof attemptsto combinea mathematicabnd
a GUI toolkit within the reachof the perl language.Here PDL is demonstratedo be successfullyused
togethemith Prima.

Prima, perl GUI toolkit

Prima( http://www.prima.eu.org/ ) is anplatform-independenperl-baseds Ul toolkit, working
on Unix/X11, Win32, andOS/2platforms. In additionto the functionality of the reviewed GUI libraries,
it providesan extensiblesetof widgets,codedpurelyin perl. Having beendesignedriginally for image
processingneeds the toolkit developedinto a library with several featuresnever beingimplementedor
well-developedin the perl GUI world before[1].

As a proof of the statementpelonv exempli®edthe toolkit conceptof callbackfunctions. The most
widespreagaradigmin object-orientegorogrammings to de®nea setof virtual subroutinesywhereover-
loadingis performedvia sub-classingWhile this approachs alsoimplementedn thetoolkit, the other,
morefavorablemethodwasused,whenoneor moreanorymoussubroutiness attachedo the objectin-
stancegontraryto the objectclass.

Thistechniqueyieldsa convenientcodingstylewhenawidgetor awindow needscustomfunctionality.
For example,onRaint callbacktypeis calledwheneerthere-paintingis neededyery muchalike in mary
GUI designshut the differenceis thatthe function canbe eitheranorymousor a classicoverloadedsub-
routine. Moreover, therecanbe morethanoneanorymouscallbackfunctionfor eachcallbacktype. The
conceptaimsthe samegoalsasthe subroutineoverloadingapproachdoes but achievesthesewith greater

e xibility. In theexampleabove, onDestoy callbackfunctionis not the only codeexecutedwhenthe De-
stroy noti®cationis triggeredtheclassPrima::Windowincapsulategtrinsic codefor the noti®cation,plus
the objectinstancecancontainotheronDestoy callbackfunctions.

The examplein Fig.1is a fully functionalscript, that shavs a window with string "Hello world" and
terminatesvhenthewindow is closedby theuser Theconcept®of objectoptions( size centeed etc), and
theeventloopis similarto theonesin Tk, exceptthepaintingroutine,which allows wider setof functions.

This aspects importantto the applicationsdealingwith imagedrawving anddataplotting. While the
Tk approachallows easiermanagementf theon-screermbjects|t is badlyscalableandrequiresC coding
whenthemorecomplex drawing routinesarerequired for example with customclipping regionsor raster
logical operations.

Anotherfeatureof the Primatoolkit is alarge setof supportegixel formats,andthe meango corvert
betweerthese.ln additionto 1, 4, 8, and24 bits per pixel formats,alsobyte,short,long, oat, double,and



K Hello world [=][Ol[=] use Prima

uge Prima qu(Application); qw(Application);
my $oode = scalar(‘cat $07); my $code = scalar(‘cat $0Y);
Frima:Window—> create( Prima::Window—> create(

size == [ 200, 200], size => [ 200, 200],

text == "Hello world", text => "Hello world",

centered => 1,
onPaint => sub {
my ( $self, $canvas) = @_;
Fcanvas—= clear, $canvas->  clear;
’ e $canvas-> draw_text($code, 0,
Jcanvas—> draw_text{$code, 0, 0, feanvas—> size); 0, S$canvas-> size);

) )

centered = 1,
onPaint == sub {
my ( $self, feanvas) = @

OHDBSUQY = sub § onDestroy => sub {
$rapplication—» close; $::application-> close;
!
i )i
run Prima; imar
run Prima;

Figurel: A “Hello world” program

comple pixel typesaresupportedlf animagecornversioninvolvesdatadown-samplingoneof four error
distribution algorithmscanbe selected.

List of theotherfeaturesof thetoolkit includesa RAD3-stylevisualbuilder, Pod* viewer classestange
of supportedmage®le formats,unicode PostScript(tmprinterinterface.

IPA

The Primatoolkit wasoriginally designedor imageprocessingbut it containdittle 2-D processinglgo-
rithms. Thisfunctionwasdelggatedto anothetoolkit, IPA, which standgor ImageProcessind\lgorithms.
Beingderivedfrom Prima,it employsits imagestorageandcornversioncapabilities andis designedo be
aportableandplatform-independeritbrary.

Whereadt is not attainableto cover all rangeof imageprocessingliversity within sucha library, nor
the competitionwith the existing comprehensie software wasthe goal, still IPA featuresa setof basic
processindunctionsgroupedn modulesby algorithms.Examplesof the mostsigni®cantof theseare:

Point- brightnesghresholdingaddition,subtraction
Local- median®lter, Sobeloperatoy Dericheoperator
Global- area®lter, Fouriertransform

Morphology- erosiondilation, skeletonizing

Thefull list of functionsis presenin thelibrary documentation.

As mary numericalpaclketsprovide aninteractive shell,alsodoeslPA. Its minimalisticshelliterm is
a combinationof a commandine with animageviewer window. Its usageprimarily concernsnteractive
exploring of imageprocessingperators.

Being coveredby the sametype of licenseasPrima,|PA presents portableopen-sourcaolutionfor
bothperlandC programmers.

SRAD - rapidapplicationdevelopment
4POD- plain old documentationthe standarcperl documenformat



PDL

The Perl DataLanguages a numericalframework, thatin particularis suitablefor implementingimage
processin@lgorithms.Somealgorithmahatapplyto morethan2D imageprocessingfor example Fourier
transform,are presenin PDL already But insteadof re-implementinghe routinesto be accessiblédrom
underPDL, aconnectopackage’DL-Primalmage waswritten.

As the corversionbetweenPDL scalarsand Prima/IFA imagesis madeeasy the platform for using
the calculationalpowers of the both canbe establishedvith lesserefforts. Although PDL doesprovide
very goodvisualizationaids,and hasintrinsic plotting functions,theseare badly portable. In particular
PDL::FAQ complainsaboutlack of graphicssupportonwin32 platform,whatis probablyanextrareason
to befriendPDL andPrima.

PDL itself containsarelatively largeamountof numericroutines andthereforats thoroughdescription
is not the goal of the paper;othersourceg6] andbooks[4] cover the topic morecomprehensiely. PDL
modulesusefulfor theimageprocessingarelisted below:

PDL::Graphics::LUT- look-uptables
PDL::Image2D- setof 2-D imageprocessindgunctions
PDL::ImageND- setof N-D imageprocessingunctions

PDL::ImageRGB- utility functionsfor RGB images

Applications

As a part of my researchstudy a setof programshashbeenimplementedo facilitate the quanti®cation
of morphologyof biological structures.The software developmentis performedprimarily on FreeBSD,
whereaghe endusergunthe softwareon MS Windows.

Theresearclprojectconductedn the ProteinLaboratory Copenhagetniversity, involvesmeasuring
the effect of applicationof extensive setof peptidesontoneuralcells. Thetreatmentesponsés re ected
in the morphologyof thecell, in particular in thedevelopmenbf neuriteg5].

Thequanti®catiorof change$n morphologyis performednanually andis bothtediousandlaborsome,
sinceit consistsprimarily of the point-and-clickregistrationroutine. The applicationof setof algorithms
ontheimagesyrecordedisingdifferentkindsof microscopy, produceseliableresultsthatcloselycorrelate
to thedata,acquiredoy humanobseners.

A program,usedin the ProteinLaboratoryperformesrecognitionof one hundredof 512x7688-bit
grayscalemagesn 294 second®na2.4GHzmachineunderFreeBSD.

Discussion

Thebasicimageprocessingperatordiave beenre-implementednary timesduringthelast20 years.The
mostwidely known software packageshatincludethese arecommercialintel's IPL ( ImageProcessing
Library ), Microsoft's Visual SDK, Matlab, Imagteks REX, andfreeware ImageMagick,SciLab, ipl98,
etc. Many software and hardware vendorscomewith their own codealso. This, plus the availability of
booksonimageprocessinglgorithmsimplementatiori2, 3] drivesnew librariesontoa highly competitve
ground. Thoughnone,exceptMatlab, of the listed librariesarenot reportedbeingconnectedo perl, it is
not anunfeasibletaskto ®nd a suitablelibrary andmake it availablefor perl. WhatmakesIPA specialin
this regard,thatit is not boundto a single platform, nor it is boundto ary third-party( exceptperlitself)
copyrights.

As analternative to IPA, Intel's IPL is the mostsuitablelibrary for multi-platformimageprocessing.
AlthoughIPL is superiorto IPA, it hasno built-in supportof perl. As IPL hasits own memoryallocation
policies,it canbeconnectedo perlvia PDL, which hasa speci®callydesignednterfacefor suchalinkage.

Matlabis anothemlternatie, but its connectiorto perlis otherway round- insteadof providing access
of its internalfunctionsto perl, it integrategerlintoitself. Althoughsuchalinkagedoesnotleaveary place



for numericalperl packagesstill it realizesa way of interchangingdatafrom perl and Matlab, especially
given the power of the latter Matlab also containsa datavisualisationpackageandin sameregardit
is superiorto Prima, Perl-Tk, Wx, andis competitive to PDL's PGPLO asa researchtool. It is hardly
possiblethoughto useMatlabasa standalondibrary, andalsoto shipdueto its licensingrestrictions.
Among the freeware tools the most promisingis Scilab http://cyvision.if.sc.usp.br/
~rfabbri/sip , the scienti®csoftwaresuite,which adoptscertainsimilarity to Matlah The Scilabalso
containsanimageprocessingoolboxSIPhttp://cyvision.if.sc.usp.br/~rfabbr i/sip/
Thesuitealsoprovidesinterfaceto Tcl/Tk andseveralcontributedpackageshatusethe Tcl scripting.

Prima’s closestcompetitor Perl-Tk, includeslarger baseof code,and uni®esboth perl andtcl com-
munitiesby preservingoriginal Tcl-Tk API paradigm.This Perl-Tkfeatureis possibledueto thefactthat
largeamountof codeis writtenin C, which alsomalesits portingeasieifor underthe otherlanguagesthe
samds valid for Wx also.Fromtheotherhand porting Primato anothemplatformwould requiremuchless
effort, becausét doesnotincludeaccesso the platformwidgetsandstandarddialogs. This is especially
importantfor X11-basedervironmentswith the mostpopularX11/Athena,Motif, GTK, andQt toolkits.
Wx supportsseveralsuchfront-endsput it comesat the costof supportinghecommonX11 code.

The functionality of Primaand Perl-Tk overlap, but single programcannotusefeaturesof the both,
exceptof Primaimagesubsystemwhich canbe usedseparatelyPerl-Tkuniquefeaturesarewidgetpack
andgrid geometrymanagerstheseareplannedto beimplementedn Primaalso. List of Primaunique
featuredgncludepure-perlimplementedsetof widgets,imagecorversionsubsystemanda visual builder.
The perl implementatiorof sophisticatedvidgets,like a HTML browser, is not prohibitively expensve
ary longer, giventhe speedof the modernday computers.Suchanimplementatioris ( arguably) easier
to develop and supportthana C or C++ one,andin particularsavesthe expenseof revealing eventual
memorycorruptionsandleaks,intrinsic to the low-level languagémplementations.

Conclusions

Developmenibof all of thedescribedoolkits is not ®nished.Beingopensourceprojects they canbeeasily
contributed. In particular developmentof PrimaandIPA toolkitsis open,andis discussean mailing list

prima@prima.eu.org . To subscribeo thelist, sendmail to <majordomo@prima.eu.org> and
includesubscribe  prima <optional address> in thebodyof themessage.



Figure2: Manualandautomatedamplingof lengthsof neurites.The pictureon theleft is a screenshobf
the program,runningunderMS Windows in manualmode. Centersof cells andcrossingof neuritesare
marked manuallyby the user The pictureon theright is a screenshotf the sameprogram,runningunder
X11in automationode.Centerf the cellsandneuritesareextractedandoutlinedin differentcolors.



Examples

Figure3: Demonstratiorof advancedplotting techniquesisingthe Primatoolkit

# 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:lmage-> create(
preserveType  => 1,
type => im:BW,
font => { size => 100, style => fs::Bold|fs::Italic I
)
$i->  begin_paint_info;
my $textx = $i-> get_text width( "Gradient");
my $texty = $i-> font-> height;
$i-> end_paint_info;
$i-> size(  S$textx + 20, S$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,
h
# apply clipping, so all drawing is confined to the bitmap
$canvas-> region(  $i);
# paint the circles  with inverse gradation
for ( 1.32) {
my $x = ($_-1) * §;
$x = ($x< <16)|($x< <8)|$x;
$canvas->  color($x);
$canvas-> fill_ellipse($is[0]/2,$is[1]/2, $xrad*(32-$_)*2,

$xrad*(32-$_)*2);

region

$xrad*(32-$_)*2);



b
}
)
# event loop
run  Prima;

Figure4: Imagecorversionfacilitiesof Primatoolkit. Down-samplingof agrayscalemage:with constant
thresholdwith thethresholdmatrix, with errordistribution.

use Prima;

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

my $result = Prima::lmage-> create(

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

)i

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 wupper right corner
$k = $i-> dup;

$k-> set( conversion  => ict:None, type => im:bppl);

$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:bppl);

$result-> put_image( 0, 0, $k);

# finally convert the original image using error diffusion algorithm
$i-> set( conversion  => ict:ErrorDiffusion, type => im:bppl);

$result-> put_image(  $i-> width, 0, $i);
$result-> save('lena4.gif');



Originalimagewith "saltandpepper" Missingpixelsaveraged
noise

Figure5: PDL andIPA: De-noisinga grayscalémageby the averagingselectedpixels

# demo of all toolkits

use PDL;

use PDL:Image2D;

use PDL::10::Pic;

use Prima;

use IPA;

use IPA:Point;

use PDL::Primalmage;

# read image as piddle scalar

my $img = PDL-> rpic(‘onions.pgm’);

# convert into Prima/IPA  image

my $mask = PDL::Primalmage::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::Primalmage::piddle( $mask);

# normalize values to 0 and 1

$mask /= -255;

$mask++;
# average by PDL:Image2D::patch2d
my $result = patch2d $img, $mask;



a)originalimage b) mediantransformwith large c) subtractb) from a) to equalize

window thebackground
d) binarythreshold e)®Il closedcontours f) extractmorphologicakkeletons
g)remove large skeletons h)combinee) andg) to ®lter outthe i) removevery smallspots
clusters

Figure6: IPA toolkit demonstrationcalculatemeanvesicleareafrom the grayscalesample.
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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 $i = Prima:lmage-> load('input.gif');
die "Cannot load:$@\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);

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

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

printt  "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-Primalmagenodulehttp://www.prima.eu.org/PDL-
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