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Chapter 1

Intr oduction

1.1 Intr oduction

This documentgives anoverview of thearchitecture andfunctionality of thecurrent Horus implementation.
Theoverview focusseson the implementationasis. It providesonly a flavour of thedesignrationale. The
aim is to providea startingpoint for usageandextensionof thefunctionality.

For moredetailedinformationpleasereferto thereferencedocumentation.And, of course,theansweris in
thesourcecode:-)

1.2 Ar chitectural overview

The coreof Horus is a C++ library for imageprocessing. The library contains classesfor images,image
sequences,histograms,BSplines,etc.Thefunctionality of thecoreHorus library canbeemployedin several
ways.



4 Intr oduction

Figure1.1: Horusarchitecture

Themostdirectway is calling the C++ functions from a consoleapplication. Within the C++ consoleap-
plicationa userhascompleteaccessto thefunctionality but lacksflexibility in thatchanging theapplication
requiresrecompilation. Also, therearenomeansfor visualizationof results.

Severalgraphical userinterfacesareavailablethatprovide accessto the C++ functionality in a more inter-
active way. TheGUI’s areimplementedin Java to beportable and,in theend,suitedfor demonstrationsvia
WWW. To facilitatedevelopmentof theseGUI’sandnew onesasetof common Javacomponentsis collected
in aseparatelibrary. In theend,thecomponentsareto becomeJavabeansto beusedin astandard application
development environment.

TheJava Mdi application is specificallytargetedtowardsresearchers in theimageprocessingcommunity. It
hasa menuanddialogue interfaceto provide interactive accessto mostcommonly usedimageprocessing
operationsandviewersto inspectimagesup to thepixel level.

TheVideoapplicationis moretargetedtowardsvideoprocessing. It hasa simpleinterface thatwould also
suit anend-user.

The Java GUI’s communicatewith the C++ library via CORBA (the CommonObjectRequestBroker Ar-
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1.3Conceptualoverview 5

chitecture). To thatend,theC++ imageprocessingfunctionality is definedin CORBA’s InterfaceDefinition
Language(IDL) andan HxServer hasbeenbuild to translatethe IDL requests to the corresponding C++
functionality. Client applications, e.g. the Java GUI’s, have accessto the server in all language bindings
supportedby CORBA.

The Horus functionality may also be usedfrom within third-party software. CorbaScript provides direct
accessto all CORBA-basedfunctionality (without additional effort on the Horus side). SinceMatlab 6
(release12)hasaJava interpreter, theC++ functionality of Horus is accessibledirectlyvia CORBA.

Examplesof how to usethevariousHorus applications aregiven in thenext chapter.

1.3 Conceptualoverview

This is really conceptual, not all is implemented yet :-)

From an (end-)users’point of view it is essentialto have a cleardefinition of concepts usedin the Horus
systemin order to masterthefunctionality providedby thesystem.Theconceptsprovide theuserwith a set
of handlesfor interaction with theHorussystem.An overview of theconceptsis givenin thefigure.

Figure1.2: Conceptualoverview

Functionality within the Horussystemis divided into two categories: HorusObjects andDetectors.Each
data-entity usedwithin Horus is calleda HorusObject.Horusobjectsincludethesensorydataitself andthe
spatialentitiespresentwithin thesensorydata.Transformationson(asetof) HorusObjectsarepreformedby
detectors.

A key issuein thedesignof Horusis theseparationbetweensemantics,representation,andimplementationof
HorusObjects.Semantics,represenation, andimplementationaredefinedandimplementby different classes.
Typically, theclassdefining thesemanticscontains(areferenceto) theclassdefiningtherepresentationwhich
contains (a reference to) the classdefiningthe implementation. Eachclasshasits own setof admissable
operations.
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6 Intr oduction

As anexample, consideraHorusObjectdefiningtheage(in years)of apersonasanumber. For therepresen-
ationwe takea naturalnumber, i.e. x is anelement of N. Thechoice for N alsodefinesthesetof admissable
operationsonx. Theclassdefining thesemanticsof x, i.e. it is anage,typically modifies thesetof allowable
operations.Someoperationsmaynolongerbeallowed, e.g.decrement,while othersmaybeintroduced,e.g.
isAnAdult. For theimplementationwe might take an8-bit integerif spaceis critical or a 16-bit integer to be
on thesafeside.Naturally, thesituationis abit more complicatedwhendealingwith images insteadof ages.

1.4 This document

Thenext chapters providesa handleto get install Horus andto get startedwith thevarious components of
Horus.Theremaining chaptersdescribeeachcomponentin moredetail.
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Chapter 2

Installation

2.1 Installation

1. On Windows 98/2000/NT (p.7)

2. On Unix (SunOSand Linux) (p.9)

2.2 On Windows 98/2000/NT

Other software

Horusdepends upon/coorporateswith several othersoftwarepackages. Whetheryou needto install these
dependsupon thewayyouuseHorus.

Java 1.3 Either from http:// www.scienc e.uva.nl/ � horus/thir d/java/ or the Java site
(http:/ /java.sun.c om). In this documentweassumeJava to beinstalledin d:� jdk.

Visual C++ 6.0 Youhaveto buy thisone:-( If youdon’t haveit, youcanstill runtheapplicationsbyputting
msvcp60.dll andmsvcrt.dllfrom HXOBJ� lib � vc60onyour path.

Matlab 6 (release12) In this documentwe assumeMatlabto beinstalledin c:� matlabr12.

Image2.1. InstallScilImage1.4.1from /home/image/standard/pc/scil141.exe. In thisdocumentweassume
Image2.1to beinstalledin d:� Scilimage141.

The release

ThelatestHorusreleasecanbeobtainedfrom http://w ww.science. uva.nl/ � horus/releas e/
. Thereare4 zip-filesin adistribution:

horus ”number” lib.zip Containslibrariesandother essentialsto runHorus.In thisdocumentweassume
this zip-file to beextractedto d:� hx.

horus ”number” src.zip Containsthe sourcecode. In this documentwe assumethis zip-file to be ex-
tractedto n:� horus� src.

horus ”number” third lib.zip Containsthird party libraries needed by Horus. In this documentwe as-
sumethis zip-file to beextractedto d:� hx.
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horus ”number” third src.zip Containsthird party includefiles neededby Horus. In this documentwe
assumethis zip-file to beextractedto n:� horus� src.

The ”number” of the third partysoftwaremaynot be in syncwith the horus number. In that case,usethe
latestversionof thethird partysoftware.

Configuration

Youhaveto make thesourcedirectory known asa logical drivex with:

subst x: n:\horus \src

Youcan,for example, dothis by putting thestatementin abatchfile which is executedatstartup,i.e. put the
batchfile in thestartupmenu.

Youhaveto set(or addto) thefollowing environmentvariables:

set GLM_HOST=carol
set IMAGE21=d:/Sc ilimage141
set HXJDK=d:/jdk
set PLATFORM=gnu
set HXOBJ=d:\hx (pay attention to the ONLY backslas h!)
set HXROOT=d:/hx
set HXSRC=x:
set HXUSER=x:/HxUser
set ORBACUS_CONFIG=x:/HxCorba/c fg/orbacus.cf g
set CLASSPATH=.;%HXROOT%/lib/cl asses;%HXROOT%/lib/third
set PATH=%HXJDK%/bin;%HXSRC%/HxBin;%HXROOT%/lib;%HXROOT%/ lib/third;%IMA GE21%

For CorbaScript thefollowing arehandy:

set CS_CONFIG_HOMEDIR=x:/HxCorb a/cfg
set CSPATH=x:/HxS amples/Scripts

In caseyou loadmpeg sequencesin Horusyouwill needto registera dll by executing

regsvr32 d:\hx\li b\GetFrameFilt er.ax

You cando this, for exmple, at the command prompt. You needto do this only once(unlessyou move
GetFrameFilter.ax) sothereis noneedto put this in abatchfile executedat startup.

In caseyouwantto recompile .idl or .javafiles youwill needto configure GNU make (only once,e.g.at the
commandprompt):

md c:\cygwi n
mount c:\cygwin /
sh -c "gnu_mkdir /bin"
mount d:\hx\lib\t hird /bin

In caseyouuseMatlabyouhave to add

c:/horus/li b/classes
c:/horus/li b/third

to c: � matlabr12 � toolbox � local � classpath.txt . Also handy:

copy x:\HxSamples \Matlab\startu p.m c:\matlab r12\toolbox\l ocal
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2.3On Unix (SunOSand Linux) 9

Done!

If all wentwell youarenow readyto runHorus. For someexamples,readchapterGetting Started (p. 11).

Goodluck.

2.3 On Unix (SunOSand Linux)

Other software

Horusdependsupon/coorporateswith severalothersoftwarepackages.Thepackagesareinstalledviasoft-
pkg , somake sureyouusesoftpkg (or find yourown solution:-)

To find all packages,insertthefollowing before thesoftpkgcommand is executed(note thatthis example is
for .cshrc):

setenv PACKAGEPATH ${HOME}/pkg: /home/horus/p kg:/usr/local /pkg

Putthefollowing packagesin your .pkgrc. Make surethey arebefore theDEFAULT packageotherwiseyou
will endupwith thewrongcompiler.

gcc-2.95.3
jdk130
jdk131
jmf211
jtc1014
orbacus405
jidlscript0 1
jpeg6b
horus
oracle817
resetclassp ath

Linux usersmay want to install the softwarepackageson their local disc. The sourceof all package is in
/home/horus/third.

The release

ThelatestHorusreleasecanbeobtainedfrom http://w ww.science. uva.nl/ � horus/releas e/
or /home/horus/release. You needonly to extract the horus ”number” src.zipfile that containsthe Horus
sourcecode.In thisdocumentweassumethis zip-file to beextractedin $ � HOME � /horus/src.

Configuration

Youhaveto setoneenvironment variable:

setenv HXBUILD Release

In caseyouuseMatlabyouhave to havea directory $ � HOME � /matlab.

mkdir ${HOME}/mat lab

Copy the classpath.txt file to $ � HOME� /matlab. The classpath.txtfile is locatedby typing ”which class-
path.txt” in Matlab. (typicallysomethinglike/usr/local/matlab/toolbox/local/classpath.txt) Add thefollowing
to $ � HOME � /matlab/classpath.txt:

/home/USER/ horus/lib/cla sses
/home/horus /local/JOB-4. 0.5/lib/OB.ja r
/home/horus /local/JOB-4. 0.5/lib/OBUti l.jar
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10 Installation

Note that you cannot useenvironmentvariables in classpath.txtso make sureyou adjustthe USERvalue
above to reflectyour situation! And, you have to startmatlabin the$ � HOME � /matlabdirectory otherwise
yourclasspath.txtis notused!

Also handy :

cp ${HXSRC}/HxSamples/Ma tlab/startup. m ${HOME}/matl ab

Build

Goto the$ � HOME � /horus/srcdirectory, typemake, andgogetacupof coffee,or two, or three,...

Done!

If all wentwell youarenow readyto runHorus. For someexamples,readchapterGetting Started (p. 11).

Goodluck.
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Chapter 3

Getting Started

3.1 Getting Started

Horuscontains several applications to usethe coreC++ library. Theapplications includea command line
C++ application, a Java GUI interface,theCorbaScript interpreter, andMatlab. In this chapter, we povide a
startingpoint to usetheapplications to dosomeimageprocessing.

Thischapter:

� Starting applications (p.11)
� A first application (p.12)
� Calling imageoperations (p.15)

– Readingimagesfr om file (p.15)
– An exampleof a binary pixel operation: Adding images(p. 15)
– An exampleof a unary pixel operation: Thr esholdingimages(p. 17)
– An exampleof a generalizedconvolution: Uniform filter (p. 19)
– An exampleof a generalizedconvolution: Convolution (p. 21)
– An exampleof a generalizedconvolution: Erosion(p. 23)

� Instantiating patterns (p.25)

– Instantiation of a binary pixel operation: Squareddistance(p. 25)
– Instantiation of a unary pixel operation: Tri statethr eshold(p. 27)
– Instantiation of an in/out operation : Image to histogram (p. 30)

3.2 Starting applications

3.2.1 A C++ consoleapplication

Well, startinga console applicationis easy: just typethenameof theexecutableat thecommandprompt :-)

Windows TheHorus distribution containsa sampleworkspaceto compile andexecute thefirst demoappli-
cationin Microsoft VisualStudio6. Theworkspace is locatedin horus/worksp/hxconsoleUserDll. You can
execute theapplication via ’execute’ from the’Build’ menuor via ’Ctrl-F5’. End Windows

Unix TheHorusdistribution contains a makefile to compilethefirst demo application. Go to $HXSRC/Hx-
Samples/ConsDemo andtypemake. Theapplicationis executedvia mainDemoImageOps . End Unix
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3.2.2 Corba applications

TheJavaGUI’s,CorbaScript,andMatlabareCORBA clientsin thatthey executeC++functionsvia CORBA.
In general,CORBA clientsrequire severalCORBA applications to runbeforethey arestarted: theInterface
Repository(IR), theNamingService(NS),andtheserver (HxServer) itself.

WindowsTheHorusdistributioncontainsshortcuts to starttheCORBA facilitieswith theproperparameters.
Theshortcuts arelocatedin horus/toolbar . End Windows

Unix TheHorusdistributioncontainsascriptcalledss to starttheCORBA facilitieswith theproperparam-
eters.Typess ir to starttheInterfaceRepository, ss ns andss hxserver for theotherservices.End
Unix

Note : theNamingServiceis basedupona databasefile thathasto becreatedupon first use.Youcando this
by startingNSSinsteadof NS thefirst time youstarttheNamingService.

Java GUI’ s

With theInterfaceRepository, theNamingService,andtheHxServer running we canstarttheJava applica-
tionsby typing java MidApp or java VideoApp (p.??) at thecommandprompt.

CorbaScript

TheHorustoolbarcontainsashortcut tostarttheCorbaScriptshell.Youcanalsotypecssh atthecommand
prompt.

Matlab

For startingMatlab,consult theMatlabdocumentation(andmakesureyou followedtheinstallationinstruc-
tionsin Installation (p.7)).

3.3 A first application

In this sectionweshowshow various applications areusedto executea first application.

C++ consoleapplication

An example of a C++ consoleapplication is given in HxSamples/ConsDemo/mainDemoImageOps.c :

/*
* Copyright (c) 2000, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Dennis Koelma (koelma@wins. uva.nl)
* Edo Poll (poll@wins. uva.nl)
* Marc Navarro (mnavarro@wins .uva.nl)
*
*/

#include <cstdlib >
#include "HxImage RepGlobalFuncs .h"

#ifdef WIN32
const HxString inputDir = "//carol/ho rus/images/";
const HxString outputDir = "c:/output /";
#else
const HxString inputDir = "/home/horu s/images/";
const HxString outputDir = HxString(g etenv("HOME")) + "/output/" ;
#endif

Generatedon TueJan 8 14:14:552002by Doxygenwritten by Dimitri van Heesch c
�

1997-2001



3.3A first application 13

int
main(int argc, char* argv[])
{

HxString inputFileNa me = inputDir + "bnoise.tif ";
STD_COUT<< "Reading [" << inputFileName << "]" << STD_ENDL;
HxImageRep im = HxMakeFromFile(inputFile Name);

STD_COUT<< "Applyin g percentile filter" << STD_ENDL;
HxImageRep result = HxPercentile( im, 3, 0.5);

HxString outputFileN ame = outputD ir + "blittlen oise.tif";
STD_COUT<< "Writing result to [" << outputFile Name << "]" << STD_ENDL;
HxWriteFile(r esult, outputFileNam e);

STD_COUT<< "Done" << STD_ENDL;
return 0;

}

SeeA C++ consoleapplication (p.11) for moreinformationoncompilation andexecution of this example.

Note : All imagesmentioned canbe found in http:// www.science .uva.nl/ � horus/image s/
(or /home/horus/images). Output is written to ’c: � output’ or ’$HOME/output’. Make surethis directory
existsbeforeexecuting thedemo.

MidA pp

MidApp executesC++functionsvia theJavabinding of theIDL definitions. TheIDL definitionsof theHorus
classesarein theHxCorba interface. Themostimportant IDL interfacesareHxCorba::Constructor and
HxCorba::GlobalOps. TheConstructorinterfaceis generally thestartingpointasit is usedto makeobjects.
TheGlobalOpsinterfacecontains all global (C++) functionsandis usedto do mostof theimageprocessing
stuff.

TheMidApp hastwo waysto execute theapplication: via themenu& dialogueinterfaceandvia thebuiltin
IDL scriptinterpreter (jidlscipt).

In themenu& dialogue interface theConstructor andGlobalOpsinterfacesareaccessiblevia the’HxCorba’
menu. GlobalOps alsohasits own menu.

To execute the threefunctions of the mainDemoImageOps applicationdo this: (Note that readingthe left-
handsideof thedialogueboxin top-downordergivesanimpressionof thefunction call thatwill beexecuted)

� Select’HxMakeFromFile’from the’GlobalOps/Images/Generation’ menu. Enterim for the’Image-
Rep’ (this will give the name’im’ to the resultingobject)en c:/imag es/bnoise.t if for the
’fileName’ parameter. Press’OK’. (if all is well youwill now seetheimage)

� Select’HxPercentile’ from the’GlobalOps/Images/Filter’menu.Enterresult for thenameof the
resultobject. Select’im’ for the ’ImageRep’parameter. Enter3 for the ’neighSize’ parameterand
0.5 for the’perc’ parameter. Press’OK’

� Select’HxWriteFile’ from the ’GlobalOps/Images/Export’ menu. Select’result’ for the ’ImageRep’
parameter. Enterc:/output/ blittlenois e.tif for the’fileName’ parameter. Press’OK’.

Jidlscript is basicallythe sameasthe CorbaScript (cssh)but written in Java (so muchslower). To opena
jidlscipt window select’IDL script’ from the’Tools’ menu. Jidlscriptis integratedwith theJava application
in that it alsoknows about the Constructor andGlobalOpsinterfaces. It hasto objects (CTOR andOPS)
to accessthe interfaces.You cancheckthis by typing global in the IDL scriptwindow. (If you didn’t
quit theapplication sinceyouexecutedthefunctions via themenu& dialogue interfaceyouwill alsoseethe
ImageRepobjects).

Thejidlscript codefor ourfirst sampleapplicationis givenin HxSamples/Scripts/mainDemoImageOps.cs :
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14 Getting Started

# Copyrigh t (c) 2001, Universi ty of Amsterdam, The Netherlands.
# All rights reserved.
#
# Author(s ):
# Dennis Koelma (koelma@wins.u va.nl)
#

println("Re ading c:/images/bnoi se.tif");
im = OPS.HxMakeFr omFile("c:/ima ges/bnoise.ti f");

println("Ap plying percentile filter") ;
result = OPS.HxPercentile(im, 3, 0.5);

println("Wr iting result to c:/output/ blittlenoise.t if");
OPS.HxWrite File(result, "c:/output/bl ittlenoise.tif ");

println("Do ne");

Youcanexecutethescriptby typing

exec("x:/ HxSamples/ Scripts/mai nDemoImageOps.cs")

in theIDL scriptwindow.

CorbaScript

Sincecsshis a standalone application, thefirst thing we have to do is contacttheHxServer. You cangetthe
Constructor andGlobalOpsobjectsby executing

exec("hxI nit.cs")

Note: you have to specifythefull pathwith theexec function unlessyou arein the’x:/HxSamples/Scripts’
directory sincetheenvironment variableCSPATH only seemsto work for the’import’ command.

Youcanverify theexistanceof theobjects by typingglobal . Execution of thesampleapplication is done
via

exec("mai nDemoImageOps.cs")

Matlab

The Matlab codeis in ’$HXSRC/HxSamples/Matlab’. To avoid specifying the full pathseeInstallation
(p.7).

In Matlab,theConstructorandGlobalOps objectareobtainedby executing hxInit . Thesampleapplica-
tion is implementedin $HXSRC/HxSamples/Matlab/hxMainDemoImageOps.m :

%hxMainDemoImageOps Demo: shows the basics of how to use Horus images

% Copyrigh t (c) 2001, Universi ty of Amsterdam, The Netherlands.
% All rights reserved.
%
% Author(s ):
% Dennis Koelma (koelma@wins.u va.nl)

echo on

% Read c:/images/ bnoise.tif
im = OPS.HxMakeFr omFile(’c:/ima ges/bnoise.ti f’);

% Applying percentile filter
result = OPS.HxPercentile(im, 3, 0.5);
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3.4Calling imageoperations 15

% Writing result to c:/output/b littlenoise.t if
OPS.HxWrite File(result, ’c:/output/bl ittlenoise.tif ’);

andexecutedwith hxMainDemoImageOps .

Horusimagesmaybeconvertedto arraysto manipulatetheimagedatausingMatlabfunctionality.

a = hxImToArra y(im);

producesa Matlabarray. Thearrayis visualizedvia

imagesc(a )

hxShow(im ) useshxImToArra y to show a Horusimagein Matlab. Thefunction alsohandlescolor
imagesin RGB format.For othercolormodels hxGetRgb2 d canbeusedto displaytheimage.However,
hxGetRgb2 d doesnotdoarrayorderingconversionsoyouwill seetheimageon its side.

3.4 Calling imageoperations

In Horus, imagedatais storedin anHxImageRep. Themember functionsof HxImageRepcorrespondto the
generic imageoperationsdefinedin n genImOp. In theend,all imageprocessingis basedon thesemember
functions.

Oftenusedimageprocessingfunctionality is typically implementedasa global (C++) function. Theglobal
functionsareeasierto useasthey hidethegeneral parameterhandling mechanismandothercomplex issues
associatedwith thecalling of genericimageoperations via HxImageRepmemberfunctions. Global image
functionsprovidesanoverview of thecurrentsetof globalC++ functions.

Next, wewill givesomeexamplesof how to usetheglobalfunctionsandindicatehow they areimplemented
usinggeneric functionssothatyougetanideaof how to do thisyourself.

� Readingimagesfr om file (p.15)� An exampleof a binary pixel operation: Adding images(p. 15)� An exampleof a unary pixel operation: Thr esholdingimages(p. 17)� An exampleof a generalized convolution: Uniform filter (p. 19)� An exampleof a generalized convolution: Convolution (p. 21)� An exampleof a generalized convolution: Erosion(p. 23)

3.4.1 Readingimagesfr om file

Readingimagesfrom file is done by calling HxMak eFromFile or HxMak eFromFileSI. Both usetheHx-
ImageFactory to constructanHxImageRep.HxMakeFromFileusestheHorus HxImgFileIo dll while Hx-
MakeFromFileSI usesImage2.1.

As typing file names is cumbersomethe MidApp alsosupports the typical opening of files via the ’File’
menu. Currently, images canbereadbothvia Horus (’Open Server Image’) andJava (’OpenImage Java’).
Be awarethat imagesreadvia Java arenot presentin C++. So,you cannot usethemin thedemofunctions
unlessyouconvert themto Horusimages via ’Java imageto HxImageRep’in the’Object’ menu.

3.4.2 An exampleof a binary pixel operation: Adding images

Addition of imagesis implementedby theglobalC++ functionHxAdd :
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16 Getting Started

/*
* Copyright (c) 2000, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Marc Navarro (mnavarro @wins.uva.nl)
* Dennis Koelma (koelma@wins.uva.nl)
*/

#include "HxAdd.h "

HxImageRep
HxAdd(HxIma geRep im1, HxImageRep im2)
{

return im1.binaryPix Op(im2, "add");
}

As shown in thecode,HxAdd is justawrapperaroundthegenericbinary pixel operation. For anexampleof
how to usea globalfunctionin a C++ applicationseeA first application (p. 12).

MidA pp

HxAdd canalsobeusedvia themenuanddialogue interface:

� Use’File/OpenServer Image’to readtwo images,e.g.trui.tif andcermet.tif.� Select’HxAdd’ from the’GlobalOps/Images/Arithmetic/Binary’menu.� Select’ trui’ for thefirst imageand’cermet’ for thesecond.� PressOK andyouwill seetheresult.

Note thatat somepointsin the imageoverflow occursdueto thedefault displaymodel. This is causedby
thefactthatanimagerepresentation(i.e. aninstanceof HxImageRep)doesnot know what thepixel values
meansoall thedefault displaymodel doesis to mapthepixel valuesdirectly ontotheRGB valuesusedin
Java. Youcanchangethedisplaymodelof theimagerepresentationby right clicking ontheimage,selecting
’setDisplayMode’ from the’Run’ menuandchoosinga more appropriatedisplaymodel,e.g. ’Stretch’. You
canalsoseta defaultdisplaymodelvia ’Viewer/Default DisplayMode’.

We canalsoexecutethegeneric binarypixel operation directly:

� Select’binaryPixOp’from the’ImageRep’ menu.� Select’ trui’ for theImageRepobjectand’cermet’ for theImageReparg.� Enter’add’ for thebpoName.

IDL script

Addition of imagesis demonstratedin demoAdd.cs

# Demo: shows how to add Horus images

println("En ter name of first image, e.g. c:/images/ trui.tif");
name = getline();

println("Re ad image from disk");
a = OPS.HxMakeFro mFile(name);

println("En ter name of second image, e.g. c:/images /cermet.tif") ;
name = getline();

println("Re ad image from disk");
b = OPS.HxMakeFro mFile(name);
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3.4Calling imageoperations 17

println("No w add the images using the global function HxAdd");
c = OPS.HxAdd(a, b);

println("No w add the images using the generic function");
d = a.binaryPixOp (b, "add", CTOR.emptyTagList());

andexecutedwith exec("x:/H xSamples/Sc ripts/demoA dd.cs"); .

Matlab

Addition of imagesis demonstratedin demoAdd.m

%demoAdd Demo: shows how to add Horus images

echo on
clc

name = input(’Ent er name of first image, e.g. c:/images/t rui.tif\n’, ’s’);

% Read image from disk
a = OPS.HxMakeFro mFile(name);

% Display the image
hxShow(a);

name = input(’Ent er name of second image, e.g. c:/images/ cermet.tif\n’, ’s’);

% Read image from disk
b = OPS.HxMakeFro mFile(name);

% And display it
hxShow(b);

pause % Press any key to continue

% Now add the images using the global function HxAdd
c = OPS.HxAdd(a, b);

% And display it
hxShow(c);

pause % Press any key to continue

% Now add the images using the generic function
d = a.binaryPixOp (b, ’add’, CTOR.emptyTagList);

% And display it
hxShow(c);

andexecutedwith demoAdd.

3.4.3 An exampleof a unary pixel operation: Thr esholdingimages

Thresholding of imagesis implementedby thefunctionHxThr eshold.

/*
* Copyright (c) 2000, University of Amsterdam, The Netherlands .
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18 Getting Started

* All rights reserved.
*
* Author(s):
* Marc Navarro (mnavarro @wins.uva.nl)
*/

#include "HxThres hold.h"

HxImageRep
HxThreshold (HxImageRep im, HxValue level)
{

HxTagList tags;
HxAddTag(tags , "level", level);
return im.unaryPixOp ("threshold", tags);

}

This example introducestagsto passparametersto thefunctor appliedto eachpixel in the image.Tagsare
usedinsteadof parametersbecausethey donot require changing thegeneric function signature. Tagsareput
in a HxTagList via theHxAddTag function. Be careful to give it theproper name,i.e. thesamenameas
usedin thefunctor.

Theparameteris anHxValue. HxValueis ableto represent all pixel typesusedin Horus.

MidA pp

Read’trui’ from disk. Apply thefunction HxThreshold(menu’GlobalOps/Images/Segmentation’) with pa-
rameter128.Setthedisplaymodeto ’Binary’.

In order to do thresholding via a generic function we first have to construct a taglistwith theparameter. In
general, Corbaobjectsareconstructedvia a factorylike mechanismsinceCorbadoesn’t have constructors.
Oncethetaglistis constructedwecanuseit to addtheparametervalueandthenpassit to thegenericfunction.

� Select’emptyTagList’ from the’HxCorba/Constructor/Taglist’ menu. Enter’ tags’for theresultname.� Select’addValue’ from the ’HxCorba/TagList’ menu. Enter ’ level’ for the nameand ’128’ for the
value.� Select’unaryPixOp’ from the’ImageRep’ menu.Select’ trui’ for theImageRepobject.Enter’ thresh-
old’ for theupoName.

IDL script

Thresholding of imagesis demonstratedin demoThreshold.cs

# Demo: shows how to threshold Horus images

println("En ter name of image, e.g. c:/images /trui.tif");
name = getline();

# Read image from disk
a = OPS.HxMakeFro mFile(name);

# Get an empty taglist from the constructor
tags = CTOR.emptyTagList();

# Allocate an HxValue object that represents a scalar integer 128
value = HxCorba.P ixValue(HxCorb a.PixValueTag .SD, 128);

# Add parameter to the tag list
tags.addVal ue("level", value);

# Do the actual operatio n
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3.4Calling imageoperations 19

b = a.unaryPixOp( "threshold", tags);

andexecutedwith exec("x:/H xSamples/Sc ripts/demoT hreshold.c s"); .

Matlab

Thresholding of imagesis demonstratedin demoThreshold.m

%demoThreshold Demo: shows how to threshold Horus images

echo on
clc

name = input(’Ent er name of image, e.g. c:/images/t rui.tif\n’, ’s’);

% Read image from disk
a = OPS.HxMakeFro mFile(name);

% Display the image
hxShow(a);

pause % Press any key to continue

% Get an empty taglist from the constructor
tags = CTOR.emptyTagList;

% Allocate an HxValue object that represents a scalar integer 128
value = HxCorba.P ixValue;
value.scala rInt(128);

% Add parameter to the tag list
tags.addVal ue(’level’, value);

% Do the actual operatio n
b = a.unaryPixOp( ’threshold’, tags);

% And display it
hxShow(b);

andexecutedwith demoThresh old .

3.4.4 An exampleof a generalizedconvolution: Uniform filter

Uniform filtering is implementedby HxUnif orm. However, for this example we will useHxUnif ormNon-
Sepsinceits code is a little simpler. HxUniformNonSepis anonseparatedversionof HxUniform.

/*
* Copyright (c) 2001, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Dennis Koelma (koelma@s cience.uva.nl)
*/

#include "HxUnifo rmNonSep.h"
#include "HxMakeFromValue.h"

HxImageRep
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20 Getting Started

HxUniformNo nSep(HxImageR ep im, HxSizes sizes)
{

// An image signatur e for a 2D image with 64-bit real valued scalar pixels
HxImageSignat ure sig(2, 1, REAL_VALUE, 64);

// The pixel value of the uniform kernel
double val = 1.0 / (sizes.x () * sizes.y( ) * sizes.z() );

// Now construct the kernel image
HxImageRep kernel = HxMakeFromVal ue(sig, sizes, val);

// and apply the operation
return im.generalize dConvolution( kernel, "mul", "addAssign") ;

}

Basically, a uniform filter is a convolution with a uniform kernel. A convolution is performedby supplying
thegeneralized convolutionwith multiplicationandaddition asbasicoperations.

A uniformkernelimageis constructedfrom thefollowing parameters:

� An HxImageSignature to specifythetypeof imageto becreated,� HxSizesto specifytheextendof theimage,and� anHxValue to give thepixels in theimageavalue.

MidA pp

Read’flamingo’ from disk. Apply thefunction HxUniformNonSep(menu’GlobalOps/Images/Filter’)with
parameter’5 5’.

In orderto do uniform filtering via a genericfunction we first have to constructthekernelimageandthen
perform a convolutionon theimagevia thegeneralized convolution.

� Select’HxMakeFromValue’ from the ’GlobalOps/Images/Generation’ menu. Enter’unif5x5’ for the
resultname.Select’SIG2DDOUBLE’ for the signature. Enter’5 5’ for thesizesand’0.04’ for the
value.� Select’generalizedConvolution’ from the’ImageRep’menu.Select’flamingo’ for theImageRepob-
ject and’unif5x5’ for thekernel.Enter’mul’ for gMul and’addAssign’ for gAdd. Select’SOURCE-
PREC’for theprecisionand’ nil’ for thetaglist.

IDL script

Uniform filtering is demonstratedin demoUniform.cs

# Demo: shows how to apply a uniform 5x5 filter to Horus images

println("En ter name of image, e.g. c:/images /flamingo.tif ");
name = getline();

# Read image from disk
a = OPS.HxMakeFro mFile(name);

# An image signature for a 2D image with 64-bit real valued scalar pixels
sig = HxCorba.Ima geSignature.SI G2DDOUBLE;

# Define the sizes of the neighbourho od
sizes = HxCorba.S izes(5, 5, 1);

# The pixel value of the uniform kernel
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3.4Calling imageoperations 21

val = HxCorba.Pix Value(HxCorba. PixValueTag.S D, 1.0 / (sizes.x * sizes.y * sizes.z));

# Now construct the kernel image
kernel = OPS.HxMakeFromValue(si g, sizes, val);

# Apply the operation
empty = CTOR.emptyTagList();
prec = HxCorba.Re sultPrecision. ARITH_PREC;
b = a.generalized Convolution(ke rnel, "mul", "addAssign", prec, empty);

andexecutedwith exec("x:/H xSamples/Sc ripts/demoU niform.cs" ); .

Matlab

Uniform filtering is demonstratedin demoUniform.m

%demoUnifor m Demo: shows how to apply a uniform 5x5 filter to Horus images

echo on
clc

name = input(’Ent er name of image, e.g. c:/images/f lamingo.tif\n ’, ’s’);

% Read image from disk
a = OPS.HxMakeFro mFile(name);

% Display the image
hxShow(a);

pause % Press any key to continue

% An image signature for a 2D image with 64-bit real valued scalar pixels
sig = HxCorba.Ima geSignature.SI G2DDOUBLE;

% Define the sizes of the neighbourho od
sizes = HxCorba.S izes(5, 5, 1);

% The pixel value of the uniform kernel
val = HxCorba.Pix Value;
val.scalarD ouble(1.0 / (sizes.x * sizes.y * sizes.z));

% Now construct the kernel image
kernel = OPS.HxMakeFromValue(si g, sizes, val);

% Apply the operation
empty = CTOR.emptyTagList;
% Due to a bug in Matlab, the followi ng statement crashes in a script.
%prec = HxCorba.R esultPrecision .ARITH_PREC;
prec = HxCorba.Re sultPrecision. from_int(1);
b = a.generalized Convolution(ke rnel, ’mul’, ’addAssign’, prec, empty);

% And display it
hxShow(b);

andexecutedwith demoUnifor m.

3.4.5 An exampleof a generalizedconvolution: Convolution

To demonstratethe useconvolutions with user-definedkernels we ’implement’ a simplederivate in the x-
direction(kernel is [-1 0 1]) anda Laplacianfilter.
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IDL script

Convolution is demonstratedin demoConvolution.cs

# Demo: shows how to do convolutions on Horus images

println("En ter name of image, e.g. c:/images /trui.tif");
name = getline();

# Read image from disk
a = OPS.HxMakeFro mFile(name);

# Construct a 2D kernel with 32-bit integer valued scalar pixels
# initializ ed with the values -1, 0, and 1
data = [-1, 0, 1];
kernel = OPS.HxMakeFromIntData( 1, 2, HxCorba.Sizes( 3, 1, 1), data);

# Do a convolutio n
empty = CTOR.emptyTagList();
prec = HxCorba.Re sultPrecision. ARITH_PREC;
b = a.generalized Convolution(ke rnel, "mul", "addAssign", prec, empty);

# Construct a 2D kernel with 32-bit integer valued scalar pixels
# initializ ed with:
# 0 -1 0
# -1 4 -1
# 0 -1 0
data = [0, -1, 0, -1, 4, -1, 0, -1, 0];
kernel = OPS.HxMakeFromIntData( 1, 2, HxCorba.Sizes( 3, 3, 1), data);

# Do a convolutio n
c = a.generalized Convolution(ke rnel, "mul", "addAssign", prec, empty);

andexecutedwith exec("x:/H xSamples/Sc ripts/demoC onvolution .cs"); .

Matlab

Convolution is demonstratedin demoConvolution.m

%demoConvolution Demo: shows how to do convolution s on Horus images

echo on
clc

name = input(’Ent er name of image, e.g. c:/images/t rui.tif\n’, ’s’);

% Read image from disk
a = OPS.HxMakeFro mFile(name);

% Display the image
hxShow(a);

pause % Press any key to continue

% Construct a 2D kernel with 32-bit integer valued scalar pixels
% initializ ed with the values -1, 0, and 1
data = [-1 0 1];
kernel = OPS.HxMakeFromIntData( 1, 2, HxCorba.Sizes( 3, 1, 1), data);

% Do a convolutio n
empty = CTOR.emptyTagList;
% Due to a bug in Matlab, the followi ng statement crashes in a script.
%prec = HxCorba.R esultPrecision .ARITH_PREC;
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3.4Calling imageoperations 23

prec = HxCorba.Re sultPrecision. from_int(1);
b = a.generalized Convolution(ke rnel, ’mul’, ’addAssign’, prec, empty);

% And display it
hxShow(b);

pause % Press any key to continue

% Construct a 2D kernel with 32-bit integer valued scalar pixels
% initializ ed with:
% 0 -1 0
% -1 4 -1
% 0 -1 0
data = [0 -1 0 -1 4 -1 0 -1 0];
kernel = OPS.HxMakeFromIntData( 1, 2, HxCorba.Sizes( 3, 3, 1), data);

% Do a convolutio n
c = a.generalized Convolution(ke rnel, ’mul’, ’addAssign’, prec, empty);

% And display it
hxShow(c);

andexecutedwith demoConvol ution .

3.4.6 An exampleof a generalizedconvolution: Erosion

Thescriptinglanguagesmayalsobeusedto definefunctionsthathave no C++ counterpart(yet). Thefunc-
tion ’myErosion’usesgeneralized onvolution to perform a classicalerosionwith a flat structuring element.
The erosionis performed by supplying the generalizedconvolution with ’add’ and ’minAssign’ as basic
operations.

IDL script

Erosionis demonstratedin demoErosion.cs

# Demo: shows how to do erosions on Horus images

# Definitio n of my own erosion function
#
# im is an ImageRep
# size is an int
#
proc myErosion(im , size)
{

# Use the same signature as the input image
sig = im.sign ature();

# Define the sizes of the structu ring element
sizes = HxCorba.Size s(size, size, 1);

# The pixel value of the structur ing element
val = HxCorba .PixValue(HxCo rba.PixValueT ag.SI, 0);

# Now constru ct the structuring element
kernel = OPS.HxMakeFromValue(sig, sizes, val);

# And apply the operation, using minimum
empty = CTOR.emptyTa gList();
prec = HxCorba.Resul tPrecision.AR ITH_PREC;
return im.generalize dConvolution( kernel, "add", "minAssign", prec, empty);
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# Could also use infimum, produce s slightly different results.
#return im.generaliz edConvolution (kernel, "add", "infAssign" , prec, empty);

}

println("En ter name of image, e.g. c:/images /flamingo.tif ");
name = getline();

# Read image from disk
a = OPS.HxMakeFro mFile(name);

# Apply my own erosion
b = myErosion(a, 5);

andexecutedwith exec("x:/H xSamples/Sc ripts/demoE rosion.cs" ); .

Matlab

Erosionis demonstratedin demoErosion.m

%demoErosio n Demo: shows how to do erosions on Horus images

echo on
clc

name = input(’Ent er name of image, e.g. c:/images/f lamingo.tif\n ’, ’s’);

% Read image from disk
a = OPS.HxMakeFro mFile(name);

% Display the image
hxShow(a);

pause % Press any key to continue

% Apply my own erosion
b = myErosion(a, 5);

% And display it
hxShow(b);

andexecutedwith demoErosio n.

Thefunction myErosionis defined in myErosion.m

function r = myErosion(i m, size)

%myErosion Definition of my own erosion function
% im is a Horus image (Java stub).
% size is an int.

global CTOR
global OPS

% Use the same signature as the input image
sig = im.signatur e;

% Define the sizes of the structuring element
sizes = HxCorba.S izes(size, size, 1);
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3.5Instantiating patterns 25

% The pixel value of the structuring element
val = HxCorba.Pix Value;
val.scalarI nt(0);

% Now construct the structuring element
kernel = OPS.HxMakeFromValue(si g, sizes, val);

% And apply the operatio n, using minimum
empty = CTOR.emptyTagList;
% Due to a bug in Matlab, the followi ng statement crashes in a script.
%prec = HxCorba.R esultPrecision .ARITH_PREC;
prec = HxCorba.Re sultPrecision. from_int(1);
r = im.generalize dConvolution(k ernel, ’add’, ’minAssign’, prec, empty);

% Could also use infimum, produces slightly different results.
%r = im.generaliz edConvolution( kernel, ’add’, ’infAssign’ , prec, empty);

3.5 Instantiating patterns

In this sectionthebasicsof instantiationof animageprincessingpatternareexplainedwith someexamples.

� Instantiation of a binary pixel operation: Squareddistance(p. 25)� Instantiation of a unary pixel operation: Tri statethr eshold(p. 27)� Instantiation of an in/out operation : Image to histogram (p. 30)

3.5.1 Instantiation of a binary pixel operation: Squared distance

The file HxImageRep/Global/HxSquaredDistance.c providesa complete overview of all that is needed to
implement a function thatcomputesthesquareddistancebetweencorresponding pixelsin two images:

/*
* Copyright (c) 1999, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Dennis Koelma (koelma@wins. uva.nl)
* Edo Poll (poll@wins. uva.nl)
* Marc Navarro (mnavarro@wins .uva.nl)
*
*/

#include "HxSquar edDistance.h"
#include "HxImgFt orBpo.h"
#include "HxInclu dedSigs.h"

/** Pixel functor for computati on of squared distance
*/

template<cl ass DstValT, class Src1Val T, class Src2ValT>
class HxBpoSqrDst
{
public:

/** Constructor : empty */
HxBpoSqrDst (HxTagList&)

{ }

Generatedon TueJan 8 14:14:552002by Doxygenwritten by Dimitri van Heesch c
�

1997-2001



26 Getting Started

/** Actual operation : # return (x - y)ˆ2 # */
inline DstValT doIt(const Src1ValT& arg1, const Src2ValT& arg2)

{ return (arg1 - arg2) * (arg1 - arg2); }

/** The name : "sqrDst" */
static HxString className()

{ return HxString("s qrDst"); }
};

/** Instantiator for binary pixel operation with squared distance */
template<cl ass ImgSigT>
struct HxInstanti atorSqrDst
{

/** Instantia te image functor */
HxImgFtorBpo< ImgSigT, ImgSigT, ImgSigT,

HxBpoSqrDst<typename ImgSigT: :ArithType, typename ImgSigT::Arit hType,
typename ImgSigT: :ArithType> > f;

};

// Put static variables in a namespac e to avoid conflicts with file inclusion
namespace HxSquar edDistance_c {

/** Call instanti ator for 2dByte images */
static HxInstanti atorSqrDst<HxI mageSig2dByte > f001;
/** Call instanti ator for 2dShort images */
static HxInstanti atorSqrDst<HxI mageSig2dShor t> f002;
/** Call instanti ator for 2dInt images */
static HxInstanti atorSqrDst<HxI mageSig2dInt> f003;
/** Call instanti ator for 2dFloat images */
static HxInstanti atorSqrDst<HxI mageSig2dFloa t> f004;
/** Call instanti ator for 2dDouble images */
static HxInstanti atorSqrDst<HxI mageSig2dDoub le> f005;
/** Call instanti ator for 2dVec2Byte images */
static HxInstanti atorSqrDst<HxI mageSig2dVec2 Byte> f006;
/** Call instanti ator for 2dVec2Short images */
static HxInstanti atorSqrDst<HxI mageSig2dVec2 Short> f007;
/** Call instanti ator for 2dVec2Int images */
static HxInstanti atorSqrDst<HxI mageSig2dVec2 Int> f008;
/** Call instanti ator for 2dVec2Float images */
static HxInstanti atorSqrDst<HxI mageSig2dVec2 Float> f009;
/** Call instanti ator for 2dVec2Doubl e images */
static HxInstanti atorSqrDst<HxI mageSig2dVec2 Double> f010;
/** Call instanti ator for 2dVec3Byte images */
static HxInstanti atorSqrDst<HxI mageSig2dVec3 Byte> f011;
/** Call instanti ator for 2dVec3Short images */
static HxInstanti atorSqrDst<HxI mageSig2dVec3 Short> f012;
/** Call instanti ator for 2dVec3Int images */
static HxInstanti atorSqrDst<HxI mageSig2dVec3 Int> f013;
/** Call instanti ator for 2dVec3Float images */
static HxInstanti atorSqrDst<HxI mageSig2dVec3 Float> f014;
/** Call instanti ator for 2dVec3Doubl e images */
static HxInstanti atorSqrDst<HxI mageSig2dVec3 Double> f015;
/** Call instanti ator for 3dByte images */
static HxInstanti atorSqrDst<HxI mageSig3dByte > f016;
/** Call instanti ator for 3dShort images */
static HxInstanti atorSqrDst<HxI mageSig3dShor t> f017;
/** Call instanti ator for 3dInt images */
static HxInstanti atorSqrDst<HxI mageSig3dInt> f018;
/** Call instanti ator for 3dFloat images */
static HxInstanti atorSqrDst<HxI mageSig3dFloa t> f019;
/** Call instanti ator for 3dDouble images */
static HxInstanti atorSqrDst<HxI mageSig3dDoub le> f020;
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3.5Instantiating patterns 27

}; // end of namespace

/* Global functio n to do squared distance.
*/

HxImageRep
HxSquaredDi stance(HxImag eRep im1, HxImageRep im2)
{

// call HxImageRep member functio n to do the image processin g
return im1.binaryPix Op(im2, "sqrDst");

}

Instantiationof anew binarypixel operationbasicallyincludes thefollowing steps:

� Definea functor thattakestwo pixel valuesandproducesaresult.

In this example the function computesthesquareddistancebetweentwo pixel values.Thefunctor is
definedby classHxBpoSqrDst.� Instantiatethebinary pixel functor algorithm HxImgFtorBpo for all imagetypes.

The binary pixel functor will apply the userdefinedpixel operation to all pixels in an image. The
functor mustbe instantiatedfor all imagetypesseparatelyso we usea helperclassHxInstantiator-
SqrDst to do instantiationfor one imagetype, and ”call” the instantiatorfor eachimagetype via
declaration of a numberof staticvariables(f001, f002, etc.).� Write aglobalfunction to provide easyaccessto thenew function.

This is takencareof by HxSquaredDistance.

Extensionof genericfunctionsis tobebasedonarithmeticdatatypestoensuretheoperationsareapplicable to
all imagetypes.Thesetof operationsdefinedfor eachdatatypeis given in Pixels.For theexactsyntaxof the
operations we refer to the classdefinitions: HxScalarInt , HxScalarDouble, HxVec2Int , HxVec2Double,
HxVec3Int , andHxVec3Double.

3.5.2 Instantiation of a unary pixel operation: Tri statethr eshold

Thefile HxImageRep/Global/HxTriStateThreshold.c providesa complete overview of all that is neededto
implement a function thatperformsa tri statethreshold:

/*
* Copyright (c) 2000, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Dennis Koelma (koelma@wins. uva.nl)
*
*/

#include "HxTriSt ateThreshold.h "
#include "HxImgFt orUpo.h"
#include "HxInclu dedSigs.h"

/** Pixel functor for computati on of tri state threshold
*/

template<cl ass DstValT, class SrcValT >
class HxUpoTriSta teThreshold
{
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public:
/** Construct or : get parameters from taglist */
HxUpoTriState Threshold(HxTa gList&);

/** Actual operation . */
DstValT doIt(const SrcValT& x);

/** The name : "triStateThr eshold" */
static HxString className();

private:
SrcValT _level;
SrcValT _v1;
SrcValT _v2;
SrcValT _v3;

};

template<cl ass DstValT, class SrcValT >
HxUpoTriSta teThreshold<D stValT, SrcValT>::Hx UpoTriStateTh reshold(HxTagL ist& tl)
{

_level = HxGetTag<Hx Value>(tl, "level");
_v1 = HxGetTa g<HxValue>(tl, "v1");
_v2 = HxGetTa g<HxValue>(tl, "v2");
_v3 = HxGetTa g<HxValue>(tl, "v3");

}

template<cl ass DstValT, class SrcValT >
inline DstValT
HxUpoTriSta teThreshold<D stValT, SrcValT>::do It(const SrcValT& x)
{

if (x < _level)
return _v1;

if (x > _level)
return _v3;

return _v2;
}

template<cl ass DstValT, class SrcValT >
HxString
HxUpoTriSta teThreshold<D stValT, SrcValT>::cl assName()
{

return HxString("tri StateThreshol d");
}

/** Instantiator for unary pixel operation with tri state threshold */
template<cl ass ImgSigT>
struct HxInstanti atorTriStateTh reshold
{

/** Instantia te image functor */
HxImgFtorUpo< ImgSigT, ImgSigT,

HxUpoTriS tateThreshold<
typename ImgSigT::Ari thType, typename ImgSigT::A rithType> > f;

};

// Put static variables in a namespac e to avoid conflicts with file inclusion
namespace HxTriSt ateThreshold_c {

/** Call instanti ator for 2dByte images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dByte> f001;
/** Call instanti ator for 2dShort images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dShort> f002;
/** Call instanti ator for 2dInt images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dInt> f003;
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3.5Instantiating patterns 29

/** Call instanti ator for 2dFloat images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dFloat> f004;
/** Call instanti ator for 2dDouble images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dDouble > f005;
/** Call instanti ator for 2dVec2Byte images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec2By te> f006;
/** Call instanti ator for 2dVec2Short images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec2Sh ort> f007;
/** Call instanti ator for 2dVec2Int images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec2In t> f008;
/** Call instanti ator for 2dVec2Float images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec2Fl oat> f009;
/** Call instanti ator for 2dVec2Doubl e images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec2Do uble> f010;
/** Call instanti ator for 2dVec3Byte images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec3By te> f011;
/** Call instanti ator for 2dVec3Short images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec3Sh ort> f012;
/** Call instanti ator for 2dVec3Int images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec3In t> f013;
/** Call instanti ator for 2dVec3Float images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec3Fl oat> f014;
/** Call instanti ator for 2dVec3Doubl e images */
static HxInstanti atorTriStateTh reshold<HxIma geSig2dVec3Do uble> f015;
/** Call instanti ator for 3dByte images */
static HxInstanti atorTriStateTh reshold<HxIma geSig3dByte> f016;
/** Call instanti ator for 3dShort images */
static HxInstanti atorTriStateTh reshold<HxIma geSig3dShort> f017;
/** Call instanti ator for 3dInt images */
static HxInstanti atorTriStateTh reshold<HxIma geSig3dInt> f018;
/** Call instanti ator for 3dFloat images */
static HxInstanti atorTriStateTh reshold<HxIma geSig3dFloat> f019;
/** Call instanti ator for 3dDouble images */
static HxInstanti atorTriStateTh reshold<HxIma geSig3dDouble > f020;

};

/* Global functio n to do tri state threshold .
*/

HxImageRep
HxTriStateT hreshold(HxIm ageRep im, HxValue level, HxValue v1, HxValue v2, HxValue v3)
{

// Put all non-image parameters in a TagList
HxTagList tags;
HxAddTag(tags , "level", level);
HxAddTag(tags , "v1", v1);
HxAddTag(tags , "v2", v2);
HxAddTag(tags , "v3", v3);

// call HxImageRep member functio n to do the image processin g
return im.unaryPixOp ("triStateThr eshold", tags);

}

Tri statethreshold assignsthreevaluesto output pixels insteadof two (0 and1) like the normal threshold
does.All pixelsbelow thethreshold level will besetto thefirst value,pixelsequal to thethreshold level will
besetto thesecondvalue,andall otherpixel valuesto thethird value.

Extensionof thegeneric unary pixel operationis basicallythesameasextension of thegenericbinarypixel
operation. So,we implement a functor HxUpoTriStateThresholdto do our operationon onepixel andwe
instantiatetheunarypixel algorithm HxImgFtorUpo for all imagetypes.However, asthetri statethreshold
function requiresmoreparametersthantheusualunary pixel operation(whichhasonly one:thepixel value)
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we haveto usethetaglist to passtheadditional parametersto thepixel functor.

The tag list is passedto the constructor of the pixel functor (HxUpoTriStateTreshold in this case)by the
generic unary pixel operation HxImgFtorUpo. In theconstructor we save theparametersin privatemember
variables. As this is a functor, the parameters canbe usedagainwhenthe unary pixel operation calls the
’doIt’ operationwith a pixel value to beprocessed.

3.5.3 Instantiation of an in/out operation : Image to histogram

The file HxDetector/Global/HxImageToHistogram.c providesa complete overview of all that is needed to
makeahisogramof animage:

/*
* Copyright (c) 2000, University of Amsterdam, The Netherlands .
* All rights reserved.
*
* Author(s):
* Dennis Koelma (koelma@wins. uva.nl)
*
*/

#include "HxImage ToHistogram.h"
#include "HxImgFt orInOut.h"
#include "HxInclu dedSigs.h"

template<cl ass ValT>
class HxInOutHist ogram
{
public:

typedef HxPixOpOutTa g Directio nCategory;
typedef HxPixOpTrans InVarTag TransVar ianceCategory ;
typedef HxPixOp1Phas eTag PhaseCat egory;

HxInOutHistog ram(HxTagList& );

void doIt(const ValT& pixV);

static HxString className();

private:
HxHistogram* _hist;
int _getDim;

};

template<cl ass ValT>
HxInOutHist ogram<ValT>:: HxInOutHistog ram(HxTagList& tags)
{

_hist = HxGetTag(tag s, "histogram ", (HxHistogra m*)0);
_getDim = HxGetTag<i nt>(tags, "getDim");

}

template<cl ass ValT>
inline void
HxInOutHist ogram<ValT>:: doIt(const ValT& pixV)
{

if (_getDim <= 0)
_hist->in sertVal(pixV);

else
_hist->in sertVal(((ValT ) pixV).getVa lue(_getDim)) ;

}

template<cl ass ValT>
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HxString
HxInOutHist ogram<ValT>:: className()
{

return HxString("his togram");
}

template<cl ass ImgSigT>
struct HxInstanti atorHistogram
{

HxImgFtorInOu t<ImgSigT, HxInOutHi stogram<typena me ImgSigT::A rithType> > f;
};

HxAlwaysIns tantiateHisto gram::HxAlway sInstantiateHi stogram()
{
}

static HxInstanti atorHistogram< HxImageSig2dB yte> f001;
static HxInstanti atorHistogram< HxImageSig2dS hort> f002;
static HxInstanti atorHistogram< HxImageSig2dI nt> f003;
static HxInstanti atorHistogram< HxImageSig2dF loat> f004;
static HxInstanti atorHistogram< HxImageSig2dD ouble> f005;
static HxInstanti atorHistogram< HxImageSig2dV ec2Byte> f006;
static HxInstanti atorHistogram< HxImageSig2dV ec2Short> f007;
static HxInstanti atorHistogram< HxImageSig2dV ec2Int> f008;
static HxInstanti atorHistogram< HxImageSig2dV ec2Float> f009;
static HxInstanti atorHistogram< HxImageSig2dV ec2Double> f010;
static HxInstanti atorHistogram< HxImageSig2dV ec3Byte> f011;
static HxInstanti atorHistogram< HxImageSig2dV ec3Short> f012;
static HxInstanti atorHistogram< HxImageSig2dV ec3Int> f013;
static HxInstanti atorHistogram< HxImageSig2dV ec3Float> f014;
static HxInstanti atorHistogram< HxImageSig2dV ec3Double> f015;
static HxInstanti atorHistogram< HxImageSig3dB yte> f016;
static HxInstanti atorHistogram< HxImageSig3dS hort> f017;
static HxInstanti atorHistogram< HxImageSig3dI nt> f018;
static HxInstanti atorHistogram< HxImageSig3dF loat> f019;
static HxInstanti atorHistogram< HxImageSig3dD ouble> f020;

HxHistogram
HxImageToHi stogram(HxIma geRep im, int getDim, double lowBin,

double highBin, int nBin)
{

int nDim = (getDim <= 0) ? im.pixelDimen sionality() : 1;
HxHistogram hist = HxHistog ram(REAL_VALUE, nDim, lowBin, highBin, nBin,

lowBin, highBin, nBin,
lowBin, highBin, nBin);

HxTagList tags;
HxAddTag(tags , "histogram", &hist);
HxAddTag(tags , "getDim", getDim);

im.exportOp(" histogram", tags);

return hist;
}
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