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1 Introduction

TheVisionX systemprovidescomputertoolsandprogramsfor the analysisandvisualizationof
imagedata. It is suitablefor a wide rangeof imageanalysisapplicationsandis designedto ad-
dressthe processingneedsof multidimensionalimagesetsthat ariseboth from temporalimage
sequencesandfrom imagemodalitiesthatinvolve3D datacollection.

VisionX hasbeenusedin a wide rangeof researchapplicationsincluding: multispectralim-
ageanalysis,3D objectrecognition,multi-frameimageanalysis,targettracking,neuralnetworks,
biologicalcell analysisand3D biomedicalimageanalysis.

Importantfeaturesof theVisionX systeminclude: theability to handlemultidimensionalim-
agesets,the wide rangeof availableprocessingfunctionsanda flexible taggeddataformat that
facilities theautomaticrecordingof thehistoryof thefile. VisionX performsimageanalysisand
relatedvisualizationfunctions;assuchit hascapabilitiesfor processingvideo imagesequences
andrenderinganimations.However, it doesnot attemptto duplicateor replaceothertypesof im-
ageprocessingapplicationssuchasvideo editorsor computergraphicsanimationthat arewell
supportedby othermaturesystems.

The VisionX systemhasbenefitedfrom over 20 yearsof development.The original system
wasdevelopedin the UNIX environmentandexhibits the standardfeaturesof a UNIX package.
A VisionX interactive datamanager(VXM) hasbeendevelopedto provide a morefamiliar en-
vironmentfor Windows users.However, theseprimaryenvironmentsareinterchangeable.VXM
maybeusedon UNIX platformsandtheUNIX like environmentmaybeusedon Windows DOS
commandterminalsandwith themoreUNIX-lik epackagesthatareavailablefor Windows.

VisionX and Windows

VisionX V4.0 is available for Windows 95 andWindows NT platforms. Programdevelopment
is donewith Microsoft VisualC++ version5.0. TheolderVisionX V3 commandsdiscussedbe-
low arecurrentlynot availablefor Microsoft Windows. VisionX takesadvantageof a numberof
freesoftwarepackagesfor utility operations:gnuplotfor graphplotting, anda www browserfor
documentation.Thetcl/tk8.0packageis usedfor severalvisualinterfacesandcommandscripts.

VisionX and UNIX

VisionX wasoriginally developedonUNIX andhasbeencompiledonmany differentUNIX plat-
forms. Commanddocumentationis availablein theUNIX manstyle format. A numberof com-
mandsin theoldVisionXV3 systemhavenotyetbeenportedtoV4. Thesecommandsareavailable
for UNIX systemsbut they usetheold v3 file format;in general,thesecommandscanbeusedwith
V4 filesbut notall theV4 file facilities,suchasautomatichistorylogging,aresupported.

VisionX takesadvantageof a numberof freesoftwarepackagesfor utility operations:gnuplot
for graphplotting, a www browserfor documentation,andthe pbmplusor netpbmpackagefor
imageformat conversion. The tcl/tk8.0 packageis usedfor several visual interfaces.In general
programdevelopmentmaybedoneusingeitherthelocalC compileror with thegnuC compiler.
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Figure1: Snapshotof vxm

2 The VisionX Data Manager (VXM)

TheVisionX datamanagerprovidesinteractive accessto bothimagedatafiles andVisionX com-
mands.In additionit alsoprovidesaccessthetheVisionX documentation.A snapshotof thevxm
interfacescreenis shown in Figure1. Imagesandgraphicsvisualizedby vxm aredisplayedin
theirown externalwindows.

Image Display

Thetwo lowerpanelslabeled”Directory 1” and”Directory 2” permittheuserto browseandselect
files from two differentpartsof thefile system.Changingthedirectorycanis achievedby typing
a differentnameinto thedirectoryor beclicking on the“Browse”buttonandselectinga file from
adifferentlocation.

Thelist below theBrowsebuttonlists all thefiles anddirectoriesin thecurrentdirectory. An
imagemaybedisplayedby doubleclicking on its nameor by selectingit andthenclicking on the
“Load File” button. Thetwo directorypanelsareindependent;however if you selecta file in one
panelandclick on the “Load File” thenthesecondpanelwill besetto thesamedirectoryasthe
first.

VisionX imagefiles will be displayedby the xvx commandandwhich will createa separate
imagedisplaywindow for eachimage.A displaywindow maybedeletedby typingtheletter“q” in
it. If thefile selectedis notaVisionX imagefile then vxm will attemptto identify thefile typeand
selectanappropriatedisplaycommand.Polygonfiles arerenderedasa wireframeimage,graph
files areplottedif an appropriateplotting programcanbe found,andtex files arepresentedin a
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te� xt view. On UNIX systemsmany foreignimageformatfiles will bedisplayedif anappropriate
conversionfilter canbefoundin thesystem.

Executing Commands

Themainpanelabove the directorypanelscontainsa commandinput line anda small panelfor
logging the resultsof executedcommands. Any commandmay be typed at the “Command:”
prompt;commandsmayincludepipesandfile indirections.Thecommandis executedon hitting
returnor by clicking on the “Run it” button. The responsefrom the command,if any, will be
shown in the log window. A historyof commandsmaybeaccessedbyteselectingthe“-” button
at the endof the commandline. Selectinga previouscommandfrom the history list will load it
into thecommandline whereit maybeeditedandexecuted.The“CurrentWorking Dir.” shows
in which directorythecommandwill beexecuted.Thecurrentdirectorymaybemanuallysetat
any time. The directoryis alsoautomaticallyset to oneof the directorypaneldirectorieswhen
a directorychangeis madeor when an imageis displayed. This automaticcapability may be
inhibitedby selectingthemenuitem“Special=� Fix WorkingDir.”. Vxm hasaninteractivefacility
for exploringVisionX commandswhich is describedin section4.

Alternative Image Display (VDM)

A secondflavor of vxm calledvdm (or alternatively invokedby vxm -i) employs a reformulated
visualinterfacethatincludestwo additional512x 512pixel imagedisplaypanels;eachof whichis
associatedwith thedirectorypanelabove it. In this versionimagesandgraphicsaredisplayed,by
default, in thewindow below thedirectorypanel;they mayalsobedisplayedin externalwindows
by “VisionX=� Display” menuselections.

3 Command Line Parameters

An advancedprotocolto specifycommandline parametersis employedby VisionX commands.It
permitsbothpositionalandposition-independentparameterspecification.Furthermore,it supports
thepipeliningof commandssuchthat theoutputfrom onecommandcanbe fed directly into the
next commandwithoutanintermediatefile.

Information Parameters

This protocol is illustratedby meansof an examplecommand“vsobel” which is a simpleedge
enhancingfilter commandthat takesandimageinput andproducesanimageresult.Two enquiry
parameters“-h” andjust “-” provide informationaboutthe command.For example,to find out
whatparametersacommandcantakegive

vsobel -H
Usage: vsobel [-H] [if=<inputfile>] [of=<outputfile>] [-f]
[-d] [-i] [-e]

The -H parameterlists all the possibleparametersfor a command.Furtherinformationcanbe
obtainedwith the“-” parameter, for example
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vsobel -
Usage: vsobel [-H] [-] [-help]
[if=] infile vsobel: edge operator
[of=] output file
[-f ] float computation option
[-d ] provide direction information
[-i ] isotropic flag
[-e ] euclidian flag

The“-” optionprovidesshortdescriptionsof eachparameter. It maybespecifiedasthelastparam-
eterin a list asashortcutfor situations(oftenencountered)wherea userhasalreadytypedseveral
parametersbut wishesto thenberemindedof thefull commandsyntax.

Value Parameters

Therearetwo typesof parametersoption parameterswhich which areprecedeby a “-”, suchas
“-i” above,andvalue parameterswhichhavea “=”, suchas“if=” above,andrequireanadditional
valueargument.

By convention,theprimaryinputfile for a commandis usuallyassociatedwith an“if=” prefix
andtheprimaryoutputfile isassociatedwith an“of=” prefix;suchis thecasewith vsobel.Consider
thatwewishto processafile called“image.vx”andstoretheresultin afile called“edge.vx”using
theisotropic“-i” option.Thismaybespecifiedby either

vsobel if=image.vx of=edge.vx -i

or

vsobel of=edge.vx -i if=image.vx

This is an instanceof position-independentvalueparameters:theprefix identifiestheparameter.
This is thestandardandmostsafemethodfor parameterspecification.

Alternativemethodsfor parameterspecificationaresupportedwhichareespeciallyusefulwhen
theuseris interactively typingcommands.Valueparametersmayuseapositionaldependentsyntax
in which they aresatisfiedin order. Theonly exceptionto this is theof= parameterwhich maybe
specifiedby a “-o” prefix. This is very convenientwhena numberof valueparametersareto be
specified.Therefore,theabovecommandcouldalsobespecifiedby

vsobel image.vx -o edge.vx -i

Themixing of valueparametertypesis alsopermittedsoany of thefollowing areequivalent

vsobel if=image.vx -o edge.vx -i
vsobel -i of=edge.vx image.vx
vsobel -o edge.vx if=image.vx -i
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Figure2: vdminteractivecommandwindow

File Redirection

Standardfile directionprimitivessuchas � , � , and � aresupportedsuchthatthefollowing arealso
equivalentto theabove:

vsobel -o edge.vx -i < image.vx
vsobel -i of= if= < image.vx > edge.vx
vsobel -i < image.vx > edge.vx
vsobel if=image.vx -i > edge.vx

Thesyntax“if=” without anargumentis usedto explicitly statethat thevalueof theargumentis
thestandardinput (secondexampleabove). Sincevsobelonly hasoneinputvalueargument,there
is noneedto explicitly specifyit (third exampleabove).

4 VXM interactive command execution

Vxm hasa convenientfacility to allow the userto interactively explore the useof the VisionX
commandsThe facility is accessedby the VisionX menu. A commandis selectingby dragging
the VisionX menuto correctcommandand thenselectingthe desiredcommand.For example,
Selecting“VisionX=� EdgeOperators=� vsobel”will displaythewindow shown in Figure2

The first entry in this window is the commandthat you are constructing;it startswith the
commandname.Typically thereis oneor two input files andandanoutputfile associatedwith a
command.The next two or threeentriesarefor thesefile names.Commandoptionsneedto be
set. Theavailablecommandoptionsfor thespecifiedcommandarelistedin thelower partof the
window; clicking ononeof thesewill addit to thecommandline thatyouarebuilding.

A userconstructsa commandin the top entry, selectsinput andoutputfiles (if= andof= are
automaticallyprovidedasneeded)andthenclickson the“Apply” buttonto executethecommand.
Clicking on the“Help” buttonwill bringawindow with thecompletedocumentationfor thespec-
ified command.The“-” menubuttonsat theendof eachentryprovide accessto a history list of
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command� or file namesthathavebeenusedin thepast.Thedestinationbuttonsallow theresultof
thecommandto visualizedor sentto aspecificfile.

5 VisionX Program Development

Theprogrammingtoolsfor VisionX aredescribedin theVisionX V4 ProgrammersManual.

6 VisionX Commands

Thecommandsfor VisionX aredescribedin theVisionX V4 CommandGuide.

7 VisionX File Data Structures

VisionX files usea taggedtype system. That is, eachcomponentof the file consistsof a tag
which containsa type and a length, followed by the datawhich hasthe specifiedlength. The
philosophyof thisorganization(usedin many imagefile formats)is thata largenumberof diverse
datatypescaneasilybeaccommodated.Many applicationsmodify justthosecomponentsthatthey
aredesignedto operateon andignoreany others.In this way, thefile structureis easilyextended
to addnew componenttypes. In addition,somehigherlevel structuresarerequiredthat require
multiple tags.For example,animageconsistsof a boundingbox componentfollowedby a pixel
datacomponent;theboundingboxprovidesthestructureinformationwhile thepixel dataprovides
theimagecontents.

An advantageof theabovedesignis thatnew featurescanbeeasilyaddedto thesystemwithout
modifyingall thecommandsto accommodatethem(of whichVisionX hasover200).A disadvan-
tageis thatnot all commandstreatnew datastructuresin theexpectedmanner.

Thereareseveral VisionX commandsfor viewing the componentsof a VisionX file. Every
file hasa title componentanda cumulative historycomponent;thesecanbeviewedwith thevls
commandor from theView menuof vxm. A summaryof thecomponentsin afile canbeobtained
with thevpscommand(with a-t option)or with theView menuof xvm. Thecontentsof afile with
eachcomponentlistedcanbeviewedwith thevpr command.

In the following the main basiccomponentorganizationscurrentlyusedin VisionX areout-
lined.

The 2D image

The2D imageis thefundamentalbuilding block of vision systems.In VisionX it consistsof two
components:a boundingbox, andpixel data.Theboundingbox specifiesthe index rangeof the
imageandthethepixel datatagspecifiesthebasetypeandthesizeof thedata.Multi-component
pixels(e.g.,colorpixels)areindicatedby thepixel datalengthbeingamultipleof thesizespecified
by theboundingbox. Originally theboundingbox specified4 elements(x-low, x-high,y-low and
y-high);morerecentlythey oftenhavesix elementsincludinganadditional(z-low andz-high).For
2D imagestheselasttwo valuesareusuallysetto zero.For color index imagestheimagestructure
is usuallyprecededby acolor look-up-tablecomponent.
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Programmingtoolsareavailablefor treating2D imageslike2D arrays.

The 3D image

The 3D imageis a relatively recentfeatureof VisionX. In VisionX files it is realizedby a set
of 2D imagesin which thez-specificationof theboundingbox is consistent.For example,a 3D
imagewith 3 voxels in thez-directionwould consistof 3 2D imageswhich have thesamex and
y directionboundingboxvalues.In additionif for thefirst imagetheboundingbox hasz-low = 0
andz-high= 1 (indicatinga0-1rangein z) thentheboxfor thesecondimagemusthavez-low = 1,
andz-high= 2 andthebox for thethird imagemusthavez-low = 2 andz-high= 3. MostVisionX
commandsdesignedto operateprimarily on 3D imageshave a v3 prefix in their commandname.
Note, many older VisionX commandswill just treat3D imagesasa setof 2D imagesandwill
frequentlyperformthecorrectfunctionwithout requiringany modification.Notealsothatsetsof
2D imageswhich do not conformto the 3D conventionarestill valid VisionX datafiles but will
notbetreatedas3D entities.

Programmingtoolsareavailablefor treating3D imageslike3D arrays.

Frames

A file maybeorganizedin frames.A frameconsistsof astartframecomponent,theframecontents
components,andanendframecomponent.Therearemany caseswhena wholeimagefile is not
to bereadinto memoryin onestep(whenthefile is a movie for example);the frameprovidesa
mechanismfor ”chunking” a file so that a file readoperationmay readjust oneframeat a time
asa unit. Theframeendelementpreventsread-aheadinto thenext framewhenthis capabilityis
required.A temporalsequenceof images(movie) is usuallyrepresentedby asetof 2D imageswith
similar x andy specificationsin separateframes.Prior to the introductionof the 3D convention
above,3D imageswerealsorepresentedby thisstructure.In factit is still appropriateto storelarge
3D imagesetsin this format.

Therearetwo fundamentalprogrammingtoolsfor readingdatafiles: thefirst readsthewhole
file in a singleoperationandthesecondreadsa file oneframeat a time. Most commandsusethe
latter form asthis enablesthemto processfiles of anarbitrarylargesize. Programmingtoolsare
availablefor processingamoving window of frames.

The 4D image

A 4D imagein VisionX is representedby a framedsequenceof 3D images.That is, eachframe
containsone3D image.In thefuture,anextendedversionof the3D imagestructurecouldbeused
for 4D images;however, while suchafile canbecreatednow, therearecurrentlynoprogramming
toolsto directlysupportthisdatastructure.

Commandsareavailable for reorganizingthe dimensionsof 4D imagesso that they canbe
processedwith standard2D and3D commands.
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Objects
�

Objectsarecollectionsor groupsof components.Objectsaredelineatedby theobjectcomponent.
Componentsbetweentwo objectcomponentsareconsideredto compriseof asingleobject.Object
groupingsarenestedwithin anddonotcrossframeboundaries.

Objectsarevery useful in groupingsaya setof polygonsto a singleentity. Otherattributes
(suchascolor)maythenbeincludedin thegroup.

3D Graphical Representations

3D graphicsin VisionX is basedon files containinga setof 3D polygons(precededby a single
3D boundingbox). A set of polygonsmay be groupedinto a single ”object” using the object
componentmentionedabove suchthat a file may containa collectionof ”objects”. In addition
a polygonor setof polygonsmay be precededwith otherattributessuchasa facecolor anda a
boundarycolor. An importantfeatureof theVisionX systemis thematchingof coordinatesystems
of bothimagesandpolygonswhichmakespossiblethemixedrenderingof bothimageandpolygon
surfacedata.

Programmingtoolsareavailablefor the renderingof polygonfiles that containjust 3 and4-
sidedpolygons.A numberof utility commandsareavailablefor manipulating3D polygonfiles in
theabove format.

3D Image Structures

Thereare two 3D imagestructuresoutlined above, 3D imagesand imagesequences.At this
time, somecommandswill only operateon onenot bothof theseformats. However, the”vdim”
commandwill convert betweentheseformats. In general,it is possibleadda vdim pipebetween
two incompatiblecommands.


