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1 Introduction

The VisionX systemprovidescomputertools and programsfor the analysisandvisualizationof
imagedata. It is suitablefor a wide rangeof imageanalysisapplicationsandis designedo ad-
dressthe processingneedsof multidimensionaimagesetsthat ariseboth from temporalimage
sequenceandfrom imagemodalitiesthatinvolve 3D datacollection.

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

Importantfeaturesof the VisionX systeminclude: the ability to handlemultidimensionaim-
agesets,the wide rangeof available processingunctionsanda flexible taggeddataformat that
facilitiesthe automaticrecordingof the history of thefile. VisionX performsimageanalysisand
relatedvisualizationfunctions;as suchit hascapabilitiesfor processingzideoimagesequences
andrenderinganimations.However, it doesnot attemptto duplicateor replaceothertypesof im-
ageprocessingapplicationssuchas video editorsor computergraphicsanimationthat are well
supportedy othermaturesystems.

The VisionX systemhasbenefitedfrom over 20 yearsof development. The original system
wasdevelopedin the UNIX environmentandexhibits the standardeaturesof a UNIX package.
A VisionX interactve datamanage(VXM) hasbeendevelopedto provide a more familiar en-
vironmentfor Windows users.However, theseprimary ervironmentsareinterchangeableV XM
may be usedon UNIX platformsandthe UNIX like ervironmentmay be usedon Windows DOS
commanderminalsandwith the moreUNIX-lik e packageshatareavailablefor Windows.

VisonX and Windows

VisionX V4.0 is available for Windows 95 and Windows NT platforms. Programdevelopment
is donewith Microsoft Visual C++ version5.0. The olderVisionX V3 commandsliscussede-
low arecurrentlynot availablefor Microsoft Windows. VisionX takesadwantageof a numberof

free softwarepackagedor utility operationsgnuplotfor graphplotting, anda www browserfor

documentationThetcl/tk8.0 packagas usedfor severalvisualinterfacesandcommandscripts.

VisionX and UNI X

VisionX wasoriginally developedon UNIX andhasbeencompiledon mary differentUNIX plat-
forms. Commanddocumentations availablein the UNIX manstyle format. A numberof com-
mandsn theold VisionX V3 systemhave notyetbeenportedto V4. Thesecommandsreavailable
for UNIX systemdsut they usetheold v3file format;in generalthesecommandgsanbeusedwith
V4 files but not all the V4 file facilities, suchasautomatichistorylogging,aresupported.
VisionX takesadwantageof a numberof free softwarepackagesor utility operationsgnuplot
for graphplotting, a www browserfor documentationand the ppmplusor netpbmpackagefor
imageformat corversion. The tcl/tk8.0 packages usedfor sereral visual interfaces.In general
programdevelopmenimaybe doneusingeitherthelocal C compileror with thegnuC compiler
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2 TheVisonX Data Manager (VXM)

TheVisionX datamanageprovidesinteractve accesgo bothimagedatafiles andVisionX com-
mands.In additionit alsoprovidesaccesshethe VisionX documentationA snapshobf thevxm
interfacescreenis shavn in Figure 1. Imagesandgraphicsvisualizedby vxm are displayedin
their own externalwindows.

I mage Display

Thetwo lower paneldabeled’Directory 1” and”Directory 2" permittheuserto brovseandselect
files from two differentpartsof thefile system.Changingthe directorycanis achiezedby typing
adifferentnameinto the directoryor be clicking onthe“Browse” buttonandselectingafile from
adifferentlocation.

Thelist below the Browsebuttonlists all the files anddirectoriesin the currentdirectory An
imagemay bedisplayedoy doubleclicking onits nameor by selectingt andthenclicking onthe
“Load File” button. Thetwo directorypanelsareindependenthoweverif you selectafile in one
panelandclick on the “Load File” thenthe secondpanelwill be setto the samedirectoryasthe
first.

VisionX imagefiles will be displayedby the xvx commandandwhich will createa separate
imagedisplaywindow for eachimage.A displaywindow maybedeletedby typingtheletter‘q” in
it. If thefile selecteds nota VisionX imagefile then vxmwill attemptto identify thefile typeand
selectan appropriatedisplaycommand.Polygonfiles arerenderedasa wireframeimage,graph
files areplottedif anappropriateplotting programcanbe found, andtex files arepresentedn a
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text view. On UNIX systemsmary foreignimageformatfiles will be displayedf anappropriate
conversionfilter canbefoundin thesystem.

Executing Commands

The main panelaborve the directorypanelscontainsa commandnput line anda small panelfor
logging the resultsof executedcommands. Any commandmay be typed at the “Command:”
prompt;commandsnay includepipesandfile indirections. The commands executedon hitting
returnor by clicking on the “Run it” button. The responsdrom the command,if ary, will be
shown in thelog window. A history of commandsnay be accessetyte selectingthe“-” button
at the endof the commandine. Selectinga previous commandrom the history list will load it
into the commandine whereit may be editedandexecuted.The “CurrentWorking Dir.” shows
in which directorythe commandwill be executed.The currentdirectorymay be manuallysetat
ary time. Thedirectoryis alsoautomaticallysetto one of the directory paneldirectorieswhen
a directory changeis madeor whenanimageis displayed. This automaticcapability may be
inhibitedby selectinghemenuitem*“Special=>Fix Working Dir.”. Vxm hasaninteractve facility
for exploring VisionX commandsvhichis describedn sectior4.

Alternative Image Display (VDM)

A secondflavor of vxm calledvdm (or alternatvely invoked by vxm -i) employs a reformulated
visualinterfacethatincludestwo additional512x 512 pixel imagedisplaypanelsgachof whichis

associateavith thedirectorypanelaboveit. In thisversionimagesandgraphicsaredisplayedpy

default,in thewindow below the directorypanel;they mayalsobedisplayedn externalwindows

by “VisionX=>Display” menuselections.

3 Command Line Parameters

An advancedprotocolto specifycommandine parameterss employedby VisionX commandsit
permitsbothpositionalandposition-independemarametespecification Furthermoreit supports
the pipelining of commandsuchthatthe outputfrom onecommandcanbe fed directly into the
next commandvithoutanintermediatdile.

| nformation Parameters

This protocolis illustratedby meansof an examplecommand‘vsobel” which is a simpleedge
enhancindilter commandhattakesandimageinput andproducesanimageresult. Two enquiry
parameters-h” andjust “-” provide informationaboutthe command. For example,to find out
whatparametera commandcantake give

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

The -H parametetists all the possibleparametergor a command. Furtherinformation canbe
obtainedwith the“-” parameterfor example



3 COMMAND LINE PARAMETERS 4

vsobel -

Usage: vsobel [-H [-] [-help]

[if=] infile vsobel: edge operator
[of =] output file

[-f ] float conputation option
provi de direction information
isotropic flag

-d
-1
-e euclidian flag

[P Sy S—'

The"-" optionprovidesshortdescription®f eachparameterlt maybespecifiedasthelastparam-
eterin alist asa shortcutfor situationgoftenencounteredivherea userhasalreadytypedseveral
parametersut wishesto thenberemindedof thefull commandsyntax.

Value Parameters

Therearetwo typesof parametersption parametersvhich which are precedeby a “-”, suchas
“I” above,andvalue parametersvhich have a“=", suchas“if=" above,andrequireanadditional
valueargument.

By corvention,the primaryinputfile for acommands usuallyassociateavith an*“if=""prefix
andtheprimaryoutputfile isassociatedith an“of=" prefix; suchis thecasewith vsobel.Consider
thatwe wishto processfile called“image.vx” andstoretheresultin afile called“edge.vx’using
theisotropic“-i” option. This maybe specifiedby either

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

This is aninstanceof position-independentalue parametersthe prefix identifiesthe parameter
Thisis thestandarcandmostsafemethodfor parametespecification.

Alternatve methoddor parametespecificatioraresupportedvhichareespeciallyusefulwhen
theuseris interactvely typingcommandsYValueparametermayuseapositionaldependerngyntax
in whichthey aresatisfiedn order Theonly exceptionto thisis the of= parametewhich maybe
specifiedby a “-0” prefix. Thisis very corvenientwhena numberof value parameterareto be
specified.Thereforetheabore commandcouldalsobe specifiedby

vsobel inmage.vx -0 edge.vx -i
Themixing of valueparametetypesis alsopermittedsoary of thefollowing areequivalent

vsobel if=inmge.vx -0 edge.vx -i
vsobel -i of=edge.vx inmage. vx
vsobel -0 edge.vx if=inmage.vx -i
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File Redirection

Standardile directionprimitivessuchas<, >, and| aresupportedguchthatthefollowing arealso
equialentto theabove:

vsobel -0 edge.vx -i < image.vX
vsobel -i of=if= < image.vx > edge. vx
vsobel -i < inmge.vx > edge. vXx
vsobel if=imge.vx -i > edge. vXx

The syntax“if=" without an argumentis usedto explicitly statethatthe valueof the algumentis
the standardnput (secondexampleabove). Sincevsobelonly hasoneinputvalueargumentthere
is no needto explicitly specifyit (third exampleabove).

4 VXM interactive command execution

Vxm hasa corvenientfacility to allow the userto interactvely explore the useof the VisionX
commandsThe facility is accessedby the VisionX menu. A commandis selectingby dragging
the VisionX menuto correctcommandand then selectingthe desiredcommand. For example,
Selecting‘VisionX=>EdgeOperators>vsobel’will displaythewindow shonvn in Figure2

The first entry in this window is the commandthat you are constructing;it startswith the
commandhame. Typically thereis oneor two input files andandan outputfile associatedavith a
command.The next two or threeentriesare for thesefile names.Commandoptionsneedto be
set. The availablecommandoptionsfor the specifiedcommandarelistedin thelower partof the
window; clicking on oneof thesewill addit to thecommandine thatyou arebuilding.

A userconstructsa commandn the top entry, selectsnput andoutputfiles (if= andof= are
automaticallyprovidedasneededpndthenclicks onthe“Apply” buttonto executethecommand.
Clicking onthe“Help” buttonwill bringawindow with thecompletedocumentatiorfior the spec-
ified command.The “-” menubuttonsat the endof eachentry provide accesgo a history list of
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commandr file nameghathave beenusedin the past. The destinatiorbuttonsallow the resultof
thecommando visualizedor sentto a specificfile.

5 VisionX Program Development

Theprogrammingoolsfor VisionX aredescribedn theVisionX V4 Programmer$lanual.

6 VisonX Commands

Thecommanddor VisionX aredescribedn theVisionX V4 CommandGuide.

7 VisionX File Data Structures

VisionX files use a taggedtype system. That is, eachcomponentof the file consistsof a tag

which containsa type and a length, followed by the datawhich hasthe specifiedlength. The
philosophyof this organization(usedin mary imagefile formats)is thatalarge numberof diverse
datatypescaneasilypeaccommodatedViany applicationsnodify justthosecomponentshatthey

aredesignedo operateon andignoreary others.In this way, thefile structureis easilyextended
to addnew componentypes. In addition,somehigherlevel structuresarerequiredthat require
multiple tags. For example,animageconsistf a boundingbox componenfollowed by a pixel

datacomponenttheboundingbox providesthestructurenformationwhile the pixel dataprovides
theimagecontents.

An advantageof theabove designis thatnew featurecanbeeasilyaddedo the systenmwithout
modifying all thecommands$o accommodatéhem(of which VisionX hasover200). A disadwan-
tageis thatnot all commanddreatnew datastructuresn the expectedmanner

Thereare several VisionX commanddor viewing the component®f a VisionX file. Every
file hasa title componentainda cumulatve history componentthesecanbe viewedwith the vls
commandr from the View menuof vxm. A summaryof thecomponent# afile canbeobtained
with thevpscommandwith a -t option)or with the View menuof xvm. Thecontentof afile with
eachcomponentisted canbe viewedwith the vpr command.

In the following the main basiccomponenbrganizationscurrentlyusedin VisionX are out-
lined.

The 2D image

The 2D imageis the fundamentabuilding block of vision systems.n VisionX it consistsof two

componentsa boundingbox, andpixel data. The boundingbox specifieghe index rangeof the

imageandthethe pixel datatag specifiegthe basetype andthe sizeof the data. Multi-component
pixels(e.g.,colorpixels)areindicatedby thepixel datalengthbeinga multiple of thesizespecified
by the boundingbox. Originally the boundingbox specified4 elementgx-low, x-high, y-low and

y-high); morerecentlythey oftenhave six elementsncludinganadditional(z-low andz-high). For

2D imagegshesdasttwo valuesareusuallysetto zero.For colorindex imagesheimagestructure
is usuallyprecededy a colorlook-up-tablecomponent.



7 VISIONX FILE DATA STRUCTURES 7

Programmingoolsareavailablefor treating2D imagedike 2D arrays.

The 3D image

The 3D imageis a relatively recentfeatureof VisionX. In VisionX files it is realizedby a set
of 2D imagesin which the z-specificatiorof the boundingbox is consistent.For example,a 3D
imagewith 3 voxelsin the z-directionwould consistof 3 2D imageswhich have the samex and
y directionboundingbox values.In additionif for thefirstimagethe boundingbox hasz-low = 0
andz-high= 1 (indicatinga 0-1 rangein z) thentheboxfor thesecondmagemusthave z-low =1,
andz-high= 2 andthebox for thethird imagemusthave z-low = 2 andz-high= 3. Most VisionX
commandslesignedo operateprimarily on 3D imageshave a v3 prefixin their commandhame.
Note, mary older VisionX commandswill just treat3D imagesasa setof 2D imagesand will
frequentlyperformthe correctfunctionwithout requiringany modification.Note alsothat setsof
2D imageswhich do not conformto the 3D corventionarestill valid VisionX datafiles but will
notbetreatedas3D entities.
Programmingoolsareavailablefor treating3D imagedike 3D arrays.

Frames

A file maybeorganizedn frames.A frameconsistf a startframecomponenttheframecontents
componentsandan endframecomponent.Therearemary casesvhenawholeimagefile is not
to bereadinto memoryin onestep(whenthefile is a movie for example);the frameprovidesa
mechanisnfor "chunking” a file sothata file readoperationmay readjust oneframeat a time
asaunit. Theframeendelementpreventsread-aheathto the next framewhenthis capabilityis
required.A temporakequencefimagegmovie) is usuallyrepresentetly asetof 2D imageswith
similar x andy specificationsn separatdrames. Prior to the introductionof the 3D corvention
above, 3D imageswverealsorepresentetly this structure.n factit is still appropriateéo storelarge
3D imagesetsin thisformat.

Therearetwo fundamentaprogrammingoolsfor readingdatafiles: thefirst readsthe whole
file in asingleoperationandthe secondeadsa file oneframeat atime. Most commandsisethe
latterform asthis enablegshemto procesdiles of anarbitrarylarge size. Programmingoolsare
availablefor processinga moving window of frames.

The 4D image

A 4D imagein VisionX is representetty a framedsequenc®f 3D images.Thatis, eachframe
containsone3D image.In thefuture,anextendedversionof the 3D imagestructurecouldbeused
for 4D imageshowever, while suchafile canbe createchow, therearecurrentlyno programming
toolsto directly supportthis datastructure.

Commandsare available for reoiganizingthe dimensionsof 4D imagesso that they canbe
processeavith standard2D and3D commands.
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Objects

Objectsarecollectionsor groupsof componentsObjectsaredelineatedy the objectcomponent.
Componentbetweerntwo objectcomponentsreconsideredo compriseof asingleobject. Object
groupingsarenestedvithin anddo not crossframeboundaries.

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

3D Graphical Representations

3D graphicsin VisionX is basedon files containinga setof 3D polygons(precededy a single
3D boundingbox). A setof polygonsmay be groupedinto a single "object” using the object
componenimentionedabove suchthat a file may containa collection of "objects”. In addition
a polygonor setof polygonsmay be precededvith otherattributessuchasa facecoloranda a
boundarycolor. An importantfeatureof the VisionX systems thematchingof coordinatesystems
of bothimagesandpolygonswhichmakespossiblehemixedrenderingof bothimageandpolygon
surfacedata.

Programmingools are availablefor the renderingof polygonfiles that containjust 3 and4-
sidedpolygons.A numberof utility commandsreavailablefor manipulating3D polygonfilesin
theabove format.

3D Image Structures

Thereare two 3D image structuresoutlined above, 3D imagesand image sequences.At this
time, somecommandwwill only operateon onenot both of theseformats. However, the "vdim”
commandwill corvertbetweerntheseformats. In generaljt is possibleadda vdim pipe between
two incompatiblecommands.



