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ABSTRACT
Reverseengineeringis a time-consumingand technically

formidableprocessthat is increasinglybecomingan economic
imperative dueto replacementcosts.TheMultiple Engineering
ResourcesaGentEnvironment(MERGE) system,introducedin
this paper, is a new approachtowardreverseengineeringwhose
architectureandmodulesaredrivenspeci�cally by the require-
mentsof legacyengineering. Legacy engineeringscenariospre-
sumeavailability of multiple (possiblyincompleteor inconsis-
tent) sourcesof information, lack of digital descriptionsof the
parts,constrainedtime restrictionsandneedfor signi�cant do-
mainknowledgeexpertise.Thereverseengineeringprocessmust
yield modernCAD modelscapableof driving state-of-theart
CAM processes.The MERGE systemaims at making the re-
verseengineeringprocessmoreeffective,usingbothintuitivein-
teractionandvisualizationaskey components,by enablingquick
identi�cation andresolutionof inconsistenciesamongvariousre-
sourcesin auni�ed environment.TheMERGEsystemalsoaims
atsimplifying thereverseengineeringprocessby integratingvar-
ious computationalagentsto assistthe reverseengineerin pro-
cessinginformationandin creatingthedesiredCAD models.

INTRODUCTION

Partly becauseof its complex, multifariousnature,reverse
engineeringis a time consuming,technically formidable pro-

Figure 1. User interacting with the MERGE system.

cessthat is increasinglybecomingan economicimperative be-
causereplacementcostsof the entireoriginal systems1 are too
high. Thus we are facedwith a signi�cant engineeringchal-
lenge,sincemodernCAD/CAM systemsareprimarily conceived
for ab initio designengineering,andgive ratherweakinciden-
tal supportto reverseengineering.Our systemspeci�cally ad-
dressesthe legacyengineeringform of reverseengineering,i.e.,

1Boeing707aircrafts,developedin theearly1950s,arestill in serviceto date
eventhoughproductionwasstoppedin 1978[1].
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Figure 2. Multiple engineering resources in a uni�ed environment. Start-

ing from left, an engineering drawing, a CAD model structure visualiza-

tion, a CAD model and a scan of a part.

the designof replacementpartsor assembliesfor systemsthat
areno longercommerciallysupportednor properlydocumented
becauseof their enduringservicebeyondany originally planned
or projectedscopespecializedfunction.

Legacy engineeringis in�uenced by the following set of
challenges,namely, 1) properdocumentationmay not be avail-
able,2) if available,thedocumentationis likely to be in a non-
digital form, 3) availabledocumentationtypically haserrors,in-
consistencies,incompletenesses,and legibility problems,4) a
samplepart may not re�ect original dimensionsdue to undoc-
umentedmodi�cations andwear, 5) the new target designsys-
temis likely to involvedigital descriptionswhile thelegacy part
hasnone,6) theoriginal designmay have failedor beeninade-
quatefor thecurrentuse,7) theoriginally usedmaterialsmayno
longerbeappropriate,or evenavailable,8) theoriginaldesigners
or vendorsmaynot beavailablefor information,9) theoriginal
designrationalemay be outdatedandmust be largely inferred
from currentaccessibleinput sources,10) multiple datasources
acquiredusing a variety of sensingtechnologiesmay contain
markedlydifferentlevelsof error, and/oroutrightcontradictions,
11) time is oftencritical in re-manufacturing,12) signi�cant do-
mainknowledgeanddesignengineeringexpertiseis anessential
ingredient,13) muchof thelow-level processingcanandshould
beautomated,14) thehigherlevel engineeringcanbegreatlyfa-
cilitatedwith a conducive, moderncomputingandvisualization
environment,and15) the legacy engineeringprocessmustyield
modernCAD modelscapableof driving state-of-the-artCAM
processes.

Traditionally, the processof reverseengineeringhasbeen
performedvia manualinspectionof physicalpartswith or with-
out theuseof drawings.More recently, scannershavebeenused
to speedup the processof inspection. The scannersgenerate
point cloudsthatareusedto reconstructCAD models[2]. Fea-
ture basedmodel reconstructiontechniqueshave also recently

Figure 3. An engineering drawing directly compared with a recon-

structed CAD model and a point cloud. The point cloud is registered with

the CAD model. Also shown is the tracked wand represented by a gray

cylinder.

emerged[3,4]. However, a uni�ed framework for theprocessof
reverseengineeringdoesnotexist.

Goals
Our goal is to designa systemthat providesa uni�ed en-

vironment in which a reverseengineercan visualizeand pro-
cessinformationsimultaneouslyfrom multiple resourcesto ob-
tain feature-basedCAD modelsthatmoreaccuratelycapturethe
designintentof physicalparts.

In particular, weaim at:

1. Providing intuitive inspectionandvisualizationtools.
2. Facilitatingintuitive transferof databetweenresources.
3. Incorporatingvariouscomputationalagentsin orderto sim-

plify thereverseengineeringprocess.

The Multiple Engineering Resour ces aGent Envir on-
ment (MERGE) System

WehavedevelopedasystemcalledtheMultiple Engineering
ResourcesaGentEnvironment(MERGE) systemthat provides
an interactive virtual environment to satisfy the requirements
of legacy engineering. (SeeFig. 1). MERGE providesa uni-
�ed environmentfor comparingandmanipulatingoriginal data
sources,suchasengineeringdrawingsandlaser-scannedphysi-
calartifacts,with derivedengineeringmodels,suchas�tted sur-
facesandparametricmodelfeatures.Agentsin thesystemhelp
analyzeoriginal datasourcesandpresentoriginal dataandde-
rivedmodelsin a uni�ed andaccessiblefashion.Figure2 shows
thevariousengineeringresourcespresentin theenvironment.It
presentsa snapshotof the systemduring the processof reverse
engineeringa legacy part,whereina partial feature-basedCAD
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modelhasbeengeneratedfrom anengineeringdrawing basedon
thefront view of a part.

TheMERGEsystemis built ontopof theAlpha 1 advanced
CAD researchtestbedthatprovidesafeature-basedmodelingen-
vironment.2 Thevirtual reality interfacein theMERGEsystem
includes3D stereodisplayand6DOF head/handtracking. The
IntersenseIS900 systemis usedfor tracking over a medium-
room sizedworkspace. A rear-projectedstereo-wall screenis
usedfor 3D display. Alternatively, a head-mounteddisplaycan
be usedfor 3D displayand headtrackingcan be employed to
achieveamoreimmersiveeffect. Theuserinteractswith thesys-
temusingaprimary6DOFtrackedwandandasecondary6DOF
tracker. In Figure1, thestereo-wall screenis shown with theuser
interactingwith the systemusing a tracked wand and another
tracker. The tracked wandis visually representedby a cylinder
(Figures2, 3).

Our contribution is a systemthat allows a userto readily
compare,inspect,manipulateandmodify heterogeneoussources
of informationof a legacy part. This is accomplishedby trans-
forming all the resourcesinto higher-level forms that can be
displayed,manipulatedand queriedfor their attributes. This
makesit moreintuitive andlesscumbersomethana traditional
2D menu-driveninterfacewhereonewouldassociatenameswith
objectsand traversethroughseriesof menusin order to mod-
ify the 3D objects. Figure3 shows onesuchscenariofrom the
MERGE environmentwherean engineeringdrawing visualiza-
tion is placedover a �tted model for direct comparisonof fea-
tures.

In addition,we presenta visualizationof thedatastructure
representingthe derived feature-basedCAD model andenable
interactionwith it to inspectandmodify thefeaturesof theCAD
model. We also presenta simple algorithm that interactively
maintainsacomprehensiblelayoutof labels(annotations)around
a 3D modelbasedon the relative orientationof themodelwith
respectto theuser.

BACKGROUND/RELATED WORK
Virtual environmentshave beenexplored for ab initio de-

sign [5], distributeddesignreview [6] and analysis[7] of me-
chanicalparts.TheDVDS systemproposedby Arangarasanand
Gadh[5] discussesintuitive interactiontechniquesin animmer-
sive environment including hand motions, gesturesand voice
commandsfor ab initio CAD design. The DDRIVE systemof
Daily et al. [6] utilizesa virtual environmentfor multi-partydis-
tributeddesignreview. A virtualenvironmentfor interactivesim-
ulationandanalysishasbeendevelopedby Yehetal. [7]. Virtual
environmentshavealsobeenpreviouslyusedfor assemblysimu-
lationandplanningaspresentedin theVADE [8] andVEGAS[9]
systems.

2Feature-basedmodelsareanatural®t in aninteractivemodelingenvironment
asthey allow auserto intuitively modify amodelin orderre¯ectdesignintent.

There are a variety of commercial CAD-based re-
verse engineeringsoftware tools available such as Raindrop
GeomagicR

�

andMetrix Build!IT TM. Although thesetools pro-
vide signi�cant functionality, they use 2D menu-driven inter-
facesandsupportautomatedreverseengineeringfrom only point
clouds.MERGEappearsto be the�rst systemthatexploresre-
verseengineeringof mechanicalpartsusingmultiple heteroge-
neousresourcesin avirtual environment.

Previous work on feature-basedCAD model structurevi-
sualizationhas beendone by Bronsvoort et al. [10]. While
they describeseparatevisualizationof geometryand structure
of feature-basedmodels,our techniqueis an as-isvisualization
of thedatastructureunderlyingthegeometryof theCAD model,
thusshowing the structureof the CAD modelin additionto its
geometrywith correctspatialorientationrelationshipsbetween
featuresandentities. Our systemalsoallows a userto interact
directlywith thevisualizationto modify thegeometryof thetar-
getCAD model.

Therehasbeenextensive work on automatedinterpretation
of engineeringdrawings [11–15]. Most of thesealgorithmsre-
quirenoisefreeconditionswhich is anunrealisticassumptionin
many cases. The proposedengineeringdrawing interpretation
systemin MERGEis designedto overcomesuchproblemsand
is basedon thesystemdescribedby Henderson[16].

Prior literatureon layoutmanagementof annotationsexists
for 2D [17–19] and3D [20–23] informationvisualizationenvi-
ronments.Of thealgorithmsfor 3D visualization,theapproach
presentedin Roseet al.'s work [20] is mostdirectly relatedto
ours. Their approachalso aims at preventing the annotations
from occludingtheobjectsof interest,andusesconnectinglines
to attachthe annotationwith the correspondingobjects. While
ouralgorithmis notmeantto replacethesesolutions,weprovide
asimpleinteractivesolutionandallow theuserto selecta subset
of annotationsto bedisplayedto avoid clutter. While mostof the
previous literaturedealswith annotationshaving statictext, we
allow usersto interactwith theannotationsto modify the target
CAD model.

REVERSE ENGINEERING A ROCKER MOUNT IN THE
MERGE ENVIRONMENT

We presentour systemfunctionality through an example
scenarioof reverseengineeringa rocker mount,a typical legacy
part (See�g. 4). Resourcesavailable for reverseengineering
the rocker mount include an exemplarphysicalpart and doc-
umentationin the form of an engineeringdrawing. Thesere-
sourcesare imported into the MERGE environment. Agents
in the system,including drawing analyzeragents,visualization
manager agentsandlayoutmanager agents, extractinformation
from theseresourcesandpresentthemto theuserin a coherent
andcomprehensiblemanner. An initial CAD model is �t from
the drawing. The CAD model can be compareddirectly with
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Figure 4. A rocker mount and its associated assembly.

availableresourcesin orderto interactively identify incorrect�ts
and�x themusinginformationextractedfrom theresources.

Impor ting Multiple Resour ces into the MERGE Envi-
ronment

The exemplarpart is laserscannedto createa point cloud
representation. The engineeringdrawing is scannedand im-
portedas an image�le. The image�le is then renderedinto
thealphachannelof a transparenttexturemap,sothat linesand
annotationsshow assolid lines without occludingotherobjects
in the MERGE environment. Figure2 shows the drawing and
thepoint cloudin theMERGEenvironment.Beforebeingused
in the virtual environment,drawing analyzeragentsextract key
dataelementsfrom theengineeringdrawing. In particular, draw-
ing analyzeragentsextract the individual 2D views (top, front,
side)of thepartsandalsointerpretthegeometricdimensionsof
thepartspeci�edon thedrawing.

Fitting an Initial Feature-based CAD Model
A feature-basedCAD model of the part can be automati-

cally generatedfrom eitherthe individual views extractedfrom
thedrawing or from thepoint cloudrepresentationasdescribed
in thework of de St. Germainet al. [3, 4]. In our example,the
featuresof the CAD model have beenderived from the draw-
ing. This modelis importedinto thevirtual environment,which
servesasa startingpoint from which the reverseengineercan
createa moreaccurateCAD modelof theexemplarpart. In Fig-
ure2, a partial feature-basedCAD modelderivedfrom thefront
view of thepartis shown.

Visualization of the Dependenc y Graph
Theresultsof theprocessby which thefeaturesof theCAD

modelarederivedarestoredin a datastructurecalledthe “De-
pendency Graph”[24,25]. TheDependency Graphis adirected-
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Figure 5. The Dependency Graph. For simplicity, only a single set of

representative entities (lines, arcs) are shown for each feature.

Figure 6. The Dependency Graph Visualization. The lower half of the

�gure shows the various line and arc entities comprising each feature.

The upper half of the �gure shows the extruded features comprising the

partial CAD model.

acyclic graphwhosenodesstoreinformationaboutthe forma-
tive geometryof thepart. Modi�cation of any parametersof the
featuresof a modelis achievedby modifying thecorresponding
nodesof thedependency graph.

The dependency graphfor the �tted partial CAD model is
shown in Figure5. As it canbeseen,thedependency graphfor
a morecomplex partcaneasilygetclutteredanddif�cult to un-
derstand.Wepresentamorecomprehensiblevisualizationof the
dependency graphto aid the reverseengineerin understanding
how the �nal CAD model is generatedand thus enablinghim
to decidehow to modify givenparametersin orderto obtainthe
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Figure 7. Overview of the NDAS system.

Figure 8. Results of dimension interpretation. The dimensions extracted are outlined with boxes.

desiredmodel.We alsoallow thereverseengineerto interactdi-
rectly with the visualization,thusenablingmodi�cation of the
CAD modelin anintuitivemanner.

Nodesin the dependency graphcorrespondingto features
andtheir entities(lines,arcs)arerepresentedvisually with their
actualgeometryandthe actualspatialorientationrelationships.
Eachlevel in the dependency graphconformsto a nodein the
dependency graphvisualization.Figure6 showsthedependency
graphvisualizationat thepoint in thealgorithmwherea partial
CAD modelhasbeengeneratedfrom thefront view of thepart.
In this �gure, thelowerhalf(node)showstheentitiesde�ning the
featuresof thepartialCAD model. Theupperhalf(node)shows
theextrudedholefeatureandtheextrudedinnerandouterpro�le

stockfeaturesderivedfrom thecorrespondingentities.All of the
featuresandtheirentitiesareshownwith theactualgeometryand
relativespatialorientations.

Visualizationmanageragentsmaintaincomprehensiblevi-
sualizationof thedependency graphfor eachindividualpartand
updatesthemasandwhenany of the featuresaremodi�ed by
thereverseengineer. TheMERGEenvironmentallowsa reverse
engineerto work directly with thedependency graphdatastruc-
turevia its visualization.Thereverseengineercanpick features
or entitiesof interestusingthewandto view informationabout
theirparametersor modify them.Theparametersof selecteden-
titiesaredisplayedaroundthe3D CAD model.
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Interpretation of Dimensions on Drawings
The geometricdimensionsareextractedfrom the drawing

usinga Non-DeterministicAgentsSystem(NDAS) [11,16]. As
shown in Figure7, NDAS is an automatic,domain-knowledge-
guidedsystem. It is an autonomousmulti-agentsystemin it-
self. It consistsof image analysisagents, structure analysis
agentsand evaluationagents. The imageanalysisagentsinter-
prets lines, arcsand characters(e.g., digits, letters,etc). The
structureanalysisagentsidentify dimensionsthat representge-
ometricinformationaboutthe part. The evaluationagentscali-
brate,monitor andguidethe analysisagentsusingexplicit and
persistentknowledgeof the engineeringdrawing analysispro-
cessthroughstochasticoptimizationtechniques.The physical
processrepresentsthe processof digitizing the paperdrawing.
NDAS'sevaluationagentcanrequestthephysicalprocessto res-
canthedrawingswith somerequirements,suchashigherresolu-
tion. In Figure8, thedimensionsextractedfrom thedrawing of
therockermountareoutlined.Thesedimensionscanbeusedto
verify andcorrectthefeatureparametersderivedfrom themodel
�tting process.

Manipulating Objects in 3D
In the virtual environment, the reverseengineerinteracts

with theresourcesusinga 6DOFtrackedwandin onehandand
a 6DOFtracker in theotherhand.Thewandcanbeusedto pick
variousobjectssuchasthedrawing, theCAD modelor thepoint
cloudwhich arethenmanipulatedusingthe tracker in theother
hand.Theusercanpick anobjectin theenvironmentby pointing
thewandat it atpressingoneof thebuttonson thewand.

Direct Comparison of Features
Thereverseengineercanplacethetransparentdrawing over

theCAD modeland/orthepoint cloud for directcomparisonof
featuresas shown in Figure 3. The reverseengineercan also
comparethe�tted featureswith thepointcloudasshown in Fig-
ure9. Currently, theCAD modelandthepoint cloudareregis-
teredmanually. Direct comparisonenablesquick identi�cation
of inconsistenciesin geometryand relative orientationof fea-
turesamongdifferentresources.In this example,the �tted hole
is slightlyundersizedcomparedwith pointcloudrepresentingthe
physicalartifact.

Interactive View Folding
Theindividualviewsof thepartfrom thedrawing canbein-

teractively foldedover the�tted modeland/orthepoint cloudto
furtheraid thereverseengineerin associatinganddirectly com-
paringfeaturessketchedin 2D andthefeaturesof the3D model.
The usercanpick oneof the views from the drawing usingthe
wandandthenrequestit to beregisteredwith the3D modelusing
otherbuttonson thewand. Theview is thenanimatedby show-

Figure 9. Close up of the CAD model registered with the point cloud for

direct comparison of features.

Figure 10. Side view of part from drawing being registered with 3D

model.

ing it �ying from thedrawing andregisteringitself with the3D
model.Figure10showsthefront view registeredwith themodel
anda snapshotof ananimationof thesideview registeringitself
with themodel.Figure11showstheresultof all theviewsregis-
teredwith themodel.In thecurrentsystem,while theorientation
of theviews relative to eachotheraredeterminedautomatically,
theorientationsof theviewsrelativeto themodelaredetermined
manually.

Visual Representation of Feature Parameter s via La-
bels

Thecurrentvalueof featureparametersaredisplayedusing
labelsconnectedto the correspondingfeaturesin the 3D CAD
model for quick veri�cation andcorrection. Eachlabel is con-
nectedto a symbolicline or a point on the3D modelthat visu-
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Figure 11. 2D views from the engineering drawing superimposed on the

3D model.

ally representsthefeatureparameters.Thesesymbolicprimitives
helpthereverseengineerin associatingdimensionsspeci�edon
thedrawing with thefeatureson the3D model.Figure12shows
a setof labelsarrangedaroundthe CAD model. The symbolic
linesaredrawn in black.

In thevirtual environment,thereverseengineercanmanip-
ulate the CAD model using a 6DOF tracker. Layout manager
agentsareresponsiblefor maintaininga comprehensiblelayout
for the labelsfor any orientationof the CAD modelrelative to
thereverseengineer. Thelabelsarerenderedasplanesonwhich
the parametervalueis texture-mappedandlines connectingthe
labelsto their symbolicprimitivesaredrawn. The layout man-
agerinteractively updatesthepositionof thelabelsbasedon the
orientationof the3D CAD modelrelativeto thereverseengineer.

In orderto maintainacomprehensibleview of all thelabels,
thelayoutof thelabelsmustsatisfythefollowing constraints:

1. Labels, ideally must be locatedas close to the featureor
set of featuresthey describe,while, at the sametime, not
occludingthe3D CAD modelgeometry.

2. Labelsmustnotoccludeeachother.
3. Connectinglinesshouldnot crosseachother.
4. Labelsshouldnotoccludeany otherlabel'sconnectingline.

In orderto simplify theproblem,we restrictthe locationof
thelabelsto aplanewhosenormalis orientedalongtheline join-
ing theeye-pointof thecameraandthecenterof the3D model
and is locatedbetweenthe userand the model. This planeis
calledthe layout plane. Clearly, the layout planechangeswith
theuser'sorientationin theenvironment.In MERGE,ananchor
is de�ned asthe point on the symbolicprimitivesto which the
label is connected.Theseanchorsareprojectedonto the layout
planeandsortedradially aroundthe projectionof the centerof
themodelon thelayoutplane.Thelocationof thelabel'scenters
arefurtherrestrictedto acircle thathasa radiusgreaterthanthat

of theboundingsphereof themodelto ensurethatthe labelsdo
not occludethemodel. For eachlabel in sortedorder, an initial
location is determinedas the point on the circle that intersects
the ray from theprojectedcenterto its anchor. Then,this loca-
tion is checkedto determinewhetherit lies closeenoughto any
otherpreviouslyplacedlabelto occludeit. If it does,thelabel is
movedanticlockwiseon thecirclesothatit doesnotoccludethe
previouslyplacedlabel.Figure12showstheresultsof thelayout
managementalgorithmfor anarbitraryorientationof thepart.

As apracticalmatter, for a largenumberof labels,theremay
notbeenoughroomavailableto retaina comprehensiblelayout.
The usercan avoid this problemby requestinga small subset
of labelsto be displayed.This canbedoneby selectingcertain
featuresof interestvia thedependency graphvisualizationor the
CAD modelusingthewand. Accordingly, labelscorresponding
only to theseselectedfeaturesaredisplayed.

Modi�cation of Feature Parameter s by Direct Interac-
tion with Drawings and CAD Models

Oncethe reverseengineerhas identi�ed an inconsistency
in the parametervalueof a feature(by direct comparisonor by
comparisonof valueson thelabelandthedrawing),hecanread-
ily correctit usingthedimensioninformationextractedfrom the
drawing. This canbe achievedby �rst picking the correspond-
ing dimensionfrom the drawing andthen transferringit to the
appropriatefeatureon the3D model,usingthewand.

In ourexample,thediameterof theholefeature(asdisplayed
on thecorrespondinglabel)doesnotmatchthedimensionspeci-
�ed on thedrawing. In orderto �x this, theengineer�rst selects
thecorrespondingdimensionfrom thedrawing asshown in Fig-
ure13. This informationis thentransferedto theholefeaturein
the modelby droppingthe dimensionvalueon the appropriate
label asshown in Figure14. The target featureto be modi�ed
canalsobeselectedfrom thedependency graphvisualizationin
a similar manner. By enablingdirect interactionwith drawings,
�tted modelsandotherderivedresources,wehavemadethepro-
cessof transferringdatasimplerandmoreintuitive.

SUMMARY AND CONCLUSIONS
Informationaboutlegacy partsis usuallyavailablefrom var-

ious sources,but, until now, the processingof eachof these
sourceshasbeenachievedvia separatestandalonesolutions.The
MERGEsystemsimultaneouslypresentsmultipleheterogeneous
resourcesto thereverseengineer. By placingthis informationin
a uni�ed environment,we assertthat theproblemof reverseen-
gineeringof legacy partscanbesimpli�ed. This papergivesan
overview of theMERGEsystemanddiscussesits currentcapa-
bilities by meansof an examplescenario,that of reverseengi-
neeringa typical legacy part.

TheMERGEsystemprovidestoolsfor thevisualizationand
augmentationof thefollowing datasources:point clouds,engi-
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Figure 12. Layout of labels around the model in an arbitrary orientation. The labels are attached to symbolic lines that are drawn in black.

Figure 13. Picking dimension from drawing. A dimension is highlighted when the wand is pointed toward it.

neeringdrawings,dependency graphrepresentations,andCAD
models.Eachsetof informationis fully visualizedin avirtual3D
stereoenvironment,andfurther, augmentedvia theuseof agents
andvisualizationtechniquesto transformthemfrom staticob-

jectsinto dynamicdatasourceswhich intuitively (visually) pro-
vide theuserwith thenecessaryinformationto understand,ma-
nipulate,andmodify themsuchthatthe�nal CAD modelis more
accurateandachievedin lesstime thanpreviouslypossible.
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Figure 14. Selecting target feature parameter for modi�cation via its label. The value picked from the drawing is displayed alongside the wand.

Key abilitiesincludethedisplayandmodi�cation of feature
parametersin theregionsof intereston theCAD model;projec-
tion of thedependency graphalongsidethe3D model;registra-
tion of multipledatasourcessuchasdrawingsandscannedpoint
clouds;andthefolding of theengineeringdrawingsuchthateach
view is registeredalongside the appropriateview of the CAD
model. Thustheuseris allowedto directly focuson thereverse
engineeringprocessin the 3D virtual environmentwithout the
encumbranceof constantlyupdatingthe menusand text-boxes
associatedwith thetraditionalWIMP interface.

We have constructedeachelementof the MERGE system
speci�cally for the use in computer-aidedreverseengineering
and redesign. Although not all of the individual components
of the systemaresigni�cant technicaladvancesin themselves,
whenutilized togetherin a uni�ed environment,they combine
to simplify, speedup, andimprove thereverseengineeringpro-
cess.Giventheappropriatetools,thereverseengineercanmore
quickly evaluateandbuild new models,identify andresolve in-
consistenciesbetweendifferentdatasources,andperformmore
effectively in legacy engineeringscenarios.The�ndings andex-
periencesreportedherewith shouldbeusefulto projectswith re-
latedgoals,andto thoseconsideringdevelopingadjunctreverse
engineeringcomponentsin theirwork.

FUTURE WORK
Ongoingwork on the MERGE systemincludesproviding

more functionality, incorporatingother interaction techniques
andproviding interactive analysistools. Interactiontechniques

suchasgesturesandspeechcanmake the interfacemore intu-
itive. Furtherwork needsto be doneon interfacemanagement
for multiple parts,assembliesandlargemechanicalsystems.

Currently, in thegivenscenario,engineeringdrawingsof the
legacy partsareavailable. If they arenot available,the reverse
engineeringprocesshasto be performedusing only the point
cloud. In addition,if thephysicalpart is worn outor broken,we
will requireinformationabouttherestof theassemblywherethe
part�ts in. Work needsto bedoneto addresstheseissues.
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