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ABSTRACT

Reverseengineeringis a time-consumingand technically
formidable processhat is increasinglybecomingan economic
imperatie dueto replacementosts. The Multiple Engineering
ResoucesaGentEnvironment(MERGE) system,introducedin
this paperis a new approachoward reverseengineeringvhose
architectureand modulesare driven speci cally by the require-
mentsof legacyengineering Legag/ engineeringscenariopre-
sumeavailability of multiple (possiblyincompleteor inconsis-
tent) sourcesof information, lack of digital descriptionsof the
parts,constrainedime restrictionsand needfor signi cant do-
mainknowledgeexpertise.Thereverseengineeringprocessnust
yield modernCAD modelscapableof driving state-of-theart
CAM processes.The MERGE systemaims at makingthe re-
verseengineeringrocessnoreeffective, usingbothintuitivein-
teractionandvisualizationaskey componentdyy enablingquick
identi cation andresolutionof inconsistencieamongvariousre-
sourcesn auni ed ervironment. The MERGE systemalsoaims
atsimplifying thereverseengineeringprocessy integratingvar
ious computationalgentsto assistthe reverseengineetin pro-
cessingnformationandin creatingthe desiredCAD models.

INTRODUCTION

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

Figure 1. User interacting with the MERGE system.

cessthatis increasinglybecomingan economicimperatve be-
causereplacementostsof the entire original systems are too
high. Thuswe are facedwith a signi cant engineeringchal-
lenge sincemodernCAD/CAM systemsareprimarily conceved
for ab initio designengineeringand give ratherweakinciden-
tal supportto reverseengineering.Our systemspeci cally ad-
dresseshelegacyengineeringorm of reverseengineeringi.e.,

1Boeing707aircrafts,developedin the early1950s arestill in serviceto date
eventhoughproductionwasstoppedn 1978[1].
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Figure 2. Multiple engineering resources in auni 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 replacemenpartsor assembliegor systemshat
areno longercommerciallysupportechor properlydocumented
becausef their enduringservicebeyondary originally planned
or projectedscopespecializedunction.

Legagy engineeringis in uenced by the following set of
challengesnamely 1) properdocumentationmay not be avail-
able,?2) if available,the documentatioris likely to bein a non-
digital form, 3) availabledocumentationypically haserrors,in-
consistenciesincompletenessesnd legibility problems,4) a
samplepart may not re ect original dimensionsdue to undoc-
umentedmodi cations and wear, 5) the new target designsys-
temis likely to involve digital descriptionsvhile the legagy part
hasnone,6) the original designmay have failed or beeninade-
quatefor thecurrentuse,7) the originally usedmaterialsmayno
longerbeappropriatepr evenavailable,8) theoriginal designers
or vendorsmay not be availablefor information,9) the original
designrationalemay be outdatedand must be largely inferred
from currentaccessiblénput sources;10) multiple datasources
acquiredusing a variety of sensingtechnologiesmay contain
markedly differentlevelsof error, and/oroutrightcontradictions,
11)timeis oftencritical in re-manuécturing,12) signi cant do-
mainknowledgeanddesignengineeringxpertiseis anessential
ingredient,13) muchof the low-level processinganandshould
beautomatedl4)thehigherlevel engineeringanbegreatlyfa-
cilitatedwith a conducve, moderncomputingandvisualization
environment,and15) the legag/ engineeringorocessmustyield
modernCAD modelscapableof driving state-of-the-arCAM
processes.

Traditionally, the processof reverseengineeringhasbeen
performedvia manualinspectionof physicalpartswith or with-
outtheuseof drawings. More recently scannerfiave beenused
to speedup the processof inspection. The scannergjenerate
point cloudsthat areusedto reconstructCAD models[2]. Fea-
ture basedmodel reconstructiortechniqueshave 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.

emeged|[3,4]. However, auni ed framework for the processof
reverseengineeringloesnot exist.

Goals

Our goal is to designa systemthat providesa uni ed en-
vironmentin which a reverseengineercan visualize and pro-
cessinformation simultaneouslyfrom multiple resourcego ob-
tain feature-base@AD modelsthatmoreaccuratelycapturethe
designintentof physicalparts.

In particular we aim at:

1. Providing intuitive inspectionandvisualizationtools.

Facilitatingintuitive transferof databetweerresources.

3. Incorporatingvariouscomputationabgentsin orderto sim-
plify thereverseengineeringprocess.

N

The Multiple Engineering Resources aGent Environ-
ment (MERGE) System

We havedevelopedasystencalledtheMultiple Engineering
ResourceaGentEnvironment(MERGE) systemthat provides
an interactve virtual ervironmentto satisfy the requirements
of legag/ engineering. (SeeFig. 1). MERGE providesa uni-
ed environmentfor comparingand manipulatingoriginal data
sourcessuchasengineeringdrawings andlaserscanneghysi-
cal artifacts,with dervedengineeringnodels suchas tted sur
facesandparametrionodelfeatures.Agentsin the systemhelp
analyzeoriginal datasourcesand presentoriginal dataand de-
rivedmodelsin auni ed andaccessibléashion.Figure2 shavs
thevariousengineeringesourcepresenin the ervironment. It
presentsa snapshobf the systemduring the processof reverse
engineeringa legagy part, whereina partial feature-base@AD
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modelhasbeengeneratedrom anengineeringiraving basedn
thefront view of a part.

The MERGEsystenis built ontop of theAlpha_1 advanced
CAD researchestbedhatprovidesafeature-basethodelingen-
vironment? The virtual reality interfacein the MERGE system
includes3D stereodisplayand 6DOF head/handracking. The
Intersensd S900 systemis usedfor tracking over a medium-
room sizedworkspace. A rearprojectedstereo-vall screenis
usedfor 3D display Alternatively, a head-mountedisplaycan
be usedfor 3D display and headtracking can be employed to
achiereamoreimmersie effect. Theuserinteractswith thesys-
temusingaprimary6DOFtrackedwandanda secondangDOF
tracker. In Figurel, thestereo-vall screeris shovn with theuser
interactingwith the systemusing a tracked wand and another
tracker. Thetracked wandis visually representetby a cylinder
(Figures2, 3).

Our contrikution is a systemthat allows a userto readily
comparejnspectmanipulateandmodify heterogeneousources
of informationof alegag/ part. This is accomplishedy trans-
forming all the resourcednto higherlevel forms that can be
displayed, manipulatedand queriedfor their attributes. This
makesit moreintuitive andlesscumbersomehana traditional
2D menu-driveninterfacewhereonewould associat@ameswith
objectsand traversethrough seriesof menusin orderto mod-
ify the 3D objects. Figure 3 shanvs one suchscenaridfrom the
MERGE ervironmentwherean engineeringdrawing visualiza-
tion is placedover a tted modelfor direct comparisorof fea-
tures.

In addition,we presenta visualizationof the datastructure
representinghe derived feature-base€CAD modeland enable
interactionwith it to inspectandmodify thefeaturesof the CAD
model. We also presenta simple algorithm that interactvely
maintainsacomprehensibliayoutof labels(annotationsaround
a 3D modelbasedon the relative orientationof the modelwith
respecto theuser

BACKGROUND/RELATED WORK

Virtual environmentshave beenexplored for ab initio de-
sign [5], distributed designreview [6] and analysis[7] of me-
chanicalparts.The DVDS systemproposedy Arangarasa@and
Gadh[5] discussetuitive interactiontechniquesn animmer
sive environmentincluding hand motions, gesturesand voice
commanddor ab initio CAD design. The DDRIVE systemof
Daily etal. [6] utilizesa virtual ervironmentfor multi-party dis-
tributeddesigrreview. A virtual erwvironmentfor interactive sim-
ulationandanalysishasbeendevelopedby Yehetal. [7]. Virtual
environmentshave alsobeenpreviously usedfor assemblsimu-
lationandplanningaspresenteth theVADE [8] andVEGAS|9]
systems.

2Feature-basemodelsareanatural®t in aninteractve modelingervironment
asthey allow auserto intuitively modify a modelin orderre ectdesignintent.

There are a variety of commercial CAD-based re-
verse engineeringsoftware tools available such as Raindrop
Geomagi® andMetrix Build!IT ™. Although thesetools pro-
vide signi cant functionality, they use 2D menu-drven inter-
facesandsupportautomatedeverseengineeringrom only point
clouds. MERGE appeargo bethe rst systemthatexploresre-
verseengineeringof mechanicapartsusing multiple heteroge-
neousresourcesn avirtual ervironment.

Previous work on feature-base@AD model structurevi-
sualizationhas beendone by Bronswort et al. [10]. While
they describeseparatevisualizationof geometryand structure
of feature-basedhodels,our techniqueis an as-isvisualization
of thedatastructureunderlyingthegeometryof the CAD model,
thus shawing the structureof the CAD modelin additionto its
geometrywith correctspatialorientationrelationshipshetween
featuresand entities. Our systemalsoallows a userto interact
directly with thevisualizationto modify the geometryof thetar-
getCAD model.

Therehasbeenextensie work on automatednterpretation
of engineeringdrawings [11-15]. Most of thesealgorithmsre-
quirenoisefree conditionswhich is anunrealisticassumptionn
mary cases. The proposedengineeringdrawing interpretation
systemin MERGE is designedo overcomesuchproblemsand
is basedn the systemdescribedy Hendersorj16].

Prior literatureon layoutmanagemensf annotationsxists
for 2D [17-19] and 3D [20-23] informationvisualizationenvi-
ronments.Of the algorithmsfor 3D visualization,the approach
presentedn Roseet al!s work [20] is mostdirectly relatedto
ours. Their approachalso aims at preventing the annotations
from occludingthe objectsof interestandusesconnectindines
to attachthe annotationwith the correspondingbjects. While
our algorithmis notmeantto replacethesesolutionswe provide
asimpleinteractie solutionandallow theuserto selecta subset
of annotationgo bedisplayedo avoid clutter While mostof the
previous literaturedealswith annotationshaving statictext, we
allow usersto interactwith the annotationgo 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 legagy
part (See g. 4). Resourceswvailable for reverseengineering
the rocker mount include an exemplar physical part and doc-
umentationin the form of an engineeringdrawing. Thesere-
sourcesare imported into the MERGE ervironment. Agents
in the system,including drawing analyzeragents,visualization
manaer agentsand layoutmanager agents extractinformation
from theseresourcesand presenthemto the userin a coherent
and comprehensiblenanner An initial CAD modelis t from
the drawing. The CAD model can be compareddirectly with
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Figure 4. A rocker mount and its associated assembly.

availableresourcedn orderto interactizely identify incorrect ts
and x themusinginformationextractedfrom theresources.

Impor ting Multiple Resources into the MERGE Envi-
ronment

The exemplarpartis laserscannedo createa point cloud
representation. The engineeringdrawing is scannedand im-
portedasanimage le. Theimage le is thenrenderedinto
the alphachannelof a transparentexture map,sothatlinesand
annotationshav assolid lines without occludingotherobjects
in the MERGE ernvironment. Figure 2 shavs the drawing and
the point cloudin the MERGE ervironment. Beforebeingused
in the virtual ernvironment,drawing analyzeragentsextract key
dataelementsrom theengineeringlrawing. In particular draw-
ing analyzeragentsextract the individual 2D views (top, front,
side)of the partsandalsointerpretthe geometricdimensionsf
thepartspeci ed onthedrawing.

Fitting an Initial Feature-based CAD Model

A feature-basedAD model of the part can be automati-
cally generatedrom eitherthe individual views extractedfrom
the drawing or from the point cloud representatiomasdescribed
in thework of de St. Germainetal. [3,4]. In our example,the
featuresof the CAD model have beenderived from the draw-
ing. This modelis importedinto thevirtual ervironment,which
senes as a starting point from which the reverseengineercan
createa moreaccurateCAD modelof the exemplarpart. In Fig-
ure2, apartialfeature-base@€AD modelderivedfrom the front
view of the partis shavn.

Visualization of the Dependency Graph

Theresultsof the procesdy which thefeaturesof the CAD
modelarederived are storedin a datastructurecalledthe “De-
pendeng Graph”[24,25]. The Dependeng Graphis a directed-

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.

aoyclic graphwhosenodesstoreinformation aboutthe forma-
tive geometryof the part. Modi cation of ary parametersf the
featuresof a modelis achieved by modifying the corresponding
nodesof thedependenggraph.

The dependeng graphfor the tted partial CAD modelis
shavn in Figure5. As it canbe seenthe dependenggraphfor
amorecomple partcaneasilygetclutteredanddif cult to un-
derstandWe presentamorecomprehensiblgisualizationof the
dependeng graphto aid the reverseengineerin understanding
how the nal CAD modelis generatedand thus enablinghim
to decidehow to modify givenparameterén orderto obtainthe

Copyright ¢ 2005by ASME



— Interpreted data
----> Re-processing requirements

i L process;
orrss

— Data input
------ = Knowledge about processing result

~

g systemi input

1D ammlmmmy

-

i ] i

L1y digital ® image analysis structure analysis I analysis |
v L image ! agent agent ! result ,
[ .x -

i

| domain knowledge

A

evaluation
agent

NDAS

Figure 7. Overview of the NDAS system.

= 4\1‘, 0237)
K O<
Be

B32)

(o3l @,

“ University of Utah

LT [ T Top View

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

desiredmodel. We alsoallow the reverseengineeto interactdi-
rectly with the visualization,thus enablingmodi cation of the
CAD modelin anintuitive manner

Nodesin the dependeng graphcorrespondingo features
andtheir entities(lines, arcs)arerepresentedisually with their

actualgeometryandthe actualspatialorientationrelationships.

Eachlevel in the dependeng graphconformsto a nodein the
dependenggraphvisualization.Figure6 shavsthedependeng
graphvisualizationat the point in the algorithmwherea partial
CAD modelhasbeengeneratedrom the front view of the part.
In this gure, thelower half(node)shavstheentitiesde ning the
featuresof the partial CAD model. The upperhalf(node)showvs
theextrudedholefeatureandthe extrudedinnerandouterpro le

stockfeaturedderivedfrom thecorrespondingntities.All of the
featuresandtheirentitiesareshovn with theactualgeometryand
relative spatialorientations.

Visualizationmanageragentsmaintaincomprehensiblei-
sualizationof thedependenggraphfor eachindividual partand
updateghemasandwhenary of the featuresare modi ed by
thereverseengineerThe MERGE environmentallows areverse
engineetto work directly with the dependeng graphdatastruc-
turevia its visualization. Thereverseengineercanpick features
or entitiesof interestusingthe wandto view informationabout
their parametersr modify them.The parametersf selecteden-
tities aredisplayedaroundthe 3D CAD model.
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Interpretation of Dimensions on Drawings

The geometricdimensionsare extractedfrom the drawing
usinga Non-DeterministicAgentsSystem(NDAS) [11,16]. As
shavn in Figure7, NDAS is an automatic,domain-knavledge-
guidedsystem. It is an autonomousnulti-agentsystemin it-
self. It consistsof image analysisagents, structue analysis
agentsand evaluationagents The imageanalysisagentsinter-
pretslines, arcsand characterqe.g., digits, letters, etc). The
structureanalysisagentsidentify dimensionghat represenge-
ometricinformationaboutthe part. The evaluationagentscali-
brate,monitor and guide the analysisagentsusing explicit and
persistenknowledge of the engineeringdrawing analysispro-
cessthroughstochasticoptimizationtechniques. The physical
processrepresentshe processof digitizing the paperdrawing.
NDAS's evaluationagentcanrequesthe physicalprocesdo res-
canthedrawingswith somerequirementssuchashigherresolu-
tion. In Figure8, the dimensionsxtractedfrom the drawing of
therocker mountareoutlined. Thesedimensionsanbe usedto
verify andcorrectthefeatureparameterslerivedfrom themodel
tting process.

Manipulating Objects in 3D

In the virtual ervironment, the reverseengineerinteracts
with theresourcesisinga 6DOFtrackedwandin onehandand
a6DOFtraclkerin the otherhand.The wandcanbe usedto pick
variousobjectssuchasthedrawing, the CAD modelor the point
cloudwhich arethenmanipulatedusingthe tracker in the other
hand.Theusercanpick anobjectin theenvironmentby pointing
thewandatit at pressingoneof the buttonson thewand.

Direct Comparison of Features

Thereverseengineercanplacethetransparentlraving over
the CAD modeland/orthe point cloud for directcomparisorof
featuresas shawvn in Figure 3. The reverseengineercan also
comparehe tted featureswith the pointcloudasshavn in Fig-
ure 9. Currently the CAD modelandthe point cloud areregis-
teredmanually Direct comparisorenablegjuick identi cation
of inconsistenciesn geometryand relative orientationof fea-
turesamongdifferentresourceslin this example,the tted hole
is slightly undersizeaomparedvith pointcloudrepresentinghe
physicalartifact.

Interactive View Folding

Theindividualviews of the partfrom the drawing canbein-
teractiely folded overthe tted modeland/orthe point cloudto
furtheraid the reverseengineeiin associatinganddirectly com-
paringfeaturessketchedn 2D andthefeaturesof the 3D model.
The usercanpick one of the views from the drawing usingthe
wandandthenrequestt to beregisteredwvith the3D modelusing
otherbuttonson thewand. Theview is thenanimatedoy shav-

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 the drawing andregisteringitself with the 3D

model.Figure10 shavsthefront view registeredwith themodel

anda snapshobf ananimationof the sideview registeringitself

with themodel. Figure11 shavstheresultof all theviewsregis-

teredwith themodel. In thecurrentsystemwhile theorientation
of theviews relative to eachotheraredeterminedcautomatically
theorientationof theviewsrelative to themodelaredetermined
manually

Visual Representation of Feature Parameters via La-
bels

The currentvalueof featureparametersredisplayedusing
labelsconnectedo the correspondindeaturesin the 3D CAD
modelfor quick veri cation andcorrection. Eachlabelis con-
nectedto a symbolicline or a point on the 3D modelthat visu-
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Figure 11. 2D views from the engineering drawing superimposed on the
3D model.

ally representthefeatureparametersThesesymbolicprimitives
helpthereverseengineelin associatinglimensionspeci edon
thedrawing with thefeatureson the 3D model.Figure12 shows
a setof labelsarrangedaroundthe CAD model. The symbolic
linesaredravnin black.

In thevirtual ervironment,the reverseengineercanmanip-
ulatethe CAD modelusinga 6DOF tracker. Layout manager
agentsareresponsibldor maintaininga comprehensibléayout
for the labelsfor ary orientationof the CAD modelrelative to
thereverseengineer Thelabelsarerenderedasplaneson which
the parametewralueis texture-mappedndlines connectingthe
labelsto their symbolic primitivesaredravn. The layoutman-
agerinteractiely updateghe positionof the labelsbasedon the
orientationof the3D CAD modelrelativeto thereverseengineer

In orderto maintaina comprehensiblgiew of all thelabels,
thelayoutof thelabelsmustsatisfythe following constraints:

1. Labels,ideally must be locatedas closeto the featureor
setof featuresthey describewhile, at the sametime, not
occludingthe 3D CAD modelgeometry

. Labelsmustnot occludeeachother

3. Connectindinesshouldnot crosseachother

4. Labelsshouldnotoccludeary otherlabel's connectindine.

N

In orderto simplify the problem,we restrictthe locationof
thelabelsto a planewhosenormalis orientedalongtheline join-
ing the eye-pointof the cameraandthe centerof the 3D model
andis locatedbetweenthe userand the model. This planeis
calledthe layout plane. Clearly, the layout planechangeswith
theusers orientationin the environment.In MERGE,ananchor
is de ned asthe point on the symbolic primitivesto which the
labelis connected.Theseanchorsare projectedonto the layout
planeand sortedradially aroundthe projectionof the centerof
themodelonthelayoutplane.Thelocationof thelabel's centers
arefurtherrestrictedo a circle thathasaradiusgreaterthanthat

of the boundingsphereof the modelto ensurethatthe labelsdo
not occludethe model. For eachlabelin sortedorder, aninitial
locationis determinedasthe point on the circle that intersects
theray from the projectedcenterto its anchor Then,this loca-
tion is checledto determinewhetherit lies closeenoughto ary
otherpreviously placedlabelto occludeit. If it doesthelabelis
movedanticlockwiseon thecircle sothatit doesnot occludethe
previously placedabel. Figure12 shavstheresultsof thelayout
managemenrdlgorithmfor anarbitraryorientationof the part.

As apracticalmatter for alargenumberof labels theremay
notbe enoughroomavailableto retaina comprehensiblé&ayout.
The usercan avoid this problemby requestinga small subset
of labelsto be displayed.This canbe doneby selectingcertain
featuref interestvia thedependenggraphvisualizationor the
CAD modelusingthewand. Accordingly, labelscorresponding
only to theseselectedeaturesaredisplayed.

Modi cation of Feature Parameters by Direct Interac-
tion with Drawings and CAD Models

Oncethe reverseengineerhasidenti ed an inconsisteng
in the parametewalue of a feature(by direct comparisoror by
comparisorof valuesonthelabelandthedrawing), hecanread-
ily correctit usingthe dimensioninformationextractedfrom the
drawing. This canbe achiered by rst picking the correspond-
ing dimensionfrom the drawing and thentransferringit to the
appropriatdeatureonthe 3D model,usingthewand.

In ourexample thediametemf theholefeature(aslisplayed
onthecorrespondindabel) doesnot matchthe dimensionspeci-
ed onthedrawing. In orderto x this,theengineerrst selects
the correspondinglimensionfrom thedrawing asshawn in Fig-
ure 13. Thisinformationis thentransferedo the hole featurein
the modelby droppingthe dimensionvalue on the appropriate
labelasshavn in Figure 14. The targetfeatureto be modi ed
canalsobe selectedrom the dependenggraphvisualizationin
a similar manner By enablingdirectinteractionwith drawings,
tted modelsandotherderivedresourcesywe have madethepro-
cessof transferringdatasimplerandmoreintuitive.

SUMMARY AND CONCLUSIONS

Informationaboutlegacy partsis usuallyavailablefrom var
ious sources,but, until now, the processingof eachof these
sourcesasbeenachievedvia separatstandaloneolutions.The
MERGEsystensimultaneouslypresentsnultiple heterogeneous
resourceso thereverseengineer By placingthis informationin
auni ed ervironment,we asserthatthe problemof reverseen-
gineeringof legag partscanbe simpli ed. This papergivesan
overview of the MERGE systemanddiscusse#ts currentcapa-
bilities by meansof an examplescenario that of reverseengi-
neeringatypical legag part.

The MERGE systenmprovidestoolsfor thevisualizationand
augmentatiorof the following 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, dependeng graphrepresentationgnd CAD
models.Eachsetof informationis fully visualizedn avirtual 3D
sterecervironment,andfurther, augmentedia the useof agents
and visualizationtechniquego transformthem from static ob-

jectsinto dynamicdatasourceswvhich intuitively (visually) pro-
vide the userwith the necessarynformationto understandma-
nipulate andmodify themsuchthatthe nal CAD modelis more
accurateandachievedin lesstime thanpreviously possible.
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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
parameterin theregionsof intereston the CAD model;projec-
tion of the dependenggraphalongsidethe 3D model;registra-
tion of multiple datasourcesuchasdrawvingsandscannegoint
clouds;andthefolding of theengineeringlraving suchthateach
view is registeredalong side the appropriateview of the CAD
model. Thusthe useris allowedto directly focusonthereverse
engineeringprocessin the 3D virtual environmentwithout the
encumbrancef constantlyupdatingthe menusand text-boxes
associateavith thetraditionalWIMP interface.

We have constructeceachelementof the MERGE system
speci cally for the usein computeraidedreverseengineering
and redesign. Although not all of the individual components
of the systemare signi cant technicaladvancesin themseles,
when utilized togetherin a uni ed ervironment,they combine
to simplify, speedup, andimprove the reverseengineeringoro-
cess.Giventheappropriatdools, the reverseengineeicanmore
quickly evaluateandbuild nenv models,identify andresole in-
consistenciebetweendifferentdatasourcesandperformmore
effectively in legag/ engineeringscenariosThe ndings andex-
perienceseportecheravith shouldbe usefulto projectswith re-
latedgoals,andto thoseconsideringdevelopingadjunctreverse
engineeringomponentsén theirwork.

FUTURE WORK

Ongoingwork on the MERGE systemincludesproviding
more functionality, incorporatingother interactiontechniques
and providing interactive analysistools. Interactiontechniques

suchas gesturesand speechcan make the interfacemore intu-
itive. Furtherwork needsto be doneon interfacemanagement
for multiple parts,assemblieandlarge mechanicasystems.

Currently in thegivenscenariogngineeringiravingsof the
legag/ partsareavailable. If they arenot available,the reverse
engineeringprocesshasto be performedusing only the point
cloud. In addition,if the physicalpartis worn outor broken,we
will requireinformationabouttherestof theassemblyvherethe
part ts in. Work needgo bedoneto addressheseissues.
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