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Wedescribeavisualizationtool to aidaircraftdesignersdur-
ing theconceptualdesignstage.Theconceptualdesignfor an
aircraftis definedby avectorof 10–30parameters.Thegoal
is to find avectorthatminimizesanobjectivefunctionwhile
meetinga seriesof constraints.VizCraft integratesthesim-
ulationcodethatevaluatesthedesignwith visualizationsfor
analyzingthe designindividually or in contrastto otherde-
signs.VizCraft allowsthedesignerto easilyswitchbetween
the view of a designin the form of a parameterset, anda
visualizationof thecorrespondingaircraft.Theusercaneas-
ily seewhich, if any, constraintsareviolated.VizCraft also
allows the userto view a databaseof designsusingparallel
coordinates.HJILKNMPO D3QNAER
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Wedescribeavisualizationtool to aidaircraftdesignersdur-
ing theconceptualdesignstage.Typically, theaircraftdesign
processis comprisedof threedistinct phases:conceptual,
preliminary, anddetaileddesign. In the conceptualdesign
stage,majordesignparametersfor thefinal configurationare
definedandset.Theconceptualdesignphasemodelsanair-
craft with a setof valuesfor significantparameters,relating
to theaircraftgeometry, internalstructure,systems,andmis-
sion. Examplesof suchparametersincludethe wing span,
sweep,andthickness;thefuel andwing weights;theengine
thrust;andthecruisealtitudeandclimb rate.

Individualdesignscanbe(andare)viewedaspointsin amul-
tidimensionaldesignspace.TheHigh-SpeedCivil Transport
(HSCT) [2] usesa designspacewith asmany as29 param-

eters. Two importantfeaturesmust be determinedfor any
proposeddesignpoint: (1) it is feasible if it satisfiesa se-
riesof constraints;and(2) it hasafigureof meritdetermined
by anobjectivefunction.Thegoalis thento find thefeasible
pointwith thesmallestobjectivefunctionvalue.In theHSCT
design,take-off grossweight (TOGW) is chosenasthe ob-
jective function becauseit is a rough indicator of the cost
of the aircraft. Constraintsare organizedinto two groups:
geometricconstraintsversusaerodynamic/performancecon-
straints.Examplesof geometricconstraintsincludefuel vol-
umelimits andpreventionof tip strikeat landingwith 5W roll.
Examplesof aerodynamicconstraintsincluderangerequire-
ments,landingangleof attacklimits, andcriteria to prevent
wing andtail runwayscrape.

In somerespects,this is a classicoptimizationproblem.The
goal is to find thatpoint which minimizesanobjective func-
tion while meetingaseriesof constraints.However, thispar-
ticular problemis difficult to solve for severalreasons.First,
evaluatingan individual point to determineits valueunder
theobjective functionandcheckif it satisfiestheconstraints
is computationallyexpensive.A singleaerodynamicanalysis
usinga CFD codecantake from X�Y[Z hour to severalhours,
dependingon the grid usedandflight conditionconsidered.
Second,thehighdimensionalityof theproblemmakesit im-
practicalfor many approachesthatareoftenappliedto diffi-
cult optimizationproblems.Thehigh dimensionalitymakes
visualizationof the designspacedifficult, sincemoststan-
dardvisualizationtechniquesdo not apply. See[6, 5] for a
moredetaileddescriptionof thedesignproblemandour ini-
tial effortsto gainsomeinsightinto thedesignspacethrough
visualization.

We next describeVizCraft, a pair of tools for visualizing
HSCTdesigns.Thefirst tool permitstheuserto quickly eval-
uatethe quality of a given designwith respectto its objec-
tive function,constraintviolations,andgraphicalview. The
secondtool is an implementationof theparallelcoordinates
visualization[3]. Its goal is to allow the userto effectively
investigatea databaseof designs.



Figure1. Wing planformvariables.
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VizCraft providesa menu-drivengraphicaluserinterfaceto
the HSCT designcode,which is a collectionof C andFor-
tran routinesthatcalculatetheaircraft geometryin 3-D, the
designconstraintvalues,andtheTOGWvalue,amongother
things. Figure C1 shows VizCraft’s main window with a
displayof theHSCTplanform(a top view) for a samplede-
sign.Below theplanformaredisplayedcross-sectionsof the
airfoil at the root, leadingedgebreak,andtip of the wing,
in that order. We alsoaddeda VRML modelof the HSCT
planform,accessiblefrom themenubar.

Clicking onthe“Wing Planform”buttonin themainwindow
bringsup thewindow shown in Figure1. This window dis-
playsthewing parametersandthevaluescurrentlyassigned
to them. Thesliderson the right canbe usedto modify the
valuesof thecorrespondingdesignvariables.Eachtime the
valueof a designvariableis modified, the HSCT planform
is immediatelyupdatedto reflectthe new geometry, andso
is thevalueof TOGW on theverticalpanel.Constraintsfor
the currentdesignpoint arenot automaticallyevaluatedaf-
ter eachchangeto an input parameter, however. Sincecon-
straintevaluationis time-consumingevenfor thelow fidelity
modelwe areusing(taking approximately10 secondson a
dual-processorDEC Alpha 41005/400undertypical loads),
VizCraft evaluatesconstraintsonly whentheuserexplicitly
requestsit by clickingonthe“Evaluate”buttonshown in Fig-
ureC1.

Onceconstraintsareevaluated,theuseris givenfeedbackin
variousways.Thecolorboxesshown in FigureC1represent
informationaboutthenumberof constraintsviolated,nearly
violated,andsatisfiedbut inactive, in eachcategory of con-
straints.Theredboxesindicatethenumberof constraintsof
thatcategory thatareviolated,theyellow boxesindicatethe
numberof constraintsthatare“active,” (i.e., closeto a con-

Figure2. Parallelcoordinatesrepresentationof onedesign
point.

straintboundary),andthe greenboxesindicatethe number
of constraintsthatareinactive. Clicking on the“Geometric”
Constraintsbutton brings up the window shown in Figure
C2. This window lists thegeometricconstraintsfor thecur-
rentdesignpoint,anda color box next to eachoneindicates
if it is violated,active,or inactive._ >@Dd>@aLa I aeF O^O D3Q SUT >dB I A
Thetool describedin theprevioussectionprovidesa visual-
izationof theaircraftthatwouldbederivedfrom a givende-
signvector, andalsoprovidesaconvenientview of constraint
violations.However, it doesnothelpdesignerswith themore
difficult taskof understandinghow a proposeddesigncom-
pareswith other designs. This task is complicatedby the
high dimensionalityof thedesignproblem,andtheresulting
difficulty in visualizing or comprehendingthe multidimen-
sionaldesignspace.Few visualizationtechniquesprovidean
adequatevisualizationof high-dimensionalspaces.

Onemethodof visualizingmultiple dimensionsis basedon
the conceptof parallel coordinates [3]. A parallel coordi-
natesvisualizationassignsonevertical axis to eachvisual-
ization variable,andevenly spacestheseaxeshorizontally.
In our application,potentialvisualizationvariablesinclude
the designvariables,the objective function value (TOGW)
and other derived valuessuchas range,and the constraint
values.Eachvisualizationvariableis plottedon its own axis,
andthevaluesof thevariablesonadjacentaxesareconnected
by straightlines,asshown in Figure2. Thus,apoint in an f -
dimensionalspacebecomesa polygonalline laid out across
the f parallelaxeswith f�g+X line segmentsconnectingthef datavalues. Many suchdatapoints(in Euclideanspace)
will mapto many of thesepolygonallinesin a parallelcoor-
dinaterepresentation.Viewed asa whole, thesemany lines
hopefullywill exhibit coherentpatternswhichcouldbeasso-
ciatedwith inherentcorrelationof the datapoints involved.
In this way, the searchfor relationsamongthe designvari-
ablesis transformedinto a 2-D patternrecognitionproblem,


