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ABSTRACT

We describeavisualizationtool to aid aircraftdesignerslur-

ing theconceptuatlesignstage. Theconceptuatiesignfor an

aircraftis definedby avectorof 10-30parametersThegoal

is to find a vectorthatminimizesanobjective functionwhile

meetinga seriesof constraintsVizCraft integratesthe sim-

ulationcodethatevaluateghe designwith visualizationsfor

analyzingthe designindividually or in contrastto otherde-
signs.VizCr aft allowsthe designeto easilyswitchbetween
the view of a designin the form of a parameteiset, anda
visualizationof the correspondingircraft. The usercaneas-
ily seewhich, if any, constraintsareviolated. VizCraft also
allows the userto view a databasef designsusingparallel
coordinates.

KEYWORDS: Scientificdatavisualization aircraftdesign,
multidisciplinary designoptimization, multidimensionalvi-
sualization.

INTRODUCTION

We describea visualizationtool to aid aircraftdesignerslur-
ing theconceptuatiesignstage.Typically, theaircraftdesign
processis comprisedof threedistinct phases:conceptual,
preliminary, and detaileddesign. In the conceptualdesign
stagemajordesignparameterfor thefinal configuratiorare
definedandset. The conceptuatlesignphasemodelsan air-
craftwith a setof valuesfor significantparametersielating
to theaircraftgeometryinternalstructure systemsandmis-
sion. Examplesof suchparametersnclude the wing span,
sweepandthicknessthe fuel andwing weights;the engine
thrust;andthe cruisealtitudeandclimb rate.

Individualdesignsanbe (andare)viewedaspointsin amul-
tidimensionadesignspace TheHigh-SpeedCivil Transport
(HSCT)[2] usesa designspacewith asmary as29 param-

eters. Two importantfeaturesmustbe determinedfor ary
proposeddesignpoint: (1) it is feasible if it satisfiesa se-
riesof constraintsand(2) it hasafigureof meritdetermined
by anobjective function. Thegoalis thento find thefeasible
pointwith thesmallesbbjectivefunctionvalue.In theHSCT
design,take-off grossweight (TOGW) is chosenasthe ob-
jective function becausat is a rough indicator of the cost
of the aircraft. Constraintsare organizedinto two groups:
geometricconstraintsrersusaerodynamic/performanan-
straints.Examplesof geometricconstraintsncludefuel vol-
umelimits andpreventionof tip strike atlandingwith 5° roll.
Examplesof aerodynamiconstraintsncluderangerequire-
ments,landingangleof attacklimits, andcriteriato prevent
wing andtail runway scrape.

In somerespectsthisis a classicoptimizationproblem.The
goalis to find thatpoint which minimizesan objectve func-
tion while meetinga seriesof constraintsHowever, this par
ticular problemis difficult to solve for severalreasonsFirst,
evaluatingan individual point to determineits value under
the objective functionandcheckif it satisfieghe constraints
iscomputationallyexpensve. A singleaerodynami@nalysis
usinga CFD codecantake from 1/2 hourto several hours,
dependingon the grid usedandflight conditionconsidered.
Secondthehigh dimensionalityof the problemmalesit im-
practicalfor mary approacheshatareoftenappliedto diffi-
cult optimizationproblems.The high dimensionalitymakes
visualizationof the designspacedifficult, sincemoststan-
dardvisualizationtechniquesdo not apply. See[6, 5] for a
moredetaileddescriptionof the designproblemandour ini-
tial effortsto gainsomeinsightinto thedesignspacehrough
visualization.

We next describeVizCraft, a pair of tools for visualizing
HSCTdesignsThefirsttool permitstheuserto quickly eval-
uatethe quality of a givendesignwith respecto its objec-
tive function, constraintviolations,andgraphicalview. The
secondool is animplementatiorof the parallelcoordinates
visualization[3]. Its goalis to allow the userto effectively
investigatea databasef designs.
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Figurel. Wing planformvariables.

DESIGN POINT VISUALIZATION

VizCraft providesa menu-drnvengraphicaluserinterfaceto
the HSCT designcode,which is a collectionof C and For-
tranroutinesthat calculatethe aircraft geometryin 3-D, the
designconstraintvalues,andthe TOGW value,amongother
things. Figure C1 shows VizCraft's main window with a
displayof the HSCT planform(atop view) for a samplede-
sign. Below the planformaredisplayedcross-sectionsf the
airfoil at the root, leadingedgebreak,andtip of the wing,
in thatorder We alsoaddeda VRML modelof the HSCT
planform,accessiblérom the menubar.

Clicking onthe“Wing Planform”buttonin the mainwindow
bringsup the window shavn in Figure 1. This window dis-
playsthe wing parameterandthe valuescurrentlyassigned
to them. The sliderson the right canbe usedto modify the
valuesof the correspondinglesignvariables.Eachtime the
value of a designvariableis modified, the HSCT planform
is immediatelyupdatedto reflectthe new geometry andso
is the valueof TOGW on the vertical panel. Constraintsor
the currentdesignpoint are not automaticallyevaluatedaf-
ter eachchangeto aninput parameterhowever. Sincecon-
straintevaluationis time-consumingavenfor thelow fidelity
modelwe are using (taking approximatelyl0 secondson a
dual-processoDEC Alpha 41005/400undertypical loads),
VizCraft evaluatesconstraintonly whenthe userexplicitly
requestd by clicking onthe“Evaluate”buttonshovnin Fig-
ureCl.

Onceconstraintsareevaluatedthe useris givenfeedbackn
variousways. Thecolor boxesshavn in FigureC1represent
informationaboutthe numberof constraintssiolated,nearly
violated,andsatisfiedbut inactive, in eachcategory of con-
straints.Thered boxesindicatethe numberof constraintof
thatcategory thatareviolated,the yellow boxesindicatethe
numberof constraintghatare“active; (i.e., closeto a con-

Figure2. Parallelcoordinatesepresentationf onedesign
point.

straintboundary),andthe greenboxesindicatethe number
of constraintghatareinactive. Clicking on the “Geometric”
Constraintsbutton brings up the window shown in Figure
C2. Thiswindow lists the geometricconstraintgor the cur-
rentdesignpoint, anda color box next to eachoneindicates
if it is violated,active, or inactive.

PARALLEL COORDINATES

Thetool describedn the previous sectionprovidesa visual-
izationof theaircraftthatwould be derivedfrom a givende-
signvector, andalsoprovidesacornvenientview of constraint
violations.However, it doesnothelpdesignersvith themore
difficult taskof understandindnow a proposeddesigncom-
pareswith other designs. This taskis complicatedby the
high dimensionalityof the designproblem,andtheresulting
difficulty in visualizing or comprehendinghe multidimen-
sionaldesignspace Few visualizationtechniquegrovidean
adequateisualizationof high-dimensionaspaces.

Onemethodof visualizingmultiple dimensionds basedon
the conceptof parallel coordinates [3]. A parallel coordi-
natesvisualizationassignsone vertical axis to eachvisual-
ization variable,and evenly spacegheseaxes horizontally.
In our application,potentialvisualizationvariablesinclude
the designvariables,the objective function value (TOGW)
and other derived valuessuch as range,and the constraint
values.Eachvisualizationvariableis plottedon its own axis,
andthevaluesof thevariablesonadjacentixesareconnected
by straightlines,asshovnin Figure2. Thus,apointinan -
dimensionakpacebecomes polygonalline laid out across
the parallelaxeswith 1 line sgmentsconnectinghe
datavalues. Many suchdatapoints(in Euclideanspace)
will mapto mary of thesepolygonallinesin a parallelcoor
dinaterepresentationViewed asa whole, thesemary lines
hopefullywill exhibit coherenpatternsvhich couldbeasso-
ciatedwith inherentcorrelationof the datapointsinvolved.
In this way, the searchfor relationsamongthe designvari-
ablesis transformednto a 2-D patternrecognitionproblem,



