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Abstract

Most surface design software applications and standard file formats provide the means to develop
complex shapes and transfer these representations to other applications in the engineering process.
While geometry and topology rcabe transferred precisely, failure occurs when there is poor
geometrical alignment, |l oose or differe@uh tol er
situations cause deland are costly to correct

While asurface definitionmay fail toimport correctly the underlying shape often remains valid
Curve fitting techniques such as least squares offer the ability to capture shape, review its suitability
and convert it into a functional design definition. These techniques are very flekibling the
introduction of definition optimisation, smoothing (fairing) algorithms and can accommodate
geometric constraints resulting from the us®esign Intent

1. Introduction

Computer modelling of ships for design, analyarsd fabrication is accepted without a second
thought. The growth of prototyping, sitation and analysis tools alloengineers to constantly
review and change designs long before fabrication is considered and the ability to digitally store the
information allows reuséor many years after creation. With waskrosdifferent domaingequiring

the support of the same design datiés logical that this information should be shared between
stakeholderso reduce effort in redefinitionHowever as thetak that each stakeholder performs on a
project is governed by contractual obligations, time and skills availallia can be frequently
regeneratedneeing the needs ahdividualsbut not necessarilguitable for other stakeholders.

The lifecycle of hdl surface and hull form data is particularly exposed to this situation. In early
designphasesprecise shape is not important because only volumetric information is required. But as
a design progresses through performance anaysisonto fabricationthe representation evolves to
ensure the requirements of each stagesatisfied. With the growth of niche analysis tools the
primary model, the surface, is often converted into other native representations which may use
sections, meshes or other linead elements suitable for a particular analysis. Later, once the ship is
delivered the project is backed up. The surface may get reused in future projects but it has been
historically rare for surfaces to be shared with stakeholders concerned with tughtife
management of the ship, for example. Often hull forms have to be recreated from paper plans or
surveys. With the life span of a vessel being typic8llyyears,it is very easy forinformation
describing hull shape to be mislaid and takes irwesnt of time and money to recreate this
information once it has been lost.

Software companies producing CAD systems havehese regardgrimarily focused on sharing
information between different packages. File formats such as IGES and STEP are capable of
accuratelytransferring a surface definition between two systems. However, if the qoélitye
definition is inadequate it has to lm®rrected or regenerated@his is oftentime consuming and
requires an engineer with the skill and capability to use the surface modelling software available
within the organisation. The introduction of tools which assist the correction or regeneration of
surfaces from existing geometry could greatly enhance the sharing of data between different
stakeholders even if thegnly able to make partial us# the transferredgurface or the underlying
geometrical representatiomhis papediscusses the reasonby surfacedefinitions fail and suggests

an approaclkor rapid regeneration.



2. The Reality of Working with Hull Surface Definition

Computer software is the primary means of developing a hull form representation. Many of the
techniques used today can theced back to the 1970s and can be considered mature. The NURBS
surface has become the standard mathematipaésentatiomecause it is fairly straightforward to
implement software tdoth manipulate surfaces and develop standards for exchanginglatas
between software system3.he use of control points rather than derivatives or obscure coefficients
has made them very amenable across the whole of design and engineering. Howevetheleapée

in which these representationave found favour vl shapedesigrer, particularlyfor hull forms,
discussion of techniques and tools are often polarised wgénshaving strong preferences for
particular software applicationsSolid modelling is a further evolution in shape representation
introducing farmore capability and complexityvith a greatemeliance on computer algorithms to
solve design challengesHull shapes can be complex, particularly ship surfaces but not all designers
are exposed tthe same challenges or quality requirements. Thissgiltem the flexibility to choose
their ownapproach and softwalmut creats a risk that the surface mag the future not be readily
accessiblén another system.

2.1 Assembling Complex Surfaces

While the control polygons oNURBS surfacescan be directly modified withilCAD software
complex hull shapes often require the n$@an assembly of surface patches to accurately represent
specific boundaries shapes and the variety of digtistiapedregions which may vary from highly
curved toplanar.lIt is impractical and unproductive ttefine hese surfaces hysing either a single
surface or bylirectly manipulating the definitionHull design tools aimed at shiprmsoften provide

a design interfagemethodologyor solution to generate dnmanage the assembly of patchElis
solutionoften represents th®esignintentof the user and although simpler than a complete surface
definition it can support rich relationships and attributes which impose constraintgepoetry in

the surface dénition. This structure assists the user create the surface by allowing them to create
familiar shapes, quickly impos@ngentconditions and manage rapid change without having to
manually update large numbers of control points.

Cross sectiaal design is arapproachusing in many commercial hull design applications. It allaws
user to build up a hull surface using a network of connected cuaes implementation is unique to
the software and isertainly considered to ke intellectual prperty of the vendor Consequently,
there are no common methods of transferringDsign Intent from one systento anothemhich
means that only the surface geomatan betransferred Therefore, thecapability to make rapid
changes (beyond standard Inudnsformations) is lost and reugaited when there is a need toake

a specificchange in another systenn these cases, if a designer does not hlaedacility to make
the required changes tbely recoursés to redefinghe surface

2.2 Combining Surface Definition and Solid Modelling

Solid modelling tools provide the designer with the ability to cut, jampunch holes in the surface
definition. This is achieved by embedding surface patches in a graph strurtuBmundary
Representation {Rep)defined by vertices, edges and faces. Patches can be restricted by trimming
back the extents of surfacgiving the illusion of holes and solid connections wittighbouring
patches. The use of solid modelling in coraeand architectural design provides operations which
can be used to reconfigure a design as part of an investigation into different options and ban rapid
generate a model suitable fmustomer marketingHowever, the use solid modelling tools can have a
detrimental effect during production design because geometry that has been cuiageyrequired

to supporthefabricationprocesof individual parts prior tanaterialcutting or to allow intersections
between geometry to be-established using pradtion tolerances.

The qualityof the geometry produced by thesgplicationscan bedependent omiser configurable
tolerance set in the software@nd the precision used in tliesign of thealgorithms. While the



original surfaces are primarilgetermined by mathematical equations, solid modellers rely on
processes and numerical analysis where the quality of the output is dependent on how well the
software was written With solid modelling tools being designed for mechanical or product design it

is challenging for them to suppdhe kind of direct surfaceinteractivity available in dedicated hull
surface design application¥he embedding of surface geometry within a structure controlled entirely

by the software prevents the designer from makurther changes to shape ameans that the
designer is entirely reliant on the software implementation for all changes. When sd#tilgate

deliver, theuseris left to resolve the modelling challenge based on their experience alone.

2.3The Human Factor

Tendering @sign phases are time pressured. Enough detail to provide proof of concept and no more is
all that is required. If theenderis successful there is often an assumption that the concept hull form

will be suitable for subsequent phases of the design process but this is not often the case.
Hydrodynamic analysis and hull steel design t@mts beginning to commit to using Solid Modiedl

libraries to drive the source definiti@mdbrings with it a need to ensure that the hull surface is error

free in both geometric and topological terms, i.e. no gaps, inaccurate intersections or missing surfaces
Figure 1 Although a production readgull form is not a concept desiguleliverable surfaces
producedin the early stage often lack attention to detail. Small surfaces representing thin keels and
stem bars strips can be left out of operations and disappeidcularly when selection is dorwy

mouse. Areas of the surface such as the bulb and waterline endings require a good degree of skill and
experience tecorrectlyi nt roduce into the definition. Of t en
within the definition to produce particularshapewithout which it can take hours of contnebint
manipulation to generate, at best,approximationDefects can also result from poor understanding

of the underling hull form definition techniques and surface mathematics. While it should not be a
prerequisite for users to understand the mathemaficssers define scenarios which cannot be
accurately generated there is often little remedial action that can be taken other than a complete
redefinition.
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Fig. 1: Typical Hull surface defectgaps, poor accuracy atjlinctions and bad patches.

2.4When it all goes wrong

The reality of working with hull surfaces in modern software is that is not unusual to be faced with a
hull definition that is dysfunctional when imported into your preferred td®lrface lkaling can
rectify minor defects allowing a definition to be useithin a softwarepackagebut rarely dothese
technique correct omissions guoor attention to detail.

Creating a precise hull surface is a challereg is the software development to support all the
potential configurations a user may wish to repnés All too oftenthe active software development
stops when users can complete a native design definition because the business case has been achieved.



But more often, users ailieporting and attempting use poor surface definitions. Sometimes it
possibé to accept poor performance but often the definition should be redefined. Tools which assist
this process are rare and the user must revert to basic digitisBhisnis an expensive decision
requiring someone with skill and expertise. Therefore, #gstbn to redefine a hull surface is
always one of last resort aighall too often associated with project delay.

3. The Power ofDesignDefinition

Design Intentis a recently defineghhraseused to describe capabilities within a design tool which
allow the designer to clearly and precisely define characteristice aft&le. Theterm groups
together approaches such rblesed designconstraints, associations, parametric relationships,
topology and relational geometry which aachmature techniqueis their own rightandarefound

in many CAD, Surface and SolModellingdesign toolsUnlike individual techniquesor controlling

a geometrical definitionhe term should be seen more asoacept whichhighlights arelationship
between the designer and the modelling systdtrintroducesan expectation that the desagwill
want to change the modahd that the software can support those chapg®tuctively and without
detriment to othegeometric characteristics of the article

The hulldefinition methodologiesised to generate patch assembbesh as Cross Sectional Design
mentionedn 2.1, easily incorporatBesign Intent andnostimplementationsntroduceat least some
capability These features greatly improve the productivity when defining a new hull surface. They
can be just as useful when reddfigia surface with the added advantage of referencing any original
geometry that may be availabfrom the failed definitionIn this respect, Design Intent can assist
users with limited skill or time to quickly replicate or repair a hull definition and avoid project delay.
The additional step required is the ability to extract shape from reference geometry and generate
design curveswhich represent Design Intent or respect the Design Intent captured in existing
definition.
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Fig. 2: Examples of constraintisat can be applied tt point level and at rve level. Combining
these tools when building a curve network allows huihitéon to be created quickly.

4. Creating Cross Sectional Desigmefinition from Existing Hull Surface Definition

Cross sectional design is a technidoebuilding up surfaces from a network of curves. The structure
forms aB-Repwith vertices defined by curve intersections, edges by the curve segments between
vertices andfaces represented by local lo@b edges. Surfaces are generated on the faces by
extracting edge positioand generatingangencyby interpolatingbetween adjeent edges. This
process is managdyy the software and the user will only see the resulting surface. The use of curves
naturally lends the technique to hull surface definition given the traditional use of surface sections or
contours to understand shapénlike the manipulation of NURBS Surface control polygons, the
sequential creation @urves allovg a gradual builelp of the definitiorcreatinga methodology where



the user captusean outline shape and then asldhore to refineshapewhere necessary. It is easy to

add or remove an individual curve to understand sensitivity. Curve generation algorithms can be
controlled byfi ¢ o n s t r aitribute® asdogiaped with points or curves to create effects such as
knuckles blendsor linearsegmentsUsed across a curve network, these attributes support Design
Intent and considerable reduce the amount of detail a user has to explicitly define.

The definition of a hull surface using Cross Sectional Design follows a surprising consisteathppr
Figure 3 It starts with the definition ofurface boundargurvessuch as the stem, stern, deck keel,
transom and often midship sectjdollowed by curves which represent featusesh flat of side or
bottom, knuckles and other discontinuitiesThis initial network of curves charamtses the
arrangement of shage the hull surfaceand arecommon throughout hull forms of a certain type.
Prior knowledge of these configurations, termed Form TopglBgie (2010) can be used to assist

the user develop the definition by automatically applying constraints and are another manifestation of
Design Intent. The final stage of definition isr&dine the shape by adding more curves. This is often
the time consuming paduring thecreationof a new surface requiring time to find a smooth shape,

but if the shape can be systematically extracted from the original geometry, all the user needs to do is
verify the accuracy and quality of the generated definition.

a) b) c)

e
\_//
/__l!.- ™
N
T 7— ;
"!ss,g— P ‘
=

Fig. 3: Stages of creating a hull definition with a curve netwajkOuter Boundaries and maji
changes in shapb) Curves representing characteristic shapes and featyi@sneral shape contre
curves.

As curves used in cross sectiomsign are often planar, definition can be simple generated by
sampling the original geometry by a planar intersection and usineslgaestes techniques to generate
the design curve definitiozurthermore, the leasguares fit must be sensitive day Design Intent

the intersectiomncounter®n existing design definition.

5. Commonly Encounter Hull Definition Scenarios

Generating design curves by performing a planar intersection and applying-sgleastdit to the

sampled points is a simple process and may be applied to any CAD geometry. This means that this
curve generation technique is not limited to working with surfaces and may beruaeg geometry
whenever applicable.

5.1 General Curves

Al t hough surfaces ar e todayoés mo st popul ar h u
representations remain just as popular for many other applications. It is easy to generate curves from
surface definitions and it is a convenient format for manyenihalysis tools that do not require a
continuous 3D representation. Curve data can be found in many 2D plans such as Lines Plans and
General Arrangements. Data representing older vessels is stihdhé&thles of offsets and itagten
necessary to gemate a surface from this data if throtlga analysisin modern tooldss required.

Using common CAD formats, such as DXF and IGES, curves can be easily loaded into CAD software
as polylines or NURBS curn& Curve data can also be extracted from digikatuments such as

PDFs which creates the possibilityaxfcuratelyreplicating designs from o0 mp e tpootlysecsgréd
brochures or websites in tipaiblic domain. Paper plans can be scanned and the images traced within
the hull design tool or they can benverted into vector formats and used dired@lyrve data is so
ubiquitous that, given a little technical knowledge, it is very easy utilise the information. Algorithms
and techniques which generate points resulting from intersection with planedlatecwmented and



these points may be used directly in a lesagtares fialgorithm
5.2 Cross SectionabesignCurves

Although the technique is no differet that described for general curves the ability to generate
additional design curves from the existing Cross Section Design definition is a powerful tool
particularly if youlook to exploit the flexibility provided by leastquares fit ovethe more obvious

cubic spline fit. Cubic Spline fitting can be restrictivecause the number of control poiots the
generated curve is directly relatemithe number of points sampldéigure 4.a This factor is quite
important when taking into account the ability create Design Intent such as the Relational
Geometry Bead configuratiohgetcher et al. (1995Wwhere the control points of one curve (child) are
embedded in the geometry of other (parents). This configuration is extremely useful when building a
curve nework allowing theshapeof child curves taautomaticallyadaptto changes in the definition

of individual parentcurves. However, as thmimber of curves increases, child curves often intersect
too many curves and the resulting shape due to the cuhie $iplis far more sensitive to the relative
position of parent curves. These scenarios are hard toRamovingthe relationship between curves

and reducing the number of control points is the only wwgyoceed but these actions break the curve
netwak. Moreover, user interface solutions for rapid curve generation often involve interactively
adding curves that will automatically become the child of all others they intersect. While this is often
seen as a good productivity enhancemeitihout carefuluseit can make achieving a good quality

hull surface more difficult.
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Fig. 4: The number of control on Cubic Spline fitted design curves (a) are constrained by the t
of data points. That is not case in the lesagtares fitted (b) whicban provide better shape quality

Leastsquaresfit offers an alternative approach for curve generatomhe techni qgue woil

normally be consi der ed be canalysetata points, butia erns of gener |
the connectivityhierachy within the curve network hi s makes it i deal for cr
which the sampled 6échildrend can be attached.

therefore, across a family afefinition curvescan be kept consistent créag desirable curvature
properties across a surface. The additioa sfhoothingmodel as part of the fillows the curvature
quality to becontrolledand allovs the number of control points to beorethan the number of sample
points, i.e. when the leasquares fit beconseinder defined.

5.3 Surface Assemblies and Boundary Representations

When a surface definition fails to properly import from one software system into aitatharcause

significant disruption to the projecOftentheindividual reasons why the surface will not import are

small within the overall size of the geometioor alignnent between surface patchegeater

reliance on Solid Modelling toolwith the tolerances being very small and inconsistent between
systems there is alwa a chance of neacceptanceThe dher reason that the surface may have to be
redefined is that it is not suitable for the next design stage and the ougisigh definitionis

unavailable, i.e. the Design Intent has been lost. In most casagedhetric shape ofsurface

definition is entirely satisfactory and this fact @ften the cause of user frustration wheniraported
surface doesnbd6t wor k. | n she rawe geanetsighaingthe Solml | ut i on



Modelling databut mainstream software raredyppors this.

With a focus on regenerating a hull definition that captures Design Intent as well as the correct shape,
definition curves may be generatiedm surface geometidyy a number of methods. An advantage of

hull surfaces based on multiple patches is thatdges will pick out the features of the surféuat

should be defined before attempting to capture general shape of the, dtijace5 These features

will often be associated with a particular conditiarthe surface such as a knuckleconstraint on

tangencyOf t en i tdés possible to assign an equivalent
Designintent. These ature curves may be generated by extracting the edges of patches as individual
curves, welding them together to form a single curve if necessary and then fithegigncurve

using a leassquares fit to control the number of control points and quality of fit.

Fig. 5: Form Topology (characteristic shapes and features) in apatdt surface (top) is easily
captured directly in a curve network (bottormWwhichconstraintsmay be applied as attributes
control subsequent design curves.

Once theinitial network of curves representing Form Topology have been definedemaining
definition curves may extracted by taking planer intersedtivoughthe surface, i.e. generating a
contour, and again fitting design curve using lsagtares. Compared withe time required to
manually digitse control pointghis may take a matter of minutes if the software automates the
surface intersecticnurve generation process. Equally this approach may be applied totheany
surface geometry such as facets.

5.4 Pont Clouds generated bylLaser Scanning

A variety of methods now exist which sample the shape of real objects. Techniques such as Laser
Scanning can opticallyapturethe shape of a huih a cloud of points. This allows the ragidrveyof

existing vessels fothoughlife managementvhere no hull definition exists avhereit validity is
questionable The biggest challenge when working with point clouds is the amount of data produced
and often the solution is more about optimising the cdermesources to allow the user to work with

the dataratherthan the actual fitting process. Snad dataoften consists omulti-gigabyte files

which areimpractical to loadnto computer memorin entirety and some older operating systems are
limited on file size The software needs to provide visualisation of the data so that the useceas

the geometryby down sampling andolumecropping Transformation tools are required as the data

is unlike to be positioned or orientated in the correctly.
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Fig. 6: A colour laser scan of Zodiac capturiegail (ropes, fittings and accommodation) which m
be filter out when extracting geometry for the hull surface.

Methods exist for convéng point clouds into facetedeometry or trimmed surfaces. Neither of

these representations caneductivelymodified once generated that is a requiremenbecause

the geometry will be defined by a large nunsber control points The scanner captures everything

within the ine-of-sight of the sensor positions but is unable to capturserbae r e it s not pr
position the sensor. This means that a scan of a dry docked vessel will capture mooring lines, anchor
chains, rigging, ladders and hull supports but therehgitiften belittle data of the keelFigure 6 It

is possible toremove unwanted areas by removing points but this can be time consuming.
Alternatively, the cloud can be cut with a planar segtigigure 7,collecting points from which a
designcurve may be generated. The planar section may be placed to avoid undesirable clusters of
points and itds possi bl e undesiddedatapomty whinke drehnotd s wh i
part of the hull surfacesee 6.3

Fig. 7: Sectioning thpoint cloud, by capturing points near to a geometric plane, brings clarity
transforms it into a presentation more familiar to hull designers.

6. Developing a LeastSquares Method for fitting Design Curves which respestDesign Intent

Using LeastSquares fitting to generate design curves is applicable aahoksill design actives
althoughi t ndost useful when hull definition geometry already exists. Preggiitin the simplest

format irside design software ensures the best possibisatitin. The process to fit a curve consists

of three stages: intersection, sort and fithe definition of anntersectiorplaneis primarily a user
interface activity and is discussed further in 7.1. Point sorting is more challenging because depending
on the configuration of points no one technigsealways completely successful I n the autl
implementation, a local nearest neighbour approach was chosen balancing speed against the quality of
results. The algorithndentifies a bounding box (2D) aund theintersected pointsselectsa point

closestto a corneror edge and then iteratively searches for the nearest neighbourpuiijuse of
selecting a point closes to a corner or edge is to instigateorton the basis thahe end ofsection,

waterline or buttock curvewill normally terminate in these locationsFollowing the sort, spans



between design curves are identified by searching for intersection points from design curves with
tangent conditionsThe Least squares fit then applied pespan, accouintg for tangent constraints
atspan ends

6.1 Least Squares fitting

The LeastSquares fit method is rarely see in CAD softwasea modelling toobut it has a lot of

useful properties which may be used to enhance the generation of diefiition beyond that which

can beachieved with Cubic Spline fittingr manual definition. The Leastuares method has proved
popular in the past when used for curve fairing but again this has waned with the rise of surface
definitions. In respect ofurve generation, leastjuares is a method which given a mathematical
model, identifies the best set of parameters (the least square of errors) which fit the model to sample
data. LeasBquare fitting of BSpline curves is well documenteRBiegl and Tiler (1999) Farin

(2002) andproducs curves that can coexist with Cubic Spline fitted and manually defirggliBes

without any special treatment.

The geometry being sampled to produce new design curves may not always be smooth. Coarse data
sources like hull sections can have a lot of undulations depending on the frequency of the sections and
how the data was captured. Interactive smoothing canltbedato Leassquares as an additional set

of equations.Farin (2002)presents a simple model which minimises the second differences between
control points. It is also possible achieve this by minimising derivatives quantities, such as curvature
or enery. However, t should be noted théiesemeasures are expressed as signed scalar quantities
when fitting in 2Dbut become vector quantities in the 3D caseeasingcomplexity significantly.

P,
Fig. 8: Tangent conditions are applied after elastsquares fit iteration which is applied betwee

points B-P,, only.

The fitting algorithm becomes more complicated wtamplying end conditionsresulting from
connections to parent Design curves that have tangent constraints. These constramltgtheon
direction of the tangent vector but not the magnituler cubic BSplines the tangent magnitude, in
terms of the length of the control polygon segment between end and adjacent points is conventionally
taken as one third the distance betweenretiek and second pointSigure 8 This constraint couples
all three coordinates together preventthg general case of solving in X, y andeparately. This
produces larger matriceend requires the use of a nlmear solver due to the use of Pythaapor
theoremto calculate distances between points. Lagrange Multipliers may be used to intiezhece
constraintsalthough it is possible achieve the same rebyltapplying the leassquares fit on
unconstrained points and updating the magnitude of tamgafter each solver iteration until
convergence.

6.2 Fitting Curves to Point Cloud Datasets

Applying the leassquares fit to a slice through a cloud point dataset introduces challenges in regards
to the size of the data involved. A slice through the dataset may gather many thousands of points



introducing the requirement to process large matrécel may capture areas of the point cloud that

are not relevant to the area of interest. Considering that the maxisefod number of points on a
generated design curve should not really exceed twelve before manual fairing becomes challenging,
an individual point in a slice can be considered insignificant. Both the point cloud and planar slice are
spatially optimised by mapping points into a 3D or 2D grid respectively, FayareThe 2D grid used

in a planar slice remains sufficiently dense that samgpdi data point from each cell still produces
points numbeng in the humreds but this is now acceptable in regards to the amount of time required
to calculate a fitted curveé point from each cell is selected by calculating the average centre, C, of
all cloud points in a single cell, and then the average centre of all points within a rectangle centred on
C, Figure9.b.

Sl'icing a point c¢cloud dataset wil/l coll ect point
method is requiredo exclude these in the curve fit When fitting to the point cloydhe initial

network of design curveshouldat leastexist representing the Form Topolodyigure 5 As most

curves within this network will have some tangent condition, the spans betweeof gagbe curves

will need to be fitted separately. For each span, points can be collected from the slice by determining

the shortest route defined by the graph of populated, cdlgctingthe cells intersected by the

existing design curves at the startd end ofeachspanat the route termination point¥his has a

number of advantages. It ignores points that would cause the fitted curve to diverge from the general
trend of the data, Fif.c, dlows gaps in point clougicause by obstructions to be cooteal, Fig9.d,

and orders the points ready for the least squares fit.
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Fig. 9: Converting sectioned point clouds into a design curve through the generation of a grid
selection of data points from the grid (b). Treatinggtié and points as a connected graph throu
which a route can be established avoid unwanted points (c) and connects gaps (d).

7. User Interface Requirements tosupport Regeneration of Hull Surface Defiition

User interface design is a very subjective topic and various approaches to crdiftitigdasign
solution are on offer in thenany applicationss v ai | ab | e . ekperiercdroen developihgo r 6 s
PolyCAD, Bole (2000) the following specific features areconsidered to bé&mportant in software

used to design and redefine hull surfaces.

The challenge when capturing hull surface shape is to be able to understand, represent and manage the
definition within the constraints dhe conventionaPD interfaces of the screen and mouse, and the
keyboard. These tools must be used to project informattorthe softwargenerating a 3D model.

It is inadequate to constrain user to numerical entry and 2D niatigouin principle planesalone.

The software needs to take maximum advantage of any routines wdriche used to derive 3D
coordinates. Point snapping is one of the most significant productivity features which allow the user

to place new definition on existing geomesychpoints, cure and surface edges. Couple thith



the ability to rapidly establish a working plafieo n  t Ihat allbws yhe user to work in principle
planes or thoseepresented in modefinition. Projecting the ray defined by the mouse cursor into
the model e that it intersects with the working plane defines a 3D coordinateléowis theuser to
work in obliqgue and perspective views without having to account for screen degiihements such

as making it easy and interactive to insert points and provatingnon functions which are context
sensitive reduce the amountpifysicalmouse movemeracross the screghigure 12

7.1 Interactive Curve Fitting

Creating a successful user interface to support the rapid generation of fitted curves in the process of
hull design is surprisingly challenging. The software may allow rapid generation of fitted definition
curves but the result of making this activity cjuiand easyas mention in the case of Cubic Spline
fitting in 5.2, was that the user did nobnsiderreviewing the quality of the curveand definition
Consequently, without pause for review, saftware allows thaiserto generatepotentially poor

quality definition very quickly and it may not be until latdrat the user may realise something is
wrong and itoftentakes experience to understand when this happened. Unlike the cubic spdine fit,
leastsquares fit exposes parameters controlling thabas of control points and smoothing. The
needto review these parameters provides an opportunity to pause and check the curvature quality and
closeness of fit. The option of reselecting the intersection plane can be provided. Colledtiowl of

point data takes time angkquiresselecion of the data source argpecification of thantersection
parametes (grid size, slice thicknesghich provide a further opportunity to revighve shape of the

curve.

Definition of an intersection plane can be veagy For example, a principle plane can be defined
with a single mouse click in combination with a snap point. However, principle planes are not always
the bestchoicand certainly there is a need to define
are2D curves approximately parallel to heeled waterlines. However, extensions can only d®/ made
supportingplane definitions thaare supportedby constraint configurations available the design
curves. In PolyCADadditional numerical parameteexqjuired tadefining curve location planegere
areavoided to maintain flexibilityLocation planes are defindxy throughcontrolpoints on the curve
respect to garticular planeorientation Principle plane constraints are defined by a sisglected
control point and inclined planes, where a principle axis lines in the plane, is defined $gldated
points. By first selecting one of six possible plane orientations (three principle and three inclined
plane definitios), the user cathendefine the location plane by snappinthe requested number of
points.
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intersections.

Point snapping provides a quick method of determining a 3D coordinate withimodel but also
provides advantages. If a selection is made near to a design curve, the fitted design curve can
reference it directlas a BeadSubsequent clicks can be used to localise the fitted curve to a number
of spanswithin the initial curve néwork in addition to supporting the definition of inclined planes,
Figure 10.



8. Worked Examples
8.1 Regenerating a Hull Surface which has Roor definition and Curvature Quality

This Capesiz&anker hull form was originally created for stability analysis but was also used for
model testsFigure 11 Defects includehe forwardflat of sidecurve undulatingacross other patch
bowndaries and there is a gap in the bilge radius between the anteamd midbody regions.
Furthermore, there are a large number of high aspect rectangular patches which make direct fairing of
the patcheshallenging.
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Fig. 11: The hull form highlights defects which prevent it from being improved into a produ
definition. High aspect ratio patches, poor curve definition, gaps Imeustsolved anch foundation
definition provided for further fairing.

In the first stagethe outer boundary of the surface is captured often starting with the stem and stern
profiles. It is difficult to use leastquares fitting to capture these shapes, particularly bulbs, because

of the different knuckles, straight and curved segments tieapra@sent. It is far easier to directly
digitise these shapes using the mouse, shapping to the surface geometry and apply curve constraints
where necessar¥igure 12

o i

Y

.
y
:
7
/

1

Fig. 12: Curves with complex shapes and features often need to be captured by manually. Ir
shapping, point refinement (insertion), and context sensitive tool allow rapid generation of defil




