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Abstract

Fat curvesin two-dimensionaEuclideanspaceare discussedPreviouswork on fat curvesis reviewedanda new
definitionis givenfor a fat curvehavinga smoothaxis. Thejoining of two fat curvesis discussednda technique

for scan-comerting fat curvesis presented.

Note: Thisarticle hasbeenmodifiedto demonstate the useof IAIeX andthe EG PublicationStylefile.

Categgoriesand SubjectDescriptorgaccordingto ACM CCS} 1.3.3[ComputerGraphics]:Line andCurve Genera-

tion

1. Intr oduction

In computergraphicst is frequentlydesirableto represent
curwe or the outline of anobjectas“thick” or a“fat” curve.
Thisis particularlytruefor high-resolutiorgraphicsdevices
wherecurvesrepresentetdy a chainof singlepixelsaretoo
faint or wherefor aestheticceasonghe curve shouldhave
a fixed non-zerowidth. The definition of suchobjectspose
particulargeometricproblems.Implementingthe objectsin

termsof rastergraphicssimilarly introducesfurther prob-
lemsin the scan-cowersionprocess.

If we look to standardeference®n algorithmsfor com-
puter graphicssuch as Pavlides' then we do not find the
fat line or curve concept.In factthereareonly two funda-
mentalconceptsconsideredy Pavlides': a thin curve with
anorientation-dependewt/eragewidth rangingfrom 1/+/2
pixelsto 1 pixel anda full region. Fat curvesaresubsumed
underthe full region conceptandno consideratioris given
to theparticularproblemsencountereéh dealingwith them.

We want hereonly shawv a possiblecitation, suchasthe
typical citation of the Foley et al. book 2 or a well knowvn
paperon ray tracing of volumetric dataset. Fat lines are
discussedn Bresenhanunderthe conceptof Wdelinesand
he posesa numberof questiongrelatingto this concept.A
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fundamentatjuestionis how thefatlinesareterminatedand
whatthe assumptiongrewhensuchlines arejoined at de-
creasingangles.To quoteBresenham:

Is Wideline a consistentconcept,or is it a poorly

specifiedandincompletelydefinedattemptto set
up an implicit but fuzzily understoodreference
model of areasin contrastto lines? What is

the shapeof wideline ends?Is line width a ge-

ometric property in our original modeling co-

ordinatespacepr is suchthicknessonly a picture-

renderingcosmeticattribute akin to pseudo-pen
sizein final rasterspace™ow shouldprojective

transformationgffect Wideline If width is age-

ometric attribute, what is the implied boundary
definition?

In this papemwe discusssomeof the problemsposedby Bre-

senhamandwe suggessolutionsbothin theunderlyingge-

ometricsettingandin therastemplane Wefirst give aprecise
definitionof afatline or curve asacontinuouggjeometricob-

ject. Then,usingthis definition, we develop new algorithms
implementingscan-cowersionfor suchcurves.

In the next sectionwe suney previous definitionsof fat
lines concludingwith the specificproblemsthatwe attempt
to solwe in this paper In Section4 we considerthe analytic
definition of smoothfat cunesandwe verify somesimple
properties.The problemof joining fat curvesis thendealt
with andwe introducethe conceptof a piece-wisesmooth
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fat curve. Finally we give a methodfor the scan-cowmersion
of thefat curveswe definedin theprevious sections.

2. Previous Work

Fatlinesarediscussedn severalrecentpapersput herewe
cite papersthat have nothingin commonwith the fat line
topic 5467, The conceptis alsousedby several advanced
workstations(seefor examplethe IRIS Users Guide)and
by typesettingsystemsuchasPostScript.

Perhapshe mostrelevantdiscussioris foundin the paper
by Posch-Fellnet They discussanalgorithmcalledoptions
for doubleprecisionarithmetic. The impactof usingsingle
precisionarithmeticis demonstrateéh Tablel1. Evenwhen
compiledwith the doubleprecisionoption, the programby
Douglasproducesresultswhich deviate significantly from
thoseproducedby others.The formulausedto calculatethe
square®f offsetvaluespresentedn Tablel is asfollows:

(XL (X1—X2—X3) +X2# X3+ Y1 (yl—y2—y3) +y2)
(x2—x1)2+ (y2—y1)2
X = X1+A*(x2—x1)
y=yl+Ax(y2—-y1)
dis = (x@—x)%+(y3-y)?

In arecentdebateon the accurag of floating point calcula-
tions, Hugginsstatedthat the arbitrary-precisiorarithmetic
language’bc’ could be usedto obtain preciseresults.We
usedthis UNIX utility to calculateoffset valuesfor points

C andD. Onthe VAX 8200,SEQUENT SYMMETRY and
SUN 3/60, bc returneddenticalvaluesfor thesepoints:

C:28143.490838958534 D:28143.49083895834

A=

Forrest(p. 721) pointedout the well known fact that float-
ing point calculationsare still very much machinedepen-
dent.Machinedependencexposedurtherproblemswhich
could be treatedas problemsof implementationbut which
are arguably more conceptuain natureas explainedin the
following sections.

2.1. Equidistant points from the anchor-floater line

Thealgorithmis basedon the assumptiorthatlines may be
subdvided in an unambiguousnannerusingthe maximum
perpendiculaoffset. To our knowledge,the problemof two

or morepointsbeingequidistanfrom theanchosfloaterline

hasnever beenconsideredIndeed,we only becamecon-
sciousof this possibility when the sameprogramyielded
differentresultson ICL 3980and SUN 3/60 computersA

sampleproblemis illustratedin Figure5. PointsC andD are
equidistantfrom the anchoffloater line A—B. The inexact
representatiomnf floating point numbersresultsin C being
selectedbn SUN workstationsandD beingselectedon the
ICL computerby the sameprogram.With doubleprecision
arithmetic,the errorsarenggligible but areneverthelessuf-

ficientto generatalifferentresultssincepublishedorograms

tendto useeithera “greaterthan” or “less than” condition.
GIMMS andthe programsby DouglasandWadeselectthe
first point from a setof identical offsets. White’s program
selectsthe last. The resultsthereforeare variable and be-
comedependenbn thedirectionof digitising of lines.If, on
the other hand,we selecta point from this setat random,
the procedurewould becomeblatantlyarbitrary This prob-
lemposestherimplications whichwe will nowv examinein

greateretail.

Figure 1: Here is a samplefigure.

3. Our proposalin detalil

This sectiondescribesn detail our proposal asgraphically
shavn alsoin Figure 1, with a non-sensdext. Non-sense
text follows text text text text text text text text text texttext
text text text texttext text text text texttext text text text text-
text text text text texttext text text text texttext text text text
texttext text text text texttext text text text texttext text text
text texttext text text text texttext text text text texttext text
text text texttext text text text texttext text text text texttext
text text text texttext text text text texttext text text text text-
text text text text texttext text text text texttext text text text
texttext text text text texttext text text text text.

4. Digitising Err ors

Like mostcartographi@lgorithms the Douglas—Peud al-
gorithmdoesnot fully addressheissueof digitising errors.
Whenestimatingtruth values,it is usuallyassumedhatthe
trueline (in this casethe analogudine) lies within the error
bandof the digitised line. This bandis alsoknown asthe
Perkalepsilonband.In his review on issuesrelatingto the
accuray of spatialdatabaseszoodchild indicatedthatre-
searcherfiave proposediniform, normalandeven bimodal
distributions of error acrossthis band. This conceptpro-
videssomebasisfor estimatingthe positionof the true line
at locationsbetweendigitised points. Here,we are merely
concernedwith the accurag of digitised points. Whilst it
is probablethat operatordigitise points along high curva-
turesmore carefully thanat intermediatepositions thereis

(© TheEurographic#ssociation2002.
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at presentno soundbasisfor modelling the distribution of

erroralongtheline. As in the CircularMap Accuray Stan-
dard,it is usualto assumea bivariatenormaldistribution of

error whenestimatingthe position of the true point. In the
context of line simplification, absolutepositionalaccurag

is lessimportantthanthe relative positionof pointsdescrib-
ing the shapeof featuresalongtheline.

The DoE/SDDboundarydatacontainsomegrossdigitis-
ing errors.For example,inlet X in Figure 2c doesnot fea-
tureon corventionalOrdnanceSuney 1: 50000 mapsof the
areaThedataarealsonotveryaccuratavherecoastlinesre
corvoluted.Evenif we ignoretheseandothergrosserrors,
suchasspikes, therewill alwaysbe anelementof random
errorin digitiseddata.lt is reasonabléo assumehatpoints
digitisedfrom 1: 50000 sourcematerialmay only be accu-
rateto within +/ — 5 metres.This algorithmdoesnot lead
to a substantiahccumulatiorof roundingerrors,hencethe
numericakerrorsdiscussee@arliertendto bevery smallcom-
paredwith digitising errors.

]
[]

Figure 2: Anotherway of embeddinga PSfile by explicitly
specifyingthe boundingbox.

For the purpose®f ourargument,t is unnecessario un-
dertale an exhaustve evaluationof the consequenceBou-
glasandPeucler have treatedoverhangsandclosedoopsas
differentproblemsandhave useddifferentmethodgo cope
with eachcase.

4.1. Numerical Problems

TheFORTRAN programsby Douglas White,andWadeuse
singleprecisionREALS whencomputingoffsets(seeresults
in Table 1). Whilst double precisionaccurag may be at-

tainedthroughthe useof compiler options,we are unsure
whetherpreviousresearcthasbeenbasedn programsom-
piled in this manner Wades programwas so compiledfor

usein our previousevaluations ForreststatedthatRamsha

(1982) hadto adoptcarefully tuneddoubleandsingle pre-
cision floating point arithmeticto computethe intersection
of line sggmentswhoseendpointsweredefinedasintegers.
Forrestexclaimed“This is an objectlessonto us all: con-
structinggeometricobjectsdefinedon a grid of points,re-

quiring ten bits for representatiocanleadto doublepreci-
sionfloating point arithmetic!”.

Most evaluative studiesdo not cite the co-ordinatesin
use.We do not knov whetherthe publishedtestlines were

(© TheEurographic#ssociation2002.

in original digitiser co-ordinatesor whetherthey had been
corvertedto geographicreferencesBritish National Grid
co-ordinatedfor the administratve boundarieof England,
ScotlandandWales(digitisedby the Departmenbf Environ-
ment(DoE) and ScottishDevelopmentDepartmen{SDD))
areinput to one metreaccurag andrequireseven decimal
digits for representatioiif we include the northernislands
of Scotland At the SouthWestUniversitiesRegional Com-
puterCentretheseco-ordinatefhiave beenroundedo 10 me-
treresolutioneventhisrequiressix decimaldigits. Seamless
cartographidiles at continentalandglobal scalesusemuch
largerrangesof geographico-ordinates.

Machine Points Calculatedsquaref offsetvalues

SinglePrecision DoublePrecision

ICL 3980
(C) 28199.351562500 28143.490838958
(D) 28171.789062500 28143.490838961
VAX 8200
(C) 28253.095703125 28143.490838958
(D) 28165.806640625 28143.490838958
SEQUENT SYMMETRY
(C) 28145.100000000 28143.490838961
(D) 28145.100000000 28143.490838961
SUN3/60
(C) 28253.095703125 28143.490838961
(D) 28165.806640625 28143.490838961
NOTES

Offsetsof points C and D from the andhor-floor line A-B as cal-
culatedusingWade’s program. Points A, B, C and D are shownin
Figure 5. TheBritish National Grid coorinates(in metes)of the
pointsare asfollows:

PointA 238040 (x1) 205470 (y1) ANCHOR
PointB 237890 (x2) 205040 (y2) FLOATER
PointC 237810 (x3) 205320 (y3)
Pointd 238120 (x3) 205190 (y3)

Notethat the above co-odinatesmay be usedin conjunctionwith
the expressionpresentedn section3.2.2ato ched the tabulated
results.

Table 1: ThePrecisionof Calculations

A limited numberof papersactuallydescribedmproved
for new algorithmsor methodsfor visualizatiort: & 7. This
may be causedby the compleity of the environmentin
which a methodis used;issuesof systemarchitecturepser
interface datahandling,etc. mustbedealtwith beforeanew
presentatiotechniquecanshaw its full advantageBut even
so,wethink thefield canusemorecontributionsof thistype.

Therewasalsoa discussiorsessioron the merits of an-
imationandspecialeffects(suchassound)to supportvisu-
alization. For example,in the areaof flow visualization,it
is quitecommonto useanimation,andtechniquedor video
registrationhave beendeveloped.
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5. Issuesin Visualization

Scientific visualizationis an interdisciplinaryfield, which

can only flourish when computergraphicsexpertscooper

ate with specialistsfrom applicationareas,and providers
of computingvisualization anddatamanagemerfacilities.
Thereforejt is essentiathatall of theseviewpointsarerep-
resentedn researchprojectsand alsoin meetingssuchas
this workshop.lt is not enoughthat suitabledisplay algo-
rithms, datastructurespr userinterfacesbe developed,but

alsothatthesebeintegratedin usablesystemsandevaluated
by expertusersThiscomple ervironment,andthecomple

systemsit requires,call for a commonlanguagebetween
differentpartiesinvolved, andthereforea refeencemode)

or anabstractescriptionsummarizinghe entireprocesof

datavisualization,is needed.

At the Delft workshop,an attemptwasmadeto continue
the meetingsof sub-groupssstartedn Clamart, butit ap-
pearedhatausefuldescriptiorof sub-areasr sub-problems
shouldbe basedon a stableconceptuaframenork. Except
for the flow visualizationgroup, the subgroupdefinitions
were abandonedandinsteadit wasdecidedto concentrate
on designof an initial referencemodel; a first attemptis
currentlybeingundertakn by Lesley CarpenteandMichel
Grave.At thesameime, theseparatélow visualizationsub-
group(chairedby Hans-Geag Pagendarmagreedo design
a generalmodelof the flow visualizationprocess!in addi-
tion, arrangements/eremadefor the exchangeof testdata
setsfor systemevaluation,andthe exchangeof information
on andexperiencewith visualizationsoftware.

Specialdiscussiorsessionsvere held aboutthe practice
the “circle-brush” algorithm.In this algorithma solid disk
is assumedo move along a trajectoryin R%. This trajec-
tory is then scan-cowertedinto the rasterplane.and expe-
rienceof the StardentAVS systemandaboutgenerakvalu-
ationmethoddor visualizationsoftware.Thereis anolvious
needto shareexperienceor even make a formal (compara-
tive) evaluationof systemsbut thisis alsohamperedy lack
of acommonframevork, andalsoby the continuingdevel-
opmentof visualizationsystems.

Interactive visualizationwas also an interestingsubject
for discussionwhich yieldeda lively debaté. In a session
aboutvisualizationfacilities, it wassuggestedrom experi-
encethatlargeresearclinstitutesmightwell have to employ
specializedvisualizationexperts’,to bridgethegapbetween
complex numericalsimulationsandsophisticatedisualiza-
tion facilities.

6. Results

This sectiononly refersatablewith somenumericalresults
(seeTablel).

Non-sensdext follows text text text text text text text text
text text text text text text text text text text text text text text
text text text text text text text text text text text text text text

text text text text text text text text text text text text text text
text text text text text text text text text text text text text text
text text text text text text text text texttext text text text text.

7. Conclusions

Hereareconclusionsandpossibleextensions As shavn by

theresultsreportedin Section6 andin Figure 3 (seecolor

plates), conclusionsconclusionsconclusionsconclusions
conclusionsconclusionsconclusionsconclusionsconclu-
sionsconclusionsonclusiongonclusionsonclusionson-

clusions conclusionsconclusionsconclusionsconclusions
conclusionsconclusions.Conclusionsconclusionsconclu-
sionsconclusionsonclusiongonclusionsonclusionson-

clusions conclusionsconclusionsconclusionsconclusions
conclusionsconclusionsconclusionsconclusionsconclu-
sionsconclusionsonclusiongonclusionsonclusionson-

clusionsconclusiongonclusions.
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Figure 3: Here are two samplecolor figures.
MIND: for thepintedversion—and ONLY for theprintedversion— color figureshaveto beplacedin thelast page.
For the electonic version, which will be corvertedto PDF befoe makingit available electionically, the color

images shouldbe embeddedvithin the documentOptionally, other multimediamaterial may be attachedto the
electionicversion.
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