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ABSTRACT 

Traditionaledgedetectionsystemsfunctionby returningeveryedge in an inputimage. 
This can resultin a largeamountof clutterandmakecertainvectorizationalgorithms 
less accurate. Accuracyproblemscan thenhavea largeimpacton automatedobject 
recognitionsystemsthatdependon edge information. A newmethodof directededge 
detectioncan be usedto limitthenumberof edges returnedbasedon a particular 
feature. This results in a cleanerimagethatis easier forvectorization. Vectorized 
edges fromthisprocess couldthenfeedan objectrecognitionsystemwheretheedge 
datawouldalso containinformationas to whattypeof featureitbordered. 

Anyuse of trade,product,or firmnamesis fordescriptivepurposesonlyanddoes notimplyendorsementbytheU.S. Government. 
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INTRODUCTION 

Edge detectionis thefirststeptakenin manyobjectrecognitionapplications. It 
basicallyexaminesan imageandproducesa pixelat theboundaryof two“colors”. The 
outputimagecontainsall of thepixels thatwerecreatedduringthedetection. Thereare 
manydifferentalgorithmsthatcan performedgedetection,eachwiththeirown 
strengthsandweaknesses. 

The downsideto traditionaledgedetectionis thatit can sometimesworktoowell for a 
givenapplication. Dependingon how“busy”an imageis, an extremelylargenumberof 
edgesmightbe returned. In addition,someof theedgescan actuallybe representative 
of noise in theoriginal image. This largenumberof edgepixelscan thenmakecertain 
algorithmsandanalysisdifficultas itbecomeshardto identifyanyparticularfeature 
basedon theedgedata. 

A newmethodof edgedetectionthatreduces thenumberof edges so thatonlythe 
pixels thatbordercertainfeatureswillbe returnedmaybe possible. This techniqueis 
initiallycalleddirectededgedetectionin thatit specifies in advancewhattypesof object 
edgesare of interest. Whilea smallamountof noise wouldstillbe present,applications 
such as vectorizationwouldbe easieras thereis notas muchextraneousdatapresent 
outsideof thecurrentsearchparameters. 

BACKGROUND 

EdgeDetection 

Edge detectionhas beenstudiedfor manyyearsandappliedto manydifferent 
activities. It is usuallya rasteroperationthatcreatesan outputimagethatcontainsthe 
variousedges in an inputimage. Edge detectiontechniques“focuson identifying 
continuousadjacentpixelswhichdiffergreatlyin intensityor colour,becausetheseare 
likelyto markboundaries,betweenobjects,or an objectandthebackground,andhence 
forman edge”(Staff2002). 

Edges themselvesare boundariesof objectsurfaces in a scenethatoftenleadto 
oriented,localizedchanges in intensityin an image(Heath1996). Edge detectorscome 
in a varietyof formsthatperformsearchesbasedon variousorientations:horizontal, 
vertical,or somecombinationof thetwo. A goodedgedetectoris one thatsearchesall 
orientationsto determineif thereis a localizedchangein intensity. 

Thereare twomethodstoperformingan edgedetection. The first,and less common, 
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is basedon theFourierTransformand involvesa high-pass frequencyfilterthatis run in 
theFourierDomain. The FourierDomainis a representationof temporalandspatial 
signals thatis createdbydecomposingthemintosinusoidalsignals. The signal is a 
complex-valuedfunctionof thefrequencyor wavenumberincludingtheamplitudeand 
thephaseof thesinusoidalsignalat thecorrespondingfrequencyor wavenumber. The 
representationof a signal is equivalentto its spatial representation(Jähne 1997). 

The secondandmostcommonmethodof performingan edgedetection,however, 
involvesprocessingtheimagein thespatialdomain. As edgesare stronglocalized 
changes in intensity,theycan be foundbycalculatingthederivativesof theimageat 
anygivenpointto findthemaximumof thefirstderivativesor thezero-crossinglocation 
of thesecondderivatives. The secondderivativeis themoreaccurateof thetwo. 
However, it is notas commonlyusedas thefirstderivativemethoddueto its complexity. 

In imageprocessing,thederivativesare foundbyapplyinga convolutionkernelto the 
the imagepixels. Convolutionis a mathematicaltechniqueof combiningtwoarraysof 
differentsizes butwiththesamedimensionalitytoproducea thirdarraywiththesame 
dimensionalityas thefirsttwo. A full descriptionis beyondthescopeof thispaper,but 
can be foundin manymatrixalgebratexts. Bothderivativesmustbe estimatedas there 
is no “function”todifferentiate. The firstderivativeis usuallyestimatedbyconvolving 
theoriginalfunction(orpointin this case) with[-1 1]. The secondderivativeis then 
estimatedbyconvolvingwith[1 -2 1] (Edge Detectors2000). These derivativesare 
appliedby turningthepixels intoa vectorarrayof valuesandconvolvingtheminto 
someoutputarrayof values. Differentedgedetectorsthenuse this techniqueto 
calculatethederivativesof eachpointin an image. This is donebyapplyinga specific 
kernelto thepixel,wherea kernel is a matrix(generally3x3)thatis multipliedagainsta 
vectorarrayof, say, Red, Green,andBlue (RGB) values for thepixel. 

Thereare twomainclassificationsthatedgedetectorscan fall intobasedon themethod 
theyuse to findthederivatives:Prewittcompassandgradient(Edge Detectors2000). 
Prewittcompass edgedetectorsconvolvetheimagewitha setof eightkernels. Each 
kernel is createdtodetecta specificedgeorientation. The kernelthatproduces the 
highestvalues thendeterminestheorientationof theedge. Gradient-baseddetectors 
convolvethe imageonlyhorizontallyandvertically. The absolutemagnitudeof the 
gradientis thencalculatedbasedon thesevalues. Gradientis themorewidelyused 
techniqueof thetwo,and is thebasis forcommonlyknownedgedetectorssuchas the 
Sobel andCannymethods. The gradientmethodis discussedhereas it is also the 
basis for thedirectededgedetectiontechnique. 

Withthegradienttechnique,once themagnitudeof thefirstderivativeis calculated,the 
pixels thatmakeup theedgemuststill be identified. A commonmethodtodo this is to 
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createan imagecomprisedof thegradientvaluesandthenthresholdthatimage. 
Thresholdingis used to findareas wherethegradientis greaterthanor equal toa 
specificvaluethatis assumedtorepresentan edge. This methodusuallygenerates 
edges thatare severalpixelswide. Anothermethodis to findthelocalmaximaof the 
gradientimage. This techniquegenerallyproducessmallerlines (usuallya singlepixel 
in width)butcan sometimesoverlookedges. 

Otheredgedetectorsuse thesecondderivativeof the imagein orderto calculatethe 
gradients. These detectorsare also calledzero crossingas theylocatethepointwhere 
thesecondderivativeof theedgewouldcross overthezero valueline (Edge Detectors 
2000). These derivativesare usuallycalculatedbya Laplacianfilter. This providesan 
advantagein thattheedgemagnitudeis calculatedindependentlyof theedge 
orientationthroughtheuse of a singlekernel. 

The nexttwofigures illustratetheoutputfroma gradient-basededgedetection 
algorithm. Figure1 is a portionof a digitalorthophotoquadrangle(DOQ), whileFigure2 
is theedge imageaftertheCannydetectionmethodwas applied. An interestingside 
noteabouttheCannyedgedetectoris thatit is a bitmoresophisticatedin findingthe 
localmaximumvaluesof thegradientby usingnon-maximalsuppressionandhysteresis 
tracking. These techniquesallowCannytobettertrackedgesandtoalleviatethe 
problemof noisyedgesbeingbrokenup intomultiplesegments. 

Figure 1. Original Input Image
�
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Figure 2. Canny Edge Detection 

Figure2 illustratessomepotentialproblemsthatcan be foundwithedgedetection. 
Noise sensitivityis a big issue due to themathematicsinvolved. Calculationsof the 
derivativesin thespatialdomaintendtoattenuatehighfrequencyinformation. This 
attenuationmagnifiesnoise thatis presentin a normalimage. Someedgedetectors 
such as Cannytryto address thisproblembyapplyinga Gaussiansmoothingfirst. 

There is also a problemwiththe largenumbersof edges returned. This can be 
mitigatedtoa certaindegreeby thechoiceof thethreshold,butlargenumbersof edges 
duetonoise as wellas actualedgeswillalwaysbe present. Detectionof certain 
features is difficultin this case as thereare so manyedges thatsometendto run 
togetherinsteadof remainingseparate. 

HoughTransform 

The HoughTransformis a techniquethatis usedto isolatecertainfeaturesof a 
particularshape in an image(HoughTransform2000). For vectorizationpurposes, the 
HoughTransformis usuallyrun. The classic algorithmfitsa linethroughdiscreetsets 
of imagepointsbyusinga parametriclineequationandtransformationtoHough 
parameterspace. For detection, ituses edge informationto fit thepointstoa straight 
line thatwouldpass throughtheedges. A moredetaileddescriptioncan be foundin the 
HoughTransformationwebpagecitedin thisdocument. Once theHoughTransformis 
complete,these linescouldthenbe separatedandvectorized. 
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The classic HoughTransformis generallyonlypractical for simplecurvesor lines. 
Noise and largenumbersof edges in an imagecan interferewiththeclassic algorithm. 
This can be seen in Figure3, whichis theoutputof theCannyedgedetectorin the 
aboveimagewitha HoughTransformapplied. 

Figure 3. Canny Detector and Hough Transform 

The largenumberof edges in theimageinterferewiththeactualHoughTransform. In 
this case, straightlines are fit toedges thatdo notexist. The actualfeatureswith 
straightlines (theroads)do notevenhave lines fit throughthem. Figure4 contains just 
theHoughTransformdrawnlines. 
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Figure 4. Separated Hough Transform Lines 

WhencomparedtoFigure1, theHoughTransformlines do notconformtoanyknown 
features in the image. This is useless forvectorizationpurposes,as itdoes notfollow 
theroads thatdo containactuallines. Standardedgedetectiontechniquesfailwhen 
presentedwithsucha “busy”image. 

METHODSANDTESTING 

A differentmethodcan be used in performingtheedgedetectionthatwouldalleviate 
thisproblem. By directingtheedgedetection,onlytheedges thatborderspecific 
featureswouldbe returned. This wouldgreatlyreducetheimagenoise andother 
extraneousedges in the image,andwouldbenefitedgedetection. Workwas doneat 
theMid ContinentMappingCenterin fiscalyear2003todevelopandtestthis idea. 

The firststepto this newmethodwouldbe toexaminetheoutputfromthespecific 
sensor thatwas usedtocreatethe inputimage. This wouldbe a datacollectionactivity 
thatwouldmanuallyexaminethespectralresponses of specific featuresfromvarious 
images. For example, in RGB space thiswouldinvolverecordingall of theRGB values 
thatwerefoundthatmakeup a certaintypeof road in an imagetakenfroma specific 
typeof sensor. A databasewouldthenbe createdthatwouldcontaintheresponses 
gatheredfromthedatacollection. This databasecouldbe usedtogatherstatisticssuch 
as themeanvaluethatrepresentsa typeof road,anddistributioninformationsuch as 
thevariousstandarddeviationsfromthatmeanandhowmanyvalues theycontain. 

Once this datais collected,it couldthenbe usedto modifythetraditionalmethodof 
performinga gradientedgedetection. As previouslymentioned,calculatingtheoverall 
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gradientof a pixel involves firstfindingthehorizontalandverticalcomponentsof the 
gradient. The feature-specificspectralresponse informationcollectedcouldbe usedto 
createanotherthresholdat thebeginningof thegradientdetection. In this case, the 
meanvalueandstandarddeviationsfromthis valuecouldbe usedto createa subsetin 
the imagecolorspace thatwouldcontainthepixels thatrepresenta specific typeof 
feature. This stepwouldhavetobe doneat thebeginningof thegradientcalculation, 
as thegradientimagethatis used tocalculatethe localmaximadoes notcontainanyof 
theoriginalcolor information. 

For example,considertheRGB imagecase witha roadfeaturebeingthefocus of the 
edgedetection. RGB spacecan be thoughtof as a cubestructure,whereone corner 
representsthevalue(0,0,0)andthetheoppositerepresents(255,255,255). The mean 
valuewouldrepresenttheaveragecolorvaluefor thatroad,andthestandarddeviations 
couldbe usedcalculatethedistancefromthemeanin RGB colorspace (findwhich 
standarddeviationcontains75 percentor so of thevalues). This wouldthencreatea 
spherewhereeveryvaluein thatspherewouldbe presentin theroadportionof the 
image. Whenthegradientis beingcalculated,thecolors wouldfirstbe checkedtosee 
thattheyfallwithintheRGB roadsubset. If so, thegradientwouldbe calculatedfor that 
pixel. If not, thegradientwouldbe skippedandtheedgealongthatpixel ignored. 

Figure5 illustratestheoutputof a modifiedCannyedgedetectorthatwas directedto 
outputtheedges thatborderedroads in thesampleimage. This stepdidnothavean 
exhaustivestatisticalanalysis of thespectralresponsevaluesthatmadeup theroad. 
Instead,a simplisticmethodof findingandaveragingaroundtwentypixelswas used. 

Figure 5. Directed Canny Detection for sample roads
�
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As seen in Figure5, thenumberof edges in theimagehas beendrasticallyreduced. 
The roadoutlinesare clearlyvisible in theimage. Somenoise has also been introduced 
intotheimage,partlydueto thestandardoperationof theCannymethodandalso due 
to thesimplisticmethodusedtocreatethespectralresponsethresholds. The Hough 
Transformwas thenappliedto this imagewiththeresults in Figure6. 

Figure 6. Directed edge with Hough Transform 

The HoughTransformdid indeedperformbetterwiththedirectededgedetection. 
However,thereductionin noise andedgesproduceddifferentdefects in the imagethan 
before. The HoughTransformalgorithmtendsto fit the longestlinepossiblethrough 
edges thatit finds. It will typicallygo to theboundariesof an imagewhenit is creatinga 
line. Whilemanyof thelines nowfittheroads thatare in the image,theyextendto the 
edgebecausethealgorithmfoundpixelsbetweenthetrueendof theroadsegmentand 
the imageboundary. 

Someworkwas thendone in modifyingtheHoughalgorithmtobetterfit thereducedset 
of edges. This was neededbecausesometimestwoor moreedgeswouldcontributeto 
one line,andthatlinewouldthenbe drawnacross theentireimage. Insteadof one line, 
multiplelines correspondingtoeachof theedgesshouldhavebeendrawn. To 
accomplishthis, theHoughalgorithm'sline-drawingfunctionwas modifiedso thatthe 
lines wouldbe drawnonlywhereedgesalreadyexistedin theimage. This was doneby 
makingtheline-drawercheckto see if therewereanyedgepixels a certaindistance 
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aheadof thecurrentline-drawingpoint. A thresholdparameterwas also added,so that 
thedistancethe line-drawerlookedaheadcouldbe controlled. As Figure7 shows, the 
resultis a muchcleanerlookingimage. 

Figure 7. Canny with some Hough modifications 

The othermajormodificationto theHoughalgorithmwas to makeitmoreof a “fuzzy” 
algorithm,to improvethequalityof thelines it detects. The basis of the idea is that 
sometimestheedgesproducedby theedgedetectionalgorithmare notdistinctas the 
edgepixelsare notquitein a straightline. These are validedges,butthenormal 
HoughTransformwillnotassigna highenoughvalueto thelines producedfromthe 
edges. To alleviatethisproblem,thealgorithmwas modifiedso thatwhenit is 
consideringa line, it looks at thefourpixels at rightangles to theline,as well as the 
defaultcenterpixel. For eachedgepixel,one is addedto thatline'scounter,withthe 
resultthatmoreedgepixelsare contributingto theline,givingit a highervalue. There 
is at leastone minordrawback. If an imagehas a lotof parallel lines close together,the 
detector,as it currentlystands,willdetectan additionallineata rightangleto the 
parallel lines. Figure8 is an imagewiththelines drawnbythismodifiedHough 
Transformwheretheedges are omitted. 
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 Figure 8. Hough Transform Lines from Directed Canny 

The lines drawnbytheexperimentalmodificationsto theHoughTransformin Figure8 
are muchcleanerandmoreaccuratethanthose in Figure4. One can see thateven 
thoughtheHoughmodificationsare still a workin progress, vectorizationwouldbe 
muchcleanerin this case, andresultin a moreaccuratefitwiththeactualroadobjects. 
The line followingalgorithmsthatare used in vectorizationroutineswouldbe able to 
easilyconvertFigure8 to a series of vectorendpoints. 

DISCUSSION 

As can be seen fromtheabovefigures, thetechniqueof directededgedetectioncanbe 
appliedto currentedgedetectionmethodsin orderto improvetheirusabilityfor 
extractionpurposes. An alternativewayof implementingtheRGB directededge 
detectionstartswithcomputingthegradientimageas normal. The differencecomes 
duringtheedgedetectionprocess. Beforethedetectorchecks thegradientimageto 
determineif a pixel is on an edge, it checks thatpixelandtheeightsurroundingpixels in 
theoriginal image. If one of thosepixelsmatchestheRGB colorsphere, thenthe 
gradientcheckgoes on as normal. If not, thenthereis no edgepixel returned,evenif 
thegradientimageshows thatan edgeexists. This detectionmethoddoes notdirectly 
returnedges basedon a transitionfrominsidetooutsidethecolorsphere,buttheeffect 
is almostthesame. 

These techniqueshavemanyadvantagesthatcan be usedwithobjectrecognition 
systems. Manyof thesesystemsrequirean imagetobe segmentedin someform 
beforevariousalgorithmsor recognitiontechniquescan be runagainsttheimage. 
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Traditionaledgedetectionproduces largenumbersof edgesegments,someof which 
are neitherdiscreetnorare theycontinuous. Vectorizationprocesses suchas the 
HoughTransformdo notworkwellwiththese largenumbersof edges. Plus, theobject 
recognitionalgorithmsmustbe madetocontinuallysortthoughtheedgesegmentsin 
orderto trytodeterminethe identityof an object. This places a largeburdenon the 
recognitionalgorithmsandtechniquescurrentlyin use. 

The benefitto thisedgedetectionprocess is thatvectorsreturnedwouldbe vectorsthat 
are knowntoborderspecificobjects. This wouldhelpobjectrecognitionprocesses as, 
insteadof dealingwithrawvectors, therecognitionwouldalreadyhavesomedata 
aboutwhattypesof edges theywereprocessing. Additionally,insteadof vectors from 
eachobjectin the image,thismethodwouldonlyreturntheones therecognitionsystem 
was specificallytargeting. Considera recognitionsystemwhereall of theedges 
returnedhadsomeformof a pre-classification. Vectors returnedfromFigure8 would 
alreadyhavea tagthattheybordereda road. Such a systemcouldthenimmediately 
switchtoa setof heuristics to determinewhattypeof roadwas present(gravel,paved, 
etc). Withoutthis information,thefirststepof thesystemwouldbe toarrangetheedges 
andtrytodeducewhattypeof objecttheybordered. Pre-classificationeliminates 
severalsteps fromthegeneralrecognitionprocess, andcan improveaccuracyas the 
initialedgedeterminationstep is verycomplexandpronetoerror. 

Modificationstoexistingvectorizationtechniquescan also be usedto improvethe 
accuracyof recognitionsystems. The HoughTransform,forexample,can performwell 
atdrawinga line throughan objectedge. However,as has beendemonstrated 
previously, it is currently notwell suitedforgoodvectorizationpurposes as it cannot 
followsmall linesegmentswell. A changein algorithmdesignis requiredso that 
numeroussmallerlinevectorsratherthanlargersinglevectorsare produced. The 
smallervectorscan betterfollowtheoutlineof an objectandcan be easilymerged 
togethermathematicallyin ordertoproducethefull boundaryof an objectin an image. 

FUTUREWORK 

A morein-depthstudyof spectralresponsepatternsshouldbe performedin orderto 
generatetheobjectclassificationsfor thegradientdetection. Timeallottedin fiscalyear 
2003onlyalloweda simplisticaveragingandsmalldatagatheringschemeon an RGB 
image. A fullanalysis is necessarytodeterminetheparametersforacceptanceand 
rejectionin thedirectededgedetectiontechnique. 

Furthermodificationsto theHoughTransformationare necessaryto bettergenerate 
lines thatcouldbe vectorized. One possiblemodificationcouldbe to turnthealgorithm 
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intoa two-pass process. The firstpass wouldbe to runa modifiedalgorithmthatwould 
onlygeneratesmall linesegmentsinsteadof tryingto fit the longestlinepossible. 
Reducingthesegmentsize couldhelp tobetterfitedgeswithoutovershooterror. In the 
exampleof roads, smallersegmentscouldbetterfollowturns in a road. The outputof 
thispass wouldbe placedintoa temporarystorageareathatonlycontainedthe line 
segmentsandnoneof theoriginaledgedata. The secondstepof themodified 
algorithmwouldbe to thenconnectthevarious linesegmentsintolongerlines. Line-
followingtechniquescouldbe usedtodeterminewhetheror nota segmentactually 
existson thesameplaneas theothers. Othermathematicaltechniquescouldthenbe 
usedtoconnecttheendpointsof thevariousedges together. 

CONCLUSION 

Currentmethodsof edgedetectionproduceso manyedges thattheyare notthebest 
choices for inputintoa recognitionsystem. Whencombinedwithnoise, largenumbers 
of edges can interferewithline-fittingalgorithmsthatare intendedto generateoutputfor 
vectorizationpurposes. The informationgatheredusingtraditionaltechniquescan lead 
tobothfalse andmissed identifications. 

A newmethodexists thatcan returnedges for feature-specificdata. This technique 
requiresa statisticaldatabasetobe createdaheadof timeforobjectspectralresponses 
fromspecific typesof remotesensors. This databaseis thenusedduringtheedge 
detectionprocess toacceptor rejectedges basedon whetheror nottheyfallwithinthe 
rangeof spectralresponses fora featureof interest. The finaloutputwouldcontainfar 
fewerextraneousedges andnoise thana traditionalmethod. 

By returningspecificedgesand less noise, techniquessuch as theHoughTransform 
can be usedto plotcurve-fit lines throughthevariousedges. These lines wouldbe 
muchmoreaccurateandcleanerthana classic HoughTransformon datawithlarge 
numbersof edges. Somedeficiencies in theclassicalalgorithmmustbe corrected, 
however, in orderto moreaccuratelyfollowtheedges in an image. Specifically,the 
algorithmmustbe modifiedto limithowfar itwill go whentryingto fita line throughthe 
edges. 

These techniquescan thenbe fed intoan objectrecognitionsystem. The edges 
returnedwouldalreadybe encodedwiththetypeof objecttheyborder. Vectorization 
routinescoulduse theoutputof a modifiedHoughTransformto vectorize linesegments 
drawnthroughtheedges. A recognitionsystemcouldthenuse this informationto 
determinethe identityof specific features in an image. Pre-classificationcouldbenefit 
objectrecognitionsystemsas theywouldnothavetoassemblevariousedges aheadof 

15 



          timeandthentryto determineidentitybasedon shapealone.
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