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ABSTRACT

Today's carnavigationsystemshave reacheda high level of maturity, usinghugemapdatabasewith ahigh coverageand
up-to-datenesstHowever, asadditionalapplicationsgain importance suchasadwanceddriver informationandwarning
systemsmoredetailedandaccuratanformationon the true roadgeometryhasto beincorporatednto thosedatabases.
Propertiedike height,longitudinalandtrans\ersalslope,curvature,andwidth which are currently not presenthave to
be acquiredandintegrated. This article shavs how existing databasesitherfrom public authoritiesor from privatemap
providerscanbeusedin combinationwith aeriallaserscandatato derive suchproperties Apartfrom agenerabiscussion
of the problemandour approach,rst resultsarepresentecnddiscussed.

1 INTRODUCTION

Spatialinformationis crucial to mary tasks,oneimpor
tantof thembeingcarnavigation. Introducedin 1995,car
navigation systemsnowadaysare maturesystems offer-
ing routecalculationsmapdisplay mapicons,andspeech
guidance. So far, however, driving hints derived from
spatialdataare limited to propositionsabouttwo dimen-
sional geometricand topological issues,as the data set
containsno information on height. As additionalappli-
cationsgainimportancesuchasadwanceddriver informa-
tion andwarning systemsmore detailedand accuraten-
formationonthetrueroadgeometryhasto beincorporated
into thosedatabasessuchaswidth, height,andlongitudi-
nal andtrans\ersalslope.

With respectto height, few informationis alreadyavail-
abletoday In Germary, threedimensionainformationis
available throughfederaland nationalmappingagencies
by meansof digital terrain models(DTM's). The third
dimensiontypically is storedseparatelydescribingland-
scapes surfaceby regular, irregularor hybrid grids. A na-
tionwide availableregulargriddedDTM providesa rather
courseplanimetricresolutionof 25meters.Theaccuray is
assumedo be26 meterghorizontally)and20 meterqver-
tically), respectrely. Besidesthat, several nationalmap-
ping agenciesprovide additional productswith slightly
higherresolutionandaccurag. Neverthelessmary plan-
ning rms alreadymale intensve useof suchdatasets,
but their resolutionusuallyis not sufcient for precisede-
sign anddescriptionof road networks. In contrastmuch
more detailedthreedimensionaldatacanbe provided by
meansof laserscanningtechniques.Somenationalmap-
ping agenciehavenchoserlaserscanningasdefault mea-
surementechniqueor theproductionof DTM's (Knaben-
schuhandPetzold,1999).

Applicationsof high resolutionDTM's can be manifold.
Design planning,constructionpperatiorandmaintenance
facilities can bene t directly from precisedescriptionof
road networks. Car navigation systemscan usethreedi-
mensionaldatafor the optimized computationof routes.

Driver assistancend warning systemscanuseit for au-
tomatic speedwarningsaheadof sharpcurves and hills,
computatiorof visibility rangesandautomaticadjustment
of the car's headlights.Functionsincreasingdriverscom-
fort include applicationslike drive train managemenor
3D navigation systemsFinally, safetyfunctionscouldac-
tively deceleratehe carin front of anticipatecdangerses-
pecially vehiclescarrying heary or dangeroudoad. All
of thoseapplicationsare currently actively researchedn
the automotve industry Additional possibilitieslie in the
moreprecisepredictionof emissiongatesof harmfulsub-
stancesandnoisedependingn varyingroadgradients.

2 RELATED WORK

Theextractionof roadsfrom spatialdatasourcedik e aerial
or satelliteimageshasbeenin scopeof researcHor more
thantwenty yearsnow. Mary approachesarebasedupon
techniquedik e edgedetectionor texture analysis(Dial et
al., 2001). Othermethodamale useof dynamicprogram-
ming or LSB-Snalesto furtherimprove the resultsof the
road extraction procesgGruen,1997). Recently the use
of knowledge basedapproacheseemsto gain moreim-
portanceéby meanf rulesandmodels(Hinz etal., 2001).
Prede nedinformationis acquiredatageneriogloballevel
(eg. connectity) andatalocallevel (e.g.contet), respec-
tively (Hinz and Baumartner 2002, Vosselmann1997).
In addition, valuablepropertiescan be taken from other
existing spatialdatasourcedik e vectordata(Zhangetal.,
2001). However, little work hasbeendoneon the extrac-
tion of continuoussurfacedlik e roadsfrom laserscanning
datasofar. (Pattnaiketal., 2003)suggestsaserscandata
to gatherinformationon roadinventory Informationfrom
a streetdatabases acquiredto setup prede nedregions
alongroads. Subsequentlyleastsquaresegressions ap-
pliedto thoseregionsin orderto computeappropriateval-
uesfor longitudinal and trans\ersal slopes. Apart from
that,few approachemvesticatediscontinuitiedik e break-
lines. (Wild andKrzystek,1996)and (Vosselmann2000)
introduceconstraintsik e curvatureor slopefor the extrac-
tion of linearfeatures.(Briigelmann2000)usesbreakline



detectiorto identify dikeswithin laserscannedata.

3 DATA SOURCES

3.1 ATKIS

Spatial information which is provided through the Au-
thoritative Topographic CartographicInformation Sys-
tem (ATKIS) describetopographicfeaturesof the land-
scapen vectorformat(AdV(ArbeitsgemeinschafterVer
messungsrwaltungen der Lander der Bundesrepublik
Deutschland) 1998). Productswhich provide primarily
two dimensionainformationarecalledDigital Landscape
Models(DLM). ATKIS-DLM datais nationwideavailable.

Transportatiorrelatedobjectslike roadseither are mod-

elled as simple or comple features. Featuresattributes
provide informationaboutlane or roadwidth, numberof

driving lanesandfunctionalroadclass.However, depend-
ing onthefeaturegype(road,way) notall of theattributes
arepresentwith every feature. Overall planimetricaccu-
rag is aimedto be betterthanthreemeters.Dependingon

theunderlyingdatasource however, errorsof upto 10 me-

terscanbe obsered.

3.2 GDF

GDF (GeographidataFile) is the Europearstandardor
digital road map database$CEN TC 287, 1995). Aside
from the roadnetwork, mary morelinearfeaturesarede-
scribed,suchasferries, railways, waterways, and public
transport Additionally, areafeaturesandpointfeaturesare
containedn GDF

GDF representghe road network using 2D nodesand
edges.Thus,all geometryis approximatedisinga piece-
wise linear representation.GDF allows the speci cation
of a z (height) valuefor eachcoordinatepoint, which is,
however, notin usetoday Otherattributesalreadyde ned
in GDF 3.0includeroadgradient heightof passandtrans-
versegradient. The accurag in positiondependn map
supplierandspeci cationandtypically rangedrom 15me-
tersin openterraindown to about3 metersin urbanareas.

3.3 Laser ScanData

The data setsusedin this paperwere acquiredby air-
bornelaserscannersywhichwill notbedescribedhere see
e.g.(Baltsavias, 1999b).Fromthe scandata,a digital sur
facemodel (DSM), which containsboth points from the
groundsurfaceandpointsfrom objectson top of the sur
face,like buildings andtrees,aswell asa digital terrain
model (DTM) which containsthe groundsurface, is de-
rived. BothDSM andDTM datasetsareavailableby com-
mercialcompanies.The planimetricaccurag of the laser
points is approximately0.5 m (Baltsavias, 1999a,Lohr,
1999)wherethe point densityis up to 4 pointspersquare
meter Theaccurag in heightis 0.01upto 0.15m (Briese
etal.,2001,Wever, 1999).

The testregions usedin this paperare a part of the city
of Stuttcart, Germary, regularizedto a 1 m grid, and
a small part of Castrop-Raual in the westernpart of
NorthRhine-WestphaliaGermary, consistingof last-pulse
groundpoints,regularizedto a0.5m grid.

Figure 1 givesan overview of the secondestregion with
mapdatafrom ATKIS overlaid. This particularregion has
beenselectedbecausat containsa multitude of different

road classes.Grey lines denotelocal accessstreets, eld
tracksand countyroads,yellow lines mark up superhigh-
waysandinterstates.

Figurel: TestArea

4 ROAD PROFILES

Designand constructionof roadsand road networks in
Germary usuallyis doneby useof standardizednethods
andtechniques.Someof themthat are of interestwithin
this context aredescribedn detailin publicationdlike eg.
(ArbeitsgruppeStralRenentwurf1996). Theseguidelines
bothde ne rulesfor thelongitudinalandtrans\ersalshape
of roads.

Concerninglongitudinal shape three different geometric
entitiescan be usedto designthe longitudinal shapeof a
road: lines, circular arcsand clothoids. They have to be
combinedin sucha mannerthat there occur no or only

smallC? (position),C? (direction)or C? (curvature)dis-

continuitiesbetweendifferentgeometricentities. Curva-

tureandinclinationdependntheaverageravelling speed,
approximately Theseparametersare limited to certain
rangedo ensurehigh levels of safetyanddriving comfort.
For example, the inclination of highwaysis limited to a
maximumof 9 percent,dependingon the expectedaver

agetravelling speed.

Additional constraintsaregiven by meansof standardized
crosssections Civil engineerganchooseamongninedif-
ferent prototypesof crosssectionsto be usedduring the
planningprocesf aroad. Functionalroadclassandesti-
matedlive load areessentiatielimiting parametergor the
appropriatecrosssectionprototype. Main characteristics
of a crosssectionare prescribedby the numberof lanes
per driving direction. Additional propertiesare given by
lane, edgingstrip and embankmentvidth. Besidesfrom
that,inclinationis limited to lie within therangeof 2.5up
to 8 percent. Along segmentsof strongcurvatures,cross
sectionsusually shav high valuesof inclination, in this
casehecarriagevayis to berotatedaroundts longitudinal



axis. Fig. 2 shavs anexample.

W

Figure2: Inclinedcrosssectionprototypeof dualhighway
alongcurvedgeometricentities.

Figure3 shaws a prototypecrosssectionthatis applicable
for the constructiorof a dualcarriageway, eg. a highway.

In this casethe crosssectionprototypeprescribeslivided
carriageways, two lanes,one side strip and an embank-
mentperdriving direction.

it i

Figure3: Typical crosssectionprototypefor adividedcar
riagavay.

5 SEGMENTATION OF LASER SCAN DATA

When segmentinglaser scandata, one hastypically the
choicebetweermmethodswhich try to detectdiscontinuity

suchasprominentpointsor edgesandmethodswhich try

to nd continuityin thedata,suchasareadul lling certain
criteria. Classicalapproachefor nding discontinuityare
point operatorswhich try to nd isolatedpoints, corners,
or pointsbeingpart of a one-dimensionaturve (Haralick
and Shapiro,1992, Canry, 1986). Often, the extraction
of linear structuresis donein a secondstepby building

contourchainsfrom individual points. Alternatively, the
discontinuityperpendiculato alinearstructurecanbede-
ned in termsof the continuousareaso the left andright

of the structure(Brigelmann,2000, Wild and Krzystek,
1996),which in turn canbe found usingmethodssuchas
region growing. Noting thatlines areboundedby points,
and areasare boundedin turn by lines, more stablesey-

mentatiorapproachesanbe obtainedvhenzero,oneand
two-dimensionabprimitives are extractedsimultaneously
a processsometimescalled polymorphoussegmentation
(Fuchs,1998).

It is always desirableto integrate as much prior knowl-
edgeaspossiblanto thesegmentatiorprocessThiscanbe
knowledgeasdiscussedh sectiord abouttheobjectsto be
extracted aswell asthesensorsised.In ourcaseyoadsdo
have certainminimumextends,continuoussurfaceswhich
canbe approximatedocally quite well by planes,andare
moreor lesshorizontal. Additionally, sinceexisting infor-
mationfrom GIS databases usedthe approximatdoca-
tion is known. Regardingthe sensorthereis an estimate
onthe measurememoisebeingin the10to 20 cmrange.
In the following, we will shav two approachesthe rst
onebeinga generalplanarsegmentation,and the second
onebeingspeciallytargetedat the sggmentatiorof roads.

5.1 Usinga General Planar RegionGrowing Segmen-
tation

In generalyegiongrowing worksby iteratingthefollowing
threesteps.(1) nd thebestseedregion whichful Is the
desiredpredicate(2) addelementdo theseedregion (i.e.,

grow it) aslong asthey are connectedo it andthey too
full thepredicateand(3) if theregion cannotbe grown
arymore,acceptit andgoto (1), usingthe remainingele-
ments. In our case, nding the bestseedregion involves
the estimationof local planesandlooking for the small-
estresiduals.Thepredicatds a certainmaximumdistance
" of the points(x;y;z)" to the planegiven by its Hesse
normalform a, b, ¢, d associatedvith theregion,i.e.

P(p) = TRUE, jax+ by+ cz+dj<":
5.1.1 The scan line grouping approach A general
problem of region growing approachess that they are
computationallyexpensve. Thisis dueto thefactthatel-
ementsareaddedoneby one,andusually are-estimation
of the predicate(the planeequation)hasto take placeaf-
ter eachaddition. A fastregion growing approachbased
on scanline grouping hasbeenpresentedy (Jiangand
Bunke, 1992).1t worksonregularizedrasterdataanduses
thefactthatfor aplanez = ax + by+ d, all pointsalong
theliney = yo ful | theequatiore = ax+ byy+ d, i.e. the
line equatiorz = ax+ d°. Viceversa,jn mostcasespoints
fullling theline equatiorbelongto only oneplane.Thisis
exploitedto grow the regionsnot element-by-elemeriut
ratherby addingentirescanlines. Thus,thealgorithmuses
thefollowing four steps:

1. partitioning of eachscanline y = yq into linear
segmentsful lling correspondindine equations =
ax + d% This actually canbe doneby successiely
subdviding thescanlinglDouglasandPeucler, 1973,
DudaandHart,1973)

2. searchfor a seedregion by investigating overlapping
linear sgmentsof three successie linesyi; 1, Vi,

Yi+1

3. growing the bestseedregion by addingneighboring
line sggmentsaslongasthey still arepartof thesame
plane

4. postprocessingafterall sgmentsaregroupedpoints
on the bordersof the regionsare possiblyregrouped
in orderto reduce‘jagged” borders.

This algorithm works quite fast and has performedvery
well in a segmentationcomparisonHoover et al., 1996).
Onedrawbackis thatthe algorithmworks differentlyin x

andy direction,performinga split approactalonga scan-
line anda region growing acrossscanlines.This typically
yields,despitepostprocessindjagged” bordersin onedi-

rection.

5.1.2 Application to the segmentationof roads Fig-
ure 4 shavs someresultsof applying the generalplanar
segmentatiorto rangeimages.Figures4(a),(b),(c)shov a
partof Stuttgart, regularizedto a 1 m grid. Theroadcen-
terlinesfrom GDF areoverlaid, but do not take partin ary
computation.

Figure4(b) shavs a sggmentatiorwith the parameter$or
scanlinesplit andscanlinemeige set“coarse”,meaningn
the rangeof one meter As onecansee,large planarre-
gionscanbe identi ed, mostof thembelongingto street
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Figure4: Differentplanarsegmentationaisingthe algorithmof JiangandBunke. (a) Segmentationwith parameterset

“coarse”.(b) Segmentatiorwith parameterset” ne”.

surfaces. Buildings, on the otherhand, are characterized
by small and fragmentedregions. As notedabove, due
to the principle of scanlinegrouping,left andright region
bordergendto bejaggedwhile topandbottombordersare
straight.Sincetheroadnetwork is notinvolvedin thecom-
putation,of coursethe sggmentedregionssplit somavhere
in the middle of the road sgments. However, one could
imaginethatcollectingsegmentedegionsalongstreetsay-
mentswould be a reasonable@pproacho verify the posi-
tion of thestreetwhichwould of coursenotallow aprecise
determinatiorof theleft andright borders.

If tolerancesare set tighter, regions get consequently
smaller asshovn in gure 4(b), parametersion beingin
the0.1m range.Althoughthe sggmentatiomow resultsin
ahugeamountof smallregions,streetsurfacescanstill be
recognizedjuitewell. Interestinglythe sgmentatiomow
is sometimegapableof nding differentlanesof dualcar
riagevays( gure 4(c)).

As one could expect, the situationis not asclearin open
andmostly at terrain,sincethen,theroadsarenot anked
asnicely by buildings.

Figure5(a)shavs suchanexample whereanembankment
with motorway andsomeotherroadsarepresenin other
wise quite at terrain. In this case the “coarse”sggmen-
tation easilyidenti es the embankmenandthe motorway
but missesthe otherroads. The “ne” segmentation,on
theotherhand,produceslargeamountof smallandlarge
regions, makingthe identi cation of roadregionsnot ob-
vious( gure 5(b)).

To concludethegeneraplanarseggmentatiorapproacthas
the advantagethat no additionalinformationsourceshave
to beintroduced.Neverthelesstegionsbelongingto roads
or even individual lanesare sometimesseggmentedquite
well. Sggmentedegionscouldbe “collected” lateron us-
ing roadcenterlinesHowever, anotherapproactwould be
to introducecenterlineinformationearlierin the sggmen-
tationprocessThisis presentedn the next section.

5.2 A SegmentationAlong Road Segments

521 A RANSAC segmentation approach As
pointed out above, prior knowledge should be used
whereavailable. In this section,we will assumdhatthe
centerlines someavherebetweerthetrueroadboundaries.

(c) Detail of (b).

(a) (b)
Figure5: Examplesfor a planarsegmentationon 0.5 m
rasterin openterrain. (a) Segmentationwith parameters
set“coarse”.(b) Segmentatiorwith parameterset” ne”

Theideanow is to usethis informationin a moresensitve
segmentationfrying to extractthe trueroadextents.

Of coursewhenthereis no C° (height)or C* (inclination)
discontinuityat the road boundariesthereis no way de-
tectingit usinglaserscandata,andotherdatasourcesuch
asaerialimageshave to be used. However, the question
is how reliableeven small discontinuitiescanbe detected.
For example,a roadmay be boundedby an embankment,
which usuallyis arelatively large structure.lt mayon the
otherhandbe separatedrom the pavementor atrafc is-
land by a kerb of only 15 cm in height. This seemsto
be hopelesssinceit is closeto the expectednoiseof the
lasermeasurementiowever, if oneconsidergro les per
pendicularto theroad,the pointis thata 10 m wide road,
scannedvith 1 m density will yield 10 measurement®
estimatethe road surface(assumedo bﬁ planar),leading

to astandarddeviation of aboutl5cm/  10Y¥%5cm.

In orderto be as sensitve as possible,we do not use
the “split method” employed by the algorithm of Jiang
and Bunke but insteadthe random consensusrinciple
(RANSAQC), intoducedby (FischlerandBolles,1981).For
eachpro le sampledperpendiculato the road,a number
of sampless drawvn, eachconsistingof two pointsfrom the
pro le. Eachsuchsamplede nesuniquelythe parameters
a, b, c of aline, andthe consensusetfrom thepro le is
givenby the setof points(x; z)T for which

jax + bz+ ¢ <

" (1)



Sampleswhich lead to non-horizontallines can be re-
movedeasily notingthatbis in factthe cosineof theincli-

nationif thenormalvector(a;b)" is normalized Fromthe
remainingsamplesthe “best” is selectedwhich currently
is the oneleadingto the largestconnectedconsensuset

which overlapstheroadcenterlinefrom the GIS database.

Thereare currently no assumptiongboutthe road width
introduced. We obtaina simple estimatefor the left and
right borderusinga median Iter . For eachpositionalong
the road, the left andright endsof the consensusetsin
a certainneighborhoodfrom j n to + n metersalongthe
road)areusedasinput.

5.2.2 Resultsand discussion Figure 6 shavs the ap-
proachfor a singleroad segment. Startingfrom the orig-
inal sggmentandthe DSM ( gure 6(a)), pro les aresam-
pledorthogonato thesegmentusingagivensamplingden-
sity of 0.5m( gure 6(b)). Notethatin the shavn images,
the differencebetweeriblack’ and'white' correspondso
only 2 metersin height. Working on the resampledm-
age, the RANSAC sggmentationdescribedabove is ap-
plied to eachimageline individually, yielding a stackof
segments(shovn grey in gure 6(c)). The left andright
boundsarethendeterminedisingthemedian lter (shavn
blackin gure 6(c)). Finally, the determinedboundscan

be mappecdackto theoriginal DSM for visualassessment

('gure 6(d)). For thisexample theconsensuparamete("
of equationl) wassetto 0.05m.

Figure7 shavstheresultsfor the sceneshovn in gure 1.
As before, the consensuparametemwas setto 0.05 m.
Notethateventhoughno “minimum width” or “maximum

width” constraintis enforced,thereare only a few cases
wherethe roadwidth seemdo be entirely wrong. Please

note alsothat the segmentationis ableto extract the two
lanesof the dual carriagevay quite nicely, shovn in detail
in gure 8. Of coursethese ndings arequalitative in na-
tureandhave to besupportedy acomparisorwith ground
truth.

6 CONCLUSION AND OUTLOOK

In this paper we investigatedmethodsto combineexist-

ing informationandlaserscannedatato derive properties
for future road map databases.The rst methodusesa

generakgymentatiorinto planarsurfacesjmplementeds
scanline grouping,in orderto obtainregionsbelongingto

roads.Theseconds moretargetedtowards nding thetrue

extentsof roadsandusesroadcenterlinesanda RANSAC

basedsggmentatiorof pro les.

Fromourresultswe concludethatroadsurfacescanbeex-
tractedsurprisinglywell from laserscandata. Thegeneral
planarsggmentemightbeusedto nd thecoarseposition
of roadsif the centerlineinformationfrom the GIS is far
off. Thepro le approachpntheotherhand,canbe made
moresensitve to detectroadboundariesvenin quite at
terrain, however the geometryfrom the GIS mustcorre-
spondquitewell to thelaserscannedata.

Thereis muchroom for improvementin the future. The
pro le algorithmcould be extendedto baseits estimation
on a small surfacealongthe roadinsteadof onindividual
pro les. Additional informationon streetscould be inte-
grated suchasinformationon standardanewidthsor road

Figure7: Roadsegmentatiorresultfor the sceneshavnin
gure 1.

Figure8: Close-upview of the sgmentatiorresultfor the
partshovnin gure 5.

classesOf coursetheroadnetwork connectity mustbe
exploited, which is currently not the casesinceroad sey-
mentsare consideredndividually. Finally, afterthis rst
testson feasibility, quantitatie resultsin termsof sggmen-
tation/ groundtruth comparison$iave to bemade.
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