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ABSTRACT

Digital road databases are widely used in many facets of our daily life. Most of these databases come with a nhominal
quality indication, but often more detailed quality descriptions regarding possible errors, the positional accuracy, and
information on the completeness of the vector data are desirable. In this paper an approach for the quality description of
road data from the Authoritative Topographic Cartographic Information System (ATKIS) of Germany is introduced. The
work is embedded in a project initiated by the German Federal Agency for Cartography and Geodesy (BKG), which is
interested in an automation of the road data verification process.

How existing road vectors from ATKIS can be assessed by combining the information coming from several object extrac-
tion algorithms is investigated. These objects are modeled in the so called relationship model where the topologic and
geometric relation between roads and other objects are given. For example a row of trees is often parallel to roads and has
a minimum and a maximum distance from the carriageway. Every extracted object - such as rows of trees extracted from
aerial imagery - may then support a given ATKIS road. If it does not coincide with the model it gives evidence against
the ATKIS road. The Hint-Theory is used which is derived from the Dempster-Shafer Theory of evidence to combine
all information related to an ATKIS road segment. Example results show that the introduced procedure is able to yield
reliable information on the quality of ATKIS objects.

1 INTRODUCTION goal is to assess given ATKIS objects by means of ex-

Nowadays, large scale road vector data is available in mafded objects (either local context objects or road objects).
countries as part of the national geo-spatial core data. QuésYerY extracted object gives a certain portion of evidence
tions are starting to arise from the user's side: is the dat¥darding the hypothesis that a certain object from the AT-
accurate enough for a particular application, is it up-to-K|S database_mamta_ms the modelgd relations. I.n order to
date and are the attributes correct? In this paper a methQfance the given evidences the Hint-Theory being an ap-
for an automatic quality assessment for given road vectd?r0ach to the Dempster-Shafer-Theory is applied.

data using information automatically extracted from digital

aerial images is developed. Quality comprises complete2 THE HINT-THEORY: AN APPROACH TO EVI-

ness, positional accuracy, attribute correctness and tempo- DENCE-THEORY

ral correctness for each object. The presented method Ehe background of the Evidence-Theory (E-T) is the as-
not designed to check the completeness as only objectessment of incomplete knowledge by means of degrees of
contained in the database are considered (verification dfelief (lower probability) and degrees of plausibility (up-
existing data). However, a potential extension regardinger probability). The roots of E-T can be found in (Demp-
the detection of new roads will be sketched in the outlookster, 1967), whereas the actual origin of E-T is known to
In (Gerke et al., 2004) road objects from the Authoritativebe set by Shafer in his monograph (Shafer, 1976). The de-
Topographic Cartographic Information System (ATKIS) of gree of belief (often called credibility) expresses to what
Germany are verified using automatic road extraction alextent information can be trusted. The degree of plausibil-
gorithms. The road extraction algorithm used in that workity specifies to what extent there is no disagreement regard-
exploits knowledge on the appearance of roads in aeriahg an information. Further information regarding E-T can
or satellite imagery, but does not consider so called locabe found in (Shafer and Pearl, 1990), an introduction to the
context objects. These objects (such as rows of trees) mayempster-Shafer-Theory is given in (Gordon and Short-
hamper the extraction of roads, as these may not be directliffe, 1990).

visible due to occlusion. The explicit modeling of the topo-The Hint-Theory (H-T) is an approach to the E-T, its fun-
logic and geometric relation which do exist in reality bet-damentals can be found in (Kohlas and Monney, 1995).
ween such context objects and road objects helps to inteTfhe measure to what extent a hypothesis is proved by the
prete gaps in road extraction and thus supports road exint # is called support (degree of certitude). The ex-
traction, e.g. see (Hinz and Baumgartner, 2000) and (Hinzent to what there is no disagreement to a hypothesis is
2003). called plausibility. The interpretations of support and plau-
In this work the topologic and geometric relations betweersibility are very close to Dempster’s theory of upper and
local context objects, extracted roads and ATKIS road oblower probability. Hints are combined applying Demp-
jects are modeled in a so called relationship model. Thster’'s Rule.



In (Kohlas and Monney, 1995) it is shown that the Bayesian
approach can be represented by E-T, whereas a represen-
tation of E-T by Bayes Theory is not feasible. One inte-
resting difference to the Bayesian approach is the possi-
bility to formulate ignorance: in the Bayesian framework
the evidence must be allocated completely to the possible
hypotheses, thus a priori probabilities are selected in order
to calculate conditional probabilities from found evidence.
In E-T it is allowed to explicitely formulate ignorance and
therefore a specification of a priori knowledge is not re-
quired.

In this work the Hint-Theory is preferred to a Bayesian ap-
proach because assumptions about a priori probability dis-
tributions concerning the quality of an individual ATKIS
object can not be made. One could take into account to ob-
tain this information from experience but this could lead to
a distortion of results. The main reason for this is that the
influences to the data quality of ATKIS are manifold and
can not be modeled a priori.

3 RELATIONSHIP MODEL

The assessment of ATKIS objects by means of extracted
objects or by means of objects of a higher quality requires
a model describing the properties of all involved object
classes and their relations. The model used here has two
major properties: a) the attributes and the attributive and
positional certainties can be assigned in an uniform man-
ner and b) a separation between objects to be assessed, ob
jects which directly give evidence and context objects is
given. These properties are important because a) assure
that the model is extensible with new object classes and b)
allows to apply this approach even without having infor-
mation about context objects.

The relationship model (ref. to Fig. 1) contains three ma-
jor classes: ATKIS objects, context objects and extracted
road objects. Additionally the topologic and geometric re-
lations are described. Such models are called relationship
models, because the main intention is to illustrate the re-
lations between the objects of interest. It can also be un-
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Figure 1: Relationship Model

derstood as an extension to so called local context mode®1 Object Classes

as introduced in (Mayer, 1998). The main extension cons
sists in the insertion of the GIS objects which have to bq
assessed. Moreover the geometric subelements of a lin
object (segments) are explicitely contained.

Objects are geometrically described by a concatenation of
segments consisting of two points (thus resulting in a line-

string). The decision to choose this representation (e.g. in
contrast to a polynomial one) is based mainly on computa-
tional considerations. If necessary the conversion from any

representation to a line-string representation is done by ap

guantization (accepting a certain amount of loss of accu-
racy). In the assessment phase each segment of an object
is analysed separately. By means of combining the assess-
ment results of all object’s segments it is possible to obtain
an assessment result for the whole object. 3

The relationship model is independent of global context,
i.e. the appearance of objects in different environments.
This knowledge must be considered by the respective ob-
ject extraction algorithm.

1.

hree groups of attributes for the specification of the qua-
i(tay are used (refer to Fig. 1):

certaintyA: The certainty represents the range in which
a variable is definedCertaintycan be understood as
an equipartition. For example if an attributedth is

5m and the certainty of this value is 2m than it is as-
sumed thatvidth=[3 ... 7m].

precisiono: The precision is a measure in the sense
of a standard deviation (Gaussian). If in the above
example theprecisionis 2m then the probability that
width=[1...9m] would be about 95% ().

. confidencep.,,,: Many object extraction algorithms

apply an internal evaluation of the results. This mea-
sure should be used in the assessment phase and is
therefore also part of the attributes. The confidence is
defined in[0, 1].



3.1.1 Linear Local Context Object In order to fulfill ~ 3.1.3 Extracted Road Object In the relationship model
the requirement of a general framework for describing cona general class for extracted road objects is also pré&sent:
text objects a generic classnear Local Context Object tracted Road Objectlts attributes are similar to the ones
has been defined. All local context objects are definedlefined for theLinear Local Context Objegtexcept for
based on a common model; they just differ in the relatiorcertainty positionprojection this certainty is normally not
to the ATKIS object. The attributive description for any of interest for roads as they are situated on the gréund
object defined irLinear Local Context Objeds explained 3.2 Relations

in the following: In the relationship model the geometric and topologic re-
e Width we andcertaintywidth A,o: The local con- lations between an ATKIS object and the local context ob-

text objects are represented by means of the centdgcts as well as the extracted road objects are also given.

axis. In order to be able to describe and assess topét-is important to note that the given relations are indepen-
logic relations knowledge about the width and its cer-dent of any quality values: it is a general description of the

tainty is necessary. reality. , .
The geometric relatiotis_parallel expresses the fact that

e certainty positionprojectionA,,o: In this value the in reality context objects are often parallel to road objects:
certainty regarding the position inherited by ortho-For example in open landscapes elongated rows or trees
projection is considered: normally orthoimages areare situated parallel to roads; in settlement areas the same
used which have been rectified using a terrain modelkolds for building rows.
not considering objects above the ground (like treesThe topologic relation is important for this work as it must
anpl bun_dmgs). Thls_ leads to a position offset of thpsebe taken into account that for example rows of trees must
objects in the orthoimage, which has to be taken inttbe situated outside the carriageway given in ATKIS whereas
account when topologic relations are assessed. Then extracted road (the surface of the road) must be con-
precise value of this offset is mostly unknown due totained in the ATKIS carriageway and the width of both ob-
missing height information, but a range can be specijects must be identical. The topologic relations considered
fied. so far aredisjoint andcontains The latter one is defined

relative to the ATKIS object. Besides this qualitative topo-

logic relation one may define side conditions. Ejoint

it is often desirable to give a minimum and a maximum

: L L ‘distance {_min, d_max), which defines on the one hand

from the source of information): Often it is unclear .

i " / an empty space between the road and the respective context

how to fix the position of an object. For example the _, . ) . .

X o . . object (_min) and on the other side some sort of influence
objectRow of Treess situated beside the road, i.e. the
; . . - border (_maz). For example a row of trees must have a
stems stand outside the carriageway. But in an aensﬁ :

imagery one can just observe the crowns and is therdninimum distance to the carriageway (due to security rea-

fore iust able to make assumptions about the positio sons) and also it is expected that trees having a distance to
y P P he carriageway larger than a certain value have no relation

of the stem. This assumption needs to be reflected i
certainty positionalgorithm 0 the road, : . I . . .
The topologic relatiorcontainsis for objects being situ-

e precisionpositionandconfidenceRefer to the gene- ated on the carriageway. The possible side condition for
ral description of the quality attributes. In practice this relation is the indication that the width of both objects
these measures are obtained for every algorithm indineeds to be identical. This is important for extracted road
vidually, for example incorporating the pixel size and objects. In Fig. 1 some object classes are derived from
sub pixel accuracy foprecisionposition Theconfi-  ear Local Context Objecbut an extension to other objects
denceis obtained by applying an interior assessmenis possible thanks to the common framework. The given
of the results. side conditions for the topologic relations are chosen from

experience, but the incorporation of prior knowledge from

Poad planning instructions is also possible.

e certaintypositionalgorithmA,,o: This value is sim-
ilar to the previous attribute, but it emanates from
the algorithm extracting the object (or more general

One could also consider defining a Gaussian distributio
for some measures defined eartainty above. If such a
representation suits the requirements better has to be i3~ STRATEGY FOR ATKIS ROAD ASSESSMENT
vestigated in the future. AND IMPLEMENTATION

3.1.2 ATKIS Carriageway Object Regarding the AT- 1, yhe framework of road assessment it is sufficient to de-

KIS objects_the carri_ag_ewqy_object is_ con;idered. In AT'fine aregion of interest (ROI) for ea&TKIS Carriageway
KIS the carriageway is implicitly contained in roads and '”ObjectSegment including all extracted objects and to as-

objects of higher complexity such as highways. It can beess the given segment using these objects. The size of
easily derived from the standardized ATKIS road classesthe ROI depends on the modeled relations as well as on

The geometric description of carriageways in ATKIS cOn-y,q given quality measures: the worse the extracted data,

sists of the center axis and the width, given as attribut(-t\h ;
: . L e larger the ROI. As will be shown later the degree of
(assuming a constant width). The width of an ATKIS support an extracted object gives for the assessment also

object, its (;ertalnt)AlwA as well as the nominal certainty depends on its quality. The strategy for road assessment is
of the position (A, 4)* are given in the attributes of the base as follows:

classATKIS Carriageway Object , _ . . .
2Special cases such as road bridges not being present in the height
INormally this value isA, 4 = 3m model are for the moment not of interest.




1. Extraction ofLinear Local Context Objectand as- of discernment can be defined: @, = {G,—G} which
signment tAATKIS Carriageway Objeebegments (de- includes the hypothesi§ expressing that the segment of
pending on the quality of extractééhear Local Con- the extracted object and the ATKIS segment coincide with
text Objectsaand its modeled topologic relation to AT- respect to geometric relations, respectively its negatiGn
KIS). and b)®r = {T'} including hypothesi§” which refers to

_ ) the topologic relations. Note that the complementary hy-

2. Definition of ROI for eachATKIS Carriageway Ob-  hothesis regarding topology~T'} is not included. This is
ject:Segment, depending on the assumed quality Of,qtivated by the fact that it is already assured in the as-
Extracted Road Objects Subsequent extraction of gignment phase that a considered extracted road or context
road objects in the ROI. object has an impact to the respective ATKIS object. Thus

3. Assessment of the ATKIS segment using Hint—Theory:l.t is clear that it support$'. The question is to what degree
To what degree do the extracted objects support thé does support this hypothesis.
existence/nonexistence of the ATKIS segment? Thdhe focal sets are not completely disjoint: any object just
given certainties and precisions assigned to the obgives as much evidence for the hypotheses that an ATKIS
jects are considered and are reflected in the degree 68gment and this object coincide regarding the modeled re-
support. lation as justified by the respective measures and quality
values. Here the advantage over traditional probability the-

4. Linkage of the assessment results of all segments frogyy or a Baysian approach is exploited: the formulation of
one ATKIS object in order to achieve an object-wisejgnorance is possible.

assessment. 4.3.1 Hints Regarding Topologic Relations For the ex-

The sequence concerning the assignmeBtfacted Road amination of the topologi_c rel:_:ltions betweer_1 two object;
Objectsto the ATKIS segment (step 2) depends on the roadh® approach presented in (Winter, 1996, Winter, 1998) is
extraction strategy. If the road extraction algorithm usegPPlied. In that work the topologic relations between im-
input information from AKTIS (as done e.g. in (Gerke et Precise and uncertain regions are assessed. Winter shows
al., 2004)) the definition of a ROI before road extraction isthat all €ight topologic relations two objects may undergo
reasonable, whereas if it does not use such information tHélivided in two relation cluster§’; andCs, refer to Tab. 1)

road extraction is independant from the ROI (similar to thec@n e derived from the minimum and maximum distance
procedure fotinear Local Context Objecs between so called certain zones. Winter proves that if two

objects undergo the relatidouch(considering their uncer-
tainty) it is impossible that they undergo relations beyond
R o ) overlap () and vice versa. The decision whetl@&r or

The decision if eLinear Local Context Objeds assigned ¢, applies is made based on an overlapping factor. Certain
to a certain ATKIS segment depends on &) the width of thgones are then defined depending on the relation cluster: in
extracted object, b) the quality measures of both objectg, the area not being covered by the two objects is certain,
and c) the modeled topologic relation. The ROI in whichin ¢, this area is uncertain. The signed distance function
an extracted local context object must be situated is a buffefetyween the certain zones is introduceddasnd derived
with the radiusr_ROI = A + wo + d-max around the  from the morphologic distance transform along the zonal
respective segment of the ATKIS Carriageway. The valugkeleton of the uncertain zone. Winter introduces the sign
A is the sum of all certainty values given for the ATKIS- of 4 heing dependant on the object the zonal skeleton inter-
Segment and the extractééhear Local Context Object gects. The definition of range classes = {_, 1o, 14 }

A = Ax+ Do, with Ay = Aya + ApaandAo = allows to represent the topologic relations by means of the
Awo +Appo +Apao +20,0. Note that the precisionis  min. and max. value of. For this work the definition of

here converted to a certainty measure by means d2d¢he the range classes have to be extended in order to consider
calculus as the ROI can be interpreted as a 95%-confidengge side conditions, ,;,, andd,,. for the relatiordisjoint

area of the two segments.

4.1 Assignment of ExtractedLinear Local Context Ob-
jectsto ATKIS Segments

4.2 ROI-Definition and Extraction of Road Objects Y eP_,if 9 <dpin
The calculation of-_ROI for the subsequent extraction of Uy = {¢_, g, ¥y} with < 9 € 9o, if dinin <9 < dinae
road objects is similar to the definition above:ROI = V€ Yy, it ¥ > dpaa.

A=A +wo+ Ao withAp =A,0+ ApaO + 20’po.
As the width of the extracted objects is unknown a priori-l-he assignment of,,;,, and ... to these classes leads
a predefined value can be used, keeping in mind its impag, Grmin AN 1) which can be transferred to the topo-

to the assessment result. If however a road extraction Wqégic relations (ref. to Tab. 1). Note that the modeled
performed independently of ATKIS data no assumptiongg|ationcontainsis supported by the original relationsn-

have to be made. ) ) tains, covers, equas it is allowed that the boundaries of
4.3 Assessment of ATKIS Segments Using Hint-Theory the respective objects are identical. Special attention has
In the relationship model the topologic and geometric relato be paid if the side conditioidentical widthis given for
tionship between an ATKIS segment and the segments @fontains This side condition can not be checked by means
Lm.ear Local Co.nteXt ObJect(a'esp. t.heEXtraCted R.oad. 3Winter uses the terrf2 for the range classes. In order to avoid con-
Objecty are defined. It is now d65|rab_|e to exploit this fysion with the terms used for the Hint-Theory here the expresgids
knowledge in the assessment phase. This means two fram&sduced.




Rel. Cluster Modeled Relation  Side Cond.?Ymin [dmin, dmaz]  Ymaz[dmin, dmaz]  Original Relation

C1 disjoint no ¥+0,0] ¥+10,0] disjoint

C11 distint yes 1/)0 [d'VVL'i7L7 dmaa:] 1110 [d'mina dmaz] -

C1 - - 00, 0] ¥+[0, 0] touch

C - - 1_[0, 0] ¥4[0, 0] weak overlap
Co - - ¥_10,0] ¥+10,0] strong overlap
Cs contains nolyes ¥_10,0] ¥_10,0] contains
Co contains nolyes ¥_[0,0] Y00, 0] covers

Co contains nolyes 00, 0] 00, 0] equal

Co - - 100, 0] ¥4+[0, 0] covered by
Co - - ¥4[0, 0] ¥4[0, 0] contained by

Table 1: Equivalence betwe€l, 1., ¥ma. } @nd topologic relations

of the distance function, this problem will be addressed Q | T | P

later on. w’frl {T} Dt " dcov * Pcon
It is interesting, to what extent (probability) two segments wpy | Or | 1 —plwr)
maintain the modeled topologic relation, considering their

certainties. The probability?(J¥|v;) that a distance be- Table 2: Hint#(}.

longs to a certain clagg; is derived from an equipartition

which depends on the sum of all certainties, assigned to the.,,, is the confidence assigned to the extracted object. The
objects (A in sections 4.1 and 4.2) and the relation clustergvidence given by an object is the more credible the more
refer to Fig. 2. As all possible values forhave to be confident it is. The parameter,, expresses to what de-
considered, the boundari€s, i, possivie ANAY 02 possivie gree the segment of the extracted object covers the ATKIS
have to be chosen carefully. Up to now this simple statissegment which is to be assessed. This factor is important in
tical model with equipartitioned variables is used, but arorder to limit the impact of a Hint given from an object to
extension to arbitrary density functions is feasible. For exthe proportion it influences the ATKIS segment. The focal
ample the value\ reflecting the certainties of the objects set© represents ignorance.

also contains the precision in the position of the extracteg o final Hint 7 regarding the topologic relation is also

]?gjeCtUPO I(ref. to seﬁtiog 4'1.)' bet i”?‘*”e‘?'”as a ?5;% COMnfluenced by the width of the two objects in case the side
idence value. Another density function will result from a ., gisionidentical widthis given for the relatiorrontains

convolution of the certainties and the precisions (i.e. acon(if it is not required therfy = 7£.). The difference of
vplut|on qf a eqw_parytloned density functl'on with a Gaus-ijths must be zero, but the certainty of the widths mea-
sian). This combination has not been realized here becau§g,a must also be considered. Therefefe is introduced

in practice the impact of;,0 compared to the equiparti- \yhich supports” depending on the difference of width and
tioned certainties is relatively low. the given certainties. From the combinationjf and#f
applying Dempster’s Rule follows/.

P(0]) 4.3.2 Hints Regarding Geometric Relations Similar
to the judgment of topologic relations a measure is needed
U ‘ Hm o ‘ by describing to what extent the modeled geometric relation
‘ Uy is maintained by two objects.
‘ 19min.pnss. dmin dmin dmin dmax dmax dmax ’ﬂmax.poss. i . i )
-A +A N +A The calculation of the HintH; concerning the question

whether two segments are parallel is done in the following
Figure 2: Density Functions for Distance Classes ~ manner. If the direction of those two segments is given by
t 4 andto the angle enclosedis = |t 4 —to|. In the given
] o o problem it is sufficient to definer on [0, 5]. Parallelism
From the figure the a-priori probabiliti¢3(y;) canbe also  means that may not exceed a certain value. This fixed
derived, i.e. the probability for each class compared to thg, eshold isn, and set tay, = 15°.

whole range of possible values. Together witlid|y;)

conditional probabilities?(v/;|1/) can be derived: The probability p{ < «;,) depends on the precision given
for the objects (it is presumed that quality measures as-
P(0];) P(¢i) signed to the single segments are the same as assigned to
P(yi]9) = the object). Further it is assumed that the certainty of the
2 P(0;) P(t;)
Vi €W J J segments has no significant effect on the computation of

the direction, because a certainty in the given context is un-

By mulyplymg the res.peCt'Vé)(l/’iJﬁmiP) andP (vi[Vmaz) .derstood as an unknown displacement of the whole object,
according to the equivalences given in Tab. 1 the probabll-nd such a displacement has no impact on the direction.

ity pi thf’ﬂ a giv_en pair of segments mai_ntains the_ _modele(is a standard deviation for the position of an ATKIS seg-
topologic relation can be achieved. This probability value

) . . ; ent is not given in the model the standard deviatign
can be used for a Hint which contains the hypothesis tharpst depends om,o, the precision given for the extracted

the current segments coincide with the model. The foc i

. D ) egment:
sets and the assigned probabilities for a Hijt concern-
ing the topologic relation are shown in Tab. 2. Here two 0p0
more parameters are involved in the confidence measure: Oo = 0t0 = Lo



with Lo: Length of the respective segment. The probabil-
ity p(a < «y) can now be calculated using the Gaussian
probability density function fou:

pla<ay) = Fla,) = [ " f(a)da

The Hint 7 allows three interpretations as shown in Tab.
3. In contrast toy this Hint also supportsG. As the ob-
jects are assigned to the respective ATKIS segment without
considering the geometric relation it is reasonable to sup-
port—G here.

Q | | P
wai {G} p(a < ap) *Geov " Peon

waG2 {_‘G} (1']7(0‘ < O‘p)) *Gcov * Pcon
was | Og 1 —p(wet) — plwe2)

Table 3: Hint#g

4.3.3 Combining Hints for one ATKIS Segment The  ATKIS: A4 = 3m, Awa = 3m, just extracted road objects.
Hints defined in the last two sections refer to the relation 316 ATKIS segments assessed.

between an ATKIS segment and a segment of the extracted
objects. Applying Dempster’'s Rule all Hints referring to
one ATKIS segment can be combined. The Hint$ and

#5 are thereby computed, representing the overall coinci-
dence of the ATKIS-Segment to the model with respect to
both relations. The frame of discernmént= O x O¢
containing hypotheses whether the ATKIS segment fits to
the model {°) or not (~H ).

5 RESULTS

In this section preliminary results of the introduced ap-
proach are given. In order to investigate whether the qua-
lity of ATKIS objects is reflected by means &xtracted
Road ObjectandLinear Local Context Objectsome ex-
periments were carried out. Two sets of ATKIS road data ATKIS: Apa = 3m, Awa = 3m, extracted road objects and
have been prepared: set A) just contains objects with a cor- rows of trees. 475 ATKIS segments assessed.

rect geometry. For set B) the correct objects have been
rotated in order to obtain incorrect geometries. Each sets
contains 1851 ATKIS segments.

The Extracted Road Objectsre obtained by the approach
presented in (Gerke et al., 2004). The parameters are trim-
med for a very strict road extraction, because the influence
from artifically inserted road segments (due to automatic
gap bridging) should be very low. Those gaps are often
caused by vegetation and the intention of the following ex-
periments is to test if explicitely inserted context objects
give adequate evidence. As the road extraction algorithm
is not able to reliably extract roads in built-up areas the ex-
amples are restricted to open landscape areas. The rows
of trees representing a classldhear Local Context Ob-
jectsare captured manually and the parameters for the rowsATKIS: A, = 0m, Awa = Om, extracted road objects and

of trees are uniformly set tap = 1m, Ayo = 0.2m, rows of trees. 446 ATKIS segments assessed.
Appo =2m, Apgo = 3m, 0,0 = 0.6m, peon, = 1.
The diagrams in Fig. 3 and 5 show the results in the form of Figure 3: Results for Correct ATKIS Data

absolute histograms, keeping in account all assessed seg-
ments. The five histograms per diagram show from left
to right: 1) the support for the ATKIS segments regarding
the topologic relation, 2) and 3) the support and the plau-
sibility for the ATKIS segments regarding the geometric



Exp. #Seg. s@ spG plG spS plLS
a) 1 052 075 099 0.88 1.00

0.07 082 097 083 0.97
034 073 092 082 0.95

Table 4: Results for 70202 (consists of 3 Segments)

2 066 071 097 090 0.99
3 040 039 099 063 1.00
b) 1 052 075 099 088 1.00
2 066 074 098 091 099
70202 3 048 068 088 082 0093
0) 1 018 092 099 094 099
2
3

Row of
Trees

Extracted o

Road Exp. #Seg. sg@ spG pl.G spS pLS
a) I 057 020 070 059 085
2 J— — J— — —
3 052 025 079 060 089
4 014 017 083 027 085
b) I 058 028 073 064 086
2 000 039 100 039 100
3 054 035 08l 067 090
4 017 013 065 024 070
) o) I 025 036 079 049 083
S J ) 2 000 044 100 044 100
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Figure 4: Objects 70202 (left) and 70120 (right), Orthoim- 4 004 012 074 014 075

age and ATKIS @©Landesvermessungsamt Nordrhein-  Table 5: Results for 70120 (consists of 4 Segments)

Westfalen
image show ATKIS object 70120 being covered to approx.

relation and 4) and 5) the outcome from the combinationpgoy, by extracted road and to another 20% by a row of
The plausibility regarding the topologic relation is not de-trees. The detailed assessment results for 70202 are given
fined as—1"is not supported. On the z-axis the particu-in Tah. 4, Tab. 5 shows details for 70120. The first example
lar number of Segments which have reached a certain SUBemonstrates very good Support for the Segments as these
port or plausibility value (10 bins on y-axis) is displayed. gre fully covered (compare experiment a) to b)). The sup-
The histogram-based analysis was chosen in order to obprt for the geometric relation in experiment c) increases
tain a first overview on the quality representation. As allfor some segments as the ROI decreases and therefore the
observed ATKIS segments are supposed to be correct @gws of trees in the northern part (which are not parallel to
incorrect respectively, the histograms represent how googhe ATKIS segment) are not taken into account. In the se-
the approach reflects the quality. cond example the support is not very good as the coverage
Three experiments have been accomplished with the cois not sufficient. But the relatively high plausibilities al-
rect data (Fig. 3): a) assessment of ATKIS segments usinigw the conclusion that the existing extracted objects give
extracted road objects, b) additional incorporation of rowaot much evidence against the hypothesis that the ATKIS
of trees and c) like b) but with decreased certainty and presegments coincide well with the model.

cision for ATKIS (set to zero). At first glance one might The experiments with incorrect ATKIS data (Fig. 5) were
be confused at the low support rates for the segments. Thigynducted to investigate if the approach is able to detect
can be explained by the relatively low number of extractethad quality. Here two experiments have been carried out:
objects: if at all, most ATKIS segments are not completelyy) the extracted correct road objects are used to assess the
covered by the extracted objects. incorrect data and b) additionally the correct rows of trees
What is more interesting are changes from a) to ¢). Comare incorporated. An outstanding property of both his-
pared to experiment a) the rows of trees (b) give a lot otograms is that there is nearly no support beyond 0.3 for
support and regarding geometry relations, the plausibilitypoth relations as well as for the combination. In some cases
also increases for most segments. The support regardirigexperiment (b) the plausibilities are relatively high. Such
topology increases mostly in the lower part (0.1 to 0.4) asituations may occur as similar to the support for the hy-
due to the relatively low certainties of the rows of trees thepothesis the support against it is not very high due to the
support for this relation may not be very good in princi- poor coverage.

ple. It also corresponds to the model that in most cases the

support regarding topology in c) decreases as the quality CONCLUSIONS AND OUTLOOK

measures for ATKIS are set very stfictin contrast the g” this paper an approach for quality assessment of ATKIS

support and plausibility regarding geometry just Changeroad vector data is introduced. A relationship model con-
marginally compared to b). ) _tains the object class to be assessed and the object classes
Two examples are chosen to clarify the sketched behavigp, 1opologic and geometric relation to it. Besides the rela-

of the approach. The leftimage in Fig. 4 shows ATKIS ob-tjqns quality measures are defined having an impact on the
ject 70202 being covered to approx. 50% by an extractedypsequent assessment phase. Here extracted objects are
road object and another 70% by a row of trees. The righhssigned to the ATKIS segments according to the modeled

41f however the given geometry of an ATKIS segment coincides well t0pologic relation and the_re_SpeCtive giyen quality mea-
with the extracted object, the support from topology increases. sures. Afterwards the existing topologic and geometric




Concerning the update of the road network, i.e. the de-
tection of roads not currently contained in the database, it
is to investigate to what extent the given approach can be
used. For example, it will be possible to formulate hy-
potheses for new roads based on the accepted network and
additional information from other sources or from road ex-
traction algorithms. Such hypotheses may then be judged
in a similar way the given road network is assessed.

Last but not least the evaluation of object extraction algo-
rithms is very important. In this paper a formal frame-
work for the assessment of road vector data is given, but
the overall result still depends on the quality of input infor-
mation.
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