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ABSTRACT

The need of describing the quality of data ranges from data acquisition to the use of the data in geoinformation systems.
The contractor should verify that the data he captured suffices the specifications and the end user wants to know, if the
data is suited for a special task at hand. Both are interested in quantifying the quality, possibly by simple and meaningful
measures, which can be easily computed without much further efforts — prohibitive with respect to involved labour and
related costs. Much work has been already done on the standardization of principles of quality evaluation, reports and
metadata (c.f. 1SO standards 19113, 19114 and 19115), but only few contributions deal with the question of defining
quality measures for a specific application, which possibly may be generalized for others as well.

A recent project in cooperation with the Surveying Office of North Rhine-Westphalia investigates the topic of quality
evaluation of photogrammetrically captured building models with the aim to identify useful quality measures which can
be used for contract specificatios and to implement an approach for automated quality control based on a comparision of
measurement and reference data. This paper presents the concept of the approach and first results.

1 INTRODUCTION cause of its importance for a surveying authority — also
with the aspect of completeness. Geometry of an object

In contrast to the huge amount of references dealing witihay be defined as its topology and the metric, where topol-
semi-automatic or automatic approaches for building re®9y may carry thematic aspects and therefore is correlated
construction from aerial images or laser scanner data (c.yVith the thematic aspect of quality. An example is a build-
(Baltsavias et al., 2001) and previous proceedings of th#'9 consisting of a main building and an annex. As al-
Ascona-Workshop), there are only a few references focud&ady mentioned above, we are up to now only interested in
sing on quality evaluation of the extracted building mod-9&0metric aspects, thus only dealing with one object class
els. Quality evaluation is important due to several reasonguildingand do not distinguish between different parts of
First, it may give important information about deficienciesPuildings. Therefore, we subsume building parts to one
of an approach and may thereby help to focus further rebuilding a_md do not perform a more s_pecmc analysis of its
search activities. Second, quality evaluation is needed ig99regation and the related semantics. Nevertheless, the
order to compare the results of the different approaches arf§éreé evaluation of different building data sets describing
to convince a user, that an approach can be used in an op&f€ same scene owns its own complexity due to the com-
ational workflow. Besides these reasons, the most impoRlexity of buildings.
tant reason arise from the practical requirement, that a con-
tractor should check his measurements and that a custon€his contribution gives a short introduction in the topic
has to check the quality of the delivered data with respect tof quality evaluation. We will discuss — besides others
the specifications of the contract. For this purpose, quality- mainly two approaches for quality evaluation of build-
evaluation should not only be based on visual inspectioing models in more detail, namely (McKeown et al., 2000)
and thereby subjective control, but on quantitative qualityand (Ragia, 2001). Based on their principle ideas, a new
measures. Therefore, a recent project in cooperation witApproach is developed, taking the good aspects and com-
the Surveying Office of North Rhine-Westphalia aims atbining them, avoiding — in our opinion — the single ap-
indentifying useful quality measures and implementing arproaches’ deficiencies, by using a combination of strate-
approach for automated quality control based on a comgies and introducing alterated quality measures. Results
parision between measurement and reference data withimill be shown for real data sets based on a 2D analysis —the
representative areas of the entire area. full 3D implementation for complex building structures is
still ongoing work and not yet finished — and for the simple
According to 1ISO 19113 different aspects of quality havescene of the test data set FLAT (c.f. (Sester et al., 1996)),
to be taken into account: logical consistency, temporal acalthough other quality measures, like RMS of point coor-
curacy, thematic accuracy, positional accuracy and condinates, may be more comprehensive on first sight for such
pleteness. In this contribution we focus on geometric assimple buildings, but cause problems applied to complex
pects, thus dealing with the positional accuracy and — bebuilding structures.



2 APPROACHES FOR QUALITY EVALUATION approach. The first is an example for approaches evaluat-
ing the data of building models in one step, the second is an

In this section published approaches for quality evaluatioigXample for approaches which split the evaluation - evalu-
of building models are discussed (c.f. Table 1). These apation of building detection and building reconstruction
proaches may be classified into the following categories:

2.1 Approach of McKeown et al. 2000

e evaluation of building detection

. . _ (McKeown et al., 2000) is an extension of the the work
e evaluation of building reconstruction already presented in (McGlone and Shufelt, 1994) dealing
not only with the evaluation of building extraction, but also
of other topographic objects like roads (c.f. (Heipke et al.,
1997)). The principle idea of their approach is to transform
Hje evaluation of building models into the evaluation of a
classification by discretising the space either in pixel (2D)

e evaluation of building detection and reconstruction in
one step

e evaluation of building detection and reconstruction se

aratel
y or voxel (3D) and to use well known quantities as already
i mentioned above, namely tldetection rate
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Gameteral. 1098) R S0 ISOS
amet et al. d = ; = y o Pd )
’ S

(Sester et al., 1996) R [SNS[+]IS\ 8] 151
(Weidner, 1997) By pgs Py R theb h fact
(Henricsson and Baltsavias, 199[7)3, ps, R ebranch factor
(Brenner, 2000) R |S \ S|
(MCK_eown et al., 2000) Pd, Pby Pq Py = ~ m=>0 )
(Ragia, 2001) Pgr Pf, D SN S|
(Hanson et al., 2001) R )
R/D RMS/distances B type 2 error and thequality rate
pq  detection rate pp  branch factor ) ) R
pm  Miss factor p, quality rate _Snsl o [(S\NSU(S\S)

f C Pqg = —=1- = ,pq €10,1] (3)
Pf alse alarm rate ps Shape dissimilarity ISUS| ISUS|

py  Weighted quality rate

. . with S the building elements of the reference afidhe
Table 1: Approaches and their quality measures  building elements of the captured data. In (McGlone and

- . . . Shufelt, 1994) th Iso include thaiss fact
For the purpose of building detection evaluation, mainly ute ) they also include theiss factor

interested in completeness, well known quantities, like e.g. -
type landtype 2 erroror thequality rate are used in al- Pm = M’ Pm >0 (4)
most all approaches, taking buildings as objects. The selec- SN S|
tion of the quantity depends on the aim of the evaluation:
some of the quantities are symmetric and thus indicatingn their investigation. Their approach is fully 3D and — if
missing and false buildings, some of them are unsymmetecessary, because only 2D reference data is available —
ric, indicating either missing or false buildings. Further-can be applied for 2D building outlines as well. The eval-
more, the quantities are not independent from each otheration is done in one step, thus the results of building de-
(c.f. (Weidner, 1997), (Winter, 2000)). tection and reconstruction influence the quantities. In our
opinion, both steps should be evaluated separately, provid-
Approaches which only evaluate the geometry (e.g. (Jamébg more and easier interpretable information. (McKeown
etal., 1995), (Sester et al., 1996)) use RMS values for poirgt al., 2000) provide the quantities for the entire data set
coordinates as quality measures. In their investigationsnly, but point out the necessity to compute the quanti-
they only deal with simple building models like gable roof ties for each building. For this purpose, building objects
buildings with fixed structure/topology (c.f. also (Hansonof the captured and the reference data have to be matched.
etal., 2001)). For complex buildings this may hardly apply, The authors propose a 1:1 match, only the largest matched
because of matching problems (point to point), unless inteeverlapping building objects should be used. This strategy
gral values are taken into account. For this purpose (Brerdoes not seem to be suitable in down town areas with com-
ner, 2000) computes the RMS values for the heights on thplex building blocks including gaps. The last point to be
basis of extracted building models and the used DSM. Thenentioned is the fact that the used measures do not take the
building outlines are taken from existing GIS data set.  magnitude of the deviation into account. A pixel or voxel
respectively in the captured data set far away from the ref-
The focus in the reminder of this section is on two ap-erence data contributes to the quantities with the same fac-
proaches, namely the approaches of (McKeown et al., 200@y than a pixel/voxel close to the reference. Both aspects
and (Ragia, 2001), because both have impact on the newill be considered in the new approach.



2.2 Approach of Ragia 2001 Determination of quality measures Based on the as-
igned and unassigned buildings in both data setsjubk

S
The approach of (Ragia, 2001) evaluates the success Q{? rate according to Eq. 3 and thgpe 2 error
building detection, the topology and the metric of build-

ing models. The success is measured byqunity rateas IS\ S\
given in Eq. 3 and théalse alarm rate p= S| pelo] (6)
;= |S;|S|’ F>0 (5) are computed, thus like (Ragia, 2001), we use a symmet-

ric and an unsymmetric quality measure. We preferr the
thus a symmetric and an unsymmetric quantity. The topoltype 2 error because it directly indicates missing build-
ogy is used for matching of building parts given by 2Dings. The other quantities may also be computed as addi-
polygons for the aggregation of buildings in each data sefional information. Furthermore, histograms of the area of
and for matching buildings in the captured and referencéinassigned buildings will be provided giving an insight, if
data. The inherent determination of topological relationgperhaps only small buildings are missing.
of the primitives takes the uncertainty of the polygons into o )
account (Ragia and Winter, 1998). The resulting graph$-2 Building reconstruction
are used for the matching and for the evaluation of the . ) )
topology. The evaluation of the topology may be ambigu-Preprocessing 3D The preprocessing consists of a con-
ous, because the topology of two building models may difversion from vector to raster, i.e. voxel, for each assigned
fer due to the procedure during data acquisition, althougRuilding or building block, followed by distance transfor-
the metric - position and aggregated outline - is the samdhation for each date_l set and de_termlnanon of connected
Thus, an evaluation of the topology may only indicate thecomponents of the difference regions.
structural complexity of a building. The metric deviation
of the matched buildings is evaluated by distance histo
grams and profiles, where the distances are computed alof

Determination of quality measures Based on the pre-
cessed data, theeighted quality ratdc.f. (Weidner,

the zonal skeleton. 1997))

For the heights statistics of point heights distinguishing be- Y e sus) (w(d(@, 8)) + w(d(x, 8)))
tween roof point types are used without taking the roof’s = *— sneé . d(z.S d(z.S
structure in detail into account. Therefore, the approach | [+ 2resug (wld(@, §)) + wld(z, )

()

mainly evaluates the ground plan of buildings. Although it ith
may be extended to 3D, the main drawback is the fact, that
the approach is not able to handle all building configura- d(z,A) = inf{p(z,a) : a € A} 8)
tions (e.g. court yards).
and

3 NEW APPROACH FOR QUALITY EVALUATION 1

w(d(e, A)) = 5—d(x, A) ©)
This section presents the new approach for quantitative d
quality evaluation of 3D building models. The evalua-is computed A, may be choosen based on the resolution
tion consists of an evaluation of the building detection, i.e of the input data for building extraction or on the required
the completeness, and an evaluation of the building recomresolution of the building models. Instead of the weight
struction. The aim is a general framework for the evaluafunction in Eq. 9
tion of the 3D geometry. Dependent on the requirements )
or the available data, the user should be able to decide ;. 4)) — { 01 if d <dr (10)
whether to evaluate the full 3D geometry, the 2D positional ’ a; (d(z, A) —dr) else
geometry or the height. In this respect, the new approach . )
extends the work of (McKeown et al., 2000) and (RagiaM&y be use_d to take tolerance regions into e}C(_:ount. Fur-
2001). The flow chart of the approach is given in Fig. 1_thermore, histograms of the dewatlons,. statistics and at-
The basic strategy is presented in the following. tributes of the connected components will be provided for

further analysis.

3.1 Building Detection

Preprocessing 2D The preprocessing consists of match-4 RESULTS

ing the primitives (building parts) including also their ag-

gregation to buildings and the matching of buildings of theResults of the new approach for quality evaluation of 3D

two data sets with each other. Both matchings are basdulilding models are shown for the ISPRS dataFReAT

on the ground plan information of the building parts or(c.f. (Sester et al., 1996)) with simple buildings using a

buildings respectively. A building in one data set may befirst prototype implementation. The building models are

matched to none or more than one building in the other. Irextracted by analysis of the given DSM using the approach
the first case, the building is labelled @sassignedin the  of (Weidner, 1997). For all buildings the parametric model

second the buildings are regarded as one building objecdf a gable roof building was used. Furthermore, the ap-
An example is given in Fig. 2. proach for quality evaluation was applied to several real
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Figure 1: Flow chart of the approach

Figure 2: Example of building matching: Buildings (left)
are regarded as one object and matched to the building o

the other data set (right)

[Resolution|  pa | oo | pm| pa|  pi]
0.125m | 0.878| 0.257 | 0.139| 0.716| 0.613
0.250m | 0.877| 0.260| 0.140| 0.714 | 0.592
0.500m | 0.884| 0.262| 0.131| 0.718| 0.563
0.750m | 0.864 | 0.250| 0.158 | 0.710| 0.507
1.000m | 0.897| 0.260| 0.114| 0.728| 0.505

Table 2: Quality measures for test SREAT

data sets: two test sites (1 and 2) of down town areas with
complex building structures, two test sites (3 and 4) with
cleary separated buildings with moderate complexity, and
a test site (5) covering the area of the exhibition centre
in Cologne with large connected buildings. The building
models were compiled from aerial images (camera RMK
TOP 30, image scale 1:13,000, scanned withum) by
students with the programm packagéECT (c.f. (Glilch,
1997) for details). For each test site, both data sets — mea-
surement and reference — were acquired independently, but
using the same specifications. For these test sites the eval-
uation is based on 2D information only, because the imple-
mentation of the approach is still ongoing work.

Test SiteFLAT  Fig. 3 shows the reference and the ex-
tracted models (wire frames) of the test $ileAT. Table 2
summarizes some quantities like tthetection ratep, (EQ.

1), thebranch factorp, (Eq. 2), themiss factorp,, (EQ.

4), thequality ratep, (Eq. 3) and theveighted quality rate

p, using the weight function of Eq. 9. For the computa-
tion of the quantities different discretisations are used. The
systematic for the quantites of tiaeighted quality ratés

in this case caused by the fact that voxel in a distance less
thanA, have less impact on the quantity than larger devi-
ations due to the weighing scheme. Such larger deviations
are not present in the extracted models.

Test Sites 1 - 5 Fig. 4 shows a part of one of the aerial
images used for the compilation of test site 1. Fig. 5 and 6
display the ground plans of the reference and the captured
data set respectively. The first step of the analysis is the
computation of the difference of the two data sets shown
in Fig. 7. White areas indicate the s‘fél\ S, i.e. building
parts which are present in the captured dgfdut not in

the reference dat8. Black areas indicate just the opposite

— building parts present in the referenebut not inS.
Table 3 summarizes the quantities and the statistics, where
theweighted quality rate; is computed using the weight
function given in Eq. 9 ang; . using the weight function
given in Eq. 10. The quantities are computed based on the
entire data set and not for each building separately, using a
discretisation of).5 m and a tolerated deviation @f0 .

[ Testsite] BT [ Al P
1 0.076 0.816| 0.619| 0.721
2 0.029 0.889| 0.804| 0.882
3 0.051 0.876| 0.761| 0.839
4 0.083 0.807| 0.485| 0.560
5 0.072 0.895| 0.465| 0.496

[Testsite]  [SI[  [SI[IS\SI[IS\5I]
1 129119| 136295| 9825| 17001
2 562258 | 597776| 16474| 51992
3 67187 69392 3418 5623
4 37591 39567 3126 5102
5 1301677| 1256124 93594 | 48041

Table 3: Quality measures and statistics for test sites 1 - 5



Figure 3: Overlay captured and reference data test site Figure 7: Difference of captured and reference data
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Figure 5: Outlines of reference data test site 1

Figure 9: Difference of captured and reference data apply-

Figure 6: Outlines of captured data test site 1 ing size and distance criteria
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