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ABSTRACT:

The Bavarian State Office for Surveying and Geoimfation has launched a statewide 3D Building Modé¢h witandardized roof
shapes without textures for all 8.1 million builgiin Bavaria. For acquisition of the 3D Building Mbd.iDAR-data are used as
data basis as well as the building ground planshefofficial cadastral map and a list of standadizoof shapes. The data
management of the 3D Building Model is carried ogabcentral database with the usage of a nationstigledardized data model
and the data exchange interface CityGML. On the lared the update of the 3D Building Model for newldings is done by
terrestrial building measurements within the maiatee process of the cadastre. On the other hantbttis of buildings which
were built after the LIDAR flight and which were noteasured terrestrially yet, are captured by medinscture-based digital
surface-models derived from image-matching of dedraerial photographs (DSM from image matching).

1. INTRODUCTION

Due to the federal structure in Germany the offisiarveying
and mapping is assigned to the states. Therefatnvide
projects need close cooperation and commitmenhbystates.
»The Cadastral and Surveying Authorities of theestathich
are responsible for the real estate cadastre aatd sturvey
(Official German Surveying and Mapping), coopensithin the
Working Committee (AdV, URL: http://www.adv-onlinel of
the Surveying Authorities of the States of the FaldRepublic
of Germany to discuss technical issues of fundaahesmnd
nationwide importance targeting standardized raguia.« This
includes the determination of common standards tfoe
acquisition of 3D Building Models across Germany.2@12
AdV decided a product standard for 3D Building Madel
According to that, the building ground plans areids from
the official digital cadastral map and the buildingire
represented as blocks uniformly with a flat rootlie so called
first detailed level (Level of Detail 1 — LoD1).ri8e 2013 a
central LoD1-dataset is initially assembled whistexpected to
be centrally delivered in the middle of 2013. Tleadexchange
between the states and the central service cerges @
nationwide uniform profile of the AdV based on ti@ity

significant. When oriented aerial photographs asedy the
accuracy of the orientation elements and the paliatcation
determines the quality of positional and elevationuracy. The
usage of the building outlines simplifies the bty
reconstruction from LiDAR-data and aerial imagesgselman,
2002, Rottensteiner and Briese, 2003). The ISPRS bearkh
on

3D Building reconstruction (Rottensteiner et al., 20dontains
three out of seven different methods, which useldmg
outlines or building maps.

Independently from the used acquisition method &hd
underlying dataset an update after the first adipisof a 3D
Building Model has to be ensured. This requires a
comprehensive concept containing the first acdaisithe data
management and the update process combined in ankéaw.

2. THE FIRST CALCULATION CONCEPT

Since 2012 LiDAR-data with a point density betwdeand 4
points per square meter are available in Bavarigs dhta are
suitable for calculating a precise digital elevatinodel (DEM)
as well as a surface model. Currently the DEM idlalke in

Geography Markup Language (CityGML) Encoding Staddar the minimum mesh size of 1 m for approximately 900%
from OpenGI§ and the Open Geospatial Consortium (OGC)Bavaria’s territory. The overall coverage will benmwed in the

Specification CityGML 1.0.0.

This AdV-CityGML-profile is also designed for thelidery of
building data with standardized roof shapes asdimgl models
of the second detailed level (LoD2) with optionahopo-
realistic textures. The degree of automatic reddgmiof roof
shapes and the elevation accuracy of the autonratd
reconstruction are on the one hand dependent odetee of
generalization of the roofs to the standard rooih®and on the
other hand based on the acquisition basis. If LiEdeRa (Light
Detection And Ranging) from airborne laser scannigsed
for the acquisition, then the density of the poatdud is
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middle of 2014.

Together with the building ground plans from thedastre,
LiDAR-data are suited for the first acquisition o

3D Building Model (Schilcher et. al., 1998, 1999)hel
intersection of the building ground plans with ti¥EM

provides the building root points. The DSM is usesl data
basis for the roof recognition. In the followindjet task of
recognizing roofs automatically from LiDAR-datadsscribed.
Subsequently the Bavarian method for the initialugitjon of
a nationwide 3D Building Model is described.
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2.1 General problem definition

The usage of randomly spread point clouds for #révdtion of
3D Building Models causes difficulties for the irpestation of
basic and unstructured elevation models and theesuent
modeling of the complex vector geometries. Fopalht clouds
(steadily or unsteadily arranged) the data informmatontent is
limited to the elevation. Additional structures am@ssing.
Nevertheless, by linking the point clouds with dinlg ground
plans (Figure 1) which are for example availabletaglate in
the cadastre, the point clouds get a first semaanit spatial
attribution.

Figure 1. Height coded LiDAR-data within a buildiggound
plan (left), Delaunay Triangulation (right)

The assignment of the building ground plan complaes
selection of relevant points from the point clotiitie elevation
information of the selected points can now be prieted as
representatives of the roof. First roof structuiks ridgelines
can plastically be visualized with a Delaunay Tgalation. A
relevant geometrical attribution as vectorial scefés missing.
One possible method of automatic roof reconstragtimceeds
as follows: Each triangle surface, which was caltad from the
relevant points by an elevation-independent (2rbetisionale)
Delaunay Triangulation, is dedicated to a standedlisurface
normal with a length of 1m.

Figure 2. Surface normals of the Delaunay Triartipra(left),
test of the orthogonality of a surface normal iference to a
building side (right)

Subsequently it will be analyzed to which side leé building
ground plan each surface normal belongs. As predeint
figure 2 any of the surface normals will be seldcte can then
be projected in the xy-plane due to its tilt andeapective
direction angel of the xy-plane can be calcula@ahsidering a
clockwise building ground plan direction it is firsested,
whether the direction angel of the projected serfaormal is
orthogonal to the side of the building. A certaiariance
between the direction angels is considered. Segotiok
minimal orthogonal distance is calculated fromlase point of
the surface normal to one of the sides of the mgldwith this
method usually each surface normal is assignedadotly one
side of the building ground plan. Surface normatsctv cannot

be assigned to a side, for example due to the isgeebehavior
of the laser beam, are unconsidered for furthecutations.

Thus the surface normals are classified, wherebyntimber of
classes is determined by the number of lines deagrithe

building ground plan.

The left picture of figure 3 shows the surface ralswhich are
split in 8 different-colored classes — in which afehe sides is
barely visible, due to its short length. This iseof the case in
the land register.

=

Figure 3. classification of a surface normal resigely to one
side of the building (left), reduction of the clasgo the
distinctive sides of the building (right)

For a realistic roof reconstruction a reductiorttefse 8 classes
is required. If the building ground plan consists roore
disruptions, a thereof equivalent number of clagsést. Each
breakpoint in the line of the building creates &eotclass.
Figure 1 shows that the assumed roof structureistsnsf two
saddle roofs proceeding into each other — therafbre areas.
That is why the number of classes is being redumgdan
appropriate selection. As decision criteria foisslaeduction the
number of surface normals in a class is used ré&spBcthe
falling below a certain threshold value. Classeslmadeleted if
not enough surface normals can be assigned to them.
Additionally, it should be preconditioned that the&ximum
distance for the classification of a surface nortoa side of the
building must not be longer than the shortest lengft both
adjacent sides. In figure 3 the front of the saddtefs with the
dark red and light brown classes are omitted.

Common line sections should be merged, points waiehon a
line have to be deleted. In figure 3 (left) thentigreen and the
violet lines are merged to a black line (figure ight) and
assigned to the black class.

A further class reduction can be done by the asségn of the
surface normal to the lines of the building groysian beyond
the side of the building. For example the oliveocedl and light
brown normals in figure 3 can be assigned to tlectass, the
red and light blue normal can be merged to a dark tlass. At
the end we get 4 color coded classes.
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Figure 4. Intersection lines per color-coded cltft), overlay
of the surfaces with the laser points (right)

After the reduction of the classes an arithmeticamés
calculated for all surface normals of each class.ni&ans of
mathematical methods of the descriptive geometrg th
intersections of the surface normals are calculatbée ridge
lines are calculated from intersections betweerséuglle roofs.
The eaves respectively the eaves heights are atddufrom
intersection of the roofs surface normals with blnédding walls
surface normals. The result is an automaticallyvedrvector
model, consisting of four areas. Figure 4 showsdlassified
and color-coded surface normals (left) respectitbdy plot of
laser points (right) placed over the vector model.

2.2 Semiautomatic realization of thefirst acquisition

Since LiDAR-data are available Bavarian-wide bstate wide
DSM from Matching is not available, the 3D Buildindodel
has to be derived from an existing laser point dlolihe
technical realization of the previous describedbfm of
automated roof recognition has often been solvédrdntly by
existing software packages of the shelf for theivdéon of
3D Building Models.

The approach of the software ,Building-Reconstructiaf
Virtual City SYSTEMS (VSC) runs firstly a planimetric
fragmentation and then approximates the completaedsird
roof shape. The roof shape that fits best is agphdterwards
the roof surfaces of this roof shape are fittedesyatically as
good as possible. In contrast to many other saigfio/CS
meets Bavaria’s required planimetric constancy faldings of
the cadastre. With this it is ensured that no &t data set
besides the cadastre is built. In fact, the compbaof the
planimetric constancy offers the possibility toljutonvert the
cadastre to 3D in a more simple form later on.

With the applied software the operator has 2 eglitimdows to
his disposal. In a 2D-view the digital orthophoBOP) is being
overlaid with the planimetry from the cadastre \fig 5, left)
and marked with color. Buildings with automaticailfientified
roofs which need no more post-editing are markedlire.
Painted in green are the ones that were alreadyegited by
the operator. The yellow colored building is theeathat is
currently in editing. For this building the LiDARath and the
DTM are loaded in the right editing window in a 3iaw
(figure 5, right). With few processing steps thegor adjusts
the roof style of the respective building geneerdizo the laser
points with the help of standardized roof strucsufeom a
selective list. The result of each processing ssemstantly
shown in the 3D-view.
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Figure 5 DOP with building ground plans (left) and
corresponding laser point cloud of a building ifigee which
needs to be edited (right)

The degree of automatic roof recognition can beresged by
the post-editing rate. It is basically dependenthendensity and
the type of the buildings. In modern cities for exde the post-
editing rate is only 15 %. The higher the perceataihistorical
buildings, the lesser the automatic recognitioe @dtthe roofs.
The post-editing rate can be between 20 % and 40 %.

The point density of the laser data influences pbst-editing
rate as well. In an area of new buildings with tgbiGerman
row houses and a laser point density of approximate
0.7 points per square meter the post-editing vatées from
about 25 % up to 30 %, whereas upon a point deruity
approximately

4.8 points per square meter the rate dropped .16

2.3 Central storage

The data storage is carried out central on a oglatidatabase
with usage of the open source database solution C3fy
Database (3DCityDB)“. With a database scheme (pjotte
user has the possibility to create a CityGML confanindata
model in the database. The general CityGML profiées further
specialized by the AdV for a German-wide standadliz
acquisition of 3D Building Models. 3D Building modelseated
with this specializations in the AdV-CityGML-profilean be
saved with a java based importer and exporter éndditabase
and can be exported and visualized in KML and COLBAD
format. Additionally, in Bavaria a FME Workbenchused to
offer the users more data export formats like 3Bpgh dxf, 3ds
and Google sketchup format skp. Since CityGML is an
international standard and several software conegahiave
implemented products and interfaces for the geaindtion
market a longtime sustainability of this interfacan be
expected.

3. THE UPDATE CONCEPT

3.1 Closing the gap between old LiDAR-data and new
built buildings

The airborne laser scanning data gained by stageWidAR-
campaigns in Bavaria is up to seven years old iriqoder
areas. Beyond that Bavaria is covered with digitatiahe
photographs in a 3 year cycle. The ground pixe¢ sif the
aerial photographs is approximately 0.2m. The ¢e@raerial
photographs are also supposed to be used for thaeséon of
the 3D Building Model.

The timed space closure means the later acquisifibaildings
for which, at the moment of the first acquisitioitwautomatic
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building reconstruction from LiDAR-data, the buitdi ground
plans from the land registry, but not the heiglfdimation from
LiDAR-data was available. Since the building groupldns
from the land registry usually are more actual ttienLiDAR-
data, new buildings which were built after the LIRA
campaign, are the ones which are affected by thedtispace
closure. Buildings for which, at the time of thesfiacquisition,
height information from LiDAR-data was availableutbno
building ground plans in the land registry, weret no
reconstructed.

In order to close the actuality gap of the up teeseyears old
LiDAR-data within the data capturing of the 3D Buid
Models, a DSM from image correlation (Image Matgf)iof
aerial photographs from the Bavarian surveying fligh
processed. The Bavarian photogrammetric campaigarised
out with an overlap of 75 % in longitudinal and &0in cross
direction.

Figure 6. color-coded point cloud from Image Matchi

In Bavaria the point density of current LIDAR- cariges is 4
points per square meter. With Image Matching passible to
reach a significant higher point density of up & @ints per
square meter due to the ground pixel size of 0.Znthe
Bavarian Photogrammetry flights. Currently, the safiv
MATCH-T from Inpho and the Surface ReconstructionR8u
algorithm from the Institute for Photogrammetrypjifof the
University of Stuttgart are used to calculate a D&Mbasis of
the current Bavarian Photogrammetry flights for sevareas of
Bavaria (Stolz, 2013). In particular, Image Matchiggt a
significant impulse from Semi-Global Matching (SGM)
Algorithm (Haala, 2011).

i o e e

Figure 7. Differential DSM between Laserscanning bBnage
Matching — new buildings are painted in red anésuwander
construction in violet

The difference between the LiDAR-data processe20d7 and
data from Image Matching from aerial photographs tloé
Bavarian Photogrammetry campaign in 2012 can belyeasi
presented in a differential-DSM. All changes ingigibetween
the years 2012 and 2007, like the growth of theetadgpn, the
construction and demolition of buildings, excavatipits and
earthworks can be visualized with an appropriaterczrale.

The situation for the maintenance of the 3D Buildivigdel
within the timed space closure is as follows: Fegidrshows a
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differential-DSM. Within the marked circle a majdrange of a
building has been identified. Considering the codoale it
becomes clear, that it must be a newly built bogdiue to the
negative (red) height difference. In this case i iconstruction
of a shopping center in the year 2009, as it isvshby the
comparison of both aerial photographs from 2003 aad2
(figure 8).

At the first data acquisition in 2012, a DOP frof03, LiDAR-

data from 2007 and an up to date building grourad flom the
cadaster were available. During the first data ssiipn, which

is described in section 2.2, the operator has tsider the most
actual information, which is the building groundplsaved in
the cadastre in order to assure building ground ptanstancy.
Due to missing height information from the LiDARtdathe

building is calculated with a standard height of gfigure 9).

Figure 9. Determination of a standard height dumissing
LiDAR-data for a new building

The determination of a standard height for theding causes
that this building needs to be post-edited, as smthe DSM
generated from the Bavarian photogrammetry campasgn
available. Such buildings are candidates for theed space
closure, to avoid an extensive terrestrial surngyhthe roofs.
For those buildings, which need to be post-edited,regular
DSM derived from Image Matching has to be usedeawstof
the LiDAR-data in the acquisition software ,Building
Reconstruction” of the vendor VCS. In the followinggessing
of the same building ground plan, the result isudding with
an up-to-date detailed roof structure (figure 10).
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Figure 10. Detailed calculation of the roof struetwith up-to-
date DSM from oriented aerial photographs fromBhearian
Photogrammetry campaign

The presented method of the timed space closuvealitsvs the
post-editing of buildings which were built afteretiLiDAR-

flight to accomplish the first data acquisitiontbé 3D Building
Model of Bavaria at a certain deadline.

3.2 Updatewithin the scope of the continuation of the land
registry

Currently the cadastre in Germany is two dimensiorfl
needed, additional information for the third dimenscan be
kept as an attribute. With this method the buildfiegming
points as ,special building points* with height diét and
information about the specific roof shape of aaarbuilding
can be saved in the cadastre. If the roof of adingl consists of
multiple roof shapes, these can be divided usingstraction
element creation (Aringer, 2011).

The cadastre in Bavaria currently does not contairh s3D-
information yet. After derivation of the standaetizroofs of the

3D Building Model with the semi-automated first data £

acquisition, these data can also improve the twoedsional
cadastre. So, a significant added value arisethéocadastre.

If this information should be used for updatingg tthallenge is
that the data need to be inversely convertible ftbensecond
dimension unambiguously to the third dimensionmifltiple
roof shapes exist per building ground plan, thaegple of the
subdivision of buildings in components is used.

g

b

Figure 11 From the building ground plan (left)
to the 3D Model (right)

Uil

Figure 11 shows buildings with roof shapes whioh divided
into components by red lines. Blue lines howeverasgnt the
ridge lines of the roofs. The red points represilge and eave
points which are attributed as ,special” buildingings with a
relative height specification in the cadastre. Thge with the
ridges and the lines that separate the componenisicue
reconstruction of the roof geometry from the caddstwo
dimensional data is possible. This still needseanplemented
programmatically in Bavaria.

After completion of the first data acquisition atite space
closure, the 3D Building Model is continually updatey the
regular maintenance of the cadastre in Bavaria. Tieither
LiDAR-data nor a DSM from image matching are reedijr
since the cadastral measured building roof shapesiged. If
multiple roof shapes for a building exist, these divided into
components. Additionally he ridge lines of a robfage are
calculated as well as the height of selected ,sffetiuilding

points (ridge and eave points). With this inforroatithe third
dimension can be reconstructed afterwards and hfetiee
3D Building Model can be updated.

- 006 0,0/35

Fiure 12 Cadastral measurement of a building

4. APPLICATIONS

Due to the uniform coloring with red roofs and brovacades
the 3D Building Models appear very simple and sytithdo

show potential added value of 3D Building Modelsride
photographs of the buildings facades and roofs weapgured
by an additional photogrammetric flight. The tektar of the
official 3D Building Model of a town was employed ¢erve as
an example. The result is a very photo-realistic Bilding

Model of the town.

i~ /. - " vl RN ‘ . SAC
13. 3D Building Model with standardized ro(i&ft)
and textures (right)

Figure

3D Building Models can be used for manifold planning
purposes, to present new-planned building projezagstically
and to show planning alternatives in a basic fdongexample
in sessions of the Committee for Urban Planning asr the
concerned citizen during a public participation.tWpublic
participation ~ 3D-visualizations provide an impottan
contribution for informing the citizens concernddoreover,
the benefit of 3D Building Models can also be exaripl
shown by design plans of National Gardening sheigsialized
in the existing and already photo-realistic textu®D Building
Model, which can also enhance the curiosity of sleai makers
with an up to date reference.
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Figure 14. 3D-building model with design plan of a
horticultural show

Figure 15. Visualization of a planned wind turbine

5. CONCLUSION

The introduced method for the implementation oftatesvide
3D-building model extends from the first acquigitito the
aimed daily data maintenance. The practical impfeat®n of
the used software has already shown good resultiefavation
and editing of 3D-building models on basis of agbig point
clouds (Laserscanning and Matching) which are stesi to
the building ground plan. The usage of standardireds helps
to generalize the roofs and to realize a 3D-bugdmodel
continuously in a reasonable time. The percentag@ost-

editing is between approximately 15 % and 50 % &nd

depending on the building density, the difficultiytbe area to
be edited and the quality of the laser point cloud.

Due to the ground resolution of the aerial photphsaof about
0.2m, point clouds from Matching can be created iasolution
of up to 25 points per square meter. Because dbithemount
of data for the practical use, a reduction of thmpdensity to 4
points per square meter is sufficient. Ultimatelysignificant
quality improvement of the cadaster can be achidwedhe
creation of a statewide 3D-building model with amdtial

inspection and editing of the existing data.
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