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Abstract Buildings are man-made structures and serve several needs of society.
Hence, they have a significant socio-economic relevance. From this point of view,
building types should be strongly correlated to the shape and sized of their footprints
on the one hand. On the other hand, building types are very impacted by the con-
textual configuration among building footprints. Based on this hypothesis, a novel
approach is introduced to estimate building types of building footprints data on Open-
StreetMap. The proposed approach has been tested for the building footprints data
on OSM in Heidelberg, Germany. An overall accuracy of 85.77 % can be achieved.
Residential buildings can be labeled with accuracy of more than 90 %. Besides, the
proposed approach can distinguish industrial buildings and accessory buildings for
storage with high accuracies. However, public buildings and commercial buildings
are difficult to be estimated, since their footprints reveal a large diversity in shape
and size.

1 Introduction

Nowadays, OpenstreetMap (OSM) is considered as one of the most successful
and popular VGI (Volunteered Geographic Information) projects, with a global
cast of volunteers. Currently, there are more than 1.5 million registered members
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(OSM 2014a) and OSM is growing rapidly. Sparked by the availability of
high-resolution imagery from Bing since 2010, there has been an increase in building
information in OSM, proving that volunteers do not only contribute roads or POIs
to the database. According to the statistics (the values are derived from our internal
OSM database which is updated daily), on November 20, 2013, the number of build-
ings in OSM was over 77 million. In Germany, there are almost 9 million objects
with “building=yes” to the same time point.

Currently, building footprints data in OSM is mainly used for reconstructing
3D buildings. At present there are several projects which generate and visualize
3D buildings from OSM: OSM-3D, OSM Buildings, Glosm, OSM2World, etc. And
applications based on these projects i.e. 3D navigation on mobile devices, web-based
visualization, and simulation etc. are getting increased. The most of 3D buildings in
these projects are rendered as polyhedral, extruded footprints with flat roofs, whereby
the height information of a number of buildings are directly taken from the attribute
of building footprints or converted from the number of stories, while the majority
of 3D buildings own random heights. In OSM-3D, many buildings are modeled in
LoD?2 (Level of Detail according to CityGML) in case there are indications for their
roof types (Goetz and Zipf 2012). In further, Goetz (2013) proposed a conception to
generate buildings in LoD3 and LoD4 in CityGML. Besides, buildings in different
LoDs from other sources can be uploaded via OpenBuildingModels and visualized in
OSM-3D. But the buildings for uploading have to be adapted with the corresponding
building footprints in OSM (Uden and Zipf 2012).

The applications based on the abovementioned projects i.e. 3D navigation on
mobile devices (Li et al. 2012), web-based visualization, and simulation etc. are
getting increased. 3D buildings could play important roles not only for the 3D visu-
alization but also for other interoperability like spatial analyses and/or queries in
the 3D environment. For this purpose, it is crucial to know the types of buildings.
According to the latest research on quality assessment of OSM building footprints
data, OSM building footprints data has a high completeness in terms of area covered,
while there is limited attributive information such as building types (Fan et al. 2013).

Unfortunately, there are very few researches on building footprints data enrich-
ment. To the best of the authors’ knowledge, only one detailed study has been con-
ducted by Huang et al. (2013). In their work, an automatic method is developed by
using the geometric and topological features in footprint data, in order to enhance
the maps with the building usage information. The work utilized the knowledge that
building types are strongly characterized by the geometric features of footprints.
In addition, simple neighborhood relation was taken into account to improve the
classification. However, size/area of building footprints was not considered. Another
related work is proposed by Henn et al. (2012) to derive the architectural types of
buildings based on coarse LoD1 block models with vertical walls and flat roofs by
employing Support Vector Machines (SVMs), whereby, geometric features such as
length, width, area, and degree of perpendicularity of building footprints, types of
buildings, as well as height information of buildings are required for the classification
process.
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In this work, a novel approach is introduced to estimate building types of building
footprints data in OpenStreetMap. The approach is proposed based on urban mor-
phology analysis by using ATKIS building footprints data in five city districts in
Heidelberg. First of all, the correlations among geometries (mainly area and rectan-
gularity) of building footprints and their types are derived. Then it investigates the
similarity in building types for the buildings whose footprints are similar in shape
and size. Based on the results of this urban morphology analysis, a set of rules are
established to estimate buildings types in OpenStreetMap. Prior to the rule-based
estimation of building types, the existing records of building types in OSM are clas-
sified into six types: (i) residential buildings, (ii) industrial buildings, (iii) commercial
buildings, (iv) public buildings, (v) accessory buildings for storage and (vi) accessory
buildings for supply. The building footprints on OSM are then labeled to one of these
six types using the proposed method.

The reminder of this chapter is structured as follows. Section2 describes the
algorithm for detecting similar building footprints in urban area. Section 3 presents
the urban morphology analysis. Section4 describes the algorithm for estimation of
building types on OSM. Section5 presents the experimental results for the OSM
data set in Heidelberg and evaluates the results by using ATKIS data. Finally, Sect. 6
concludes the whole work and gives some works in the future.

2 Finding Similar Building Footprints in Urban Area

As indicated in the introduction, we would like to investigate if the building types are
similar when these buildings are similar in shape and size. For this purpose, building
footprints have to be clustered into a number of groups at first, whereas building
footprints in each cluster have similar shape and size.

Most of the existing research works about finding similar building footprints
focus on urban building clustering, because building footprints with similar shapes
and size form patterns according to Gestalt theory. The most common approaches
to find similar building footprints are to define polygon of building footprints using
a set of parameters, i.e. minimum distance, area of visible scope, area ratio, edge
number ratio, smallest minimum bounding rectangle (SMBR), directional Voronoi
diagram (DVD) and so on (Yan et al. 2008). Similar footprints then have similar
parameters, for instance, Qi and Li (2008) calculated the similarity of two footprints
by comparing their intersected and united areas. These approaches, however, can only
find approximately similar building footprints. Therefore, they are more suitable for
building footprints with less detailed geometries. In further, most of these approaches
are very sensitive to orientations.

In the field of computer vision, polygon curve representation is used to measure
similarity of polygons with high accuracy. Arkin et al. (1991) introduced turning
function to represent polygons. As shown on the left of Fig. 1, let C be the polygon.
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Fig. 1 Turning function representation of polygon

The tangent angle at the starting vertex is 61 = ¢;. Then 6; can be calculated as
0; = 0;_1 + ¢;. The right of Fig. 1 shows the change of tangent angles (y-axis) along
the normalized accumulated length of the polygon sides (x-axis). From this point of
view, the tangent angle can be treated as a function of the normalized accumulated
length T'.(1). It can be called tangent function or turning function.

The turning function 7¢(I) measures the angle of the counter-clockwise tangent as
a function of the normalized accumulated length 1. The cumulative angle increases
with left hand turns and decreases with right hand turns. This kind of representation
is invariant to rotation, because it contains no orientation information. Furthermore,
it is invariant to scaling, since the normalized length makes it independent to the
polygon size.

Then similarity of two polygons can be derived based on the Ly-norm of their
turning functions.

2

1
S(A,B) =d(A,B) = |[Ta — Tsll» = /(TA(I) —Ts(M) ey
0

Note that S(A, B) denotes actually the dissimilarity between A and B. The smaller
S(A, B) is, the more similar are the two polygons. In the case A is identical to B,
there is S(A, B) = 0.

However, the similarity measurement above is strongly affected by the starting
point shift of the curve, because there is translation of the turning function when
shifting the starting points. In the presented work, this problem is solved by resam-
pling turning functions into power spectrum. Then similarity can be measured by
comparing Fourier Descriptors of the power spectrum, as suggested by Lee et al.
(2003).
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Fig. 2 Administrative districts in Heidelberg

3 Impact of Urban Morphology on Types of Buildings

Buildings are man-made structures and serve several needs of society. Hence,
buildings have a significant socio-economic relevance. Their dimensions and archi-
tectures are strongly characterized by the purposes for that buildings are used,
namely, the types of buildings. On the 2D map, these impacts are reflected by
the shapes and sizes of building footprints. For instance, footprints of residential
buildings normally have small area and relative simple shape—most of them are
in form of rectangle, while public buildings normally have large and complicated
footprints. In this work, the morphology of building footprints are analyzed using
the ATKIS building footprints data in five city districts of the German city Hei-
delberg, namely, Altstadt, Bergheim, Boxberg, Emmertsgrund and Siidstadt (Fig. 2).
ATKIS stands for Amtliches Topographisch-Kartographisches Informationsystem—
Authorative Topographic-Cartographic Information System. It is a common project
of the Working Committees of the Survey Administrations of the States of the Fed-
eral Republic of Germany (AdV) (Griinreich 2000). It contains information on set-
tlements, roads, railways, vegetation, waterways, and more. Building footprints data
in ATKIS is represented by polylines with building height, types, address and other
attribute information.
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Table 1 Geometrical analysis of building footprints for different types of buildings

Number Area Rectangularity
of buildings ~ Mean Standard Mean  Standard
value (m?)  deviation value  deviation
Residential building 3055 154.26 101.04 0.88 0.11
Industrial building 24 1912.55 1978.13 0.92 0.12
Commercial building 405 479.10 660.71 0.83 0.15
Public building 211 875.17 1240.04 0.72 0.17
Accessory building storage 1390 38.21 33.24 0.95 0.09
Accessory building supply 103 09.04 851.72 0.83 0.18

The morphological analyses are categorized in two classes. Firstly, it investigated
whether different types of buildings in general differ from size and shape of building
footprints, whereby size is represented by area and shape is measured by the rectan-
gularity of the footprint polygon. The standard approach to measuring rectangularity
is to use the ratio of the footprint area to the area of its minimum bounding rectangle
(MBR), which is calculated as

1
rectangularity = % o
area

The larger the rectangularity is, the simpler the building is in architectural style.
Oppositely, the smaller the rectangularity is, the more complicated the building is
constructed in architecture.

Table 1 summarizes the results of the statistical analysis on building footprints of
six types of buildings respectively. It shows that building types are characterized by
the area and rectangularity of building footprints, although the built area of a certain
type of buildings varies as much as the average area of this type of buildings. In terms
of built area, industrial buildings and accessory buildings for storage can easily be
differentiated from other types of buildings, because industrial buildings are normally
very large and accessory buildings for storages are normally very small. Residential
buildings are majority in a city. The most of residential buildings have built area of
100—200m?. And their footprints are relatively simple with respect to architectural
style. In the contrast, public buildings are normally large and the rectangularity of
their footprints is low, because many public buildings are treated as landmarks due
to their extraordinary dimension and architectural styles in their local environment.

The second measurement of the morphological analysis is proposed according to
the first law of geography (Tobler 1970). It says: “Everything is related to everything
else, but near things are more related than distant things”. In this work, the analysis
is conducted based on the following hypothesis:

e Buildings share attributes i.e. types, heights, structure of roof and facades, if their
footprints are similar in shape and size.
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Table 2 Context analysis on types of building footprints in city district

Number of Number of Average similarity of
buildings clusters building type in clusters (%)
Altstadt 1978 534 79.17
Bergheim 877 282 79.36
Boxberg 545 111 94.18
Emmertsgrund 333 41 97.50
Stidstadt 1189 133 89.88

Table 3 Context analysis on types of building footprints in urban block

Number of urban blocks Average similarity of attribute in clusters (%)
Altstadt 97 95.42
Bergheim 39 95.96
Boxberg 32 95.86
Emmertsgrund 12 100
Stidstadt 47 94.53

e For buildings with similar footprints, the closer they are located to each other, the
more likely they share attributes such as type.

In the second morphological analysis, building footprints in a city district are
classified into a number of clusters according to their shapes and sizes, as described
in Sect.2. As shown in Table 2, a cluster in city center (Altstadt) contains 4 buildings
in average, while in the suburban region (Emmertsgrund and Siidstadt) a cluster
contains approximately 10 buildings in average. This means that building footprints
in city center reveal a larger diversity than those in suburban regions. In each cluster,
the similarity of building types is calculated based on Eq. (3).

number of the most frequent building type

3)

Similarit =
Yiype = Lumberof building footprints in the cluster

Comparing the average similarities in the five city districts, the types of buildings
are about 80 % similar in city center while they are more than 90 % similar in suburban
regions, if the building footprints are similar in shape and size.

The similarity of building type in a cluster is getting higher, when decreasing the
search area from city district to urban block which is defined as the smallest area
that is surrounded by streets. Table 3 indicates that the possibility that buildings have
same types is more than 95 %, if they are located in the same urban block and their
footprints are similar in shape and size.
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4 Estimation of Building Types by Rule-Based Approach

Based on the morphological analysis in Sect. 3, for a building footprint foots on
OpenStreetMap, its type can be estimated as follows:

Step 1: Start with a building footprint foota on OpenStreetMap. Keep the building
type of footy, if there is an attribute for the building type.

Step 2: If there is no information about building type for foota

(a) In the same urban block, find building footprints foot; 2, N with similar shapes
and sizes to footy . If there is information of building type in these building, take
the majority type as the type of foots. Otherwise,

(b) In the whole area, find building footprints foot; >, N with similar shapes and
sizes to foota. If there is information of building type in these building, take the
majority type as the type of foots. Otherwise,

(c) Estimate the building type using the results of the statistical analysis of building
footprints in Table 1.

o If |Areagoo,, — 150| < 50m?, footy, is a residential building.

If Areafyor, > 2000 m? and Alfoor A = 0.9, footy is an industrial building.

If |Areafo(,tA — 450| < 50m?2, foot, is a commercial building.

If Areagoor, > 750 m? and Alfoory, < 0.78, footy is a public building.

If Areafoor, < 50 m?Z, foota is an accessory building for storage.

If |Areaf00tA — 800| < 50 m%and Alfoor, = 0.83, foota is a an accessory
building for supply.

(d) In an urban block, if there is an industrial building with Areafy, > 2000 m?

and Alfoor, > 0.9, then change all the buildings in the urban block as industrial
buildings.

5 Experiments and Evaluation

The proposed approach is implemented and tested for the OSM data set of Heidelberg
in Germany. The test area covers 46.38 km”. The whole area is composed of 14
administrative districts which are called as city districts in this work, as shown in
Fig.2. There are 32836 buildings in ATKIS while 14335 buildings in OSM, because
many buildings in OSM are recorded as blocks of buildings in the real world on the
one hand. On the other hand, a number of buildings are difficult to be recognized
and mapped on OSM due to occlusion by vegetation and other buildings surrounding
them. The ATKIS footprints in five city districts are used for morphology analysis,
as described in Sect. 3, while the rest 9 city districts are used for the experiments and
evaluation.

In this section, a preprocessing step is introduced to filter the building footprints
which are recorded as block of buildings in OSM. Then the existing building types are
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Table 4 Possible relations between building footprints in two data sets
Relation 1:1 1:0 I:n

Illustration
Relation n:1 0:1 n:m

O, ] B
Illustration f N S i [ -

classified into six types and used as input data for the process of estimation building
types based on urban morphology analysis. The results are presented and evaluated
by using authority data of ATKIS building footprints.

5.1 Pre-processing

e Finding semantically correctly recorded buildings in OSM.

There might be 1:1, 1:n, 1:0, 0:1, n:1, and n:m relations between OSM building
footprints and those in reference data, as shown in Table4, whereby footprints in
two data sets are distinguished in red and blue colors. While footprints in OSM are
visualized in red color, footprints in ATKIS data are in blue.

According to the OGC standard of CityGML building models (Groger et al. 2008),
semantic hierarchy and geometrical level of details (LoD) relate them inherently.
Hence, only 1:1 buildings are recorded semantically correctly in OSM.

In this work, building footprints are selected for the test of type estimation, when
they have 1:1 relation to ATKIS building footprints. Since the most of building
footprints in OSM have been digitalized according to the Bing Map images (http://
www.bing.com/maps) (Goetz and Zipf 2012; OSM 2014b,c), there is normally offset
between footprints in OSM and the reference data due to the distortion caused by
oblique view of the used sensors. Considering this factor, large buildings in OSM
have larger percentage of area overlap with their correspondence in the reference
data, while small and high buildings might have smaller percentage of area overlap
with their correspondence. The threshold of the judgment depends actually strongly
upon the parameters of the Bing map images used for digitalization in OSM. In their
work, Rutzinger et al. (2009) found out that the correspondence might be caused by
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Fig. 3 classification of building types in OSM

their neighboring building if the overlapped area is less than 30 %. Therefore, the
threshold of the overlapping is set as 30 %. If

Areaoverlap

min (Area(footosm ;). Area(footarkis ;)

>

30 % “)

then the footprints Area(footosm ; and footarkis |, are matched. A 1:1 relation is
identified when a footprint in OSM can only be matched to one footprint in ATKIS.

e Classification of OSM building types into the pre-defined types.
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Because users are allowed to define building types by themselves (OSM 2014c),
there arise a large number of building types with high duplication and ambiguity. In
this work, these building types are classified into six types (see Fig. 3): (i) residential
buildings, (ii) industrial buildings, (iii) commercial buildings, (iv) public buildings,
(v) accessory buildings for storage and (vi) accessory buildings for supply.

5.2 Experimental Results and Evaluation

In our test field, 12382 of 14335 building footprints in OSM were selected using
the method in Sect. 5.1, because they have 1:1 relation to ATKIS footprints and are
regarded as semantically correctly mapped on OSM. Among these selected building
footprints, 2027 buildings are recorded with types of buildings on OSM. The building
types of these 2027 building footprints are compared with those of ATKIS data. The
results are listed in Table 5. It shows that: (i) the overall accuracy of the building type
recording in Heidelberg on OSM is 88.86 %; (ii) approximately 90 % residential
buildings are mapped with correct types, as well as industrial, public and storage
buildings; (iii) commercial buildings and accessory building for supply are badly
recorded with types, because they are normally difficult to be differentiated from
residential and public buildings.

Although the types of 2027 buildings in Heidelberg are recorded with errors (with
an accuracy of 88.86 %), they are treated as correct and used as seeds in the process
of type estimation, as described in Sect.5. Table 6 summarizes the results of type
estimation for the Heidelberg data on OSM. Residential buildings are estimated
with high quality (with accuracy of 92.21 %). There are several reasons. First of
all, residential buildings are majority in the city. Even all the buildings are labeled
as residential buildings; accuracy over 60 % can be achieved. Secondly, in the input
OSM data (i) the majority of the buildings recorded with types on OSM are residential
buildings; (ii) the residential buildings are recorded with high accuracy (93.13 %); and
(iii) the buildings recorded as residential building are distributed almost everywhere
in Heidelberg. Therefore, they contribute much with respect of context effect during
the process of type estimation.

Note in the evaluation of type estimation in Heidelberg, the accuracy of type
recording in the input OSM data is not considered.

Despite of residential buildings, the accessory buildings for storage are estimated
with high accuracy, too, because they can be easily distinguished from other buildings
due to their characteristics in shape and size, namely, almost rectangular and in small
size of area. Similarly, around 70 % of industrial buildings are correctly estimated
because of the simple architectural shape and large size in footprints. However,
commercial buildings, public buildings and accessory building for supply are not so
good estimated, because they reveal huge diversity in shape and size and therefore
can be easily confused with each other. Many of these buildings are estimated as
residential buildings, because buildings similar to residential buildings can also be
used for commercial, public or (energy) supply buildings.



H. Fan et al.

30

98°88 (9) Koeanooe [[e1oAQ

0scl 1168 S6'76 0¢'Ly 0S°L8 €1'e6 (9) Aornooe 10onpoid

9¢ LST 81¢ YL ¥ 66¢1 uunjod ur fe1oL,
L C 0 € 0 0  Arddns Surpying 1085000y
4 6CC 0 0 I 07  93e103s SuIp[ing A10SS00Y
61 8 LOT 91 0 Ly sgurpmgq orqng
9 S 9 Se 0 4 sSuIp[Ing [eIOISWWO))
3 0 0 0 1T 14 sSuIp[mnq [ernsnpuy

L1 ¢l S 0T I €0€1 sSuIp[Ing [eNuUAPIsay  sadAy Suip[ing pajewnsy

Addns a3e10)s s3urp[ing s3urpring s3uIp[ing

3up[ing A10ss200y  3UIp[INg AIOSSAIOY onqng [eIOIWIWOD) [eLnsnpuy S3UIp[INg [BNUIPISAY

BIep ony :ejep SPILLV Ul sodA) Surpying

NSO U0 319q[opIoH Ul p10231 2dA) 2y Jo XIeW UOISNJuo)) § J[qBL



31

Estimation of Building Types on OpenStreetMap

LL'SS (9) AorInooe [[eIAQ

(ASNEY 9¢'C8 8IS 081 8¢°69 1T°C6 (9) Aormooe 10onpoId

S6¢ 80S1 Y65 8¢9 091 G786 uwnjod ur fejoL,
49! 6€C 4 S 11 9¢1 A1ddns Surp[mg 1085000y
129 il 9 9 0 y  o3e103s Jurp[ing £108$200Y
€ S ¥0€ 9zl 4 ¥ST s3urpping onqng
4 91 601 91¢ 6 1LE SSUIp[INg [EIOIOUILIO))
8 0 L L 111 0 s3urp[ing [eLnsnpuy

39 9 911 861 L1 0906 s3urpping fenuopisay  sadA) Surp[ing pajewnsg

Addns RGN s3uIp[ing s3urp[ing s3urp[ing

Surpying A10ss000y  3uIp[Iing AIOSSA00Y onqng [eIOIOWIWOD) [eLnsnpuy S3UIp[INg [ENUIPISAY
BIep ony ejep SPLLV Ul sodA) Surpping

310q[epIoH ul Biep NSO J10J uonewnss adA) ay) Jo X1jew uoisnjuo)) 9 J[qeL,



32 H. Fan et al.

Table 7 The accuracy of type estimation in the nine city districts in Heidelberg

Producer Overall

accuracy accuracy

Residential Industrial Commercial Public Storage Supply

(%) (%) (%) (%) (%) (%)
Handschuhsheim  94.12 100 52.63 57.14 9148 71.42 89.27
Kirchheim 97.22 79.31 45.22 7826  85.12 92.98 88.61
Neuenheim 96.62 60 66.67 48.89  81.55 37.04 89.08
Paffaffengrund 92.56 100 43.55 41.67  88.10 52.22 83.84
Rohrbach 98.30 - 41.66 27.65  78.66 27.53 90.85
Schlierbach 95.30 0 0 3846  78.62 32.14  86.41
Weststadt 95.47 0 77.12 58.82  87.12 63.93 91.71
Wieblingen 95.99 95.12 8.60 2593  91.86 48.70 81.38
Ziegelhausen 93.98 0 82.61 66.67 95.23 7246  90.66

For the nine city districts in Table 7, the process of type estimation is conducted
again, and respectively. In most of city districts, better results are obtained than
using the whole Heidelberg data as input data, since not only the overall accuracies
are higher than that of using the whole Heidelberg data as input data, but also the
producer’s accuracies are higher. The reason is that the search area is reduced from
the whole city to city district in the step 2b of the process of type estimation (Sect. 4).
This verifies the hypothesis in Sect. 3: buildings with similar footprints might share
attributive information, and the closer the similar footprints are located, the more
likely they have same attributes.

6 Conclusion and Future Works

In this work, a rule-based approach for building type estimation is proposed with
the attempt of data enrichment for OpenStreetMap footprints data. The rules are
derived based on two hypotheses. First of all, building types are very impacted by
the shapes and sizes of building footprints. Secondly, for buildings with similar
footprints in shape and size, the more closely they are located to each other, the
more likely they have the same building type. These two hypotheses are proofed by
using authority footprints data in four city districts in Heidelberg by means of urban
morphology analysis. The proposed approach is tested for OSM building footprints
data in Heidelberg at first. The overall accuracy for the type estimation is 85.77 %.
With respect to the individual type of buildings, residential buildings are estimated
with high accuracy, as well as industrial and accessory buildings for storage. Only
about 50 % of commercial buildings, public buildings and accessory building for
supply are correctly estimated, because they reveal huge diversity in shape and size
and therefore can be easily confused with each other. Many of these buildings are
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Fig. 4 Residential buildings on OSM before type estimation

estimated as residential buildings, because buildings similar to residential buildings
can also be used for commercial, public or (energy) supply buildings. When reducing
the input area to city district level, better results can be yielded. Building types are
estimated with both higher overall accuracy and producer’s accuracies. This proofs
our second hypothesis as well.

In comparison with the original accuracy of building type recording on the input
data of OSM, the proposed approach achieve higher accuracy, in terms of both
the overall accuracy and producer’s accuracies. Besides, in the evaluation of type
estimation in Heidelberg, the accuracy of type recording in the input OSM data is
not considered. If this kind of impact could be calculated, even higher accuracy can
be achieved by the proposed approach.

There are still many error estimations, especially for the commercial buildings,
public buildings and accessory buildings for storage, because only 50 % of these
kinds of buildings can be correctly estimated with type. As mentioned above, one
reason is that these kinds of buildings reveal huge diversity in shape and size. Other
reasons could be that: (i) the types in the input OSM data are labeled with relative
low accuracies, (ii) there are ambiguous classifications when classifying a lot of
building types on OSM into six building types, and (iii) similarly, there are confusion
classifications when classifying a lot of building types on authority data into six
buildings types.
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In the future, the abovementioned building type classification will be investigated
for better correspondences in the two databases. Secondly, the proposed approach
will be tested for other cities in Germany, in order to investigate the dependency
of parameters upon different cities in different regions. Thirdly, the algorithm of
Support Vector Machine (SVM) will be used for the type estimation, whereby the
authority data and buildings with known information of types will be used as training
data respectively. In further, the results by using SVM will be compared with the
proposed approach presented in this work.
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