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ABSTRACT:

Increasingly developing technology today allows call for a fully automated level of 3D urban model production. Customer market
demands high quality realistic 3D models with consistent geometry for numerous applications including e.g. city and landscape
planning, location based services and navigation support, cultural heritage, disaster management etc. Quality assessment,
management and control of 3D models have become a topical problem. Landmark detection is one of the steps to simplify and
automate the procedure of 3D urban model quality estimation. The quality of the complete model can be evaluated by appraisal of
the quality of landmarks i.e. the most important buildings of the area. The goal of this paper is to introduce an automated procedure
of landmark detection for a 3D urban model, with the purpose of automation of 3D urban models quality assessment and control.
1. INTRODUCTION
Landmark is a salient object, visually and semantically unique
and easily recognizable in the urban environment. Therefore
landmarks have always stayed in the area of interest among
users of 3D urban models and demanded a higher quality in
comparison with other 3D objects of less importance.
Landmarks are widely used for navigational purposes, but in the
context of the current research, landmarks are detected with the
purpose of 3D model quality assessment.
Recent developments in the field of automated methods of 3D
urban model production have lead to many discussions on
quality assessment and control of this type of models. High
quality, geometrically consistent with 3D models, can make a
basis for many areas of research. Thus, having a fully automated
procedure of 3D urban model production today poses a
question: How to assess the quality of this three-dimensional
product?
Until now, in most of the cases, the quality control has been
established manually, which is a costly and time-consuming
process. The purpose of this research is to suggest an approach
to the quality estimation using automatic landmark detection
method, which allows to identify and check ―the most important
buildings‖ of a city i.e. landmarks, and by estimating their
quality, conclude on the quality of the complete 3D model.
During this research, building semantic attributes are detected
and investigated using internet data extraction approach.
Building visual attributes are automatically derived by analysis
of feature geometry within the 3D model. Method of outlier
detection for significance assessment of the building features is
implemented. And, as a final stage, list of landmarks, containing
salience characteristics, is obtained.
In this paper will be discussed how the method of automated
landmark detection is established. First an overview about
existing research into the classification and characteristic of
landmarks is given. Then general concept of detecting main
landmark attributes is introduced and followed up with the
explanation of the procedure implementation. Evaluation of the
results with an outlook to the future research concludes the
paper.

2. RELATED RESEARCH WORK
In order to reach a better understanding of the concepts and
fundamentals that have become a basis for this research,
definition of landmark is introduced in the following section,
providing a brief overview on existing classification schemes
and recent developments in the field of landmark detection and
recognition techniques.
Sorrows and Hirtle (1999) define landmarks as prominent,
visually and/or semantically salient objects, such as monuments,
buildings or other structures, which are uniquely memorable
and easily recognizable in the context of surrounding
environment. In this work, the definition of landmark takes into
consideration only buildings.
Recognition of landmarks in the city environment is a useful
and challenging task. Due to importance of landmarks for
navigational purposes, several landmark classification schemes
in the recent fifteen years have been proposed by different
researchers (Sadeghian and Kantardzic, 2008). Steck and Mallot
(1997) distinguish between global and local landmarks, where
they define ―global‖ landmark as a distant object, visible from a
large area, for instance a TV tower of the city and ―local‖
landmark, in contrast, as a salient object, visible only from a
small distance, for example building at an intersection.
Lovelace et al. (1999) classify four types of landmarks for
navigation purposes: ―Potential choice‖ landmarks - located at
potential turning points, ―choice point‖ landmarks – located at
the choice points, ―on-route‖ landmarks – located along the path
of travel, but not on the choice points, and ―off-route‖
landmarks – located not directly on the path, but supplying
some global orientation information. This classification schema
is considered to be very useful for route directions in
navigational services. However, for general quality assurance, it
is not very helpful as it is always bound to a route.
Sorrows and Hirtle (1999) proposed three categories of
landmarks: visual, cognitive and structural. Visual landmarks
are buildings with salient visual characteristics, that have
prominent unique features in strong contrast with the
environment e.g. Eiffel Tower in Paris. Cognitive landmarks are
the ones which are semantically meaningful because of their
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cultural, social or historical significance e.g. museums, theatres,
commercial centres. Structural landmarks are buildings which
are memorable due to their spatial location e.g. buildings at
intersections, bus stations, objects around city squares (Grabler
et al., 2008).
In 2002, based on Sorrows and Hirtle categorization, the new
methodology of building peculiarity identification was offered
by Raubal and Winter (Sadeghian and Kantardzic, 2008). Their
model of landmark saliency includes four measures regarding
visual attraction: facade area, shape, colour and visibility.
Semantic attraction includes cultural and historical importance
of an object and explicit marks i.e. signs in front of the building
that specify its semantics. And finally, level of structural
attraction is measured by analysing the spatial locations such as
buildings at intersection and close to the boundaries of the roads
(Raubal and Winter, 2002).
3. CONCEPT
The following section summarizes the process of an automatic
landmark detection and recognition.
The concept of this research is based on Raubal and Winter
landmark categorization, briefly described in section 2. The
process includes the analysis of building visual and semantic
attraction based on attributes such as building height, area of
façade, shape factor, shape deviation, complexity, dynamic and
static factor. The more outstanding in comparison with the
neighbourhood the attributes of the building are, the more likely
for this building is to be a landmark. The way to automatically
derive building attributes and measure the level of their saliency
will be explained in detail in the upcoming parts of this section.

Figure 1. CAT3D UML Diagram
3.2 Workflow
The concept methodology schema, introduced in Figure 2, gives
an overview of the process workflow, presenting step by step
the procedure of data extraction and analysis. The workflow is
divided into following steps:

3.1 Sample Dataset

1.

Development and implementation of the landmark extraction
procedure is introduced using CityGML model of Stuttgart city
centre with the area of 4 square kilometres and 5523 building
models. To clarify the concept of an automatic extraction of the
building attributes, the way of interaction with the 3D urban
model has to be explained first.

2.

The city model is stored in a MySQL database using the java
based framework City Administration Toolkit (CAT3D)
developed at HFT Stuttgart (Knapp, Bogdahn, Coors, 2007)
Figure 1 describes the way a 3D urban model is defined within
the database using a CAT3D schema. 3D building features are
stored in the layer, which is defined by ID, Name, Minimum
bounding rectangle and reference coordinate system (SRS).
Building (feature3d) within the database, together with some
other attributes, has an ID, Name, Representative Coordinates
and reference to the Coordinate System. Each feature is
described by its geometry (geom), which is stored as 2d
geometry or a faceset using a sequence of points, defined by
their indexes. Depending on the model, it can represent various
types of building elements, such as walls, roofs, ground plan
etc.

3.

4.
5.

Import of the 3D model into MySQL Database,
defined by CAT3D schema;
Detection of the building visual characteristics, by
retrieval of the building attributes from the database;
Detection of semantically meaningful buildings,
within the area of Stuttgart, by use of information on
points of interest extracted from the internet;
Outlier detection for building visual attributes within
its neighborhood;
Compilation of the list of landmarks, based on outlier
detection results;

Each of the steps introduced in the workflow is performed fully
automatically and combined together to compile a procedure of
an automatic landmark extraction from a 3D urban model.
3.3 Landmark Visual Characteristics
According to Raubal and Winter (2002), visual landmarks have
prominent visual characteristics in strong contrast with the
surrounding environment. This type of objects is easily
recognizable and therefore, they stay in the area of high interest.
Visual characteristics of the buildings are obtained by extraction
and interpretation of geometry information within the 3D urban
model.

The CityGML model, used as the test dataset, is defined by
OGC CityGML specifications as LOD2 geometry, where outer
facades of the building are a simply connected geometry
without the holes, thematically defined by the BoundarySurface
and classified as WallSurface, RoofSurface and GroundSurface
(Gröger et al, 2008).
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1987 is integrated, in order to obtain the area, in the detection
procedure.
Shape deviation
Many buildings have a standard, rectangular shape. The more it
deviates from the standard, the more salient it becomes as a
landmark (Grabler et al., 2008). Shape deviation is a difference
between actual building volume and volume of the building
OBB (oriented bounding box). In order to obtain shape
deviation, we need to acquire two values: Volume of the
building OBB and Volume of the building itself. OBB has a
shape of rectangular prism. Its volume V is calculated using the
following formula:

V=B*h
Where

(2)

B = area of the base
h = height:

To solve the problem of the building volume calculation for a
3D object of any shape, a TetGen development of Delaunay
tetrahedralization implemented by Hang Si (2006) is used. This
implementation allows to split an object into tetrahedrons and,
by calculating volumes for each of them, to obtain the total
volume Vb of the 3D object, as follows:

Vb =
Figure 2. Concept Methodology schema for an automatic
Landmark Detection Procedure

where a tetrahedron is defined by vertexes a = (a1, a2, a3), b =
(b1, b2, b3), c = (c1, c2, c3), and d = (d1, d2, d3). This method of
the volume calculation is very sensitive to the correctness of the
building geometry, which should fulfil the restriction
requirements of Piecewise Linear Complex.

Height
Height of the building is an important attribute. Significantly
high buildings are noticeable from far away, therefore it is an
essential attribute to detect. Height is detected by calculating the
height of building AABB (axis aligned bounding box) as
follows:

h = |maxEl –minEl|
where

(3)

(1)

h = height of the building,
maxEl = elevation of the building bounding box
maximum coordinate
minEl = elevation of the building bounding box
minimum coordinate

Facade Area
Facade area is a distinctive building attribute for determining its
contrast with the environment. People tend to notice buildings
with facade areas that considerably exceed or rather deviate
from traditional rectangular form (Raubal and Winter, 2002).
Facade Total area is an area of all building facades including
area of the roof. Assuming that building facades could be rather
complicated and not necessary plane surfaces, method of
Polygon 2D projection on a plane developed by Snyder & Barr,

Geometry Complexity
Shape Deviation method alternative - also called geometry
complexity - comes from the assumption that the more face sets
building has, the more complicated is building geometry.
Therefore, number of face sets is calculated for each building.
Due to the fact that even a simple close to rectangular form of
the building, in some of the cases, can be represented with many
face sets, the geometry complexity is taken into account only
when shape deviation of the building cannot be detected.
Shape factor
Narrow and high buildings, such as skyscrapers, are in strong
contrast and will have a high shape factor within the
neighbourhood of low and long buildings. Shape factor is
calculated using following formula:

(4)

Where

F = building shape factor;
h = height of the building;
w = width of the building OBB;
d = depth of the building OBB;

5th International 3D GeoInfo Conference, November 3-4, 2010, Berlin, Germany

39

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-4/W15

Detected
Building

Neighbourhood

Outlier
Attribute
Height:
49,08 m

Facade
Area:
33 235
m2

Deviation:
6.76

Num. of
Faces :
1976

Shape
Factor:
6.97

Table 1. Detected visual outlier attributes

Visual Saliency Calculation
The values of significance for each visual attribute of the
building are calculated using Dixon‘s Q –Test (Efstathiou,
2010) for one extreme observation for a neighbourhood within
the radius of 50m.
Dixon‘s Q-Test allows to investigate if one observation from
the dataset possesses an extreme value compared to its
neighbourhood. Q-Test is based on the assumption of a normal
(Gaussian) distribution of the data set and accept or reject the
observation as an outlier with 95% confidence and 5%
significance in the frames of current research work. Dixon‘s Qtest is applied as follows: For each of the building visual
attributes, the observation values N of its local neighbourhood
are arranged in the ascending order (x1 < x2 < . . . < xN). The
statistic experimental Q-value (Qexp) is calculated. This is a ratio
defined as the difference between the suspect value (xS) and its
nearest (xS-1) neighbour, divided by the range of the values.
Thus, for testing xS, as a possible outlier, Qexp derived as
follows:

The obtained Qexp value is compared to a critical Q-value (Qcrit)
found in tables of extended critical values developed by Verma
& Quiroz-Ruiz 2006, for a 95% level of confidence. If Qexp >
Qcrit, then the suspect value can be characterized as an outlier
and get the value of significance = 1, if not, the suspect value is
rejected as an outlier and significance = 0 (Efstathiou, 2010). In
case the suspect do not have enough neighbors to compare
significance = 0 because the spatial location (structural
saliency) was not analyzed in the frames of this research work.
Some results for detected building visual outlier attributes are
shown in Table 1.
3.4 Landmark Semantic Characteristics
Semantically meaningful buildings possess historical and/or
cultural attraction. For example the central train station is very
well known object in any city not only due to its strong visual
characteristics but also because of its practical purpose.
Churches, museums, libraries, hotels, commercial centres and
many more other objects in the urban environment are known
and belong to the area of high interest. Various web pages and
internet applications offer thousands of information on city most
attractive tourist places, business centres, hotels and restaurant.
Currently, only web page http://places.falk.de is used as a
source of semantic extraction.
In order to get information about Stuttgart points of interest,
source code analysis of the mentioned above web page is
performed. JavaScript and HTML based code is easily
understandable and allows to retrieve necessary information
such as POI coordinates, title etc. in an automated manner.
Using Java environment and Java.net package following
building attributes has been automatically detected and
analyzed:
1. Name- extracted directly from the source code:
"title": "Neues Schloss Stuttgart";
2. Coordinates- (latitude and longitude) extracted
directly from the source code: “geocode”: "geox":
"9.180470", "geoy": "48.778099";
3. Description- extracted directly from the source
code: "content": "Beschreibung\nDie frühere
Residenz der württembergischen Könige, im
Spätbarock errichtet, beherrscht heute den
Stadtkern. Vor dem Schloss erstreckt ...;
4. Average Rating- extracted directly from the source
code by counting number of star avg on, with width of 100%
adding one point and 50% adding 0.5 points ( within this
example average POI rating is 2.5) :
<div class="star avg on"><a style="width:
100%;"
<div class="star avg on"><a style="width:
100%;"
<div class="star avg on"><a style="width:
50%;"
<div
class="star
avg"><a
style="width:
100%;"
<div
class="star
avg"><a
style="width:
100%;"
5. Maximum Rating value- from previous example
and for all points of interest equal to five;
6. Number of People Rated = 4 in this example,
extracted directly from the source code: <span
id="rating-num-votes-43193">
4
</span>
Bewertungen);
7. Rating Ratio = Average Rating/ Maximum Rating
value;

(5)
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8. Weighted Rating Ratio= Rating Ratio * Number of
People Rated;

calculated for every building by obtaining the mean value from
building attributes (see Table 3).

Static attribute
Static attribute, also described as building category, defines if
building might possess any cultural or historical attractiveness.
For example, finding key words like ‗theatre‘, ‗hospital‘ or
‗university‘ in the name and description of POI would put it into
the ‗cultural‘ category, and words like castle or museum would
put it into the ‗historical‘ category. Key words were developed
using OGC standards for building Class Type and Function
Type. If none of that key word is found, POI category is set to
undefined. Value of Saliency for this attribute is assigned as
follows: Historical meaning = 1; Cultural meaning = 1;
Undefined category = 0;

Measure

Attribute

Value

Saliency

Height
Façade
Area
Shape
Visual
Deviation
Complexity
Shape
Factor
Static
Semantic
Dynamic

46.11
26092.
8

1

0

Total
Saliency

1
1

368
0.5

0

cultural
0.06

0.53

(1+1+1+0+
+0.53)/5=
0.706

Dynamic attribute
Dynamic attribute, or building popularity among the visitors,
takes into account rating values of the building. The value of
dynamic salience has been calculated as follows: Dynamic
Saliency = Weighted Rating Ratio/Maximum Number of People
Rated;
Semantic Saliency Calculation
Buildings that possess a historical meaning are considered to be
more important, but they are rarely rated by the users. On the
other side, cultural places, especially restaurants and hotels, are
more often rated. Therefore, calculations of the value of Total
Saliency have the following logic:
If POI is detected as historical, Semantic Saliency =
Static Saliency;
If POI is detected as cultural, Semantic Saliency =
(Dynamic Saliency + Static Saliency)/2;
If POI is undefined, Semantic Saliency = Dynamic
Saliency;

POI Type

Cultural

Historical

Undefined

Measurement
Weighted
Ratio
Cultural
Weighted
Ratio
Historical
Weighted
Ratio
Undefined

Val
ue
7.6

Max
Peopl
e
Rated
11

true
7.6

11

true
7.6
true

11

Salien
cy

4. IMPLEMENTATION
This section briefly describes the java implementation for an
automatic landmark extraction. As it has already been
mentioned above, the landmark detection procedure is
performed in several steps. Implementation consists of a
number of functions, such as 3D model import into the DB,
extraction of building visual and semantic attributes, detection
of outliers and output list of landmarks.
Implementation is structured into five different packages
according to the functionality of the classes (see Figure 3).
DataQuery package, with the QueryTest class, using CAT3D
enables the import of the model into the database. Landmark
Detection procedure is executed within the main class of Main
package, which, step by step, invokes other classes for detection
of visual and semantic attributes.

Total
Saliency

7.6/11
=0.69
1

(0.69+1)
/2 =
0.85

-

1

1
7.6/11
=0.69
-

Table 3. Calculation of Building Total Saliency

0.69

Table 2. Semantic Saliency calculation for
Cultural/Historical/Undefined POI type
Saliency calculation for a 3 hypothetical POI shown in Table 2,
gives an example of how the value of total semantic
significance is calculated for each extracted POI.
3.5 Total Saliency Calculation
After detecting the values of significance for each attribute of
semantic and visual attraction, the total saliency can be

Figure 3. Packages and Classes of test implementation for
automatic landmark detection
Package
part of
WebInfo
internet,

TetGen enables calculation of building volumes, as a
obtaining building visual characteristics. Package
engages the processes of POI extraction from the
interpretation of the information needed and

5th International 3D GeoInfo Conference, November 3-4, 2010, Berlin, Germany

41

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXVIII-4/W15

calculation of Semantic Salience of POI. And finally, Saliency
Package enables overlays of POI, extracted from internet, with
the 3D buildings, and performs the procedure of an outlier
detection method for the building visual attributes. Method of
total saliency calculation and output list of landmarks with the
evaluation of the building visual and semantic attributes,
detected value of saliency and reference coordinates of the
landmarks are implemented in the classes of main package

environment, using the example of CityGML model of
Stuttgart.
During the process, building visual and semantic attributes are
detected and analyzed for the outlier characteristics. Results are
evaluated and the output list of Landmarks with assessment of
building significance and detected attribute values is obtained.

5. EVALUATION OF THE RESULTS
Using previously described methods, 652 Landmarks are
automatically extracted from the 3D urban model with 5523
buildings.

Figure 4. Results of Automatic Landmark Detection
Figure 4 shows the complete list of detected landmarks, where
buildings are marked using the representative coordinates,
extracted from the 3D model database. Total Saliency of the
Landmarks varies from 0.8 to 0.008, depending on the number
of building attributes detected as outliers. So the more outlier
attributes the building possesses, the higher the value of the
Total Saliency is and the more significant it is as an outlier.
In order to obtain a better impression on efficiency of the
method, area of HFT Stuttgart is closely analyzed for detected
Landmarks and their value of saliency (see Figure 5). It can be
seen that building 1 (BID3010) and building 4 (BID2182) of the
HFT are detected with the high value of total salience. The
parking lot (BID2017) next to the building 2 is detected as a
semantic object ―Schlesinger bar‖ but the value of total salience
is low – 0.02, because no other visual attributes of the building
possess outlier characteristics. Additionally, for visual attribute
outliers of total façade area and shape complexity, ―Haus der
Wirtschafts‖ (BID5329) is detected as a landmark with the total
saliency of 0.4.
6. CONCLUSIONS AND FUTURE WORK
The result of this work is a valid automated procedure of
Landmark Detection of 3D urban model developed in the java
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Figure 5. Landmarks Detected within the area of HFT Stuttgart,
where TS –Total Significance; sem-semantic; h-height; a –
façade area; sf – shape factor; d-shape deviation; c- complexity
detected as an outlier attribute

Analysis of the results shows that the automated process of
landmark detection highly depends on the quality of 3D model,
with regards to its logical consistency and quality of the model
geometry. Detection of the building visual attributes strongly
depends on the quality of the building geometry. Therefore,
algorithms to improve the 3D urban models geometry quality
should be developed and implemented. 3D models should be
logically consistent and building parts should be associated with
the buildings to which they belong. This type of model
inconsistency can lead to detection of false landmarks, due to
which reason not a complete building, but only a building part
is evaluated. Nevertheless it can be said that automated
methods, developed for detection of building visual attributes,
give good results in terms of correctness and efficiency.
Referring to detection of building semantic attributes, it is also
concluded that the quality of data, extracted from the online
resources, plays a major role in the procedure of landmark
detection. During this research only one online resource is used
for detection of building semantics, but in order to improve the
results and make them more reliable several online resources
should be evaluated.
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Structural analysis, e.g. detection of buildings at intersections
and around the city plazas, should be implemented in the
procedure together with visibility analysis. This type of
landmarks is more important in terms of 3D urban model
quality demands, because they stay in the bigger area of interest
than buildings inside the neighbourhood, which are not visible
from the roads.
Concluding the results of the current research work, it can be
said that developed procedure is an efficient method of
landmark detection, which is interoperable with several 3D data
types. Developed implementation delivers list of landmarks
with the values of their visual and semantic attributes, together
with detected level of saliency for each attribute and total
saliency evaluation for the landmark.
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