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1. Introduction

The need for visualization of populated places, and
especially the objects in them, has been present since
ancient times. There are various forms of visualization of
objects and buildings, starting from two-dimensional (2D),
three-dimensional (3D), all the way to multidimensional
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This paper describes the process of designing models and tools for an
automated way of creating 3D city model based on a raw point cloud.
Also, making and forming 3D models of buildings. Models and tools for
creating tools made in the model builder application within the ArcGIS Pro
software. An unclassified point cloud obtained by the LiDAR system was
used for the model input data. The point cloud, collected by the airborne
laser scanning system (ALS), is classified into several classes: ground, high
and low noise, and buildings. Based on the created DEMs, points classified
as buildings and formed prints of buildings, realistic 3D city models were
created. Created 3D models of cities can be used as a basis for monitoring
the infrastructure of settlements and other analyzes that are important for
further development and architecture of cities.

visualization. At the same time, three-dimensional
visualization has become indispensable in spatial planning
and city management. The need for the third dimension
and spatial analysis arises especially as a result of the
construction of large buildings and complexes. Also, there

is the idea of smart cities that relate to the modern and
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urban future, and as such require a third dimension ",

In addition, many settlements and cities contain a large
number of buildings of different classes, different models
and structures, and are most often divided according to
the degree of detail of the display of the building-level of
detail (LoD) . Object models are created on the basis
of data obtained from various sources (photogrammetry,
LiDAR imaging, remote sensing, etc.).

Due to the increasingly frequent requirements for
credibility and timeliness in the display of 3D cities and
buildings, there is a need for mass and fast data collection.
At the same time, the manual data processing procedure
is in principle time consuming and it is impossible to
repeat procedures with the same results, primarily due to
subjectivity in the work. Automated procedures enable
a larger amount of data that needs to be processed in the
shortest possible time and credibly. Also, the fields of
application of 3D models of cities are quite different,
such as planning and construction of infrastructure
facilities, environmental monitoring (air pollution, noise
propagation), observation of roads and green areas,
solving emergencies *'.

Recently, space data can be obtained by active and
passive sensors in the form of point clouds (LiDAR
recording). Point cloud data represent a specific surface
geometry using an object-independent distribution of
points with uniform quality. However, this form of
representation is not suitable for many applications.
Some more sophisticated tasks require generalization and
simplification of data models. The process of generating
3D models of buildings and structures are just such a case.

The ideas and approaches taken to aid the problem
of geometry construction have two strands: the creation
of imagined geometry for virtual worlds and the
reconstruction of geometry as it exists in the real world
from measured data. Both commercial and academic
spheres of research have investigated the automated
reconstruction of geometry from point clouds 7.

New approaches to boundary detection employ
different properties of the data. Some authors make use
of LiDAR data to automatically extract the boundary
of water bodies ""*). They present two algorithms for
boundary detection. For the first, the centroid of the region
of interest is computed and an imaginary line is generated
between the centroid and the farthest point. Then, more
imaginary lines are generated between the centroid and
each point in the region of interest. The angle between the
main line and each generated line is computed to create
a range between 0° and 360°, then for each degree the
furthest point from the centroid is assigned as a boundary
point. The second algorithm converts the cloud data into

an image format. The resulting image is transformed into
a binary representation and after that the pixels between
the white and black colors are assigned as the object
boundary ™. The collected data are further processed
to obtain fully developed photorealistic virtual 3D city
models. The goal of this research is to develop a virtual
3D city model based on airborne LiDAR surveying and
to analyze its applicability to Smart Cities applications
U4 They identify each roof patch from the LiDAR dataset
firstly and secondly an improved Canny detector is used
to extract the initial edges from the imagery data. Finally,
the boundary is computed by fusing the roof patches with
the initial boundary segmented from the images """

Automatic object modelling from point cloud data
spans across a wide variety of domains. Multiple attempts
use different segmentation methods with varying results.
It seems that the more promising methods employ a
combination of segmentation methods and semantic
information, with a boundary extraction component.
The boundary extraction component may be used to aid
in segmentation of objects with the characteristic shape
where segmentation methods based on local descriptors
may exceed object boundary resulting in improper
segmentation 7],

3D models of cities are especially interesting. There
are various terms used for 3D city models, some of
which are: “Cybertown”, “Cybercity”, “Virtual City”, or
“Digital City” "' The first 3D city models began to be
applied at the end of the last century, accompanied by
great difficulties, primarily due to the lack of appropriate
application tools as well as standards that prevented the
wider use of such models. The City Geography Markup
Language Open Geospatial Consortium (CityGML OGC)
standard is the first standard in the field and describes
five LoDs for structuring the geometric and semantic
characteristics of 3D data, however these LoDs have been
shown to be ambiguous and limited (Figure 1) """,
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Figure 1. The five LoDs of the OGC CityGML "

In the past, virtual city models were most often used
for visualization or simple graphical search of urban
areas. Today, however, virtual 3D city models provide
important information for various aspects of urban area
management. Their application becomes extremely
important during the construction, use and management
of urban infrastructure !'". The amount of detail that is
captured in a 3D model, both in terms of geometry and
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attributes, is collectively referred to as the LoD. In fact, the
LoD concept is important in all steps of a typical ‘life
cycle’ of a 3D city model, even prior to any acquisition
has taken place. When creating 3D models of cities, LoD
determines the data collection technologies that should be
used, because different models are the result of different
data collection approaches. For example, LoD defines
the minimum point cloud density when using aerial laser
scanning technology. When collecting data, LoD serves
as the main guide on how detailed the data should be
collected ",

2. Methodology and Technology of the Study

2.1 Case Study Area

Tuborg Havn or Port of Tuborg is a marina and
surrounding mixed-use neighbourhood in the Hellerup
District of Copenhagen, Denmark. Located on a peninsula
on the north side of Svanemelle Bay, just north of the
border to Copenhagen Municipality, it is the result of a
redevelopment of the former industrial site of Tuborg
Breweries which ceased operations in 1996. The marina
is operated by the Royal Danish Yacht Club which also
has its club house at the site (Figure 2). Other local
landmarks include the Experimentarium science centre,
the Waterfront shopping centre and the Saxo Bank
headquarters ",

e

-
L. -
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Figure 2. Tuborg Havn area

2.2 Experimental Program

The experimental design was performed in the
ArcGISPro software. It supports data visualization,
advanced analysis, and authoritative data maintenance
in 2D, 3D, and 4D. Also, it supports data sharing across
a suite of ArcGIS products such as ArcGIS Online and
ArcGIS Enterprise, and enables users to work across the
ArcGIS system through Web GIS "1, Tt is used to perform
raster analysis and work with large sets of LiDAR

data in 3D ¥, In ArcGIS Pro, a body of related work-
consisting of maps, scenes, layouts, data, tables, tools, and
connections to other resources-is typically organized in
a project. A project has its own geodatabase and its own
toolbox **,

Model builder is an application within ArcGIS Pro that
is used to create, edit and manage models. Models are
workflows that combine a number of geoprocessing tools,
using the output of one tool as input to another tool. The
model usually consists of at least three elements:

- input data (blue circles);

- geoprocessing tools (yellow squares);

- output data (green circles).

Model builder can also be considered a visual pro-
gramming language for building workflows **'. Instead of
running each tool one at a time, a created model takes the
input data, transforms it with a series of tools, and then
creates the output data. The tools needed to form a model
can be added in two ways. The first is by searching in the
Add Tools To Model window and adding tools by dou-
ble-clicking on the model. Another way is to simply drag
the geoprocessing tool into the model from the Geopro-
cessing window or the Catalog window ***.

There is a possibility that several different users use the
created model for the same purpose. Therefore, the input
data and the output data have completely different names.
Instead of static inputs and outputs, they need to be set
dynamically as parameters. When input or output data are
set as parameters, users can enter their data and set their

output paths or storage locations *°.

3. Processing of Data

The created model for performing the task of work
can be divided into two parts that are interconnected
(Figure 3). The main result of the first part of the model
is a digital elevation model (DEM). Within the second
part of the model, the classification of point clouds were
performed with the aim of obtaining the points of the
roofs of buildings and the necessary data processing was
performed. The final results of the second part of the
model are 3D models of objects and 2D polygons in .shp
format with information on the maximum and minimum
height of 3D models of objects.

The tools used in the model are described below,
starting with the first part of the model. Although the
model is universal, for a concrete example, a point cloud
related to the settlement of Tuborg Havn in Copenhagen,
Denmark was used as input data (Figure 4). All data used
comes from the Danish government website " and is
also available through the website ).
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Figure 3. Appearance of the created model

Figure 4. Orthophoto of area of interest (Tuborg Havn)

The point cloud data were split into two files, so it
was necessary to merge them into a single file. The two
LAS point clouds come from a project managed by the
Danish government and resulting in lidar coverage for the
entire country. The merging of these two files was done
by creating a new LAS dataset. The created LAS dataset
called Tuborg_Havn.lasd, which represents the input data
is shown in Figure 5.

m

Figure 5. View the created LAS dataset

Prior to the model creation process, a new Toolbox
was created in the Catalog called Building_ Extraction.
tbx. Within the toolbox, a model with the same name
Building Extraction was created. The tools used in the
first part of the model are: Classify LAS Ground, Make
LAS Dataset Layer, LAS Dataset To Raster, Classify LAS
noise (Figure 6).
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Figure 6. Presentation of the first part of the model

The Classify LAS Ground tool was used at the
beginning of the model. The result of the tool is a modified
point cloud Classified LAS to which the classification
code 2 - Ground has been added (Figure 7).

Figure 7. Classification code 2 — Ground

After the ground classification was performed, the
Make LAS Dataset Layer tool was used. The output layer
LAS Ground represents the layer to which the filter for
classification code 2 - Ground was applied. After filtering
the point clouds and creating a layer that represents the
ground, the DEM was created using the LAS Dataset To
Raster tool. The created DEM is displayed in Figure 8.

After determining the ground points, the next step is
to identify the noise among the remaining unclassified
points. Noise points correspond to points that are too high
or low and are probably the result of random errors in
lidar data. The Classify LAS noise tool was used for noise
determination purposes. The LAS tool classifies points
with atypical spatial characteristics as noise. The tool was
used twice. The first time for low noises (Low Noise), and
the second time for high noises (High Noise).

After the classification of noises, in the second part of
the model, the classification of buildings, i.e. points that
define roofs, was performed and additional data processing
was performed to obtain the final result in a vector format
containing 3D models of buildings. The tools used
within the second part of the model are: Classify LAS

Building, Make LAS Dataset Layer, LAS Point Statistics
As Raster, Raster to Polygon, Select Layer By Attribute,
Eliminate Polygon Parts, Regularize Building Footprint,
LAS Building Multipatch, Multipatch Footprint. Figure 9

shows the appearance of the second part of the model.

Figure 8. Created DEM resolution 0.5 m

In the second part of the model, the Classify LAS
Building tool was used. The tool is used to classify
building rooftops and sides in LAS data. The Classify LAS
Building tool uses a combination of methods to identify
the building points. The ground points must be separated
out before running the tool. Among the unassigned points,
the tool identifies solid surfaces where there was only
one return per laser pulse. In contrast, an area with trees
may have several returns per laser pulse because the light
reaches and reflects from several levels in the foliage
or even the ground. The Minimum Rooftop Height and
Minimum Area parameters are also important to make
sure that a surface that is too low or too small in the area
is not mistakenly classified as a building. The Aggressive
method was chosen for the Classification Method. Within
this method, points corresponding to the characteristics
of a flat roof with a relatively high tolerance to protrusion
were discovered. The points identified as buildings are
placed in classification code 6 - Buildings (Figure 10).



Journal of Geographical Research | Volume 05 | Issue 02 | April 2022

/
Classify LAS  ______ w{| ag Building ——* D.::::;ﬂser ——*=LAS _Buildin
Building _Buliding ) ¥ ‘ _Building ...
SI;%E&EL »Buildings_Raster = ﬁf;;;‘;’ & Bulldings_Raw
P
‘ 2D_Shape
Count - Seliclttrll.:l}fg By »Buildings Raw,, —— ng;ﬂéﬂagﬂ ~———* Buildings_Clean I
Multlpatch
‘ Foolprint
,
Rgogi%:“gf —— Building_Faot.. » Lﬁﬁ‘&gﬂfg -~ *Multipatch_3D...
Figure 9. View second part of the model
-;".pfi E-- ',‘::vm” can make it difficult to achieve a complete visual
’ ‘/ 0 match between the contour of the building (or the LAS
h “ points of the building) and the building below it. In the
e . -t "‘; A continuation, a raster was formed that corresponds to the
; :: % \ ) 8 e "" location of the LAS points of the building. Before forming
° :;-”‘ \ O < the raster, the Make LAS Dataset Layer tool was used
Ll -
n o % a® ’ ¥ again to create the layer LAS Building Layer. The LAS
] ';‘-:; “ o . “ Point Statistics As Raster tool was used to form the raster
" ¥ e - .
‘ .' pory T X3 r ot Buildings Raster. The next step was to convert Buildings

Figure 10. Classification code 6 — Buildings

After classifying the points of the roofs of the
buildings, it was necessary to separate the 2D contours
of the buildings. Figure 11 shows the points identified as
buildings.

Figure 11. Classification code 6 - Buildings i
orthophoto (2D)

Orthophoto provides insight into what real buildings
look like. However, the perspective in a photograph

Raster to a polygon layer. The Raster to Polygon tool
was used for this process. A polygon named Buildings
Raw has been created that contains defects. The first step
in eliminating the defects was to eliminate the smallest
polygons based on the value of the Shape Area attribute.
Based on the analysis of all facilities, 70 m* was selected
for the limit value. Then, polygons larger than that value
selected and the others were eliminated. The polygon
selection procedure was performed using the Select
Layer By Attribute tool. The next step was to remove the
cavities within the polygon using the Eliminate Polygon
Part tool. In this case, cavities with an area of 50 m” or
less were eliminated. The next tool used is the Regularize
Buildings Footprint tool. This tool is used to correct the
stepped edges of polygons, i.e. to eliminate errors in
their geometry. The Right Angles method was chosen for
the method, which focuses on buildings with clean right
angles. The result of the tool was a feature class called

Buildings_Footprints (Figure 12).
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Figure 12. Buildings Footprints

The LAS Building Multipatch tool was used to
create realistic 3D models of objects. The tool is used
to create models of buildings derived from roof points
recorded in lidar data. The building model is generated by
constructing a triangulated irregular network (TIN) from
selected LAS points located within the building contour.
The contour is embedded in this TIN as a truncated
polygon whose height is defined by the lowest point of the
LAS within its range. The ground height is the foundation
of the building and can be reported either from the field in
the attribute polygon attribute table or from the elevation
surface (DEM). The created data were used for input
data: DEM, LAS dataset points classified as buildings
(LAS Building_Layer) and building contours (Buildings
Footprints). The result is a multipatch layer, a format that
can store complex 3D vector characteristics.

At the end of the model, the Multipatch Footprint tool
was used. The tool is used to create 2D polygon object
contours in .shp format, created within a multipatch
variable. The attributes Z min and Z max are added to
the existing attributes based on the height of the created
object models. The layout of the created polygons is the
same as Buildings Footprints, but with added attributes.
The name of the output .shp file is user-defined. Figure
13 shows a pop-up window with information showing the
attributes that have been added.

For the created model to be universal and to be able
be used with different input data, certain input and output
data are set as parameters. When input and output data are
set as parameters, users can enter their data and set their
output paths or storage locations. After saving the model
with parameters, the model can be launched by double-
clicking within the Toolbox in which it is located, as well
as other tools (Figure 14).

Pop-up - Bx
4 Multipatch_3D_Buildings_2D_Shape (1)
Multipatch_3D_Buildings_2D_Shape - 520
OBIECTID 79 A
Id 520
gridcode 6
ORIG_FID 520
ORIG_OILC 79
STATUS 0
ORIG_OID_1 <Null=
Z_Min 3.1874
Z_Max 41.52
Shape_Length 548.573672 Vv
Shape_Area 9791.183966

12.5788424°E 55.7265511°N [ & Q

Figure 13. Pop-up window with object information
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Figure 14. Appearance of the running model window

4. Results and Discussion

The point cloud, obtained by laser scanning, is

classified into several classes: ground, high and low
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noise and buildings. As stated in the paper, after the
classification of ground points, a DEM was created, which
was further used in the tools in which it was needed.
Primarily in the classification of low noise based on the
soil surface. After the calcification of noise inside the
cloud of points, the classification of roofs of buildings was
performed, i.e. facilities. Then, a raster was created from
those points, and after that a polygon to which certain
tools were applied in order to obtain the most realistic
contours of the objects. The last step was to create
realistic 3D models of objects, as well as 2D polygons
obtained from point clouds. To create the final result, the
previously obtained results in the model were used, and
they are: DEM, points classified as buildings and contours
of buildings, i.e. facilities.

The results of the work are models or tools for the
automated process of creating 3D models of objects based
on the raw point cloud. Within the tool, the classification
of point clouds was performed, a DEM was created, and
after that, the geometry of the objects was extracted.
The last step was to create 3D objects. The final results
represent a set of 3D objects, i.e. buildings in vector
format, as well as 2D polygons of created 3D objects.
The created multipatch layer with realistic 3D models of
objects and with the created DEM set as a reference of the
ground surface is shown in Figure 15.

Figure 15. Multipatch 3D Buildings

Some of the buildings are located just above ground
level. This is because they are generated using the created
DEM as a reference for the ground level. Because the
DEM is created from very precise lidar data, it represents
a slightly different and more detailed terrain than the
default WorldElevation3D / Terrain3D layer used within
the display scene to model the ground in 3D. For a
more accurate view of the terrain within the Contents
window, below Elevation Surfaces, the created DEM has
been added for Ground using the Add Elevation Source
option and selected as a ground surface reference. A

zoomed view of the created 3D object models is shown in
Figure 16.

Figure 16. Multipatch_3D_Buildings, close-up

Within the tools in the model, the values obtained
by the analysis of the localities for which the data were
collected were used. Although the model is universal,
one should still take into account the locality and
characteristics of the objects within it. The main advantage
of the created tool is the possibility of automatic data
processing, based on the parameters defined by the user.

5. Conclusions

In this paper, a model was formed, and later a tool for
creating an automated procedure for creating a 3D city
model based on a raw point cloud. The main intention
was to create a tool that is universal for designing. In this
way, the tool can be used by all users who need it. Also,
there is a possibility for free choice of input and output
parameters, and most importantly the input LAS dataset,
i.e. point clouds.

The entire process is fully automated. The main
disadvantage of the tool is the need for very high quality
input data. The processing of different data sets showed
that in order to achieve high-quality object models, it is
necessary to use a very dense point cloud as an input.
The application of a sparse point cloud results in the
creation of lower quality object models. As stated in the
paper, the obtained 3D models can be used for various
purposes such as flood simulation, noise estimation, solar
energy estimation, visibility analysis, spatial planning and
many others. Advances in data collection methods and
technologies for the automatic realization of 3D models
are evolving very rapidly, which will make it easier to
describe spatial data and their photorealism in the future
[16,30]

A procedure was created to perform the task, which
was later converted into a tool within the Model Builder
application, in the ArcGIS Pro software environment. The
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input data are an unclassified point cloud obtained by the
LiDAR system, which is subsequently structured through
the application. Based on the classified point cloud, a
DEM was created, object geometry was extracted, and
realistic 3D object models were formed in the form of
a multipatch layer, a format that can store complex 3D
vector features.
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