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Abstract. This paper is devoted to 3D modelling at the city level from data
sources considered as open. The open data presented in this paper enable free
usage, modifications, and sharing by anyone for any purpose. The main motiva-
tion was to verify feasibility of a 3D visualization of floods purely based on
open technologies and data. The presented state-of-the-art analysis comprises
the evaluation of available 3D open data sources, including formats, Web-based
technologies, and software used for visualizations of 3D models. A pilot Web
application visualizing floods was developed to verify the applicability of dis-
covered data sources. 3D visualizations of terrain models, 3D buildings, flood
areas, flood walls and other related information are available in a pilot applica-
tion for a selected part of the city of Prague. The management of different types
of input data, the design of interactive functionality including navigation aids,
and actual limitations and opportunities for future development are discussed in
detail at the end.
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1 Introduction

Nowadays, 3D geospatial data and technologies for 3D cartographic visualization are
being used with increasing frequency in a variety of human activities. Crisis manage-
ment is no different. Applications of 3D geospatial data and technologies can in-
crease, for example, the awareness and understanding of flood-related issues [17, 26,
35]. 3D visualization may be used by experts and laymen alike in the use case de-
scribed below. 3D visualization also has the ability to assist in dealing with the prob-
lem of flooding on different scales — from the global and regional levels to the local
level involving individual towns and cities [14]. Feasibility of a 3D visualization of
floods purely based on open technologies and data was is the primary aim of this pa-
per. Solely open data and technologies were used for this purpose; based on an analy-
sis of available sources of open data for the case study area (a part of city of Prague,
The Czech Republic).
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2 Open data and technologies

“Open Data and content can be freely used, modified, and shared by anyone for any
purpose” [34]. This definition was initially derived from the Open Source Definition.
Open data are available without access restrictions, licenses, copyright, patents, or
charges for access or re-use. The main reasons, why data should be open, are:

e transparency,

o the release of social and commercial value,
the release of participation,

o the release of engagement.

Because of the variability in open data, when, for example, one organization deploys
PDF files while another deploys raw data, Tim Berners-Lee, the inventor of the Web
and Open Data supporter, suggested a 5-star deployment scheme for Open Data. The
scheme — from scanned tables in PDF, through XLS and CSV, to data that could be
linked to other data (e.g. [24]) — is shown in Fig. 1.
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Fig. 1. 5-star schema of Open Data openness (source: [2])

2.1  Open geospatial data

There are various projects creating open geospatial data. Precise and detailed geospa-
tial data are not usually open or distributed for free. National mapping agencies or
commercial companies usually offer their geospatial data for a fee. Therefore because
of such fees, open or free geospatial data are used whenever they are suitable enough.
Free data could be licensed (e.g. for limited usage in educational context) unlike Open
Data. Open geospatial data have potential uses and applications in various fields such
as urban planning, urban studies or 3D city modelling [7, 18], transport analysis and
navigation [11], precision farming [24, 25], environmental protection [16], sociology
and socio-economic analysis [21], crime analysis [28], and also crisis management,
which is the topic of this article. In the following paragraphs we present examples of
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various sources of open geospatial data, with an emphasis on data suitable for 3D
modelling

Open geospatial data, or open data in general, are often collected, managed, and
then made available by an institution, organization or government. These providers
should be responsible for the content. According to the provider, these open data can
be termed open government data. The same should also hold for open geospatial data.
The most commonly used freely available elevation data sets are derived from the
SRTM (Shuttle Radar Topography Mission) and the ASTER GDEM (Advanced
Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation
Model). SRTM DEM (Digital Elevation Model) is the result of a project spearheaded
by NASA and NGA (National Geospatial-Intelligence Agency). The pixel size of the
raw image represents 30m over the USA and Australia. For the rest of the world, the
ground resolution is 90m. The elevation models obtained from SRTM data are freely
available from the Internet. Up to 2009, SRTM DEM was the most complete high-
resolution digital topographic database of the Earth. In 2009, the ASTER GDEM was
released. Compared to SRTM DEM, ASTER GDEM covers a larger area of the Earth
and the resolution is 30m worldwide. By the end of 2015, all of the highest-resolution
data generated from SRTM were also released. [3, 29, 32, 36] EU-DEM is another
similar dataset for the pan European region, which is provided by the European Envi-
ronmental Agency. For the European level, EU-DEM provides downloadable color-
shaded relief data with values relating to actual elevations. The EU-DEM is a hybrid
product based on SRTM and ASTER GDEM data fused by a weighted averaging
approach. The resolution of EU-DEM is 25m. [5]

Meanwhile, the currently most popular open geospatial data source, Open-
StreetMap (OSM), is in the form of a Volunteered Geographic Information (VGI)
project created by thousands of contributors, which are not responsible for the content
or which cannot be held accountable for the content. OSM data can be both trans-
formed from official sources and manually created by voluntary users. For this rea-
son, OSM data should be used with caution, especially if the issue needs detailed (and
precise) input data such as the 3D modelling of cities. Some 3D visualizations or 3D
models have been created on the basis of OSM data. A basic extension for 3D model-
ing is Simple 3D Buildings based on the 3D attributes of buildings. On the basis of
the heights of building outlines and building parts, 3D buildings are modeled or, for
example, roof types are described. Another 3D application based on OSM data is the
open source project Open Earth View. Its aim is full 3D web browsing of a world
map. The base ground is built by OSM 2D tiles, which are extended by 3D tiles creat-
ed essentially from SRTM and other accessible elevation data, or from OSM 2D data
attributes like building elevation, number of floors, or roof elevation. For conversion
from OSM data into a 3D model, OSM2World can also be used. The OSM-3D pro-
ject combines OSM data and the SRTM DEM on a virtual globe. OSM-3D is a part of
the development of a 3D Geodata Infrastructure for the entire World based on open
web service standards of the Open Geospatial Consortium (OGC). The project aims to
provide a Web-based interactive 3D view of OSM data. OSM Buildings and F4map
are two quite similar projects concerning also the 3D visualization of OSM data. [1,
19, 23, 30]



2.2 3D data formats

Both technologies and standards primarily designed for computer graphics and GIS
formats are used to save 3D geospatial data. Probably the oldest most widespread
format for interactive 3D computer graphics is VRML (Virtual Reality Modelling
Language). VRML is a text file format in which 3D geometry can be specified along
with surface colour, texture, transparency, and other properties. X3D (Extensible 3D)
is an open standard file format based on XML for the description of spatial scenes.
Essentially, it is recognized as the successor to VRML. COLLADA is designed to
store 3D graphics; it has similar capabilities to X3D and also the XML structure [4].
There are many other 3D graphics formats besides the above mentioned technologies,
and extensions of more conventional (2D) formats, such as 3D PDF, can also be used.

3D spatial objects are also stored through GIS technologies. For example, Mul-
tipatch is geometry used in ESRI geodatabases and in Shapefiles to represent 3D fea-
tures. GML (Geography Markup Language) is an XML grammar defined by the OGC
to express geographical features. GML was originally only 2D; however, since ver-
sion 3.0, it has also been possible to manage 3D data. CityGML is an application
schema for GML version 3.1.1 for the storage and exchange of virtual 3D city mod-
els. KML (Keyhole Markup Language) is primarily intended for the publication and
distribution of geographic data. KML 2.2 was adopted in 2008 as an OGC standard
[13].

3D formats can also be classified according to a 5-star scale of data openness. A
3D PDF or Shapefile (Multipatch geometry) can be classified under the 2-star class,
other formats like COLLADA, KML, VRML, X3D, GML and CityGML under the 3-
star class. An important issue for open data formats is their standardization. The most
important standardization authority in geoinformatics is OGC. From the above men-
tioned, technologies standardized by OGC include CityGML, GML and KML. For-
mats from 3D computer graphics are standardized, for example, by 1SO (International
Organization for Standardization) or the Khronos Group. ISO standards are VRML
and X3D. The Khronos group uses a standardized COLLADA format.

2.3 Freeware and open source software for 3D modelling

Software designed primarily for computer graphics, computer-aided drawing (CAD),
photogrammetry, or GIS can be used when processing 3D geospatial data. Freely
available 3D GIS software include the tools GRASS, LandSerf, 3DEM, and gvSIG
with 3D extension. These software packages usually employ simple 3D visualization
or 3D spatial analysis (in particular, GRASS). The 3D extension to gvSIG enables, for
example, the extrusion of 2D geometry, the symbolisation of point layers, or the set-
ting of stereo visualization. These tools also quite often allow the conversion of se-
lected formats. Certain possibilities of 3D data processing are also provided through
plug-ins (e.g. DEMto3D, Shp2D3, and Qgis2threejs) in the widespread open source
software QGIS.

Trimble SketchUp, which is used regularly for the 3D modelling of buildings and
other objects, is a CAD program working with 3D data. Regarding software for 3D



computer graphics, commercial programs are often used. However, there are also the
freeware applications MeshLab and View3DScene as well as the open source tools
Blender and Wings 3D. The individual aforementioned applications are often com-
bined in the process of creating 3D models. The key factor is then support for formats
that are used to transfer data between applications. In these connections, it is appro-
priate to use standards (all formats specified in the previous section are standards).
Price is also an important aspect when selecting 3D software, in addition to its func-
tionality. In this study, we focus on non-commercially distributed applications (free-
ware and open source).

2.4 3D rendering in a web browser

A broad spectrum of technologies is also available for rendering on the Web. In addi-
tion to thick clients, which are standalone applications such as Google Earth, there are
a number of techniques for displaying 3D data using a simple web browser. Many of
them use plug-ins. 3D models can be displayed in a web environment using Flash
plug-in, version 11.0 or higher, or Microsoft Silverlight technology, version 3.0 or
higher [4]. Plug-ins are also used for the implementation of virtual globes, for exam-
ple NASA World Wind. Today, preference is given to technologies built on HTML5
and JavaScript library WebGL. These are, for example, SpiderGL, Three.js, XML3D
and X3DOM. SpiderGL library is based on the COLLADA file structure [6]. Three.js
was used for the implementation of 3D city model visualization by [38]. Practical
aspects of the use of the X3DOM library for the 3D visualization of detailed models
of cities are described, for example, by [8]. In addition to general 3D libraries, there
are also a number of 3D virtual globes, e.g. OpenWebGlobe [20].

3 Pilot study

The data and technologies described in this paper were tested in the area around the
Vltava River in Prague, the Czech Republic. The floods in 2002 were the most de-
structive floods in the history of Prague. The flow of the Vltava River culminated at
5300 m3/s. About 40 000 people were evacuated from immediate vicinity. The area
around the VItava was flooded again in 2013 (culmination at 3 200 m®/s).

3.1  Open geospatial data in the Czech Republic

The Registry of Territorial Identification, Addresses and Real Estate (RUIAN) in the
Czech Republic became a freely available online resource for geospatial data in 2012.
Among other data and attributes, this registry also contains information about number
of floors per each building. On the basis of this information, 3D models can be creat-
ed from building footprints. The dataset is downloadable and includes also address
points, streets, parcels, administrative units, and electoral districts. [27]

There are also detail open data for city areas provided in the Czech Republic, e.g.
Décin, Plzen and, above all, Prague. The Prague Institute of Planning and Develop-



ment (IPR) manages and provides open data — specifically, open data for various pur-
poses and analyses connected, for example, with power distribution, noise mapping,
the climate, the environment, and flood protection. In addition to this kind of data, the
datasets include 3D buildings, 3D towers, absolute and relative building heights, digi-
tal terrain models (DTM), or digital surface models (DSM). Similar data for 3D city
models are also provided for cities around the world, e.g. Berlin, Hamburg, Montreal,
Rotterdam and New York. [10, 22]

3.2 Input data

The following were used as input data for the creation of 3D models:

e The digital terrain model of the city Prague provided by IPR in TIFF format. This
DTM was created from aerial photography in 2010 and designed for the level of
detail commensurate with a map scale of 1:5 000.

¢ Building footprints from RUIAN that are available on-line as a Web Feature Ser-
vice or as off-the-shelf GML files (data are compressed by the GZIP algorithm).

o Flood areas for various water levels (for 5-, 20- and 100-year floods) provided by
IPR as Shapefiles with Polygon geometry. Alternatively, Shapefiles for identical
water levels from the DIBAVOD (Digital Base of Water Management Data) data-
base can also be used, but these do not have a clearly defined license.

o Flood walls provided by IPR as Shapefiles with Polyline geometry.

e Orthophoto Prague 2015 with a pixel resolution of 50 cm and in true colors. Data
acquisition took place in August 2015. Orthophoto is stored in TIFF format.

e POI (Points of Interest) from OSM downloaded from Geofabrik Tools. We used
POI as a Shapefile with Point geometry.

3.3 Processing of open data

These input data were processed in QGIS software (version 2.12) with the same plug-
ins which are intended for the processing and visualization of 3D data. The QGIS
program enables the use of functions important for 3D data pre-processing (interpola-
tion and other techniques of virtual surfaces creation). Available 3D plug-ins for
QGIS are: Shp2D3, CZML Generator, and Qgis2threejs. Shp2D3 transforms 2D vec-
tor data to 3D by the sampling of an elevation raster map. It works actually only with
polylines. CZML Generator serves to export to form ready for virtual globe (for Ce-
sium library). Qgis2threejs exports terrain data, map canvas images, and vector data
to a web browser which supports WebGL. This plug-in uses the Three.js library; thus,
in this study, final visualization was implemented through this library.

In this pilot study (see Fig. 2), we used mainly Qgis2threejs for visualization in a
web browser. All data are loaded into QGIS as GML, Shapefiles, and TIFF files. Ad-
ditional layer settings (e. g. color scales for terrain) can be set through QGIS. Other
parameters of final visualization, like template of final web page, controls, and other
parameters of individual layers (e.g. exaggeration, display of labels, transparency,
background color, resampling of raster) are defined in the scope of the Qgis2threejs

plug-in.



Fig. 2. Example of a web application for the 3D visualization of floods.

Three.js in final 3D visualization enables the basic functionality usually available in
web map portals (see of Fig. 3 — left part). Users can switch between layers or set
their transparency, because transparency avoids the occlusion of features or layers.
One can create one’s own “cut of plane” and simulate in this way the change of water
level (shown in right part of Fig. 3).

Fig. 3. Interactive functionality of developed application (left — setting parameters of layers,
right — “cut of plane”)

4 Discussions

3D visualization in general has significant application potential, but it is affected by
its properties, e.g. the Ul (User Interface) or cartographic visualization methods. Re-
garding cartographic visualization, our approach is not directly dependent on the vis-
ualization(s) of underlying data. Cartographic visualization should be developed sepa-
rately for each application and is not directly re-distributable since it is written direct-
ly in the Three.js code. We may define, for example, a standardized cartographic vis-
ualization for flood areas, flood walls, as well as POI using the developed software as
shown in this paper. [15, 35] have focused on this issue.

The usability aspects of concrete Ul are also important topics for future research.
Some authors, e.g. [37], argue that 3D visualization is able to present geospatial data



to wider audiences, including those with little or no cartographical or GIS experience.
On the other hand, results of other previous studies [9, 12, 31] suggest that interactive
3D visualization will be more useful for users with previous experience with 3D visu-
alization and for complex tasks in particular. It would be appropriate to validate creat-
ed application through user testing.

When we focused on technological issues, we found that using Multipatch geome-
try for storing 3D open geodata limits the possibilities of 3D modeling in open source
software which does not support this geometry (unlike Shapefiles with Point, Polyline
or Polygon geometries). Multipatch geometry is supported only in commercial soft-
ware (ESRI ArcGIS and FME), but not in QGIS or gvSIG. Buildings at the level of
detail 1 (LoD 1) are modeled in the resulting application only. Web applications built
with Three.js could be further tested in terms of capacity, availability and support in
different Web browsers. Deployment in a form of daily service should be made after
validations of above mentioned technological parameters.

5 Conclusion

The presented proof-of-concept application was established in order to demonstrate
the possibility of open web-based 3D visualization. It should be emphasized that the
openness relies on the data and software used, as well as on the final application. The
developed proof-of -concept application is freely available to interested persons under
a BSD license.
To sum up, the following major advantages of 3D visualization based on open data
and Three.js library were identified:
e it represents (in this pilot study) an example of an open data application usable in
flood impact analysis and crisis management;
¢ it enables user-friendly interactive 3D visualization, which is accessible to a broad
spectrum of users (from the general public to experts);
e it does not require any new software or plug-ins to be installed on the client or
server sides;

We also identified some limitations of available open source tools. The non-
commercial software functionality needed for the creation of 3D visualizations is
generally sufficient because, inter alia, programs primarily used in computer graphics
can also be used for this purpose. Less commonly available is non-commercial soft-
ware support for 3D analytical tools (3D equivalents of overlay algebra functions,
calculations of surfaces or volumes of 3D elements).

We must also mention recommendations for the formats in which open ends are
provided for 3D geospatial data. Multipatch geometry, which is used in the case of
Prague open data for 3D models of buildings at the level of detail 2 (LoD 2), is not
supported in open source tools such as QGIS. It is more suitable to transform these
data into a standardized format like CityGML or into GML files formatted according
to INSPIRE (INfrastructure for SPatial InfoRmation in Europe) data theme Buildings.
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