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This report summarizes a series of processes in which three-dimensional (3D) point cloud
data representing the shape of topography and buildings, etc. are turned into 3D models, and 3D
CFD (Computational Fluid Dynamics) mesh are created based on these 3D models. In the
conventional method, the topography is modeled based on publicly available information from the
Geospatial Information Authority of Japan (GSI) and other sources, while modeling of buildings
and other structures is manually done using information such as technical drawings. On the other
hand, the method developed by Mitsubishi Heavy Industries, Ltd. (MHI) (hereinafter referred to as
"our method") automatically creates models from 3D point cloud data, thereby considerably
reducing the time consumed. For evaluation targets for which this data is available, detailed disaster
simulation in which buildings and other structures are included can be easily performed. Our
method is expected to facilitate the use of disaster simulation on occasions when precautionary
measures against disasters are discussed for factories, plants, urban areas, etc., where structures
such as buildings can have a considerable influence on the disaster risk.

Click here for “Material Issues for MHI Group”

| 1. Introduction

In general disaster simulations, topographic features are mainly modeled to reproduce various
types of disasters. However, in order for disaster risks to be assessed in detail so as to take concrete
precautionary measures, simulations in which not only topographic features but also structures such
as buildings are recreated are useful. For example, as described in our previous report on typhoon
damageV, simulation of changes in wind direction and speed caused by buildings on the premises
can explain actual damage patterns and lead to the study of specific countermeasure structures. This
helps to take concrete precautionary measures in terms of structures.

Performing such simulations necessitates checking the shapes and sizes of buildings and other
structures. However, as digital data such as 3D CAD are rarely available which covers whole urban
areas, it is necessary to manually create 3D models from the information such as technical drawings
and survey measurements. In recent years, more and more 3D city models containing buildings and
other structures are becoming available publicly, although they are still limited to certain big cities
at this point in time. The key to facilitating the use of detailed disaster simulations in which buildings
and other structures are included lies in the efficiency with which such building-contained 3D models
can be created.

MHI has developed an efficient process for creating 3D models, including buildings, using 3D
point cloud data, and has also developed a process for creating CFD mesh from the 3D models to
easily perform detailed disaster simulations.
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3D point cloud data is a collection of points on 3D surfaces, such as terrain or buildings, which
can be obtained by various means such as aircraft-mounted laser scanners, in-vehicle mobile mapping
systems (MMSs), and handheld LiDAR scanners. Our method is expected to facilitate the use of
detailed disaster simulation in which buildings and other structures are included.

I 2. Process of generating CFD mesh from 3D point cloud data

Generally accessible 3D models are 3D city models that are open to the public as part of Project
PLATEAU® by the Japanese Ministry of Land, Infrastructure, Transport and Tourism. These models
are published in a format called CityGML, and they are provided as digital data of the shapes of city
elements such as buildings and topographic features, together with their attribute information (based
on which, for example, buildings are distinguished from terrain). Utilization of such 3D city models
enables 3D disaster-simulation models to be created more efficiently. However, publicly available
3D city models in CityGML format are still limited to major cities throughout the country, although
it is expected to expand. Meanwhile, alternative means should be contrived to create 3D models of
areas for which 3D city models are unavailable.

We have therefore decided to use 3D point cloud data as an alternative means. As mentioned
earlier, a 3D point cloud data is a collection of data such as position information (coordinates) and
color information of points on the surface of terrain and structures such as buildings. In the disaster
simulation targeted in this report, it is necessary to model a wide area to some extent, and the use of
3D point cloud data acquired by laser scanners mounted on airplanes and UAVs is considered. In
some local governments, projects are under way to make their municipal 3D point cloud data
available to the public. For example, Nagasaki Prefecture has allowed LAS-formatted 3D point cloud
data of Nagasaki City and other areas to be publicly open for use®. Figure 1 gives examples of
visualizing these data. With each data point in a 3D point cloud having information on its location
and color, these points as a whole can capture the appearance of factories and urban areas, thereby
offering a glimpse at the cityscape. Using this 3D point cloud data in LAS format as an example, we
will introduce the process of creating an analytical grid constructed by our company and an example
of simulation.

(a) Factory located between (b) Coastal city
mountains and sea

Figure 1 Examples of visualization of topographic features and buildings
based on 3D point cloud data®

Creating a CFD mesh necessitates obtaining data about the surfaces of terrain and structures
such as buildings to be analyzed. In our method, therefore, the process shown in Figure 2 is used to
generate CFD mesh from 3D point cloud data.

In this process, a set of point data is first converted into a set of surface data in STL format
(hereafter referred to as the 3D surface model). Among various methods being proposed for this type
of data transformation, the one employed in our method can reconstruct the contours of an object,
from a point cloud, as an aggregate of multiple surface faces without missing pieces. The resolution
of such reconstruction can be controlled by adjusting how finely the space is divided. The sampling
width for creating a 3D surface model varies with the degree of spatial division, that is, narrower
sampling widths can recreate the contours in more detail, as shown in Figure 3. However, excessive
detail may bring complexity to the contours, exponentially increasing the number of CFD mesh cells.
Therefore, the sampling width should be appropriately determined depending on the scale of
assessment and the phenomenon to be reproduced.
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Once 3D surface models are created, CFD mesh can be created using widely available
software. In the examples presented here, based on the 3D surface model representing terrain and
structures such as buildings, the surrounding space was expressed using an CFD mesh called the
poly-hexcore mesh, which is made up of hexahedral and polyhedral elements.

From surface to space

3D point cloud data 3D surface model
From point to surface Simulation mesh

(simulation model)

Figure 2 Process of creating CFD mesh from 3D point cloud data® and examples of
3D surface and simulation models

*The sampling width gets smaller toward the right, recreating the contours in
more detail and exponentially increasing the number of surface faces.

Figure 3 Example of converting 3D point cloud data®
into set of surface data

| 3. Detailed disaster simulation with reconstructed terrain and
structures such as buildings

Based on the process of creating a CFD mesh described in Section 2, strong-wind disaster
simulation with reconstructed terrain and structures such as buildings (hereafter referred to as the
detailed simulation) was performed. The simulation examples are presented below.

In this simulation, the wind condition analysis software MASCOT® was first used to analyze
wide-area wind conditions, considering topographic influence in the preset area for computation in
which the domain for detailed simulation is included. The distributions of wind speed, static pressure,
turbulent energy, and turbulent energy dissipation rate on the boundary surfaces of the simulation
domain were thus obtained. Figure 4 shows one such example. The distributions of these parameters,
which were obtained using MASCOT, were defined as detailed simulation boundary conditions, and
the detailed disaster simulation with reconstructed terrain and structures such as buildings was
performed. In order to identify the corresponding positions of these MASCOT’s parameter
distributions on the boundary surfaces of the simulation domain, latitude/longitude information needs
to be assigned to the simulation coordinates. In this report, the latitudes and longitudes corresponding
to the simulation coordinates were calculated from the LAS-formatted data in the planar rectangular
coordinate system, thereby achieving the positional consistency between MASCOT and detailed
simulation. ANSYS’s CFD fluid simulation software FLUENT is used to run detailed simulation.

Figure 5 shows the first example of detailed simulation for a factory located between the
mountains and the sea. The results of simulation with reconstructed terrain only (i.e., wide-area wind
condition analysis by MASCOT), which is given for reference purposes in the figure, indicate the
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occurrence of low wind speed areas only behind hilly slopes. According to the detailed simulation,
however, low wind speed areas are also found behind structures such as buildings. Moreover, as a
consequence of the wind being affected by buildings and other structures, a certain level of wind
speed is retained behind some of the hilly slopes, instead of a fall in the wind speed. In fact, damage
has been observed in these indicated areas when typhoons make landfall. Therefore, detailed
simulation is considered to be more accurate in representing the damage risks.
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Figure 4 Example of determining boundary conditions for detailed
simulation based on wide-area wind condition analysis
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Figure 5 Example of detailed simulation for factory located between mountains and sea

Figure 6 gives the next example, which is a detailed simulation of a coastal city. The figure
on the left side shows the streamline, visualizing how wind blows around structures such as buildings
and meanders behind them. This indicates that the influence of buildings and other structures on wind
conditions is large in urban areas. The figure on the right side shows that the flow of wind around a
large facility causes locally high or low wind speed areas. Specifically, the wind speed is high on
either side of the facility, but it is low over a wide area behind the facility. High wind pressure acts
on the windward side of the facility, whereas the acting wind pressure is low for relatively small
structures (e.g., buildings) located behind the facility. This is one of the indications that the risk of
wind damage can greatly differ depending on how buildings and other structures are laid out.

As described so far, detailed simulation with reconstructed structures such as buildings can
visualize in detail where wind speed may locally increase or decrease, thereby more specifically
narrowing down the areas with a high risk of wind damage.

Addressed last is the time required for detailed simulation with reconstructed terrain and
structures such as buildings. As shown by the estimations in Figure 7, our new method can
considerably cut the time consumed for creating a 3D surface model, when compared with the
conventional method. In the case of the simulation examples presented in this report, the time
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required for detailed simulation can be reduced to at least 1/3. Conventionally, technical drawings of
buildings and other structures in the simulation area are first gathered. Based on these drawings, 3D
contour data have to be created manually, before a 3D surface model is created. On our method,
however, the use of 3D point cloud data by drones or those open to the public enables a 3D surface
model to be created almost automatically, although some reworking should be expected, for example,
simplifying the contours that are too detailed compared to the scale of simulation, or making
corrections to sea surface data.
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Figure 6 Example of detailed simulation for coastal city
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Figure 7 Time required for detailed simulation
with reconstructed terrain and buildings

| 4. Conclusion

This report presents a series of processes for creating a CFD mesh from 3D point cloud data
and performing detailed disaster simulation. With these processes, detailed disaster simulation in
which the influence of buildings and other structures is taken into account can be performed more
easily. Moreover, it becomes possible to identify high-risk areas more precisely, then it was found to
be useful for the study of specific countermeasures. Our method is expected to contribute to the
spread of disaster simulation in the study of disaster countermeasures for factories, plants, and urban
areas that are heavily affected by buildings, etc., in that detailed disaster simulations that include
buildings can be easily conducted.

No attribute information is attached to 3D point cloud data. When the contours are simplified
to reduce the number of mesh cells, the resulting 3D model looks unnatural because the surfaces of
structures (e.g., buildings) are uniformly joined to the ground surface. Improving in this regard is a
challenge to us. The environment for data collection is improving as 3D point cloud data can be
easily collected through means such as laser scanning by handheld LiDAR or drones. Combining our
method with these technologies makes it possible to perform detailed simulation even for areas with
no open data. It is also a challenge to establish concrete processes for simulation in which these
measurement devices are utilized in a combined manner.
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